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HEPEJIMOBA

[TociOHMK mpU3HAYECHU A CTYAEHTIB 3aKJIaJliB, 1110 HaJa-
I0Th BUIIY TEXHIYHY OCBITY, Ma€ mpodeciiiHO Opi€HTOBaHUM
XapakTep 1 CHpSIMOBaHWI Ha KOMIUICKCHHA PO3BHTOK IHIIO-
MOBHOI KOMYHIKaTMBHOi KOMIIETEHTHOCTI B yCiX BHJaxX MOB-
JIEHHEBOI NISUTBHOCTI 3 YpaxyBaHHSAM MOTpeOd MalOyTHHOIT Tpo-
¢eciiinoi peanizanii. Bumanus Takox MOKJIMKaHe cHOpMyBaTH
BMIiHHS, HEOOX1AHI JUIsI CAMOCTIHHOI poOOTH 3 aHTJIOMOBHHMU
TeXHIYHUMH JDKEpeIaMH, 30KpemMa (axoBOK JITepaTypor Ta
TEXHIYHOIO JIOKyMEHTAIIIEIO.

VY Mexax nporpamMM aHDIIHChKOi MOBH 3a npodeciiHuM
CHpSIMYBaHHSIM KOMYHIKaTHBHA KOMIIETCHIISI TPaKTyEThCS
K CYKYIIHICTh MOBJICHHEBOI TIOBEAIHKH, IIO Mependadae
OBOJIOAIHHS JIIHI'BICTUYHOIO, COLIOJIHTBICTUYHOIO Ta IIpar-
MaTUYHOI0 KOMIIETEHI[IIMH, HEOOXIJHUMM IS BHUKOHAHHS
HaBuajgbHO-TIpodeciiinnx 3aBnanb. PopMyBaHHS 3a3HAUYCHUX
KOMITETEHI[I 3IHCHIOEThCS 3 ypaxXyBaHHAM (axoBUX 3HaHb
CTYIEHTIB 1 iXHBOTO TONEPEAHBOTO JIOCBIIY Ta peaji3yeThCs
B MEXaX CUTYaTHBHO 3yMOBJIEHOTO HABYAJIBLHOTO KOHTEKCTY,
MOB’S3aHOTO 31 CIeliai3alli€o.

CTpyKTypHO TMOCIOHHUK OXOIUTIOE TPU TEMAaTHYHI PO3ILIH
Ta YOTUPHAIIATE Tiapo3ainiB. Temu, oOpaHi I MPaKTUIHUX
3aHATh, BIJNOBIAIOTH MPOTPAMHOMY 3a0€3MEUYeHHIO Crellia-
abpHOCTI J5 «Mopchkuii Ta BHYTPIIIHIA BOJHUM TPAHCIIOPTY.
Koxen migposain Biroyae B cebe iHpopmaniifHmii, rpamaTuy-
HUH Ta JTeKCUYHUIA MaTepiai. Y KiHI KOXKHOTO MiApO3Ally CTy-
JICHTaM TPOIIOHYETHCS TIPOMTH TECTH HA TIEPEBIPKY 3aCBOEHUX
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3HaHb 3 TeMu. HaBuanbHHil MaTepian BKIOYAaE B ce0e CUCTeMy
(OHETUYHUX, JIEKCUYHUX 1 TPaMaTHYHUX BIIPaB, CIPSIMOBAHUX
Ha (OopMyBaHHS MOBJICHHEBHX YMIiHb 1 peali3ailiio KOMyHika-
TUBHHUX HaMIpiB y Mexax Mpo@eciiHO 3HAUyIINX CUTYallli.

VY pesynbTaTi OmaHyBaHHS Kypcy CTYAEHT Ma€ 3acBOITH
rpaMaTUYHUN 1 JICKCMYHHMH MIHIMYM, 10 3a0e3mnedye ajek-
BaTHE PO3YMIHHS 1HIIOMOBHHMX (PaxOoBUX TEKCTIB, c(pOpMyBaTU
HAaBUYKHU MPaBUWIbHOI BUMOBHU, YHUTAHHS, YCHOTO W MHCEMHOTO
MOBJICHHSI Ta HaOyTH 34aTHOCTI €(EeKTUBHO BUKOPHCTOBYBaTH
aHIVIINCBKY MOBY B npodeciiiHoMy cepelOBUIII.



UNIT 1
OPERATION OF MARINE DIESEL ENGINES

SECTION 1. CYCLES OF DIESEL ENGINES
INFORMATION FOCUS

1. Read the text and answer the questions that follow:

The four main types of internal combustion engines used in
marine practice are diesel engines, steam turbines, gas turbines,
and marine nuclear power plants.

At present, the diesel engine has proved to be the most
efficient and reliable for operation on board merchant ships. Its
power output is expressed in brake horsepower or kilowatts.
The speed of large diesel engines with a cylinder diameter of
up to 900 mm is relatively slow (up to 145 rpm). They can be
connected to the propeller without gearing. They operate on
low-grade heavy fuel, which results in reduced operating and
maintenance costs. They also have a more efficient combustion
process due to a longer piston stroke.

Any internal combustion engine, regardless of the principle
on which it operates, is said to have either a four-stroke cycle or
a two-stroke cycle. The engines of either type may be single- or
double-acting and of the trunk-piston type, crosshead type, or
opposed-piston type.

The four-stroke cycle consists of the suction stroke, compres-
sion stroke, combustion and expansion stroke, and exhaust
stroke. The piston begins its downward movement during the
suction stroke.
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The air inlet valve is open, and air is drawn into the cylinder
through the air inlet pipe. The exhaust valve and the fuel
injection valve are closed. As the piston reaches the end of the
suction stroke, the air inlet valve closes, and as the piston rises
during the second, or compression, stroke, the air in the cylinder
is compressed. At the end of this stroke, the air is compressed to
about 480 psi, and its temperature rises to about 1,000 °F. The fuel
injection valve then opens, and fuel oil is sprayed into the cylinder
under a pressure of about 3,550 psi. The high temperature of the
compressed air in the cylinder ignites the fuel, and it continues to
burn as long as injection is maintained. This combustion raises
the temperature of the gas to approximately 3,000 °F.

Meanwhile, the piston starts moving downward on the third,
or power, stroke. Shortly after fuel injection ceases, the piston
continues its downward movement during this stroke. At the end
of this stroke, the exhaust valve opens, and the burned gases in
the cylinder, now reduced to about 40 psi and correspondingly
reduced in temperature, start to flow out through the exhaust
pipe. During the fourth, or exhaust, stroke, the piston pushes the
remaining gas out of the cylinder. At the end of this stroke, the
exhaust valve closes, the air inlet valve opens, and the cycle of
operations begins again.

It is thus seen that one complete cycle requires four piston
strokes, which comprise two complete revolutions of the
crankshaft.

In the two-stroke, single-acting diesel engine, instead of an
exhaust valve, there is a ring of exhaust ports around the lower
part of the cylinder, communicating with the exhaust pipe. The
spray valve and starting valve are the same as in the four-stroke
cycle. In place of air inlet valves, there are scavenging ports; in
uniflow scavenging engines, exhaust valves are also used. The
scavenging ports are in communication with a passage leading to

7
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a low-pressure scavenging air compressor driven by the engine.
When the piston, on its downward stroke, uncovers the exhaust
ports and the cylinder pressure drops to atmospheric pressure,
the scavenging ports open and the air, under pressure, flows
into the cylinder and pushes the exhaust gases out through these
ports. As the piston, on its upward stroke, covers the scavenging
ports, the exhaust ports close, leaving the cylinder filled with
fresh air. The piston, moving upward on its compression stroke,
compresses this air, and at the end of compression, fuel injection
occurs, just as previously described for the four-stroke cycle.

It is thus seen that the complete series of operations,
including fuel injection and combustion, expansion, exhaust,
filling the cylinder with fresh air, and compression, occurs in
two piston strokes, or one revolution of the crankshaft.

COMPREHENSION

2. Answer the following questions using the information
from the text:

1. What types of internal combustion engines are used in
marine practice?

2. What type of engine is considered to be the most efficient
and reliable?

3. What main classifications of internal combustion engines
are described in the text?

4. What does a four-stroke cycle consist of?

5. How does an air inlet valve operate?

6. How does a piston operate in a diesel engine?

7. How many piston strokes are required to complete one
full cycle?

8. How does a two-stroke diesel engine operate?

9. What is the difference between two-stroke and four-
stroke diesel engines?

8
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3. Match the following English words and phrases with

their Ukrainian equivalents:

1) internal combustion engine
2) principal of operation
3) four-stroke cycle

4) two-stroke cycle

5) single acting

6) double acting

7) trunk-piston type

8) crosshead type

9) opposed-piston type
10) suction stroke

11) compression stroke
12) combustion and expansion
stroke

13) exhaust stroke

14) inlet valve

15) exhaust valve

16) starting valve

17) fuel injection valve
18) exhaust port

19) spray valve

20) scavenging ports
21) uniflow scavenging

a) YOTUPHUTAKTHHA

b) mBocTOpOHHI

C) TTOPITHEeBHHA

d) 3 mpOTHUIEIKHO PO3TAIIOBAHIMH
MOPIITHAMH

€) XiJ BCMOKTYBaHHS, X1 CTHC-
HEHHS

f) omHOCTOpOHHIN

€) XiJ 3rOpsiHHS Ta PO3LIMPEHHS
h) nBoTakTHUI

1) XiJl BUITyCKY

j) BIyCKHHH KJIamaH

k) mgBUTYH BHYTpPIIIHBOTO 3TOPSHHS
1) BumyckHuit xiranaH

m) OJHOCTOPOHHIH

n) MyCKOBHUil KJIanmaH

0) KJIaniaH BIIOPCKYBaHHS IajHBa
P) BUILYCKHHI OTBIp

q) npuHLIMI podoTH

I) IPSIMOIIOTOKOBA TIPOJyBKa

S) pO3MUIIIOBATBHUN KiIamnaH

t) MpO/LyBHI OTBOPH

GRAMMAR FOCUS

Prepositions in English are small words (like in, on, at,
of, to) that link nouns, pronouns, and phrases to other words,
showing relationships in time, place, direction, or logic. They
form prepositional phrases and are crucial for adding detail and
context, though their correct usage can be tricky, with common
ones including in, on, at, for, from, with.

4. Insert the correct prepositions into the text (az, with,
up, into, by, of, to, through, down, in):

A cross-section of a four-stroke cycle engine. The engine
is made ... of a piston which moves up and ... in a cylinder,

9
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which is covered at the top ... a cylinder head. The fuel
injector, through which fuel enters the cylinder, is located ...
the cylinder head. The inlet and exhaust valves are also housed
in the cylinder head and held shut by springs. The piston is
joined ... the connecting rod by a gudgeon pin. The bottom
end, or big end, of the connecting rod is joined to the crankpin,
which forms part ... the crankshaft. With this assembly, the
linear up-and-down movement of the piston is converted ... the
rotary movement of the crankshaft. The crankshaft is arranged
to drive, ... gears, the camshaft, which either directly or through
pushrods operates rocker arms, which open the inlet and exhaust
valves. The camshaft is “timed” to open the valves ... the correct
point in the cycle. The crankshaft is surrounded by the crankcase
and the engine framework, which supports the cylinders and
houses the crankshaft bearings. The cylinder and cylinder head
are arranged ... water-cooling passages around them.

WRITING PRACTICE

5. Translate the sentences from Ukrainian into English.

1. TlopuieHp pyxaeThCcsi BHU3 IiJ] 4YaC TaKTy BCMOKTYBaHHS.

2. BnyckHuii kjamaH TOBITPS BiIKPHBAETHCS, 1 TMOBITPS
BCMOKTY€TBCS B LIWIIIHJIP Yepe3 BIYCKHUI naTpyOoK.

3. Bucoka Temmeparypa CTHCHEHOTO MOBITPS B LMIIHAPI
3anaJito€e MajluBO, 1 BOHO MPOJOBXKYE TOPITH AOTH, JOKU TPUBAE
BIIOPCKYBaHHSI.

4. TlopiieHb MOYMHAE PYXATUCS BHU3 HA TPETbOMY TaKTi —
TaKTI 3TOPSIHHA Ta PO3IINPEHHS.

5. TIlix yac yeTBepTOro TaKTy, a00 TAaKTy BUITYCKY, IOPLIEHb
BUIITOBXYE PELITY Ta3iB i3 IHIIHApA.

6. Y /IBOTaKTHOMY JIM3€JIbHOMY JBHUIYHI 3aMICTh BHITYCK-
HOTO KJIallaHa € KUIblle BUITYCKHUX OTBOPIB, @ 3aMICTh BITYCKHUX
KJIaraHiB MOBITPs — MPOAYBHI OTBOPHU.

10
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7. BrnyckHuil KilanmaH 3aKpUBAa€TbCsS B KiHIII TaKTy BCMOK-
TYBaHHS.

8. KrnamaH BHOpCKYBaHHS TMajuBa BIJAKPUBAETHCSA IMICIs
3aBEpUICHHS TAKTy CTHCHEHHSI.

9. TanuBo morparuisie B MUIIHAP Y KiHII TaKTy CTUCHEHHS.

10.T"a3 po3muproeTbes Mif] 4ac TakTy 3TOPSIHHSA Ta PO3IIH-
pEeHHSL.

11.T'a3 BUXOOUTH MiJ Yac TaKTy BUITYCKY.

12. BunmyckHu# KjamaH BIJKPUBAETHCS IMJT 4Yac TaKTy
BUITYCKY.

13. Tuck 1 Temmeparypa rasy 3HWXKYIOTHCS il 4ac TaKTy
PO3LIUPEHHS.

14. BunyckHuil KjanaH po3MILIEHUI y TOJIOBLI LUIIHApA.

15. Jlo umminapa migkIroueHa BUITyCKHA TpyOa.

16. [TanuBo 3amanrO€ThCS BCEPEAMHI UTIHIPA.

17. BiiyckHU# KjlanaH po3MILEHUI y TOJIOBLI LUIIHApPA.

18.Y wHmwkHI yacTWHI NMIIHApa pPO3TAIIOBaHE KUIbIle
BUITYCKHUX OTBOPIB.

19.3amMicTh BHYCKHHMX KJIAalaHIB IOBITPS PO3TAIlIOBaHO
KUJTbKa MPOITYBHUX OTBOPIB.

20. JIBUryH TPUBOIUTH Y IO KOMIPECOp IS MPOTYBKH
MOBITPSL.

21.Y upoMy LHMKII KOJIHYACTHH Bays pOOUTH JIMIIE OTUH
o0epT.

6. Work on your vocabulary:

* internal combustion engine /m't3:nal kom bastfon
‘end3in/ — IBUTYH BHYTPIIIHHOTO 3TOPSHHSA

+ four-stroke cycle /'fo:r strovk ‘saikel/ — yoTupuTaKkTHHMHA
ITUKIT

» single or double-acting /'smgl o: ‘dabal "&ktmy/ — ogHO-
CTOPOHHBOT 200 TBOCTOPOHHBOT il

11
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» crosshead type /'kroshed taip/ — kpeliukongHuil TUI

* suction stroke /'sakfan strovk/ — Xix BCcMOKTYBaHHS

» exhaust stroke /1g'zo:st strovk/ — Xig BUIYCKY (BHUXJIONY)

* combustion and expansion stroke /kom'bastfon ond
1k'spanfon strovk/ — XiJ ropiHHS Ta pO3IIUPEHHS

* air inlet pipe /ea 'mlet paip/ — BnyCKHUIA TaTpyOOK

« air inlet valve /ea 'mlet vaelv/ — ByckHuii KianaH

» fuel injection valve /'fju:al m'dzekfon veelv/ — knaman
BIIOPCKYBaHHS MaJINBa

* to maintain injection /to mem'temn 1 dzekfon/ -
HiATPUMYBATH BIIOPCKYBaHHS

» exhaust port /1g'zo:st po:t/ — BUITyCKHE (BUXJIOTIHE) BIKHO

* spray valve /spre1r vaelv/ — po3nmitoBanbHUN KilamaH

» scavenging port /'skavind3im po:t/ — mpoxyBHE BIKHO

* uniflow scavenging /‘juniflov ‘skevindzm/ — npsimo-
TOYHE TPOYBaHHS

* downward stroke /'davnwad strouvk/ — Xia TOpIIHSA BHU3

* to uncover /to An'kavo/ — BigKpuBaTH (OTOJIIOBATH)

* pressure / prefo/ — THCK

» exhaust /1g'zo:st/ — Bunmyck / BuxJon

SPEAKING PRACTICE
7. a) Describe the principle of operation of diesel engines.
Tell about the difference between two-stroke and four-stroke
engines.
b) Imagine that you are a mechanic on a ship and your
diesel engine breaks down, tell what you would do first to fix
the problem.

12
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8.
1.

CHECKING THE ACQUIRED KNOWLEDGE

Summary test:
Which four main types of internal combustion engines

are used in marine practice?

A.
B.

Diesel engines, gas engines, electric motors, turbines
Diesel engines, steam turbines, gas turbines, marine

nuclear plants

C.
D.

2.

Diesel engines, petrol engines, gas turbines, boilers
Steam engines, diesel engines, compressors, turbines

Which engine is considered the most efficient and reliable

for merchant ships?

A.
B.
C.
D.

SOowr v

SOowp

Gas turbine

Steam turbine
Diesel engine
Nuclear plant

How is the power output of a diesel engine expressed?
In revolutions per minute

In pressure units

In brake horse power or kilowatts

In fuel consumption

What is the typical speed of large marine diesel engines?
Up to 500 rpm

Up to 300 rpm

Up to 145 rpm

Up to 1,000 rpm

13
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5.

Why can large diesel engines be connected directly to

the propeller?

oSO wp>

SOwp

SOwp ®

Ne)

type?

14

OSnwp>

SOwp o

Because they are very light
Because they operate at low speed
Because they use nuclear fuel
Because they have high rpm

What type of fuel do large marine diesel engines use?
Light diesel oil

Gasoline

Heavy fuel of lower grade

Natural gas

What advantage does a longer piston stroke provide?
Lower pressure

Faster engine speed

Better combustion process

Reduced cylinder size

Any internal combustion engine operates on:
Only a four-stroke cycle

Only a two-stroke cycle

Either a four-stroke or a two-stroke cycle

A continuous cycle

Which of the following is NOT mentioned as an engine

Trunk-piston type
Crosshead type
Opposed-piston type
Rotary type
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10. How many strokes are there in a four-stroke cycle?
Two

Three

Four

Five

SCOowp

p—
[E—

. During which stroke is air drawn into the cylinder?
Compression stroke
Exhaust stroke
Suction stroke
Combustion stroke

SCOowp

12. What happens to the air during the compression stroke?
A. Tt is expelled

B. It is cooled

C. It is compressed and heated

D. It is mixed with exhaust gases

13. At what pressure is fuel injected into the cylinder?
A. About 480 p.s.i.

B. About 1,000 p.s.i.

C. About 3,550 p.s.i.

D. About 40 p.s.i.

14. What causes the fuel to ignite in the cylinder?
A. A spark plug

B. External flame

C. High temperature of compressed air

D. Exhaust gases

15
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15. What happens at the end of the expansion stroke?
A. Fuel injection starts

B. Air inlet valve opens

C. Exhaust valve opens

D. Compression begins

16. How many crankshaft revolutions are required for one

four-stroke cycle?

A. Half a revolution
B. One revolution

C. Two revolutions
D. Four revolutions

17. What replaces exhaust valves in a two-stroke diesel

engine?

A. Air inlet valves

B. Exhaust ports

C. Fuel valves

D. Scavenging pumps

18. How many crankshaft revolutions are required for

a complete two-stroke cycle?

16

A. Half a revolution
B. One revolution

C. Two revolutions
D. Four revolutions.
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SECTION 2. SCAVENGING IN MARINE DIESEL
ENGINES INFORMATION FOCUS

1. Read the text to find the information you need:

The process of exchanging the gases present in the cylinder
after completion of expansion with a charge of uncontaminated
fresh air is termed as scavenging.

There are three types of scavenging methods used in marine
diesel engines: uniflow scavenging, cross-flow scavenging, and
loop scavenging.

Uniflow scavenging:

* The scavenge air enters through the scavenge ports in the
lower part of the cylinder liner, while the exhaust gas is expelled
through the centrally mounted exhaust valve in the cylinder
cover. The scavenge ports are angled to generate a rotational
movement of the rising column of air.

* The charge flows in one direction, and intermixing is
minimum. The efficiency is maximum in this type of scavenging.

» Stroke, bore ratio: 2.4-2.9.

In modern engines, 3.5-4.0.

Advantages of uniflow scavenging:

* Scavenge efficiency is highest.

» There is no exhaust and scavenge intermixing.

» Lubricating oil consumption is reduced.

* Liner design is much simpler.

* High stroke to bore ratio.

Disadvantages of uniflow scavenging:

* Requires exhaust valves, resulting in additional cost and
maintenance.

* Require two or more fuel valves to be fitted per cylinder.

17
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Cross scavenging:

* In this system, the air is directed upwards, passing under
the cylinder cover and down on the opposite side, expelling
exhaust gas through exhaust ports located diametrically opposite
side to the scavenge ports.

+ Stroke, scavenge ratio: 2.0-2.2.

Loop scavenging:

» Exhaust ports are placed above scavenge ports on the
same side of the liner. Air passes over the piston crown and rises
to form a loop within the cylinder, expelling exhaust gas through
exhaust ports.

» Stroke, bore ratio: 1.75.

Advantages of cross/ loop scavenging:

* Cylinder head design is simpler. They don’t require an
exhaust valve.

* There is no valve gear maintenance.

* Only one centrally located fuel valve is sufficient.

Disadvantages of cross/ loop scavenging:

* The design of the cylinder liner is complicated because
of exhaust ports, hence liner is expensive.

* There is a greater possibility of mixing between charge
air and exhaust gases.

» Scavenging efficiency is less, resulting in** lower purity
of charge air and higher temperature.

* Large temperature difference, resulting in high thermal
stresses.

* QGreater chance of piston ring leakage or breaking due to
uneven wear.

» Consumption of cylinder lubricating oil increases.

+ It cannot use the advantage of modern engines’ increased
stroke-to-bore ratio, which is why it is rarely used.

18



Amneniticoka Mo8a 3a npogecitinum cnpsmy8anHiIm

Scavenging efficiency is defined as the ratio of mass of air
in the cylinder in beginning to the mass of air at the end of
compression.

COMPREHENSION

2. Based on the text above, answer the following
questions:

1. What is scavenging?

2. What types of scavenging are there?

3. What are the advantages of unflow scavenging?

4. Compare the advantages of cross/loop scavenging and
unflow scavenging.

5. Compare the disadvantages of cross/loop scavenging and
unflow scavenging.

6. What type of scavenging has high efficiency?

7. What is the ratio of piston stroke to cylinder diameter in
loop scavenging?

8. What is scavenging efficiency?

3. Match the definitions to the corresponding concepts:

1) Cross Flow Scavenging |a) is the gas exchange process in which the
charge air passes straight up through the
2) Loop Scavenging length of the cylinder, forcing the exhaust
gas through an exhaust valve at the top of the
3) Uniflow scavenging cylinder
b) is where the contaminants that were
4) Scavenging air removed from the intake air by the equip-
ment’s OEM pre-cleaner go to be disposed of
5) A scavenger port c) are poppet valves located in the cylinder
head, used specifically in uniflow scavenging
6) Scavenging valves systems, most commonly found in two-stroke
diesel engines, to allow fresh intake air to
sweep exhaust gases out of the cylinder
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d) is the gas exchange process in which
the charge air passes over the piston crown
and rises to form a loop within the cylin-
der, expelling exhaust gases through exhaust
ports cut on the same side of the liner above
the scavenge ports

e) is the fresh air (or air-fuel mixture) used to
replace the exhaust gases within an internal
combustion engine cylinder during the scav-
enging process, which is the simultaneous
removal of exhaust and the introduction of
a fresh charge for the next power cycle

f) is the gas exchange process in which the
charge air is directed upwards, passing under
the cylinder cover and down the opposite
side, expelling exhaust gas through exhaust
ports on that side.

4. Complete the following sentences to get a complete

text. Use the clues below:

the scavenging air rushes in

are scavenging ports

the combustion products

the liability to crack

good combustion of the oil
residue being left

the scavenging ports are opened
in the cylinder head

out through the exhaust ports

is compressed

uniflow scavenging system (B. & W.)
at the bottom of the cylinder
admitting scavenge air

In the two-stroke cycle engine. the scavenge air is admitted

through scavenging ports located ......
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In the scavenging arrangement, the exhaust ports are placed on
one side of the cylinder and, on the opposite side, ...... The exhaust
ports are slightly higher than the scavenging ports so that the piston
uncovers the exhaust ports first, thus allowing the pressure in the
cylinder to fall before ...... By the time the scavenging ports are
uncovered, the pressure in the cylinder has fallen to atmospheric,
and ...... By inclining the scavenging ports and shaping the piston
head, the entering air is deflected upward, and sweeps the burned
gases out of the upper part of the cylinder and ......

When the piston covers the ports on its up stroke, the air
is trapped in the cylinder and then ...... This arrangement
of scavenging does away with the necessity for scavenging
valves ...... The only cylinder head valves then required are the
spray valve and the starting air valve. This simplifies the head,
makes cooling easier, and reduces ...

There are a number of different systems in use for ......

In two-stroke diesel engines, the following three methods
are used for the scavenging of the cylinder: cross scavenging
system (Sulzer), loop scavenging (M.A.N.) and ......

Uniflow scavenging is of greater advantage when compared
to the two other systems. It ensures better removal of all residues

By giving the scavenging port an inclined shape, a rotary
motion of the scavenging air is obtained, which means that
the air ascends through the cylinder without mixing with the
combustion gases, consequently, the latter are forced out of the
cylinder, no ......

As a consequence of the advantageous flow conditions, this
system requires less surplus air and less scavenging work, too.

The rotary motion of the scavenging air ensures a very
even mixture of air and oil, and this, in its turn, will ensure an
unusually ......
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WRITING PRACTICE

5. Translate the sentences from Ukrainian into English:

1. lloptn mnpoayBKM pO3TAIIOBaHI B HIWKHIM YacTHHI
HAJTHIpA.

2. Cmaneni ra3u BHBOISTHCS B aTMoc(epy.

3. PosnwmmoBanbHMN KiTamaH 1 KjanaH IyCKOBOTO IMOBITPA
pO3TaIIoBaHi B TOJOBII IUJIHIPA.

4. Ta3u 3ropsHHS BUIITOBXYIOTHCS B arMocdepy.

5. Cucrema UMPKYJISALIAHOI MPOAYBKH BUKOPHUCTOBYETHCS
y nBuryHax M. A. N.

6. TloBiTps CTHCKAETHCS B MUITIHJPI.

7. TloBiTps, 110 HAJIXOAUTH, BIIXUISETHCS BrOpY.

8. CucremMa OJHOCTOPOHHBOI MPOAYBKH BUKOPUCTOBYETHCS
y asuryHax B. & W.

9. TloBiTps HAAXOAUTH Yepe3 OTBOPH AJISI IPOTYBKH.

10. BummyckHi oTBOpU OyU BIAKPHTI.

11. Cnaneni ra3u Oynu BHIIAJICHI.

12. OTBOpH Oy/M 3aKPHUTI MOPLUIHEM.

13. OTBOpPH 1151 TPOTYBKH OYyJIM HAXHWIICH] B 11 KOHCTPYKIIIi.

14. Cucrema OJHOCTOPOHHBOI MPOJYBKH BUKOPUCTOBYETHCS
y asuryHax B. & W.

15.Cucrema meTILOBOI  MPOAYBKHM  BHKOPUCTOBYETHCS
y asuryHax M. A. N.

16. BunyckHi OTBOpY PO3TAaIIOBaHi BUIIE, HIXX OTBOPU A
MPOAYBKH.

17. BummyckHi OTBOPH Ta OTBOPH IJIsl POYBKH PO3TAIIOBaHI
Ha NPOTUJICKHUX CTOPOHAX LMJIIHpA.

18. Po3numroBaibHAM KJTanaH Ta KJIanaH MyCKOBOTO MOBITPS
PO3MIIIICHI B TOJOBIII IMTIHIPA.
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6. Work on your vocabulary:
» two-stroke cycle /'tu: strouk 'satkol/ — ABOTaKTHUH TTUKIT

» scavenging air /'skevindzm eos(r)) — mOBITpS A
TIPOITYBKH

» scavenging ports /'skevind3m po:rts/ — orBopm s
POy BKH

» exhaust ports /1g'zo:st po:rts/ — OTBOpH I BUITYCKY

» piston head /'piston hed/ — ronoBka nopuras

* entering air / entoriy ea(r)/ — MOBITPS, IO HATXOIUTH

* Dburned gases /b3:rnd 'gesiz/ — cnaneHi razu

» upper part of the cylinder /'apor pa:rt ov 0o ‘silindor/ —
BEPXHS YaCcTUHA IWIIHApA

» up stroke /Ap strouvk/ — BepxHiii Xixa

» cylinder head /'stlindor hed/ — ronoBka muiHgpa

» spray valve /sprer vaelv/ — po3nuntoBanbHUl KilanaH

» starting air valve /'starrtip eo(r) veaelv/ — kimanan
ITyCKOBOTO TIOBITPSI

* cross scavenging /krps ‘skavind3zmy/ — mnonepedna
IpOIyBKa

» loop scavenging (M. A. N.) /lu:p 'skevind3iy/ — nemipoBa
npoxyska (M. A. N.)

* uniflow scavenging (B. & W.) /'ju:niflov ‘skevindzm/ —
onHoTOTOUHA TpoayBka (B. & W.)

+ great advantage /grert od va:ntid3/ — Benuka nepesara

« removal of combustion products /r1muval ov
kom'bastfon ‘prodakts/ — BumaneHHst IPOIYKTIB 3rOpsSHHS

* rotary motion /' routari ‘'moufan/ — obepTanbHUI pyx

* combustion gases /kom'bastfon 'gasiz/ — NpomyKTH
3TOPSIHHA

* mixture of air and oil /'mikstfar av ea(r) and 211/ — cymim
MOBITPSI Ta Maca.
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SPEAKING PRACTICE

7. Compare the types of scavenging, taking into account
indicators such as:

* direction of air flow;

* efficiency;

* typical marine applications

Use useful phrases like:

» The main difference between...

» This type is more efficient because...

* In large marine engines...

CHECKING THE ACQUIRED KNOWLEDGE
Summary test:
What is scavenging in a diesel engine?
The process of fuel injection
The process of cooling the cylinder
The process of replacing exhaust gases with fresh air
The process of compressing air

SReN- I

2. How many main scavenging methods are used in marine
diesel engines?

A. Two

B. Three

C. Four

D. Five

3. Which of the following is NOT a scavenging method
mentioned in the text?

A. Uniflow scavenging

B. Cross scavenging

C. Loop scavenging

D. Reverse scavenging
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4,

In uniflow scavenging, where does the exhaust gas leave

the cylinder?

Sawp

5.

Through exhaust ports in the liner
Through scavenging ports

Through a centrally mounted exhaust valve
Through the piston crown

Where does scavenge air enter the cylinder in uniflow

scavenging?

>

onw

SOw»

7.

Through the cylinder head

Through exhaust valves

Through scavenge ports in the lower part of the liner
Through the fuel valve

What is the main advantage of uniflow scavenging?
Low manufacturing cost

Simple liner design

Maximum scavenging efficiency

No exhaust valves required

What stroke-to-bore ratio is typical for modern uniflow

engines?

A.
B.
C.
D.

8.

1.5-1.8
2.0-2.2
24-29
3.54.0

Which of the following is a disadvantage of uniflow

scavenging?

A.
B.
C.
D.

Poor scavenging efficiency
Increased lube oil consumption
Requirement for exhaust valves
Complicated liner design
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9. In cross scavenging, where are the exhaust ports located?
A. On the same side as scavenge ports

B. In the cylinder head

C. Diametrically opposite the scavenge ports

D. At the bottom of the cylinder

10. What is the typical stroke-to-bore ratio for cross
scavenging?

A. 1.75

B. 2.0-2.2

C. 2429

D. 3.5-4.0

—
—

. Where are exhaust ports placed in loop scavenging?
Below scavenge ports on opposite sides
Above scavenge ports on the same side
In the cylinder head
Around the piston crown

oSO wp>

12. What is the stroke-to-bore ratio for loop scavenging?
A. 1.75

B. 2.0-2.2

C. 2429

D. 3.5-4.0

13. What is an advantage of cross and loop scavenging
systems?

A. Higher scavenging efficiency

B. Lower thermal stresses

C. No exhaust valve is required

D. Reduced liner wear
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14. Which disadvantage is typical for cross/loop scavenging?
A. High scavenging efficiency

B. No mixing of air and exhaust gases

C. Increased cylinder lubricating oil consumption

D. Simple liner construction

15.Why 1s scavenging efficiency lower in cross/loop
scavenging?

A. Low air pressure

B. Greater mixing of air and exhaust gases

C. Absence of fuel valves

D. Short piston stroke

16. How is scavenging efficiency defined?

A. Ratio of exhaust gas pressure to air pressure

B. Ratio of fuel mass to air mass

C. Ratio of air mass at beginning to that at end of compression
D. Ratio of piston speed to crankshaft speed

17. Why are exhaust ports placed higher than scavenging ports?
A. To increase fuel efficiency

B. To allow exhaust gases to leave first

C. To cool the piston crown

D. To reduce liner wear

18. Why is uniflow scavenging considered superior to other
systems?

A. Tt has lower manufacturing cost

B. It requires no surplus air

C. It ensures better removal of combustion residues

D. It eliminates the need for lubrication.
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SECTION 3. FUEL SEPARATOR ON BOARD A VESSEL
INFORMATION FOCUS

1. Read the text carefully and translate it:

Modern marine internal combustion engines typically use
heavy fuel with high viscosity and low quality. It contains
mechanical impurities and water. To ensure trouble-free and
efficient operation of internal combustion engines, thorough
cleaning of fuel and lubricating oil is necessary. Cleaning is
performed by marine fuel separators from various manufacturers.
The wvariety of fuel separator designs and their constant
improvement require ship specialists to have good knowledge
and qualified technical maintenance skills.

The situation is complicated by the fact that maintenance
has to be carried out by a reduced engine room crew. To reduce
the amount of manual work, manufacturers have developed
automated separation systems that operate on a pre-set program
without the intervention of technical personnel.

However, this, in turn, has required an increase in the level
of knowledge, the ability to configure the effective operation of
modern separation systems and, of course, to quickly assess the
causes and nature of possible failures and malfunctions of their
components.

Ship diesel engines running on heavy fuel oil (fuel oil) are
the most common type of engine used in the world fleet.

During storage on board, fuel becomes contaminated with
water and mechanical impurities (particles of sand, dust, and
iron scale), which impairs its performance.
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The use of fuel with a high content of mechanical impurities
leads to contamination of the nozzles, excessive wear of the fuel
pump plunger pairs, and wear of the cylinder-piston group.

For trouble-free and efficient operation of marine diesel
engines when using heavy fuel grades (fuel oil with a viscosity of
up to 700 cSt), special attention must be paid to its purification.

Three methods of heavy fuel purification are used on ships:

The first method involves settling in a settling tank for
20-22 hours. During this time, heavy particles and water settle
at the bottom of the settling tank and are then removed through
a drain valve.

The second method (the most effective) is to separate the
fuel using a centrifugal separator, where foreign particles and
water are separated from the fuel and removed due to the
difference in density of the components contained in the fuel,
using centrifugal forces.

The third method is filtration. The separated fuel from
the supply tank is passed through a fuel filter under pressure
(0.4-0.6 MPa) by a fuel transfer pump and then fed to the diesel
fuel pumps.

COMPREHENSION

2. Answer the questions using information from the
text:

1. What needs to be done to ensure trouble-free and efficient
operation of internal combustion engines?

2. How is fuel cleaned on a ship?

3. What have fuel separator manufacturers done to reduce
manual labor?

4. What contaminates fuel during storage on board?

5. What does the use of fuel with a high content of
mechanical impurities lead to?
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6. What methods of heavy fuel purification are used on
ships?

7. Which method of heavy fuel purification is considered
the most effective?

8. How does the third method of heavy fuel purification
differ from the second?

3. Fig. 1 shows a diagram of a drum clarifier. Your task
is to: a) sign the names of the components of the drum clarifier,
indicated by numbers, using the words and phrases given below,
b) explain the principle of operation of the drum clarifier:

Fig. 1 Diagram of the drum clarifier
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GRAMMAR FOCUS
Gerund is an impersonal form of a verb with the ending
-ing, which combines the properties of a noun and a verb. The
gerund does not express number, person, or manner, and is not
used with articles.

Gerund forms
Form Active voice Passive voice
Indefinite doing being done
Perfect having done having been done

1. When is the gerund used?

The gerund is used in the following cases:

a) After certain verbs:

The gerund is used after verbs such as enjoy, finish, avoid,
mind, suggest, keep, and practice.

» The engineer avoids operating the fuel separator without
proper warming-up.

» The crew finishes cleaning the fuel separator before
starting the main engine.

b) After prepositions:

The gerund is used after prepositions such as of, in, about,
for, without, after, before, and by.

» Theseparator is started after checking the oil temperature.

» The engineer is responsible for maintaining the fuel
Sseparator.

»  Fuel purification is carried out by separating water and
solid particles.

c¢) As the subject of a sentence:

The gerund can function as the subject of a sentence.

* Operating the fuel separator correctly is essential for
safe engine performance.

* Regular cleaning of the separator improves fuel quality.
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d) After fixed expressions:

The gerund is used after fixed expressions such as look
forward to, can't help, it’s no use, feel like, and be worth.

» [t is worth monitoring the separator during operation.

» There is no use starting the fuel separator without
heating the fuel.

2. The difference between the gerund and the infinitive:

(in the context of fuel separator operation)

Some verbs change their meaning depending on whether
they are followed by a gerund or an infinitive.

Stop + gerund

Meaning: to cease an activity completely.

» The engineer stopped operating the fuel separator due to
abnormal vibration.

(The operation was completely discontinued.)

Stop + infinitive

Meaning: to stop in order to do something else.

» The engineer stopped to inspect the fuel separator.
(He stopped another activity in order to perform an inspection.)

4. Find the gerund in the sentences and explain what
role it plays.

1. Removing these unwanted substances contributes to
the longevity and reliable operation of equipment, reducing
maintenance costs and downtime.

2. Marine separators play a crucial role in maintaining the
operational efficiency and environmental compliance of a marine
vessel.

3. Understanding their different functions and applications
is necessary for choosing the right one for your ship.
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4. This equipment ensures that discharged water and fuel
meet established quality standards, minimizing the impact on
marine ecosystems and preserving water quality.

5. Replacing separator spare parts

6. Their role is to keep the bilge water clean, preventing oil
contamination

7. Fuel separators are used in the marine sector to guarantee
the distribution of clean fossil fuel to engines, improving
performance, reducing fuel consumption, and extending the
lifespan of vital parts.

8. They are essential for preventing pollution, managing
waste, and guaranteeing adherence to environmental regulations.

S. Insert the missing phrases that are needed for
a complete context. Choose the clues below

condensation

vents

the bottom of the filter

sounding pipes

a transfer pump

accumulated water and sediments

all openings have been closed

a holding tank or bowl

cracked heating coils

by the heat

a purifier

not properly sealed

a paper element

1) How does a marine fuel separator work?
A marine fuel water separator separates your fuel from
water. The way it works is pretty straightforward. The top of
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the filtration system consists of ...... and the bottom of the filter
is ...... . Water is heavier in comparison to fuel, so water sinks
to ...... until it’s emptied.

Although it is based on a very simple principle no marine
engine will function properly without it. The strength of the fuel
water separator lies in its simplicity.

2) How does water get into fuel? Can this be prevented?

There are multiple ways of water getting into your fuel. The
most obvious way is when pipes are ...... and water can get
in. This one is fairly easy to prevent, you have to make sure
that ...... . Another example is when ...... builds up in the
fuel tank. The condensation is caused, for example, ...... in the
engine room. This is a lot harder to prevent, so it is wise to
check your fuel water separators from time to time.

3) How do service tanks work?

The service tanks in the fuel oil supply system are filled
using ...... . It is important to note that the service tanks should
never be topped up from ...... unless there are no other options
available. The tanks are equipped with ...... to allow air to
displace fuel during normal fuel movements. Vent cocks are
also present to drain any ...... , as mentioned previously. Heavy
fuels are more prone to water contamination, but it can also be
caused by factors such as ...... (if steam is used over thermal
oil) or ...... (if located on deck).

6. Work on your vocabulary:

* heavy fuel /'hevi 'fju:ol/ — Baxxke manauBo

* viscosity /vi skpsiti/ — B’SI3KICTh

* mechanical impurities /mi1kenikal 1m'pjoverrtiz/ —
MEXaHIYHI JIOMIIIKHA

* lubricating oil /'lu:brikertiy 011/ — macTuio

+ fuel separator /' fju:al 'seporerts/ — nanuBHUI cenaparop
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* automated separation systems /'o:tomeitid  sepa’rerfon
'sistomz/ — aBTOMaTH30BaHI CUCTEMH cemapartii

e iron scale /'aron skeil/ — 3ami3Hi BigkiIageHHs

* the fuel pump plunger /6o 'fjural pamp ‘plandzo/ —
TUTYHXep MaTuBHOTO Hacoca

* the cylinder—piston group /8o ‘silindo 'piston gru:p/ —
LUWTIHIPO-TIOPIIHEBA TpyTa

 settling tank /'setliy teegk/ — BincTifiHUK

* adrain valve /5 drem velv/ — 31uBHUI KIanaH

» centrifugal separator / sentrr fjuigol ‘seporerto/ —
BIJILIEHTPOBUI cemapaTop

 filtration /fil tre1rfon/ — dinpTparis

» the supply tank /89 so'plar tenk/ — 3anacuuii 6ax

* afuel transfer pump /o 'fju:al "trensf3: pamp/ — nanuBHMA
Hacoc

SPEAKING PRACTICE

7. Work in pairs. The following situational role-play is
proposed:

Situation 1: Abnormal Operation

Student A — Duty Engineer

Student B — Chief Engineer

Discuss the situation using gerunds and infinitives:

— abnormal vibration

— stopping the separator

— checking the bowl

— cleaning the discs

— restarting the separator

Example prompts:

— I suggest stopping the separator and checking the bowl.

— It’s no use continuing the operation without cleaning the
discs.
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Situation 2: Pre-start Procedures

Explain to a junior engineer how to prepare the fuel separator
before starting it.

Use:

— avoid + gerund

— stop to + infinitive

— be worth + gerund

Example prompts:

— Avoid starting the separator without heating the fuel.

— Stop to check the oil temperature before operation.

CHECKING THE ACQUIRED KNOWLEDGE

8. Summary test:

1. What type of fuel is typically used in modern marine
internal combustion engines?
Light diesel fuel
Gas fuel
Heavy fuel with high viscosity
Biofuel

OSnwp>

Why does heavy fuel require thorough cleaning before use?
It evaporates easily

It contains water and mechanical impurities

It has low energy content

It 1s difficult to pump

SRR IS

3. What equipment is mainly used for cleaning marine fuel
and lubricating oil?

A. Filters only

B. Pumps

C. Marine fuel separators

D. Heat exchangers
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4,

Why must ship specialists have high technical knowledge

of fuel separators?

A.
B.
C.

Because separators are very cheap
Because their designs are simple
Because separator designs are diverse and constantly

improving

D.

5.

Because separators work manually

What factor complicates the maintenance of fuel

separation systems on board?

SCOowp

6.

High fuel prices

Large engine rooms
Reduced engine room crew
Lack of fuel

What is the main purpose of automated separation

systems?

SO wp

7.

To increase fuel viscosity
To eliminate separators
To reduce manual work
To increase crew size

What additional requirement comes with automation of

separation systems?

SO wp

® » o

Less training for engineers

Higher fuel consumption

Higher level of technical knowledge
Manual adjustment during operation

What type of engine is most common in the world fleet?
Gas turbine engines
Steam turbine engines
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C. Diesel engines running on heavy fuel oil
D. Electric propulsion engines

9. How does fuel become contaminated during storage on

board?

A. Through chemical reactions

B. By overheating

C. By water and mechanical impurities
D. By improper combustion

10. What can excessive mechanical impurities in fuel cause?
Improved lubrication

Reduced engine power

Contamination of nozzles and wear of engine components
Lower fuel temperature

o Ow

—_
[a—

. What engine parts are especially affected by dirty fuel?
Crankshaft only
Fuel pump plunger pairs and cylinder-piston group
Bearings only
Turbocharger blades

o Ow

12. What viscosity of fuel requires special attention to

purification?
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13. How many main methods of heavy fuel purification are
used on ships?

A. Two

B. Three

C. Four

D. Five

14. What happens during the settling process in a settling
tank?

A. Fuel is heated rapidly

B. Heavy particles and water settle at the bottom

C. Fuel is mixed with air

D. Fuel viscosity increases

15. Which fuel purification method is considered the most
effective?

A. Filtration

B. Settling

C. Centrifugal separation

D. Heating

16. What physical principle is used in a centrifugal fuel
separator?

A. Thermal expansion

B. Magnetic attraction

C. Difference in density and centrifugal force

D. Chemical reaction
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17. At what pressure is fuel passed through filters in the
filtration method?

A. 0.1-0.2 MPa

B. 0.2-0.3 MPa

C. 0.4-0.6 MPa

D. 0.8-1.0 MPa

18. Why should service tanks normally be filled using
a purifier?

A. To reduce fuel temperature

B. To avoid water and sediment contamination

C. To increase fuel pressure

D. To simplify tank design.
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SECTION 4. SUPERCHARGING
IN MARINE DIESEL ENGINE
INFORMATION FOCUS

1. Read the information below and use it to complete
the next tasks:

Supercharging is used in internal combustion engines,
including those used in marine applications, to improve their
performance.

Supercharging (or pressure charging) is a process in which
a greater mass of air is admitted into the cylinder for combustion
and, consequently, a greater amount of fuel is burned efficiently.

The core function of a marine diesel engine supercharger is
to improve fuel combustion efficiency by increasing the intake
air density and the oxygen content in the cylinder, ultimately
achieving increased power output, reduced fuel consumption,
and optimized emissions.

The fundamental idea behind supercharging is to increase
the amount of air entering the engine’s cylinders.

An engine produces power by burning fuel. The amount of
fuel that can be effectively burned is limited by the amount of
oxygen available, which comes from the intake air. Naturally
aspirated engines rely on atmospheric pressure to force air
into the cylinders during the intake stroke. Supercharging
involves using a compressor (the supercharger), driven by the
engine’s crankshaft (or sometimes electrically), to force more
air into the cylinders than would naturally enter. By forcing
more air into the cylinders, more oxygen becomes available for
combustion. With more oxygen available, the engine can burn
more fuel efficiently during each combustion cycle. Burning more
fuel per cycle directly leads to an increase in the engine’s power
output.
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Therefore, the main reason for implementing supercharging in
marine engines, or any internal combustion engine, is to achieve
greater power output from a given engine size or displacement.

There are two types of supercharging methods: pulse-type
and constant-pressure type.

In the pulse-pressure system, the energy of the exhaust gases
from the cylinder is transferred to the turbocharger by pressure
pulses. These pressure waves travel through the exhaust manifold
to the turbine nozzles, where they are converted into kinetic
energy at high velocity, causing the turbine blades to rotate. This
results in a rapid buildup of turbine speed when the engine is
started or during manoeuvring.

To maintain strong pressure pulses, rapid opening of the
exhaust valves is required, exhaust connections must be of limited
diameter, sharp bends must be avoided, and the turbocharger
must be installed close to the engine. To prevent backflow,
the exhaust system is subdivided into several manifolds, each
connected to a separate nozzle box at the turbine. Up to three
cylinders may be connected to each manifold, depending on the
firing order, without mutual interference.

Due to the small volume of exhaust ducting and the direct
routing of exhaust gases to the turbine inlet, this system does
not require any form of scavenging assistance at low speeds or
during engine starting.

In the constant-pressure type of turbocharging, exhaust gases
from each cylinder are led into a common exhaust manifold.
From this manifold, the gases flow to the turbine at nearly
constant pressure. When the exhaust gases expand through the
turbine nozzles and blades, work is produced by utilizing the
thermal energy of the exhaust gases. The exhaust manifold
must be large enough to accommodate exhaust gases from all
cylinders without a significant rise in pressure.
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Normally, the constant-pressure type is used in two-stroke
marine diesel engines.

To summarize, supercharging is a method of increasing the
performance of marine engines by increasing the density of the
intake air, which allows more fuel to be burned and, therefore,
increases the engine’s power output.

COMPREHENSION

2. Define whether the statements are true or false
according to the text.

1. Supercharging in marine engines is used to reduce engine
output.

2. The basic idea behind supercharging is to increase the
amount of air entering the engine cylinders.

3. Supercharging is specifically designed to reduce engine
output.

4. Supercharging is primarily associated with a reduction in
fuel pressure.

5. Supercharging directly affects the increase in fuel
pressure.

6. By forcing more air into the cylinders, supercharging
provides more efficient fuel combustion, resulting in a significant
increase in output power.

7. Non-supercharged engines use atmospheric pressure to
force air into the cylinders during the intake stroke.

3. Read the text, find and underline the sentences in the
passive voice, and if possible, rephrase them into the active
voice.

Marine turbochargers boost the performance of marine diesel
engines and generate electricity for consumption on board the
ship. They work by using exhaust gases to power a generator,
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which is installed on the rotor shaft of the turbocharger. This
generator acts as an exhaust heat recovery device, resulting in
energy savings. A highly efficient, small, and powerful generator
is required to make this process effective.

Marine turbochargers operate on the principle of using
exhaust gases from the engine to drive a turbine, which is
connected by a shaft to a compressor. The compressor then
supplies compressed air to the engine’s combustion chamber to
increase its power output.

The process works as follows: the exhaust gases leave the
engine and are directed into the turbine, causing it to rotate.
This rotation is transferred through the shaft to the compressor,
which increases the pressure of the intake air. The compressed
air is then fed back into the engine, where it combines with
fuel to create a more powerful combustion process, resulting in
increased engine output.

This mechanism is used as a waste heat recovery system
that supplies about 10 % of exhaust gases to power the turbine
that drives a generator. Hybrid marine turbochargers have
a generator inside their housing and require similar space as
traditional turbochargers, with only minor adjustments needed
for conventional diesel engines.

By virtue of Dbidirectional frequency converters,
a turbocharger can function both as an engine and a generator.
To implement this, the generator needs to be small enough to
fit inside the turbocharger. Before installing it on a ship, the
compressor needs thorough testing to ensure it complies with
the engine and vessel requirements.

A hybrid turbocharger with a generator uses exhaust gas
energy to create electricity, similar to a standard gas power
turbine. However, a hybrid turbocharger has several advantages
over a conventional power turbine, such as:
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Installing the turbocharger requires minimal engine
modifications, and the upgrade is relatively simple. There’s hardly
any increase in external dimensions, given that exhaust gas
piping and valve regulators are not required.

A hybrid turbocharger delivers higher efficiency due to the
absence of heat and pipeline losses.

The turbocharger can be accelerated by using the generator
as an engine.

4. Complete the table Ne 1 by matching the statements
with the appropriate supercharging method:

» steady pressure before turbine, efficient operation

» this system is slower in its buildup of pressure when
starting and insufficient air is available for engines during
manoeuvring of operating at low speed

* better and more rational utilization of exhaust heat

* to overcome this difficulty engines have electric driven
auxillary blower

* compressor capacity can be increased as more energy is
available

» exhaust piping is simpler

 utilizes high kinetic energy of exhaust gases

» complicated exhaust piping

* expantion in cylinder can be carried out longer as no
pressure pulse is required

* does not require aux blowers at low speeds or during
starting of the engine

* due to effective scavenging SFS can be reduced

+ exhaust grouping required

* chance of blow back and there by chance of low
efficiency.
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Table Ne . Advantages and disadvantages 2 Types of
supercharging methods

Advantages | Disadvantages | Advantages constant Disadvantages
pulse type | pulse type pressure type constant pressure type
GRAMMAR FOCUS

An adjective is an independent part of speech that expresses
a characteristic of a person, living being, object, concept,
phenomenon and answers the question “which?”. Adjectives in
English do not have gender and number categories, therefore
they never change their form. Adjectives are most often used
with nouns and in sentences act as a definition or the nominal
part of a complex predicate.

In English, adjectives are classified by formation (simple,
derived, compound) and by meaning (qualitative, quantitative,
possessive, demonstrative, etc.). They are also classified by
degrees of comparison (ordinary, superior, highest), such as big,
bigger, biggest.

In some situations, a noun can act as an adjective, performing
its functions. That is, a noun characterizes another noun. In such
cases, these nouns are translated into Ukrainian as a noun with
an adjective. A noun that acts as an adjective does not change
in form. Let’s consider in which cases nouns can perform the
function of an adjective:

When the first noun denotes time: a summer day — summer
day, day dream — day dream.

When the first noun denotes a place: London streets — London
streets (or London streets, anyway “London” characterizes
“streets”), street art — street art.

When the first noun denotes some material from which the
second noun is made:

a silk dress — silk dress, glass lamp — glass lamp.
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So, we see that both words are nouns, but the first noun
characterizes the second, that is, it performs the functions of
an adjective, while still remaining a noun, without changing its
form.

5. Complete the sentences with appropriate words from
below. Find among them nouns that act as adjectives:
compressor variable integral thermal waste
specific mechanic
efficient centrifugal sucked inlet scavenge
kinetic mnemonic
nozzle essential ball and roller exhaust
shell-and-tube further heat-resistant
monochrome additional air high-velocity

A turbocharger of a marine diesel engine is an part
of the ship’s engine. It is a form of energy recovery
system which uses the engine exhaust to rotate the turbine and
provide fresh air to the combustion chamber through compressor
fitted in the same shaft. With the use of a turbocharger the engine
power can be increased without increasing the size of the engine
and at the same time reducing the fuel oil consumption.
The marine engines thermal and scavenge efficiencies
are improved due to better air supply and use of exhaust gases.
The loading is reduced due to shorter more
burning period of the few the marine engine turbocharger.

Components consist of mainly two parts the blower side
and the turbine side. The turbocharger consists of a single
stage impulse turbine connected to a impeller on the
other side through a shaft. Both the sides are provided with the
casing which carries turbine and blower. The blower side casing
consists of filter to sub clean air without dust or particles which
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may damage the blower blades. A diffuser is provided
in the blower side for increasing the pressure of the

air in the turbine side. An casing is provided which
directs the exhaust to the turbine blades. It also has a nozzle
drink to convert the pressure into energy before
hitting the turbine blade. The shaft is carried on bearings which
helps the turbocharger to rotate at extremely high speed of about
5,000 to 10,000 rpm depending on the size of the turbocharger.

The bearings are usually type.
When engine is started it compresses and burns the fuel. Some
of the energy gets basted and produces gases which

needs to be drawn out of the cylinder using an exhaust wall.
These exhaust gases from each cylinder go to an exhaust trunk.
The turbine is driven by the engine exhaust gas. The exhaust gas
from the trunk enters via the gas inlet casing of the turbocharger.
The gas expands through a ring where the pressure
energy of the gas is converted to kinetic energy. This

gas is directed onto the turbine blades where it drives the turbine
wheel as the compressor is connected to the same shaft. It also
rotates the blower at high speeds. The nozzle drink converts the
exhaust gas into kinetic energy. It is fabricated from a

nickel steel or a alloy which can withstand the high
temperatures and be resistant to corrosion. The turbine side outlet
is connected to the exhaust optic pipes which leads the exhaust
gasses to the ship’s funnel on the air side. The air is drawn in
through the filters. A felt cloth can additionally be put on top of
the filter for filtration. The air enters the compressor
we actually where it achieves high velocity by exiting the
impeller. The air goes out radially and passes through a diffuser
where some of the kinetic energy is converted to pressure
energy. In the end the air is then passed into the volume casing
where energy conversion takes place. The outlet from
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the blower side is supplied to the cooler arrangement
on the ship’s engine. The arrangement is a type air
cooler where sea water or fresh water is passed inside the tubes
as a cooling agent to reduce air temperature. This cool air is
then supplied as fresh air inside the trunk of the
engine from where it takes the supply of combustion air through
scavenge ports of the liner. During the start of the engine the
turbocharger is also standstill. Hence no fresh air is supplied to
the scavenge force which is to start the combustion.
Therefore, additional blowers are installed which are switched
on during the start of the engine. When the turbocharger of the
engine reaches arranged where turbocharger supplies fresh air
the blower is cut off ( geometry).

6. Learn or repeat the following words and phrases:

» supercharging /'su:patfa:d3m/ — HagIyB

* pressure charging /'prefo ‘tfa:d3m/ — HaxayB MiJg THCKOM

* internal combustion engine /m't3:nal kom bastfon
‘end3in/ — IBUTYH BHYTPIIIHBOIO 3TOPSHHS

* marine applications /ma'ri:n  epli'keifonz/ — cynHOBe
3aCTOCYBAaHHSA

 air intake /es 'mteik/ — BIyck noBiTps

» cylinder /'silindo/ — mumiagp

» combustion /kom 'bastfon/ — 3ropstHHS

« fuel combustion efficiency /'fjural kom'bastfon
1'fifonsi/ — epeKTUBHICT 3TOPSHHS MATMBA

* intake air density /'mteitk eo ‘densiti/ — uIIBHICTB
BITYCKHOT'O HOBITPS

* oxygen content /'pDksidzon 'kontent/ — BMICT KHCHIO

* power output /'pavo ‘avtput/ — BUXigHA MOTYXHICTh

« fuel consumption reduction /'fju:al kon'sampfon
r1'dakfon/ — 3MeHIICHHS BUTpATH MajuBa

49



I. €. BOPYAKOBA

* emission optimization /1'mifon  pptimar zeifon/ -
OIITUMI3ALlisl BUKU/IIB

* naturally aspirated engine /'net/roli "@spirertid ‘endzm/ —
aTMoc(epHuil IBUTYH

» atmospheric pressure / @tmos ferik prefo/ — armocdep-
HUN THCK

* compressor /kom preso/ — kommpecop

» supercharger /'su:patfa:dzs/ — Harsitau (KoMIpecop
HaJULyBY)

» crankshaft /'krepk/a:ft/ — xoninyacTuii Ban

* combustion cycle /kam'bastfon "satkol/ — muki 3ropsHHS

* engine displacement /'end3m dis pleismont/ — pobounii
00’eM IBUTYHA

* pulse type supercharging /pals taip ‘su:potfa:dzm/ —
IMIYJIbCHUH HaJlTyB

* constant pressure supercharging /'konstont ‘prefo
‘su:patfa:dzm/ — HagMyB MOCTIHHOTO TUCKY

* exhaust gas /1g'zo:st gas/ — BUXJIONHI ra3u

* pressure waves / prefo wervz/ — XBHJI TUCKY

* manifold /'menifould/ — konexTop

* turbine nozzles /'t3:bam 'npzolz/ — comna TypOiHH

* kinetic energy /ki netik 'enad3i/ — kiHeTHUHA eHeprid

* turbine blades /'t3:baimn bleidz/ — nonatku TypOinu

* manoeuvring /mo nu:variy/ — MaHEBpYBaHHS

» exhaust valve /19 'zo:st vaelv/ — Bunyckuuii kianax

» back flow /bek flov/ — 3BopoTHMII TOTIK

* scavenge assistance /'skavindz o'sistons/ — mormomora
IIPOTyBaHHS

* two-stroke marine diesel engine /'tu: strovk ma'rin
‘di:zol ‘end3m/ — MBOTaKTHHI CyTHOBHWH TU3EITbHUMA JABUTYH.
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SPEAKING PRACTICE

7. a) Explain the following key processes in your own
words:

1. Clarify how a supercharger increases engine performance.

2. Describe the role of oxygen in fuel combustion.

3. Explain why forcing more air into the cylinders increases
power output.

4. What is the main advantage of supercharging for marine
engines?

b) Orally compose a sentence or short story using these
terms:

— supercharging /' su:patfa:d3im/

— intake air density /'mteik es ‘densiti/

— pulse type /pals tarp/

— constant pressure /' konstont ‘prefo/

— turbine blades /'t3:bam bleidz/

— exhaust gas /1g'zo:st ges/

— manifold /'menifovld/

CHECKING THE ACQUIRED KNOWLEDGE

8. Summary test:

1. What is the main purpose of supercharging in marine
engines?

A. To reduce engine weight

B. To increase intake air density and improve combustion

C. To cool the exhaust gases

D. To lubricate engine parts

2. Supercharging allows a greater amount of fuel to be
burned because:

A. Fuel pressure is increased

B. More oxygen is available in the cylinder
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o0

SOoOWFFA TOEEW

SOwp

6.

Combustion temperature is reduced
Exhaust gases are recycled

Naturally aspirated engines rely on:

A compressor driven by exhaust gases
An electric blower

Atmospheric pressure for air intake
Pressurized air tanks

How does supercharging increase engine power?
By increasing engine speed

By reducing friction losses

By allowing more fuel to burn per cycle

By cooling the cylinder walls

What drives a supercharger in most marine engines?
Electric motor only

The crankshaft

Hydraulic pressure

Cooling water

How many types of supercharging methods are described

in the text?

A.
B.
C.
D.

7.

One
Two
Three
Four

In the pulse pressure system, turbine speed builds up

rapidly because:

A.
B.
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Exhaust gas temperature is constant
Exhaust pressure waves act directly on the turbine
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C.

D.

8.

The exhaust manifold volume is large
External blowers assist scavenging

Why must exhaust pipes in a pulse system have limited

diameter and no sharp bends?

SO wp

9.

To reduce corrosion

To increase exhaust cooling
To maintain pressure pulses
To lower exhaust noise

What is a key advantage of the pulse pressure system at

low speeds?

A.

Lower fuel consumption

B. No need for scavenging assistance

C.

D.

Lower exhaust temperature
Reduced lubrication demand

10.In a constant pressure turbocharging system:

SO wp

[
—

SO wp

Each cylinder has its own manifold

Exhaust gas pressure fluctuates strongly
Exhaust gases flow into a common manifold
The turbine works only at low speed

. Constant pressure turbocharging is normally used in:

Four-stroke auxiliary engines
Small gasoline engines
Two-stroke marine diesel engines
High-speed automotive engines

12. What is the function of a marine turbocharger compressor?

A.

B.

To cool exhaust gases
To supply compressed air to the engine
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C. To reduce emissions directly
D. To generate electricity only

13. Which part of the turbocharger converts exhaust gas

pressure into kinetic energy?

A. Diftuser

B. Compressor impeller
C. Nozzle ring

D. Air filter

14. What speed range do turbocharger shafts typically

operate at?

A. 500-1,000 rpm

B. 1,000-3,000 rpm
C. 5,000-10,000 rpm
D. Over 20,000 rpm

15. What is one function of the air cooler in the turbocharging

system?
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A. To heat intake air

B. To remove moisture from fuel

C. To reduce the temperature of compressed air
D. To filter exhaust gases

16. Why are additional blowers used during engine start?
A. To increase fuel pressure

B. Because the turbocharger is not yet rotating

C. To cool the turbocharger bearings

D. To reduce exhaust back pressure
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17.What is a major advantage of a hybrid marine
turbocharger?

A. Larger external dimensions

B. High heat losses

C. Ability to generate electricity from exhaust energy

D. Increased engine size

18. Using a turbocharger allows the engine to:

A. Increase power without increasing engine size
B. Eliminate the need for cooling systems

C. Operate without lubrication

D. Run only at constant speed.
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UNIT 2
MARINE DIESEL ENGINE SYSTEMS

SECTION 5. DIESEL ENGINE FUEL SYSTEM
INFORMATION FOCUS

1. Read the text and answer the questions that follow:

Fuel systems are used to receive, store, pump, clean, heat,
and supply fuel for engines and boilers, as well as to transfer
fuel to shore or other vessels.

A fuel system consists of a number of independent pipelines
that perform specific functions. The configuration of each of
them with mechanisms, devices, and pipelines depends on
the type of power plant and the type of fuel used. The entire
fuel preparation system can be divided into four sections: fuel
reception on the ship; long-term fuel storage (reserve tanks and
fuel transfer pumps); comprehensive fuel processing and daily
storage in settling and consumption tanks; and fuel preparation
before delivery to the diesel engine or boiler.

Modern low-speed and medium-speed engines run on heavy
fuel. For operation during start-up and pre-shutdown periods,
they are equipped with a light fuel system. Fuel is received
in the corresponding light and heavy fuel reserve tanks from
the deck through a pipeline via a filter; if they overflow, the
fuel is transferred to an overflow tank via an overflow pipe.
Fuel ballast or replaceable tanks can be used for fuel storage.
The use of medium and high viscosity fuels requires the
installation of general or local steam heating coils in the tanks
or equipment for so-called jet heating in the tank; in the latter
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case, steam coils are provided in the discharge pipe area for
local fuel heating.

Settling tanks are provided in the system for preliminary
cleaning of fuel from water and mechanical impurities. Some
vessels do not have settling tanks; their functions are performed
by separators. The separation system includes: the separators
themselves and receiving filters; autonomous or separator-
mounted pumps; fuel heaters; and delivery pumps that send
the separated fuel to separate storage tanks for heavy fuel and
diesel fuel. Before entering the separator, the fuel passes through
a steam heater. Self-cleaning separators (at least two) operating
in automatic mode are used to separate heavy fuel. Separators
can be connected in parallel or in series. Diesel fuel is not heated
before separation. Separation waste is sent to a tank, from where
it is pumped through the deck to a waste oil, fuel, and sludge
collector or to an incinerator. Instead of separators, special
filters that separate mechanical impurities and water with the
same efficiency may be used. Recently, it has been proposed to
homogenize fuel before feeding it into filters. To do this, fuel
from the settling tank is sent to a homogenizer, where asphalt-
resin formations are broken down. Fuel homogenization is not
yet widely used on domestic ships.

Fig. 2 shows a structural diagram of the fuel supply system
to the main engine from the valve boxes 1 of the bunker tanks to
the pipeline 15 to the high-pressure fuel pumps. The main engine
fuel supply section includes: fuel transfer pump 2; heaters 3,
5; separator 4; supply tank 7; mixing column 8; coarse 6 and
fine 12 filters; relief valves 10; fuel feed pumps 9. Fuel heating
before delivery to the high-pressure fuel pump ensures the
specified fuel viscosity using a device called a viscometer 13,
which measures and regulates viscosity by changing the amount
of steam supplied to the heater 11. When switching the main
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engine from one type of fuel to another, tank 8 acts as a mixing
tank, ensuring a smooth change in the viscosity of the fuel
supplied to the main engine from the diesel fuel supply tank via
pipeline 14.

Fig. 2. Fuel preparation and delivery system to the main engine

COMPREHENSION

2. Answer the questions using the information from the
text above:

1. What is the fuel system used for?

2. What does the fuel system consist of?

3. Into which sections can the entire fuel preparation system
be divided?

4. How do modern low- and medium-speed engines work?

5. What can be used to store fuel?

6. Looking at Fig. 2, describe how the fuel preparation and
delivery system to the main engine works.
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GRAMMAR FOCUS

Active Voice in English is when the subject performs the
action itself (e.g., The engine broke down), and Passive Voice
is when the subject is acted upon by someone else (e.g., The
engine was broken), where the emphasis is on the object of the
action, and the doer may be optional or unknown, formed using
to be + the third form of the verb (V3).

The difference between Active and Passive Voice in English
is that in sentences with Active Voice it is clear who is the doer
of the action. Passive Voice places the focus of attention on the
object that is being influenced.

The sentence may or may not contain information about
who exactly is performing the action. In order to indicate the
agent who is exerting influence, the preposition by is used in the
passive voice.

Tense Passive Voice Formula

Present Simple am/is/are + V3

Present Continuous am/is/are + being + V3
Past Simple was/were + V3

Past Continuous was/were + being + V3
Present Perfect have/has + been + V3
Past Perfect had + been + V3

Future Simple will + be + V3

Future Continuous doesn’t exist

Future Perfect will + have + been + V3

3. Change the sentences below from active to passive.
For example:

Active: Over the years, scientists have developed a number
of different systems to implement and control the fuel injection
process.

59



I. €. BOPYAKOBA

Passive: Over the years, a number of different systems have
been developed by scientists to implement and control the fuel
injection process.

1. Some engines also use electric transfer pumps.

2. Mechanical electronic unit injectors replace the injection
pump.

3. Low pressure fuel deliver to each injector through
a gallery in the cylinder head.

4. A dedicated fuel pump generates high fuel pressure.

5. The engine can start up and manoeuvre on diesel oil or
even a blend of diesel and heavy fuel oil.

6. Engineers pump fuel from the service tank to the fuel
injection system.

7. The fuel system filters impurities before fuel enters the
engine.

8. The injectors spray fuel into the combustion chamber at
the correct time.

9. The control system regulates fuel flow according to
engine load.

4. Find the sentences in the passive voice in the text
below. Explain whether they can be changed to the active
voice.

The fuel piping system comprises the fuel supply lines,
high-pressure fuel lines, and fuel heating pipes, if heavy fuel
is used. Fuel supply lines include the supply lines from the
fuel transfer pumps and preheating arrangements to the fuel
filters and fuel pumps on the engine, also the fuel supply lines
to the installation. High-pressure fuel lines connect the fuel
pumps with the fuel valves and are under very high intermittent
pressure. Defective high-pressure fuel lines must not be repaired
by welding, because the welding beads which get inside the pipe
may damage the fuel nozzle.
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The preheating system employs steam up to 7 kg/sq. cm. g.
and is led adjacently along all fuel pressure and supply lines, as
well as filters. The drain lines for leakage fuel are also partially
heated.

Fuel system fittings are: fuel transfer pump, fuel filter, fuel
pressure-maintenance valve, fuel shut-off valve, fuel non-return
valve.

The fuel transfer pump is driven separately by an electric
motor, as a rule, and its capacity must be chosen so that it is
always fully capable of discharging against the counter-pressure
adjusted at the pressure-retaining valve.

The fuel filter contains several filter elements which can
be switched over during operation and is designed for steam
heating.

The fuel pressure-retaining valve is designed for adjustable
back pressure. The pressure adjusted should be so high that there
is no formation of vapour on the suction side of the fuel pumps.

The fuel shut-off valve opens during operation and is
provided with a double cone seat to prevent leakage. It enables
the main pipe to be isolated temporarily for dismantling the fuel
pump or preheating.

The non-return valve is situated between the fuel pump and
the overflow line with single-controlled fuel pumps. During
operation, the surplus fuel delivered by the fuel transfer pump
runs off into the overflow line. When dismantling a fuel pump, the
latter is isolated from the overflow line by the non-return valve.

Each cylinder possesses its own fuel pump, which discharges
a definite quantity of fuel through the discharge line to the fuel
valve at the correct moment and under high pressure. The fuel
is then sprayed into the combustion chamber in certain direction
through a number of accurate nozzle orifices, and is finely
atomized in the process.
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WRITING PRACTICE

5. Translate the sentences from Ukrainian into English.

1. Cucrema mnomaui nanuBa 3abe3nedye moiady IajauBa,
MPUJIATHOTO ISl BUKOPUCTAHHS CHCTEMOIO BIIOPCKYBaHHSI.

2. HuzpbkooOOpOTHHI TBOTAKTHUUN TU3EIBHUNA JIBUTYH 3a3BU-
yail mpu3HaYeHui 11 6e3nepepBHOI poOOTH Ha BaKKOMY IMaJIMBI.

3. TloBinbHUN JBOTAKTHUW AW3ETBLHUN JBUTYH 3a3BHYAl
BJIAIITOBAHUN TaKUM YHHOM, 1100 Oe3repepBHO MpaIoBaTH Ha
Ba)XKOMY TaJMBi 1 MaTl B HAsSBHOCTI 3amac JU3eJbHOTO MaauBa
JUTsL MaHEBPYBaHHS.

4. TlanuBo 30epiraeTscsi B pe3epByapax 3 MOABIHHUM JTHOM,
3B1JIKM BOHO TEpEKavy€eThCs Y BIICTIHMK 1 HAarpiBaeThCs.

5. Tlicns TpOXOmKEHHS Yepe3 UEHTPUPYTH OUMIICHE,
HarpiTe MaJMBO TEPEKAYYETHCS B pe3epByap IS IIOJCHHOTO
00CITyrOByBaHHS.

6. 3 pesepByapa sl IIOACHHOTO OOCITYTrOBYBaHHSI Macio
NPOXOIUTh Yepe3 TPUXOAOBUM KiIamaH /0 3MIIIyBaJbHOTO
pesepByapa.

7. Y cucremy BOyIOBaHHI BHTpPAaTOMIp, SIKHWA TOKa3ye
BUTpATy TAJIHBA.

8. IligcumroBaiibHI ~ HACOCHM  BHUKOPUCTOBYIOTbCS IS
nepeKkadyBaHHs Macja 4epe3 HarpiBadi Ta peryjsiTop B’sI3KOCTI
JI0 TTIAJTMBHUX HACOCIB, IO MPUBOASTHCS B /IO JIBUTYHOM.

9. TlanuBHI HAacOCH MOAAIOTH MAJIUBO i BUCOKHM THCKOM
JI0 BIAMOBITHUX (POPCYHOK.

10. Perynsatop B’SI3KOCTI KOHTPOIIIOE TEMIIEpaTypy MalnBa,
11100 3a0€3Me4YUTH MPABUIbHY B S3KICTb JUIS 3TOPSHHS.

11. Knanan peryiaroBaHHS THCKY 3a0e3neuye MOCTIHHUN
TUCK y Hacocax 3 JBUTYHOM.

12. Moxe OyTH BCTaHOBIICHHH pe3epByap Ul LIOJECHHOTO
00CIyroByBaHHS JU3€JIbHOTO MaJNNBA, SKUNA MIAKIIOYAETHCS 10
CHCTEMHU 32 JIOTIOMOTOI0 TPUXOJI0BOTO KJIaraHa.
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6. Work on your vocabulary:

+ fuel system /'fju:al 'sistom/ — manuBHA cucTema

* main engine /mem ‘end3m/ — roJloOBHUI ABUTYH

* low-speed engine / lou spi:d ‘end3m/ — mamooGopoTHUI
JIBUTYH

* medium-speed engine /mi:diom spi:d ‘endzm/ -
CepPEeTHHOOOOPOTHHUM JBUTYH

+ valve box /velv boks/ — knamanHa KopoOka

+ fuel ballast tank /'fjuial ‘baelost tepk/ — nanuBHMIA
OanmacTHUH O6ak

» outlet pipe /'avtlet paip/ — BumyckHa TpyOa (BUITYCKHUHN
narpyook)

* steam coil /stim koil/ — mapoBa koTymika (mapoBuid
3MiHOBHK)

* bunker tank /'bagker tepk/ — GyHkepHa mucrepHa

* high-pressure fuel pump / har ‘prefor fju:al pamp/ —
MAJIMBHUNA HACOC BUCOKOTO THCKY

* incinerator /mn’smoreitar/ — iHCHHEpaTOp (CraaoBaibHA
Iiv)

» fuel transfer pump /'fju:ol ‘treensf3:r pamp/ — manuBHUH
nepeKavyBaJbHUNA HACOC

» preheater / pri: hi:tor/ — migirpiau

* separator /'separertor/ — cernaparop

+ outlet tank /"avtlet teegk/ — BuTparHa nucrepHa

* mixing column /'miksm ‘kolom/ — 3minryBanbHa KoJOHKA

+ coarse filter /ko:rs 'filtor/ — ¢inerp rpy6oro ounmeHHs

 fine filter /fam 'filtar/ — GinbTp TOHKOrO OUMIIEHHS

» relief valve /r1'li:f velv/ — mepenyckuuii kianaH

» fuelfeed pump/ fju:olfi:d pamp/—nanuBornigraqyBagTsHUN

» fuel viscosity /'fju:ol vi'skpsiti/ — B’sI3KiCTh manuBa
* viscometer /vi skpmitar/ — Bicko3uMeTp
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SPEAKING PRACTICE
7. a) Work in pairs. Ask each other as many questions as
possible about the operation of the fuel system.
b) Look at the diagram of the fuel preparation and delivery
system to the main engine (Fig. 2) and try to describe this
process.

CHECKING THE ACQUIRED KNOWLEDGE

8. Summary test:

1. What is the main purpose of a fuel system on board
a ship?
To generate electrical power
To cool engines and boilers
To receive, store, treat, and supply fuel
To lubricate moving parts

COowp

2. Which of the following functions is NOT performed by
a fuel system?
Pumping fuel
B. Heating fuel
C. Cleaning fuel
D. Producing fuel

>

3. What does the configuration of a fuel system mainly
depend on?

A. Ship speed

B. Crew size

C. Type of power plant and fuel

D. Weather conditions
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4,

Into how many main sections can the fuel preparation

system be divided?

5.

SO wp

Two
Three
Four
Five

Which section includes reserve tanks and fuel transfer

pumps?

SO wp

6.

Fuel reception on board
Long-term fuel storage

Fuel preparation before engine
Fuel consumption control

What type of fuel is normally used by modern low-speed

and medium-speed engines?

SOowrN UNwp

OO Wy ®

Gas fuel

Diesel fuel only
Heavy fuel
Biofuel

Why is a light fuel system provided on ships?
For emergency operation only

For start-up and pre-shutdown operation

For fuel transfer to shore

For boiler operation

How is fuel received on board the ship?
Through the engine room

From the settling tank

From the deck through a pipeline via a filter
From the overflow tank
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What happens if reserve fuel tanks overflow?
Fuel is discharged overboard

Fuel is burned in boilers

Fuel is transferred to an overflow tank

Fuel is sent to the separator

oW p o

10. Why are steam heating coils installed in fuel tanks?
To cool the fuel

To reduce fuel consumption

To heat medium- and high-viscosity fuels

To clean fuel from impurities

o0w

—
—_—

. What is the main purpose of settling tanks?
Fuel storage only
Fuel heating
Preliminary cleaning from water and impurities
Fuel viscosity control

o0w

12. What equipment can replace settling tanks on some
vessels?
Pumps
Filters
Separators
Heaters

>

oCnw

. Which fuel must be heated before separation?
Diesel fuel

Light fuel

Heavy fuel

Gas fuel

OSOow>3
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14. How many separators are usually used for heavy fuel
separation?

A. One

B. At least two
Three
One per engine

NS

.How can separators be connected in a fuel system?
Only in series
Only in parallel
In parallel or in series
Only individually

oSaow» g

16. Where is separation waste sent?

A. To the settling tank

B. To the engine

C. To a waste oil or sludge collector or incinerator
D. To the mixing column

17. What is the purpose of a homogenizer in a fuel system?
A. To heat fuel

B. To pump fuel

C. To break down asphalt-resin formations

D. To separate water

18. What device regulates fuel viscosity before delivery to
the high-pressure fuel pump?

A. Separator

B. Filter

C. Viscometer

D. Mixing column.
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SECTION 6. DIESEL ENGINE COOLING SYSTEM
INFORMATION FOCUS

1. Read the text carefully and translate it:

Engines are cooled by circulating coolant through internal
channels within the engine. As a result, the coolant is heated
and then cooled by a seawater circulation cooler. Without proper
cooling, some engine parts exposed to very high temperatures as
a result of fuel combustion may fail prematurely.

Cooling allows the engine metals to maintain their
mechanical properties. Fresh water is the most commonly used
coolant; salt water is not used directly as a coolant due to its
corrosive effects. Since leaks into the crankcase will not cause
problems, lubricating oil is sometimes used to cool the piston.
However, due to its lower specific heat capacity, approximately
twice as much oil as water is required.

Water circulating through pipes is used to cool the engines.
The primary engine is cooled by two different but related systems:
an open system that takes water from the sea and returns it to the
sea, and a closed system in which fresh water circulates around
the engine casing.

Fresh water is used directly to cool the equipment, while
seawater is used to cool the fresh water after it has passed
through the heat exchanger. A continuous flow of fluid is
a distinctive feature of the engine cooling system. Abrasive
corrosion and erosion are caused by the movement of the fluid.
Seawater systems use large-diameter mild steel pipes, the ends
of which extend into the sea through Kingston boxes with valves
to reduce the impact of turbulent flows.

A standard marine diesel cooling system operates like this:

Seawater is drawn in through a through-hull fitting or the
drive leg.
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A raw water pump (impeller-driven) draws in seawater.

The seawater flows through various engine coolers—heat
exchanger, aftercooler, oil cooler, and fuel cooler.

It then exits through the exhaust mixer, where it’s expelled
with the exhaust gases.

This continuous flow of raw water cools the engine indirectly,
reducing corrosion and heat stress on the engine block.

Cooling system flow chart

coolant tank

i

seawater pump  : Y heatexchanger

> A >,
sea strainer ) -
: . v
A —
: : ¢ exhaust mixer

B NPT
engine v 5
- .u
AR BARAAIAS
S pasacac s
seawater seawater

Fig. 3. Cooling system flow chart

COMPREHENSION
2. Answer the questions using information from the
text:
How are engines cooled?
How does the marine diesel cooling system work?
How does coolant heat up and cool down?
What is the most common coolant?
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N oW

What systems cool the main engine?
What are fresh water and seawater used for?
Why do you need a raw water pump?

8. Look at the cooling system flow chart (Fig. 3) and
explain how this system works.

3. Fill in the blanks in the table Ne 2:

Table Ne 2. Main components of the cooling system:

Component

Function

1. Raw Water Pump

1..

2. ...

2. Filters debris (weeds, silt, etc.) from the
incoming raw water before it reaches the pump or
heat exchanger, preventing blockages and damage.

3. Heat Exchanger

3....

4. ...

4. An alternative to a heat exchanger in some
closed-loop systems, where the engine coolant is
pumped through pipes mounted on the outside of
the hull to be cooled by the surrounding water.

5. Coolant Pump

5....

6. ...

6. A temperature-regulating valve that controls the
flow of coolant to the heat exchanger or radiator,
ensuring the engine reaches and maintains its
optimal operating temperature.

7. Engine Block/|7. ...
Water Jackets
8. ... 8. Allows for the thermal expansion of the coolant

and provides a location for topping up the system
and venting air.

9. Hoses and Clamps

9. ...

10. ...

10. A mixture of fresh water and antifreeze/
corrosion inhibitors, used in the internal closed-
loop system to absorb heat and protect internal
components from corrosion and freezing

I1. ...

Often present in raw water systems (especially in
salt water) to prevent galvanic corrosion of metal
components like the heat exchanger.
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GRAMMAR FOCUS

An article is a special particle and a functional part of
speech that is used with nouns. It indicates their definiteness
or indefiniteness and helps to distinguish nouns from verbs,
adjectives, and other parts of speech.

Articles make it possible to show whether a noun is
specific (the) or general (a/an/zero article), which is crucial for
understanding context, since the Ukrainian language does not
have articles.

In English, there are three main types of articles: the indefinite
article (a/an), which is used for unspecified objects (any, one of);
the definite article (the), which is used for specific or known
objects; and the zero article, which refers to cases where no article
is used at all and indicates generalization or abstraction. Articles
are placed before nouns and serve to specify their meaning.

1. Indefinite Article — a/an is used with singular countable
nouns when an object is mentioned for the first time or in
a general sense (“some,” “a certain”):

a is used before a consonant sound: a book, a car, a university
(sound [j]).

an is used before a vowel sound: an apple, an hour (sound
[av9]), an idea.

2. Definite Article — the is used with singular, plural, and
uncountable nouns when the object is already known, specific,
unique, or has been mentioned previously.

Examples: the book (previously mentioned), the sun, the
teacher.

3. Zero Article — the absence of an article is used with
uncountable nouns and plural nouns when referring to something
abstract or in a general sense rather than a specific instance.

Examples: Water is important (water as a general concept),
I like technology, They play football.
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4. Insert articles (the, a, -) into the text where necessary:
Central cooling system

The seawater circuit in ... central cooling system consists of
high- and low-suction lines, usually located on both sides of ...
engine room, suction filters, and ...multiple seawater pumps.
Seawater is pumped through ... central coolers before being
discharged overboard.

The fresh water system has both ... low-temperature and ...
high-temperature circuit. Fresh water in ... high-temperature
circuit circulates in ... main engine and can be used as a heat
transfer medium for ... evaporator if necessary. The main
engine air coolers, lubricating oil coolers, and all other heat
exchangers circulate in ... low-temperature circuit. A control
valve regulates ... mixing of water between the high-temperature
and ...low-temperature circuits. A temperature sensor sends
a signal.

The advantages of ... centralized cooling system include:

— less maintenance due to the clean purified water of ...
fresh water system;

— fewer salt water pumps with associated corrosion and
hunting problems;

— simpler and easier cooler cleaning.

Higher water velocities are possible in ... fresh water system,
resulting in smaller pipe sizes and ... lower installation costs.

The number of valves made of ...expensive materials
is significantly reduced, and cheaper materials can be used
throughout the system to maintain ... constant temperature
regardless of ... outside water temperature, as well as to eliminate
cold starts, reducing cylinder liner wear, etc.
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WRITING PRACTICE

5. Complete the sentence:

1. By routing seawater through coolers rather than the
engine block itself, you avoid ....

2. Coolant removes heat from the hot engine block and
seawater removes heat from ....

3. A closed cooling system circulates ....

4. Coolants provide corrosion resistance, ....

5. The raw water system draws seawater into the cooling
circuit, where it: ....

6. A heat exchanger (radiator) transfers heat from ....

7. Seawater absorbs heat from high-pressure fuel,
preventing ....

8. Aftercooler (Intercooler) cools turbocharged air using ....

9. Thermostats open and close at set temperatures to
regulate coolant flow and ensure ....

10. Temperature sensors monitor coolant and exhaust
temperatures, ....

6. Remember or repeat the following words or
expressions:

* coolant /'ku:lont/ — oxomomxyroda piguHa

« a seawater circulation cooler /o 'si: wo:to s3:kjo’lerfon
‘ku:lo/ — oxonomxkyBad 3 HUPKYIALIEI0 MOPCHKOI BOAH

» proper cooling /' props 'ku:lim/ — HanmexHE OXOIOMKEHHS

* seawater pump /'si:, wo:to pamp/ — HACOC MOPCHKOT BOJTU

* impeller-driven /im pelo 'drivon/ — iMnenepHuii mpusin

» exhaust mixer /1g’'zo:st ‘'mikso/ — BUXJIOMTHUHN 3MilTyBa4

» heat exchanger /'hi:t 1ks tfemdzo/ — Tero0OMiHHUK

* a through-hull fitting /o Oru:'hal 'fitmy/ — npoxiguuii
biTuHT

 aftercooler /'a:fto ku:lo/ — micnsoxonomkyBay
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KOpO3is

7.

abrasive corrosion /9'breisiv ka'rovzon/ — abpasuBHa

erosion /1 rou3an/ — epo3is

crankcase /' kraepkkers/ — xaprep

heat capacity / hi:t ko paesiti/ — TeroeMHiCTh

engine casing /'end3m 'keisiy/ — kopmyc aIBUTYyHA
turbulent flow /'t3:bjolont flov/ — TypOynenTHuU# noTik
thermostat /'03:mastaet/ — Tepmocrar

engine block /'end3m blok/ — 6Gmok nuIiHAPIB

suction filter /'sakfon 'filta/ — dpinpTp BcMOKTYBaHHS

Describe the operation of a standard marine diesel

engine cooling system step by step, using the words first,
then, after that, finally.
Reproduce orally:

SESR- S

2.

intake of seawater

operation of the raw water pump
flow through engine cooler
exhaust mixer and discharge

CHECKING THE ACQUIRED KNOWLEDGE

Summary test:

How are engines cooled according to the text?
By air flowing around the engine

By circulating coolant through internal channels
By spraying seawater directly on engine parts
By lubricating oil only

What happens to the coolant after it circulates through

the engine?
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A.
B.

It evaporates
It is discharged overboard
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cooler

oWy @

oowy

5.

. It is heated and then cooled by a seawater circulation

It is stored in tanks

Why is proper cooling essential for engine parts?
To reduce fuel consumption

To prevent noise

To avoid premature failure due to high temperatures
To increase exhaust pressure

What is the main purpose of engine cooling?

To increase engine speed

To maintain mechanical properties of engine metals
To clean the engine

To improve lubrication

Which coolant is most commonly used in marine

engines?

oNwWp o

® »

SO wp

Salt water
Lubricating oil
Fresh water
Fuel

Why is salt water not used directly as a coolant?
It has low heat capacity

It evaporates quickly

It causes corrosion

It is too expensive

Why is lubricating oil sometimes used to cool the piston?
It has higher heat capacity than water
Leaks into the crankcase do not cause problems
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C. It is cheaper than water
D. It cools faster than fresh water

8. Compared to water, how much lubricating oil is needed

to remove the same amount of heat?

The same amount
Half as much

Twice as much
Three times as much

oSO wp

9. How many cooling systems are used to cool the primary

engine?

76

A. One
B. Two
C. Three
D. Four

10. What characterizes the open cooling system?

A. Fresh water circulates in a closed loop

B. Water is taken from the sea and returned to the sea
C. Oil is used as coolant

D. Water is stored in tanks

11. What is the function of the closed cooling system?
A. To circulate seawater around the engine casing

B. To cool exhaust gases

C. To circulate fresh water around the engine casing
D. To lubricate engine parts

12. What cools the fresh water after it passes through the engine?
Air coolers
Oil coolers

w >
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C. Seawater through a heat exchanger
D. Fuel coolers

13. What is a distinctive feature of the engine cooling
system?

A. Intermittent water flow

B. High pressure

C. Continuous flow of fluid

D. Manual operation

14. What causes abrasive corrosion and erosion in cooling
systems?

A. High temperature

B. Fuel combustion

C. Movement of fluid

D. Oil contamination

15. Why are Kingston boxes with valves used in seawater
systems?

A. To increase pressure

B. To filter oil

C. To reduce the impact of turbulent flows

D. To heat seawater

16. What component draws in seawater in a standard marine
diesel cooling system?

A. Heat exchanger

B. Exhaust mixer

C. Raw water pump (impeller-driven)

D. Fuel cooler
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17. Where does seawater go after passing through engine

coolers?

A. Into the fresh water tank

B. Into the crankcase

C. Through the exhaust mixer and out with exhaust gases
D. Into the lubricating oil system

18. Which of the following is an advantage of a centralized

cooling system?

78

A. Increased number of seawater pumps

B. Higher corrosion rates

C. Less maintenance due to clean fresh water
D. Larger pipe sizes
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SECTION 7. MARINE DIESEL ENGINE
LUBRICATION SYSTEM
INFORMATION FOCUS

1. Read the text carefully and translate it:

Lubrication of marine engines is the process of reducing
friction between moving parts by supplying a lubricant, which
ensures their reliable operation, prevents wear, and dissipates
heat. This is achieved by means of a lubrication system that
supplies lubricant to areas of friction, such as crankshaft bearings.
Important aspects include forced pre-start oil pumping, lubricant
pressure control, and regular lubricant replacement to prevent
engine damage.

There are four key types of marine engine lubrication:

* Hydrodynamic lubrication

The engine oil creates a thick film between the moving parts
of the engine. The two metal surfaces, moving relative to each
other, create the film. That means that, in this type of lubrication,
the pressure is self-generated.

For example, tilting-pad thrust bearings, bottom-end bearings,
and journal bearings in the main engine use hydrodynamic
lubrication.

* Hydrostatic lubrication

As its name suggests, in hydrostatic lubrication, the motion
of the moving parts does not allow the creation of the oil film.
Therefore, the oil pressure needs to be provided externally, with
the help of an external oil pump. This type of lubrication depends
on the inlet pressure of the oil, as well as the clearance between
the metal surfaces. Crosshead bearings require hydrostatic
lubrication and use a crosshead lubrication pump to increase the
pressure.
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* Boundary lubrication

It occurs when the creation of a full-fluid film is not possible.
A thin film is formed between two sliding surfaces. There is high
friction between these surfaces, meaning there is a certain level
of metal-to-metal contact. It occurs when a shaft moves from
rest, when the speed is very low, or when the load is extremely
high. It may also be a result of low oil viscosity.

* Elastohydrodynamic lubrication

Elastohydrodynamic lubrication (EHD) is the lubrication
principle in which notable elastic deformation of the surfaces
occurs, and it changes the shape and thickness of the lubricant
film in the contact zone. It is often the result of contact between
rolling and sliding surfaces.

The main engine has three separate lubricating oil systems:

— Main lubricating oil system.

— Cylinder oil system.

— Turbocharger lubricating oil system.

The main, or crankcase, lubrication system is supplied
by one of two pumps, one of which operates, while the other
is on standby and set for automatic cut-in should there be
a lubricating oil pressure reduction or primary pump failure.
The main LO pumps take their suction from the main engine
sump tank and discharge oil via the main LO cooler, which
removes heat. An automatic backflushing filter unit with
a magnetic core helps to remove metal debris. The plate-type
LO cooler is cooled by the low-temperature central cooling
freshwater system.

The supply pressure in the main lubrication system depends
on the design and requirements and is generally around
4.5 kg/cm?. LO supply to the cooler is via a three-way valve,
which enables some oil to bypass the cooler. The three-way
valve maintains a temperature of 45 °C at the lubricating oil
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inlet to the engine. The main LO system supplies oil to the main
bearings, camshaft, and camshaft drive.

Lubrication of marine engines is critical for their reliable
and efficient operation, as it reduces friction, dissipates heat,
protects against corrosion, and cleans friction surfaces.

2.

COMPREHENSION
Answer the following questions using the information

from the text:

I.

O NN kWD

9.

What is lubrication of marine engines?

How does the lubrication system work?

Why is a marine engine lubrication system necessary?
What types of marine engine lubrication are there?
Give an example of the use of hydrodynamic lubrication.
How does hydrostatic lubrication work?

When does boundary lubrication occur?

What is elastohydrodynamic lubrication?

What are the three separate lubrication systems of the

main engine?
10. What determines the supply pressure to the main
lubrication system?

3.

Insert the missing phrases or words necessary for

complete context. Choose from the suggestions below:
carbon deposits
spraying oil flowing
clean oil
the circulation system
friction units
combined systems
a cylinder diameter
high-pressure pumps

81



I. €. BOPYAKOBA

camshaft bearings

internal combustion engines

on the perfection of the oil system
corrosion

supplying lubricant

The internal combustion engine lubrication system is
designed to ensure the timely supply of the required amount of
purified and cooled oil to .... (to protect their surfaces from wear
and ....); to remove heat from friction surfaces and parts; to
remove wear products and .... from friction surfaces and to .....
The reliability and durability of the engine depend to a large
extent .... and the efficiency of its operation. Depending on the
method of .... to the friction surfaces of parts and components
of the internal combustion engine, the following lubrication
systems are distinguished: circulation under pressure, splash,
and ..... Lubrication of the frame, connecting rod, and main
bearings, ...., and drive auxiliary units is carried out using
a circulating lubricant at a pressure of 0.15-0.6 MPa. Lubrication
of cylinder liners, piston guides and piston rings in low- and
medium-power engines is carried out by .... through the gaps
in the bearings. In modern powerful medium-speed ...., oil for
lubricating cylinder liners, pistons, and some other components
is supplied by special ..... An autonomous cylinder lubrication
system allows the use of special types of oil and also makes it
possible to regulate its quantity.

In most trunk internal combustion engines with .... of up
to 400 mm use a combined lubrication system, i.e., frame,
connecting rod and main bearings and camshaft bearings are
lubricated with oil supplied by ...., while cylinder liners, pistons,
rings, etc. are lubricated by splashing.
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4. Draw a schematic diagram of the piston lubrication
and cooling system. Explain how it works using the following
words and phrases:

oil pump, autonomous oil pump, coarse and fine filters, oil
cooler, pipelines and control and monitoring devices, oil pan,
bearing lubrication, camshaft, high-pressure fuel pump, air
distributor, crankshaft main bearing, control panel components,
crankshaft main bearings, water pump ball bearings.

WRITING PRACTICE

5. Translate the sentences from English into Ukrainian:

1. 3mamryBambHa  CHUCTEMa  JIBUTYHa  BHYTPILIHBOIO
sropsaHs  (/IB3) ckmamaeTbest 3 NIBOX HE3AJIEKHHX CHCTEM:
CHCTEMH IUPKYJSIIMHOTO 3MAICHHS W OXOJOKECHHS MOPIIHIB
Ta CUCTEMH 3MAICHHS BTYJIOK LIWITIH/PIB.

2. 3mamryBalibHa UHPKYJSIIMHA CHCTEMa, 3aJIeKHO BIiJ
po3TanryBaHHsS Macio30ipHUKa, MOXe OyTH 3 MOKPHM a00 CyXUM
KapTepoM.

3. VY cucTeMi 13 CyXuM KapTepOM MacJIO 3 IMiA0HY JBUTYHA
MOCTIHHO CTIKa€ CaMOIUIMBOM a00 BiJKAUyETHCS CIICIiaIbHIM
HAacOCOM B OKpeMy IIMCTEpHY, BCTAHOBJEHY I103a JBH-
TYHOM.

4. YV cucremMi 3 MOKPHM KapT€poM OCHOBHOKO €MHICTIO
JUI Macia € miagoH abo HIKHS YyacTHHA KapTepa, 3 sKOi Macio
3a0upaeTbcs MacIsHUM HacCOCOM JIBUTYHA.

5. YV cydacHHX CYIHOBUX JBUTYHAaX SIK MAacJIsiHI HAcOCH
MEPEBAKHO 3aCTOCOBYIOTHCS IIECTEPEHH] Ta TBUHTOBI HACOCH.

6. 3a mpUBOIIOM MACIIsSIHI HACOCH MOXYTh OyTH HaBIIIIEHUMU
Ha JBUTYH a00 aBTOHOMHHMMH, 3 HE3aJECKHUM IPHBOIAOM
(ETEKTPOBUTYHOM).

7. Jlns 3MamieHHs IWTHAPIB 3aCTOCOBYIOTHCS TMOPIITHEBI
HACOCH IUTYH)XEPHOTO THITY, HaBillIEHI Ha JABHUTYH.
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8. JlyOpukaropu sBISIOTH COO0I0 OaraToruIyH>KepHI HACOCH
BHCOKOTO TUCKY 1 CIIYTYIOTb JIJIsl TOJ[a4yi MAacTHIIA JI0 IIMITIHPOBUX
BTYJIOK.

9. BiaMmiHHOIO OCOONMMBICTIO CyJHOBUX Macel € BHCOKa
BOJIOTOCTIMKICTb.

6. Remember the important words and expressions that
appeared in this section :

* lubrication of marine engine / lu:brr'kerfon ov ma'ri:n
‘end31n/ — 3MalleHHs CyqJHOBOTO JBUTYHA

* lubricant /'lu:brikent/ — 3mamyBasbHUII MaTepiai,
MacTHIIO

* lubrication system / lu:bri'kerfon ‘sistom/ — cucrema
3MaIleHHS

» friction /' frikfon/ — TepTs

» crankshaft bearing /'krenpkfa:ft 'beormy/ — mipmmnHuK
KOJIIHYaCTOTO BaJia

e pre-start oil pumping / pri: ‘sta:it o1l ‘pampiy/ —
NepeIITyCKOBE TIepeKadyBaHHs Maclia

 lubricant pressure /'lu:brikent 'prefs/ — Tuck MacTuIa

* lubricant replacement /'lu:brikont r1'pleirsmont/ — 3amina
MacTuia

* prevent engine damage /privent ‘end3m ‘demid3/ —
3ano0iraHHs MOMIKOKCHHIO JIBUTYHA

* hydrodynamic lubrication / hardrouvdar naemik
Jlu:brr'kerfon/ — rigponuHaMiuyHe 3MaIIeHHS

* hydrostatic lubrication / haidrov 'steetik  lu:brr kerfon/ —
TiapoCcTaTUyHEe 3MAIICHHS

* boundary lubrication /'bavndori  lu:brr'keifon/ -
IpaHUYHE 3MaIICHHS

* clastohydrodynamic lubrication /1 leestou hardrouvdar neemik
Ju:brr 'ketfon/ — enacroriaponriHaMivHe 3MaIICHHS
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turbocharger /'t3:bou tfa:d3zo/ — TypOokoMIpecop
automatic backflushing filter / o:to'maetik ‘baek flafin

‘filto/ — aBTOMaTHYHMIA (ITBETP 3BOPOTHOTO MPOMHUBAHHS

the plate-type LO cooler /0o 'plett tarp el ov 'ku:lo/ —

MIACTUHYACTUMN OXOJIOPKYBa4d Macijia

three-way valve / Ori: ‘'wer vaelv/ — TpuxomoBuii kiaman
bearing lubrication /'beoriy  lu:bri'keifon/ — 3maieHHs

HIJMANHUKIB

Bajia

M=

3.

main bearings /'mem 'beoriz/ — roJoOBHI TiAIIHITHUKA
camshaft /'keem/a:ft/ — po3moainbHMIT Ban
camshaft drive /' kem/a:ft drarv/ — nmpuBia po3noaibHOTO

SPEAKING PRACTICE
a) Problematic questions for discussion:
Why does the main lubrication system use two pumps?
What could happen if the backflushing filter fails?
Why is the lubricating oil cooler connected to the

freshwater cooling system?

4.

How does lubrication help prevent corrosion?

b) Make up oral sentences with the terms:

hydrodynamic lubrication
lubricant pressure
backflushing filter
camshaft drive
turbocharger lubrication.
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8.
1.

CHECKING THE ACQUIRED KNOWLEDGE

Summary test:
What is the main purpose of lubrication in marine

engines?

oSN wp

areas?

® >

3.

To increase engine power

To reduce friction and dissipate heat
To cool exhaust gases

To increase fuel efficiency only

Which engine parts are specifically mentioned as friction

Cylinder liners only

. Crankshaft bearings
C. Exhaust valves
D.

Fuel injectors

What important procedure ensures lubrication before

engine start?

® >

4.

Manual oil filling

. Forced pre-start oil pumping
C. Oil spraying
D.

Oil draining

How many key types of marine engine lubrication are

described?

A.
B.
C.
D.
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5.

In which lubrication type is the oil film pressure self-

generated?

A.
. Hydrostatic lubrication

o0 w

oDOw o

7.

Boundary lubrication

Hydrodynamic lubrication
Elastohydrodynamic lubrication

Which bearings use hydrodynamic lubrication?
Crosshead bearings

Tilting-pad thrust and journal bearings

Piston rings

Cylinder liners

Why is external oil pressure required in hydrostatic

lubrication?

SEol- I

8.

Oil viscosity is too high

Motion prevents oil film formation
Metal surfaces are stationary

Oil temperature is too low

Which component provides pressure in hydrostatic

[ubrication?

SR IPS

ONwp o

Gravity tank
Main LO cooler
External oil pump
Oil sump

When does boundary lubrication occur?
At high engine speeds

When full-fluid film cannot be formed
When oil pressure is high

During normal steady operation
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10.

o0w

—_
—_

o0w

12.

Which condition may cause boundary lubrication?
High oil viscosity

High engine speed

Extremely high load

Excessive oil pressure

. What characterizes elastohydrodynamic lubrication (EHD)?

No surface deformation

Thick oil film at rest

Elastic deformation of surfaces
Absence of oil film

How many separate lubricating oil systems does the

main engine have?
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One

. Two

Three
Four

. What happens if the primary main LO pump fails?

The engine stops immediately

Manual pump is started

The standby pump cuts in automatically
Oil flow stops completely

14. What is the function of the main LO cooler?

A.
B.
C.
D.

To filter oil

To increase oil pressure

To remove heat from the oil
To store oil
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. What device removes metal debris from lubricating 0il?
Oil sump
Plate-type cooler
Magnetic backflushing filter
Three-way valve

SQw» s

16. What temperature is maintained at the lubricating oil
inlet to the engine?

A. 35°C

B. 40 °C

C. 45°C

D. 55 °C

17. Which lubrication system is most common in trunk
engines with cylinder diameters up to 400 mm?

A. Splash system only

B. Circulation system only

C. Combined lubrication system

D. Boundary lubrication system

18. What is one key advantage of an autonomous cylinder
lubrication system?

A. It eliminates oil pumps

B. It allows regulation of oil quantity

C. It reduces engine speed

D. It increases oil contamination.
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UNIT 3
SHIP TURBINE UNITS

SECTION 8. PURPOSE OF TURBINES
AND THEIR TYPES
INFORMATION FOCUS

1. Read the text and work over the italicized terminology:

Ship turbines are used to convert the thermal energy of steam
or gas into mechanical work. The method of energy conversion
in a turbine does not depend on the working fluid used in the
turbine. Therefore, the working processes in steam turbines do
not differ significantly from those in gas turbines, and the basic
principles of steam and gas turbine design are the same.

Fresh steam or gas entering the nozzle, which is a guiding
device, expands, potential energy is converted into kinetic
energy, and the steam or gas acquires considerable speed. Upon
exiting the nozzle, the steam or gas enters the channels of the
working blades mounted on the rim of the turbine disc sitting on
the turbine shaft. The working fluid presses against the curved
surfaces of the working blades, causing the disc with the shaft
to rotate. The combination of these guide devices (nozzles) and
working blades on the turbine disc is called a turbine stage.
Turbines with only one stage are called single-stage turbines, as
opposed to multi-stage turbines.

Turbines are divided into two main groups based on the
working principle of the working fluid (steam or gas). Turbines
in which the expansion of steam or gas occurs only in stationary
guide devices, and only their kinetic energy is used on the
working blades, are called impulse turbines. Turbines in which
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the expansion of steam or gas also occurs when the working
fluid moves in the channels of the working blades are called
reaction turbines. Turbines rotate in only one direction and are
non-reversible, i.e., they cannot change the direction of rotation.
Therefore, reverse turbines are usually provided on the same
shaft as the main forward turbines. The power of ship reverse
turbines does not exceed 40-50% of the power of forward
turbines. Since these turbines do not need to be highly efficient,
they have a small number of stages.

COMPREHENSION
2. Work with the words and phrases that are italicized
in the text above. Choose the correct definition from the
options below.

1) Thermal energy
2) A turbine

3) A steam turbine
4) A gas turbine

5) A nozzle

6) Potential energy
7) Kinetic energy

8) A turbine disc

9) A turbine shaft
10) The turbine stage

a) a type of propulsion engine that uses
steam, gas, or water current to turn a pro-
peller or generator, which moves the ship
forward;

b) refers to the ability of these turbines to
generate reverse thrust for a ship, though this
is often achieved through different methods;
¢) a real-world turbine that is not perfectly
efficient due to thermodynamic and mechan-
ical irreversibilities, such as friction, heat

11) A single stage turbine
12) A multi-stage turbine
13) A working fluid

14) The expansion of steam
15) An impulse turbine
16) A reactive turbine (or
reaction turbine)

17) A “non-reversible
turbine”

18) The “power of ship
reverse turbines”

19) Forward turbine

loss, and turbulence, which reduce the actual
work output compared to an ideal reversible
process;
d) a type of turbine that generates power
from the force of a fluid moving over its
blades;
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e) a turbine in which the potential energy of
the working fluid (gas, steam, liquid) is con-
verted into kinetic energy (i.c., the pressure
of the working fluid decreases and its veloc-
ity increases) in stationary channels (noz-
zles), and the conversion of kinetic energy
into mechanical work occurs on the working
blades;

f) the dramatic increase in volume that
occurs when liquid water turns into steam,
and also the continuous expansion of steam
as a gas;

g) a substance (gas or liquid) that circulates
in a closed system (e.g., in an engine or heat
pump) and is used to transfer energy by
changing its state of aggregation;

h) a type of turbine with more than one
stage, used to efficiently convert energy from
a fluid (like steam or gas) into rotational
mechanical energy;

i) defined as a type of steam turbine that
consists of one Curtis stage, which utilizes
two blade rows to reduce blade loading and
is designed to extract maximum energy from
the vapor to produce power;

j) the main component of the turbine,
consisting of a single rotary assembly
(rotating blades) and its static components,
such as the stator (guide vanes);

k) a component that connects the turbine to
a generator or other machinery, transmitting
the rotational energy produced by the turbine
to perform work;

1) a rotating component of turbines, usually
made of high-strength alloys, which holds
the turbine blades and transfers energy from
hot gases;

m) energy that an object or system has
because it is moving;

n) the stored energy an object has due to its
position, configuration, or state, which has
the potential to do work;
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0) a channel with a variable cross-section
designed to accelerate a liquid or gas to
a certain speed and direct the flow;

p) a type of continuous internal combustion
engine that converts fuel into mechanical
energy;

q) a machine that converts thermal energy
from pressurized steam into mechanical
energy by spinning a rotor connected to
a shaft;

r) is the total kinetic energy of all particles
(atoms and molecules) in a system, caused
by their chaotic motion;

s) a rotating machine that converts the
thermal energy of high-pressure steam or the
kinetic energy of a gas into rotational force,
which either directly powers a propeller or
generates electricity to power an electric
motor.

3. Consider the main functions of turbines. Find words
in the text which have a similar meaning to the words or

phrases below:
installation
construct
set in motion
production
accessorial
complementary
exploit
considerably

Main functions of ship turbines:

Main engine (propulsion unit): conversion of steam or gas
energy into the rotary motion of the propeller shaft to generate
thrust that propels the ship.
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Auxiliary machinery drive: ensuring the operation of other
ship equipment, such as pumps, fans, and, most importantly,
electric generators for producing electricity on board
the ship.

Heat recovery: as part of turbo-compound units (TCUs),
turbines utilize heat from diesel engine exhaust gases to generate
additional power or electricity, thereby increasing the overall
efficiency of the power plant.

Engine supercharging: as part of turbochargers, turbines use
the energy of exhaust gases to compress the air supplied to the
cylinders of diesel engines, significantly increasing their power
output and efficiency.

4. Make the following sentences complete by translating
the words and phrases in brackets:

Marine turbines are classified according to various
characteristics, including the type of (poboua piouna) and
purpose.

1) By type of working fluid:

a) Steam turbines:

They wuse the energy of high-pressure and (sucoko-
memnepamypua napa) produced in steam boilers and are used as
main engines on large ships (e.g., aircraft carriers, icebreakers
with (amomni enexmpocmanyii), large tankers), as well as
(0onomiocni osueynu) for driving generators and pumps.

Steam turbines are divided into:

* Condensing: most of the steam energy is converted
into mechanical work, and (eunyckna napa) condenses in the
condenser.

* Heating (with steam extraction): part of the steam is
extracted for domestic or technological needs of the ship (e.g.,
heating, (onpicuenus 6oou).
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b) Gas turbines:

They use the energy of hot gases formed in (xamepa
3e0panHs), are characterized by (sucoka numoma nomyscuicms),
quick start-up, and compactness.

Gas turbines are used on high-speed vessels, military ships,
and as peak or reserve power sources on other types of vessels and
often used in (kombinosani ycmarnosku) (e.g., CODAG, COGOG).

2) By purpose in the ship’s power plant:

a) Main turbines: designed to rotate (xapoanmnuii ean) and
propel the ship. They are divided into forward and (pesepcugni
mypOinu).

b) Auxiliary turbines: (npuso0 OONOMINCHUX MeXAHI3MIB)
such as electric generators, pumps, and compressors.

¢) Supercharger turbines (turbochargers): used to increase the
(muck nosimps) supplied to diesel engines, increasing their power.

3) By design features:

a) Active (pulse): the pressure drop occurs only in the
(conna) (stationary part).

b) Reactive: (nadinna mucky) occurs both in the nozzles
and in the moving (zonami pomopa).

¢) Single-stage and multi-stage: depending on the number
of stages (rows of moving and stationary blades) for the efficient
use of (enepein pobouoi piounu).

WRITING PRACTICE
5. Translate the sentences from Ukrainian into English:
1. CynHoBi TypOiHM — Lie MapoBi, ra3oBi abo TiApaBiiuHi
MAaIlliHY, 10 TIEPETBOPIOIOTH TEIUIOBY €HEPril0 Mapu 4 Tazy
abo MOTEHIIiHy eHeprilo BOAM Ha MEXaHIYHy EHEprito Ul
obepTaHHs rpeOHOTO BaJja.
2. CynHoBi TypOiHH CIIYTYIOTH IS IEPETBOPEHHS TEIIJIOBOT
eHeprii mapu abo ra3y Ha MexaHiuHy poOoTy.
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3. CynHoBi TypOiHM MOXYTh OyTHM OCHOBHOIO DPYIIIHHOIO
cuIoi0 (0COONIMBO Ha BEJIMKHUX CyAHAX) a00 JTOMOMDKHUMH, IO
KUBIIATh T€HEPATOPH, HACOCH TOILO.

4. TonoBHUM HPUHLHUII POOOTU CYAHOBUX TYypOIH MOJsArae
B TOMY, 110 poOoue Tio (mapa, ras, BOjAa) MPOXOAMUTH uepes3
CoIUIa, /¢ MOro THCK MEPETBOPIOETHCS Ha KIHETUYHY EHEprilo,
gKa IUTOBXAa€ JIOMaTi TYpOIHHOrO Kojeca, 3MYLIYIOYH Horo
obeprarucs.

5. Ha BenMKMX BaHTaXXHUX CyJIHAaX, TaHKEpax Ta AESIKHX
MacaXUPChKUX KOopalOisix TypOIHM MOXYTh OyTH OCHOBHUM
JOKEPEIIOM EHEPTii TS PyXYy.

6. TypOiHM  BHUKOPHUCTOBYIOTHCSA  JUIsl ~ BHPOOHHUIITBA
€JICKTPOCHEPrii Ha CyaHax, 110 MalTh JOMOMIXKHI MEXaHI3MH,
K1 IOTPEOYIOTh BEJIIMKOI IMOTYKHOCTI.

7. TypOiHM IIUPOKO 3aCTOCOBYIOTHCSI HA BEIMKHUX CyIHAX
3aBISIKM CBOIM BHCOKIH MOTY>KHOCTI, KOMIAKTHOCTI Ta BIIHOCHO
HHU3BKOMY piBHIO BiOpaii.

8. CynHOBI TypOiHH € OCHOBOK €HEPreTUYHHUX YCTAaHOBOK
Ha OararboX BIHCHKOBUX KOpaOisiX, Kpyi3HMX JialiHepax,
TaHKepax Ta HIIUX BETUKUX KOMEPIIHHUX CyTHaX.

6. Remember the following words and phrases
mentioned in this section:

* turbine /'t3:bam/ — TypOiHa

* auxiliary turbines /o:g'ziliori 't3:bamnz/ — gomomixHI
TypOiHN

* steam turbine /sti:m 't3:bam/ — mapoBa TypOiHa

* gas turbine /ges 't3:bamn/ — razosa TypOiHa

* nozzle /'npzl/ — comno

* potential energy /pa‘tenfal ‘enod3i/ — moTeHmiitHa eHepris

* kinetic energy /ki netik 'enad3i/ — kiHeTHUHA eHeprid

+ turbine disc /'t3:bamn disk/ — nuck Typ6iHM
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* single stage turbine /'smgol sterd3 ‘t3:bamm/ — omHO-
CTymiHuYacTa TypOiHa

* multi-stage turbine /'malti sterd3 't3:bamn/ — 6arato-
CTyMiHYacTa TypOiHa

+ working fluid /'w3:kiy flu:id/ — poboua piguna

* the expansion of steam /01 1k'spaenfon ov stim/ —
PO3MIUpPEHHS Tapu

 action turbine /'&kfon 't3:bam/ — poboua TypOina

* reactive turbine (or reaction turbine) /r1 &ktrv ‘t3:bam/ —
peakTuBHa TypOiHa

* non-reversible turbine /non r1'v3:isobl ‘t3:bam/ -
«HE3BOPOTHA TypOiHA»

* power of ship reverse turbines /'pavo ov [ip r1'v3:s
't3:bamz/ — «IOTY>KHICTh 3BOPOTHUX TYypOiH CyTHA»

» forward turbine /' forwod 't3:bamn/ — nmepemans TypOina

» supercharger turbines (turbochargers) /'su:patfa:dzo
't3:bamnz/ — TypOiHu HaAAYBY (TYpOOKOMIIPECOPH)

* moving and stationary blades /'mu:viy ond 'sterfonori
bleidz/ — pyxomi Ta HEpyxoMi Jionari

* rotary motion /' routari ‘'maufon/ — obepTaabHu pyx

» propeller shaft /pro’pelo fa:ft/ — rBuHTOBUI Ban

SPEAKING PRACTICE

7. a) Give detailed oral answers to the following questions:

1. Why is it necessary to have reverse turbines on the same
shaft as forward turbines?

2. How does turbine design differ depending on whether
the working fluid is steam or gas?

3. Why are non-reversible turbines safer for ship operation?

4. Why do multi-stage turbines generally provide more
power than single-stage turbines?
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topics:

b) Prepare a short presentation (2-3 min) on the following

1.

“Conversion of thermal energy into mechanical work by

ship turbines”.

2.

COwp - ®

SEY- RS

3.

“Difference between forward and reverse turbines”.

CHECKING THE ACQUIRED KNOWLEDGE
Summary test:
What is the main function of ship turbines?
To cool the engine
To convert thermal energy into mechanical work
To store energy
To reduce fuel consumption

What working fluids are mainly used in ship turbines?
Water and oil

Steam and gas

Air and fuel

Oil and gas

Why are the basic principles of steam and gas turbine

design similar?

A.
B.
C.

They use the same fuel
They operate at the same speed
The energy conversion method does not depend on the

working fluid
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D.
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They have identical components

What happens to steam or gas when it enters the nozzle?
It condenses

It slows down

Potential energy is converted into kinetic energy

It loses pressure without acceleration
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8.

SRR

What is the main purpose of a nozzle in a turbine?
To cool the working fluid

To accelerate and direct the flow

To reduce vibration

To store energy

What causes the turbine disc and shaft to rotate?
Friction between blades

Gravity

Pressure of the working fluid on curved blades
Magnetic force

What is a turbine stage?

Only the turbine shaft

A single turbine blade

A combination of nozzles and working blades
The turbine casing

What distinguishes a single-stage turbine from a multi-

stage turbine?

SO wp

9.

The type of fuel used

The direction of rotation

The number of turbine stages
The operating temperature

In which turbines do expansion occur only in stationary

guide devices?

A.
B.
C.
D.

Reactive turbines

Gas turbines

Active (action) turbines
Reverse turbines
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100

10. What characterizes a reactive turbine?

COowp

—
—_—

COowp

Expansion occurs only in nozzles

Expansion occurs in both nozzles and moving blades
No pressure drop occurs

Only kinetic energy is used

. Why are ship turbines considered non-reversible?

They rotate at low speed

They cannot change the direction of rotation
They are inefficient

They use only one stage

12. What is the typical power of ship reverse turbines
compared to forward turbines?

>

Equal power

B. 10-20%

SN

OSOow>3

40-50%
Over 80 %

. Why do reverse turbines usually have fewer stages?

They operate at lower temperature
They do not require high efficiency
They use different working fluids
They rotate in the opposite direction

14. What is thermal energy according to the text?

A.
B.
C.
D.

Energy stored in fuel

Energy due to pressure

Total kinetic energy of particles due to chaotic motion
Electrical energy
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. What is the function of a turbine shaft?
To cool the turbine
To direct exhaust gases
To transmit rotational energy to machinery
To store thermal energy

SQw» s

16. Which turbines use high-pressure and high-temperature
steam from boilers?

A. Gas turbines

B. Steam turbines

C. Supercharger turbines

D. Hydraulic turbines

17. Gas turbines are mainly characterized by:
A. Low power density and slow start-up

B. High specific power and compactness

C. High corrosion resistance only

D. Low exhaust temperature

18. Which classification is based on the number of turbine
stages?

A. By purpose

B. By working fluid

C. By design features

D. By direction of rotation.
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SECTION 9. SHIP STEAM TURBINE PLANTS
INFORMATION FOCUS

1. Please read the following information carefully:

Ship steam turbines are devices on steamships that are used
to convert steam energy into mechanical energy, which drives
the propeller and propels the ship through the water.

A steam turbine unit (STU) is a set of units, engines, and
devices connected by a single thermal circuit. The working fluid
(steam) is generated in a steam boiler or steam generator. Steam
with the appropriate parameters (pressure and temperature) drives
a steam turbine. The steam passing through the turbine enters the
condenser, where it is converted into water (condensate), which
is then used to feed the steam boiler. Thus, the steam cycle
is closed. The steam turbine transmits torque through a gear
transmission via the ship’s shaft to the propeller. Steam turbine
units are highly reliable and relatively easy to maintain.

The location of the main components can be seen in the
example of an active-reactive turbine, a simplified design
diagram of which is shown in Fig. 4. The turbine rotor consists
of a drum b, on which ten rows of reactive blades 7 are mounted,
and a disc 5 with two rows of active blades 12. In this case,
the turbine stator consists of a casing 13, a nozzle box with
nozzles 5, a diaphragm 4, guide blades 11, and end seal boxes 8.
The rotor is mounted in the casing on support bearings 9. The
double-row disc 5 with diaphragm 4 forms the two-stage active
part of the turbine, and ten rows of working blades with guide
blades form the ten-stage reactive part of the turbine.

Fresh steam is supplied through pipe 1 to the nozzle
chamber 2. Exhaust steam exits through pipe 10.
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Fig. 4. Diagram of a marine steam turbine

Ship steam turbines are classified according to the following
main characteristics:

By purpose — main and auxiliary. Main turbines rotate the
propeller shaft and are divided into forward and reverse turbines,
which are usually located in the same housing.

By steam operating principle — active and reactive. Active
turbines are in turn divided into pressure stage turbines, speed
stage turbines, and combined turbines. Active turbines are used
on ships as main and auxiliary turbines. Reactive turbines are
installed as medium- and low-pressure turbines (MPT and LPT)
of the main multi-casing turbo-gear unit.

By number of casings, they are single-casing and multi-
casing. Single-casing turbines are installed as main and auxiliary
turbines in electric transmission (turbine-electric unit). Multi-
casing turbines are installed only as main turbines. They are
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connected by a sequential steam flow and combined by a single
gear transmission.

By the number of steam passages, they are single-pass and
double-pass. In single-pass turbines, the steam flows in one
direction, while in double-pass turbines, the steam flows in two
directions (this reduces the height of the blades and the diameter
of the turbine). Double-flow turbines can have either diverging
or converging steam flows and are used only as low-pressure
turbines.

There are different types of marine steam turbines: reaction
turbines, impulse turbines, single-stage and multi-stage. Each
type of turbine has its own characteristics and applications on
ships.

COMPREHENSION

2. Taking into account the information from the text,
answer the following questions?

1. What type of energy is converted into mechanical energy
in a steam turbine?

2. What is a steam turbine unit (STU)?

3. Why are steam turbine units considered reliable and easy
to maintain?

4. Where is the working fluid for the steam turbine
generated?

5. What parameters of steam are important for driving
a steam turbine?

6. Why is the steam cycle described as a closed cycle?

7. How is the condensate used after leaving the condenser?

8. What role does the gear transmission play in the steam
turbine unit?

9. Why is the propeller shaft an important part of the system?

10. What are the main components of the turbine rotor?
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3. Match the concepts with the definitions, selecting the
correct definition from the right column for each concept
from the left column:

a) A steam turbine
nozzle

b) Steam turbine rotor
¢) The steam turbine
stator

d) Steam turbine thrust
bearings

e) A steam turbine
blade

f) A steam turbine
labyrinth seal

g) A steam turbine
carbon seal

h) A double-row steam
turbine disc

1) Steam turbine gear
units

j) The steam turbine
gear reducer

1) the stationary part of the turbine, consisting
of a casing and nozzles, which directs the steam
flow to the rotor blades to generate mechanical
energy.

2) assemblies designed to absorb axial (longitu-
dinal) loads acting on the turbine shaft and fix
its axial position relative to the stator.

3) the rotating part of the turbine with blades
that converts the energy of expanding steam into
the mechanical energy of shaft rotation.

4) a guiding device designed to convert the
internal energy of steam into kinetic energy,
which is then transferred to the turbine rotor
blades, causing it to rotate.

5) a non-contact shaft seal that prevents steam
and air leakage by creating a complex, winding
path for the medium to pass through.

6) a device consisting of rings made of com-
pressed carbon with a high graphite content that
prevents steam from leaking out of the turbine
and air from being sucked in.

7) a radial aerodynamic wing attached to the
rim of a turbine disc.

8) a mechanical device that reduces the very
high rotational speed of the turbine rotor to
a lower speed required to drive the ship’s pro-
pellers or other mechanisms.

9) a turbine wheel with two rows of working
blades mounted on it, which is part of the pres-
sure stage.

10) the main engines of a ship, combining
a steam turbine, a gear transmission (reduction
gear), and a thrust bearing to convert the ther-
mal energy of steam into mechanical work that
rotates the propeller.
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4. Read the text below and find in the text words and
expressions which mean:

1) a system installed on a ship to ensure its movement

2) a continuous-action engine that converts the thermal
energy of water vapor into the mechanical work of rotor rotation

3) the performance of a process, project, etc., defined as the
ratio of the effect or result to the costs incurred to achieve that
result

4) a unit that converts mechanical energy obtained as
a result of turbine rotation

5) an intensive physical quantity, numerically equal to the
force acting on a unit area of a surface perpendicular to that
surface

6) energy of motion and accompanying interaction

7) a device, apparatus or machine that produces any
products, electricity or converts one form of energy into another

8) A term applied collectively to all machinery and
apparatus forming the nonpropulsive equipment of a ship

9) a vessel used for transporting passengers and cargo

10) a part of a machine that supports another part that turns
around

Steam turbines generally were used as a main engine in
several kinds of ships which required more power for propulsion
during the 19th century and the mid-20th century. After that
period, the use of steam turbines declined because of higher
oil prices and the introduction of new technologies such as
diesel engines and gas turbines. For competitive reasons, many
steam turbine manufacturers decided to improve steam turbine
efficiency. Nowadays, steam turbines are used as a main engine
and/or combined engines with turbo-generators or reduction
gears in ships requiring high power, such as nuclear naval and
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commercial vessels, LNG carriers, supertankers, icebreakers,
cruise ships, and FPSO vessels.

A steam turbine is a heat engine that converts the high-
temperature and high-pressure thermal energy of steam into
mechanical or electrical energy using its fixed and moving
blades and generators. Steam turbine systems produce energy
and/or supply district heating as main engines or combined
engines (with gas turbines or diesel engines). Steam turbines
have been commonly used for many years as main engines or
auxiliary machinery in land-based and marine installations to
supply power requirements. Since 1894, when the first turbine
was used by Sir Charles Parsons to propel his 34.5-knot ship
Turbina, steam turbines were the most preferred main engines
for marine applications until the mid-20th century. After the
oil crisis and the development of more efficient engines in the
1960s—1970s, the use of steam turbines for marine applications
decreased and became limited to ships requiring high power,
such as nuclear-powered naval and commercial vessels, cruise
ships, and LNG carriers.

Steam turbines, like other heat engines, absorb heat from
a high-temperature heat source and convert it into mechanical
energy, while the remaining heat is exhausted from the engine
as waste heat. High-temperature and high-pressure steam enters
the turbine and expands to a pressure lower than atmospheric
pressure while flowing over the turbine blades. During this
expansion, energy conversion from thermal energy to mechanical
energy takes place.

A steam turbine consists of fixed and moving parts. The
lower and upper casings, bearings, and fixed (stationary) blades
belong to the fixed parts, while the turbine shaft and moving
blades belong to the moving parts.
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The quality and proper interaction of turbine components
are very important for building a high-performance system, and
steam operating conditions are also of great importance.

GRAMMAR FOCUS

In English, there are basic question words that often begin
with wh- and are used to obtain detailed answers: Who (x10),
What (o, sikuit), Where (me), When (xommu), Why (domy),
How (s1ix), Which (sikuit), Whose (umit) Ta Whom (koro, komy).
Additionally, constructions such as How many (ckineku), How
much (ckinpku), How often (sik wacro) are used.

The difference between “How many” and “How much” lies
in the type of noun to which the question refers: “how many”
is used for countable nouns (things that can be counted), and
“how much” is used for uncountable nouns (things that cannot
be counted as individual units).

The difference between “What” and “Which” lies in the
choice: “which” is used to choose from a limited, known number
of options (e.g., “Which of these two turbines is better to use?”),
while “what” is used for general questions where the number of
options is unknown or unlimited (e.g., “What kind of turbine do
you use?”).

WRITING PRACTICE

5. Try to ask a question for each of the sentences below,
using question words:

For example: Steam turbines can be used either as main
engines or as combined engines to propel the ship and produce
sufficient power for the operation of auxiliary machinery.

How can steam turbines be used? or What are steam turbines
used for?
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1. During the Industrial Revolution, steam replaced human
power and began to be used in large factories, triggering major
social and economic changes in Western countries.

2. In the following years, more productive engines, such as
steam turbines, were developed and then widely used in land-
based and marine applications.

3. Nowadays, various types of steam turbines are used in
land and marine applications with different fuels.

4. A geothermal power plant uses the heat energy of hot
water sources near the Earth’s surface. This energy is absorbed
by the steam turbine working fluid—steam—, and then the steam
expands through the turbine.

5. Asaresultofresearch into alternative and environmentally
friendly energy sources, solar collectors have been developed to
produce energy from solar radiation.

6. Solar collectors, either individually or in combination,
can provide the required energy to generate heat for the steam
turbine working fluid. This system can also be used for lower-
temperature heat sources with organic fluids whose boiling point
is lower than that of water.

7. A very large part of the world’s energy production is
supplied by nuclear and fossil fuel power plants. When these
fuels are fired in the boiler, the working fluid reaches high
temperatures (500—600 °C) and enters the turbine. It then
expands in the turbine, producing energy.

8. A steam turbine is a rotational machine that can reach
high rotational speeds (more than 3000 rpm).

9. When turbines reach high speed, they can produce more
power, and their efficiency increases. However, ship propellers
are more efficient at lower speeds (200-300 rpm).
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6. Memorize or repeat the following words and phrases:

* ship steam turbine /[ip sti:m 't3:bamn/ — cygHOBa maposa
TypOiHa

» thermal circuit /'63:mol 's3:kit/ — TeroBuii KOHTYp

* water vapor /'wo:to 'verps/ — BoasiHa Tlapa

* appropriate parameter /o'provprist po're@mite/ —
BIJIMOBITHANA TTapameTp

* drum /dram/ — Gapaban

* steam turbine blade /stim ‘t3:ban bleid/ — nomarka
napoBoi TypOiHu

* reactive blade /r1'@ktrv blerd/ — peakTuBHa somarTka

* active blade /'&ktiv bleid/ — akTuBHa nomnarka

» guide blade /gaid blerd/ — manpasnsitoua Jomarka

» single-casing and multi-casing turbines /'smgl "kersin
@&nd ‘malti 'kersiy 't3:bamz/ — oqHOKOpIYCHI Ta GaraToKOpIycHi
TypOiHH

* nozzle box /'npzl boks/ — kopoOka corura

* end seal boxes /end si:l 'boksiz/ — kOpoOKu KiHIIEBHX
YIIUTbHEHB

* support bearings /so'po:t 'bearmz/ — ONOpHI MiAIIUTHAKA

* double-row disc /'dabl rov disk/ — nBopsHMIA AUCK

* two-stage active part of the turbine /tu: sterd3 "ektrv pa:t
ov 3o 't3:bain/ — qBOCTyNEHEBa aKTHBHA YAaCTHHA TypOiHU

* ten-stage reactive part of the turbine /ten steidz r1 ektrv
pait ov 00 't3:bamn/ — gecsATHCTyneHEBa peakTUBHA YacTHHA
TypOiHN

+ forward and reverse turbines /'forwad @®nd r1'v3:s
't3:bamz/ — npsimi Ta 3BOPOTHI TypOiHU

» pressure stage turbine /'prefo sterd3 't3:bamn/ — TypOina
CTYICHS THCKY

* speed stage turbine /spi:d steid3 ‘t3:bamn/ — TypOiHa
CTYIICHS IIBUKOCTI
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* combined turbine /kom'baind 't3:bam/ — xombiHoBaHa
TypOiHa

* medium- and low-pressure turbines /'mi:diom @&nd lov
‘prefs 't3:bamz/ — TypOiHU cepeaHbOro Ta HU3BKOIO THUCKY

* steam turbine nozzle /stim ‘t3:ban ‘nozl/ — comio
MapoBoi TypOiHU

* steam turbine rotor /sti:m 't3:bain 'rovta/ — poTop naposoi
TypOiHU

» steam turbine stator /stiim ‘t3:bamn ‘sterto/ — crarop
apoBoi TypOiHU

* steam turbine thrust bearings /stiim ‘t3:bam Orast
‘beormz/ — onopHi (ymopH1) MANIAITHAKA TapOBOi TypOiHU

* steam turbine labyrinth seal /stiim 't3:bamn 'leborm8
si:l/ — nmaGipuHTOBE YIIIIBHEHHS MAPOBOI TypOiHH

* steam turbine carbon seal /stim 't3:bam ‘ka:bon si:l/ —
ByIJIELIEBE YIIUIBHEHHS M1apoBOi TypOiHU

* double-row steam turbine disc /'dabl rov stiim 't3:bamn
disk/ — nBopsAHUI TUCK TTapOBOi TYpOIHU

» steam turbine gear unit (reducer) /stiim 't3:bain gro ju:nit
(r1'dju:se)/ — penykTop mapoBoi TypOiHU

* multi-hull turbo-gear unit /'malti hal 't3:bov g1o junit/ —
0araToKOpIyCHHUIN TypOOpEIyKTOp

* turbine-electric unit /'t3:bamn  1lektrik junit/ -
TypOOENIeKTpUYHA YCTAaHOBKA

* gear transmission /gio treenz mifn/ — peayKTopHa niepeaada

» single-pass and double-pass turbines /'sipgl pa:s and
'dabl pa:s 't3:bamz/ — ogHOMpPOXiaHI Ta ABOMPOXiAHI TypOiHU

* diverging or converging steam flows/darv3:dzm o:
kon'v3:d3iy sti:m flovz/ — po30ixHI a0 301KHI TOTOKH MapH

* jet turbine /d3et 't3:bam/ — peakTuBHa TypOiHa

* impulse turbine /'1mpals 't3:bam/ — immynbscHa TypOiHa
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SPEAKING PRACTICE

7. a) Describe the closed steam cycle in a marine steam
turbine using the following terms: boiler, steam, turbine,
condenser, condensate, closed cycle.

b) Explain how marine steam turbines are classified
according to:

* purpose

+ principle of steam operation

* number of casings

* number of steam passes

¢) Imagine that a problem has occurred with the reverse
turbine on board a ship. Discuss:

* its purpose

* why its power is lower than that of the forward turbine

* what actions the engineer can take

CHECKING THE ACQUIRED KNOWLEDGE
Summary test:
What is the main function of ship steam turbines?
To generate electricity for ship lighting
To convert steam energy into mechanical energy
To cool the ship’s engine
To produce steam for auxiliary system

COwp -

What does a steam turbine unit (STU) consist of?
Only a steam turbine and a propeller
A boiler and a condenser only
A set of units, engines, and devices connected by a single
thermal circuit
D. Only mechanical transmission equipment

0w e
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OO0 Wy w

4.
turbine

SO wp

5.
turbine

SO wp

oNwWp o

7.
propell
A.
B.
C.
D.

Where is the working fluid for the steam turbine generated?
In the condenser

In the gearbox

In the steam boiler or steam generator

In the propeller shaft

Which steam parameters are required to drive a steam
?

Volume and density

Speed and direction

Pressure and temperature

Mass and viscosity

What happens to the steam after it passes through the
?

It 1s released directly into the atmosphere

It enters the condenser and turns into water

It returns immediately to the boiler

It is mixed with fuel

Why is the steam cycle considered closed?
Steam is reused after condensation

Steam never changes its state

Steam is exhausted to the sea

Steam pressure remains constant

How is torque transmitted from the steam turbine to the
er?

Directly through the turbine casing

Through a belt drive

Through a gear transmission and ship’s shaft

Through hydraulic pumps
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Which components form the turbine rotor?

Casing and guide blades

Drum with reactive blades and disc with active blades
Nozzle box and diaphragm

Bearings and seal boxes

ONwp

What elements belong to the turbine stator?
Drum and shaft

Bearings and disc

Casing, nozzles, guide blades, diaphragm
Propeller and gearbox

DOwy©

10. How many stages does the active part of the turbine

described in the text have?

A. One stage
B. Two stages
C. Ten stages
D. Twelve stages

11. How many rows of reactive blades form the reactive part

of the turbine?
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A. Two
B. Five
C. Ten
D. Twelve

12. How are ship steam turbines classified by purpose?
A. Single and multi-stage

B. Active and reactive

C. Main and auxiliary

D. Single-pass and double-pass
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. What is the function of forward and reverse turbines?
To cool the steam
To control steam pressure
To rotate the propeller shaft in different directions
To generate electricity

Cow> 3

14. Which turbines are installed as medium- and low-
pressure turbines?

A. Active turbines

B. Jet turbines

C. Reactive turbines

D. Single-stage turbines

15. What is the main difference between single-pass and
double-pass turbines?

A. The number of blades

B. The direction of steam flow

C. The type of working fluid

D. The turbine speed

16. Why are double-pass turbines used as low-pressure turbines?
A. They increase steam temperature

B. They simplify maintenance

C. They reduce blade height and turbine diameter

D. They eliminate the need for a condenser

17. Which types of marine steam turbines are mentioned in
the text?

A. Hydraulic and electric turbines

B. Axial and radial turbines

C. Jet, impulse, single-stage, and multi-stage turbines

D. Gas and diesel turbines.
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18. Why are steam turbine units widely used on ships?
A. They are cheap to manufacture
B. They are highly reliable and easy to maintain

C. They require no fuel
D. They operate without a boiler.
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SECTION 10. GAS TURBINE OPERATION
INFORMATION FOCUS

1. Read the text carefully and translate it:

A gas turbine differs from a steam turbine in that its working
medium is not steam from boilers, but gases produced by the
combustion of fuel in special chambers.

The design and operation of a gas turbine are similar to
those of a steam turbine. They can also be active or reactive,
single-casing, multi-casing, etc. Gas turbines differ from steam
turbines in that they are subjected to higher temperature loads:
the temperature of hot gases ranges from 700 to 800 °C. These
higher temperatures reduce the operating life of gas turbines.

Depending on the method of air compression and hot gas
formation, there are gas turbine units with a combustion chamber
and GTUs with free-piston gas generators (FPGGs). A negative
feature of GTUs is the significant heat loss associated with the
discharge of exhaust gases.

One method of increasing the efficiency of GTUs is the
utilization of exhaust gas heat to preheat the air entering the
combustion chamber, a process known as regeneration.

The use of regeneration with simultaneous two-stage air
compression increases the effective efficiency of the unit to
28-30 %. Such gas turbine units are used as marine power plants.

In a marine gas turbine plant with a combustion chamber
(Fig. 5), atmospheric air is sucked in, compressed by a low-
pressure compressor (1) located on the same shaft as the gas
turbine (5), and sent to a cooler (2) cooled by seawater. The
cooled air enters the high-pressure compressor (3), where it is
compressed again to a higher pressure, after which it is fed into
the regenerator (4), where it is heated by exhaust gases, and then
enters the combustion chamber (6), where the fuel supplied is
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burned. The combustion products expand in the gas turbine (5)
and, after passing through the regenerator, where they transfer
part of their heat to the air, are released into the atmosphere or
utilized in a waste heat boiler.

——
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Fig. 5. Diagram of a gas turbine plant with regeneration
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and two-stage air compression

The energy generated in a gas turbine is not fully used
for its primary purpose, but is partially consumed to drive the
compressors. To start a gas turbine, it must be spun up by starter
electric motors.

A gas turbine unit with a free-piston gas generator (FPGQG)
consists of an active or reactive turbine and a diesel cylinder in
which fuel combustion takes place. A combined gas turbine unit
with an FPGG is shown in Fig. 6.

The FPGG cylinder (1) has two working pistons (2) on the
same rods as the compressor pistons (3). When the mixture of
air and fuel supplied through the nozzle (11) burns, the gases

118



Amneniticoka Mo8a 3a npogecitinum cnpsmy8anHiIm

in the cylinder expand, pushing the pistons apart. A vacuum is
created in the cavities (6) of the compressor cylinders (5), and
atmospheric air is sucked in through the valves (7). At the same
time, the air in the cavities (4) of the compressor cylinders is
compressed, and the working pistons return to their original
position.

4

Fig. 6. Diagram of a gas turbine plant with a free-piston gas
generator (FPGG)

When the pistons diverge in the cylinder, the exhaust
ports (9) open first, followed by the blow-off ports (10). The
exhaust gases pass through the exhaust ports into the receiver (8)
and from there into the gas turbine (12).

During the reverse stroke of the compressor pistons, the
exhaust and purge ports close, air from cavity (6) is forced
into the purge receiver, and the air in the working cylinder is

119



I. €. BOPYAKOBA

compressed. At the end of compression, the air temperature
rises, and the fuel injected by the nozzle at this moment ignites.
A new cycle of the free-piston gas generator begins.

The effective efficiency of such a combined gas turbine plant
with an FPGG is close to 40 %, which makes its installation on
ships economically justified.

COMPREHENSION

2. Answer the questions, taking into account the
information from the text above:

1. What is the difference between a gas turbine and a steam
turbine?

2. What are gas turbines?

3. What types of gas turbine units are there depending on
the air compression method?

4. What is the negative quality of gas turbine units?

5. What is considered a method for improving the efficiency
of a gas turbine unit?

6. How does a gas turbine unit with regeneration and two-
stage air compression work?

7. How is the energy generated in a gas turbine used?

8. What is needed to start a gas turbine?

9. What is a free-piston gas turbine generator?

10. What does a combined cycle gas turbine plant include?

3. Work on the comparative aspects of steam and
gas turbines. Choose from the following phrases that will
complete the text:

water vapor

high power

under pressure

the turbine blades
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stable operation

the turbine rotor
mechanical work

a combustion chamber
the type of working fluid

Marine turbines convert thermal energy into
The difference between steam and gas turbines lies in
that drives the turbine blades.

In steam turbines, the working fluid is , which is
generated in a boiler, heated to high temperatures, and supplied
to the blades . As it passes through the turbine, the
steam expands, performing work and rotating .

Gas turbines use the products of fuel combustion mixed
with air as the working fluid. The process occurs as follows:
air is compressed in a compressor, then mixed with fuel in

and ignited. The resulting high-temperature and
high-pressure gases are directed to , causing them
to rotate.

One of the key advantages of turbines is their ability to
deliver in a relatively compact package. Gas
turbines have better starting characteristics and maneuverability,
while steam turbines are characterized by more and
a longer service life under constant loads.

4. Fill in the blanks in the table:

Parameter Steam turbines Gas turbines
Working fluid
Efficiency
Operating temperature
Launch time
Specific gravity
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5. Select from the following components those that are
suitable for a gas turbine and those that are suitable for
a steam turbine:

Air intake and compressor

Steam generation boiler

Combustion chamber

High-pressure turbines

High-pressure turbine (drives the compressor)
Low-pressure turbines

Low-pressure turbine (power turbine)
Exhaust system

Condenser for cooling and condensing exhaust steam
Control system and auxiliary equipment
Feedwater regeneration and heating systems
Lubrication and control systems

The main components of a marine gas turbine include:

SNk W=

A steam turbine plant consists of:

SNk =
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GRAMMAR FOCUS

In English, adjectives are classified by formation (simple,
derived, compound) and by meaning (qualitative, quantitative,
possessive, demonstrative, etc.). They are also classified by
degrees of comparison (positive, comparative, superlative), such
as big, bigger, biggest.

By formation, adjectives are:

« Simple: don’t have prefixes or suffixes: big, short, cold.

* Derived: are formed using suffixes or prefixes: unhappy,
beautiful, natural, incorrect.

* Compound: are formed from two or more words that
denote one concept: old-fashioned, high-speed, dark-blue.

By meaning, adjectives are:

* Qualitative/Descriptive: describe a feature (color, size,
feeling): beautiful, interesting, small.

* Quantitative/Numeral: denote quantity: two, many, few.

» Possessive: indicate belonging: my, your, his, her.

» Demonstrative: indicate objects: this, that, these, those.

» Interrogative: used for questions: which, what, whose.

By degree of comparison, adjectives are:

» Positive: the basic form: good.

* Comparative: compares two objects (using -er or more):
better.

» Superlative: compares more than two objects (using -est
or most): the best.

WRITING PRACTICE

6. Translate the text from English into Ukrainian. Write

down all the adjectives from the text according to their
formation and place them in the following table:

simple adjectives derived adjectives compound adjectives
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In terms of how it works, a gas turbine engine has a lot in
common with internal combustion engines, and in terms of how
it converts thermal energy into mechanical work, it is similar
to a steam turbine. Therefore, gas turbine installations have the
following significant disadvantages: the high temperature of hot
gases (800-900 °C) leaving the combustion chamber, which
necessitates the use of heat-resistant steels and special heat-
resistant materials for heated parts (nozzles, working and guide
blades); and significant unproductive power consumption of the
gas turbine by the compressor and fuel pump.

The disadvantages also include the difficulty of reversing
powerful units, the need to limit the temperature in the flow
section (the rotor operates in a dark crimson glow mode and
heat-resistant alloy steels are very expensive), as well as the
need to supply the combustion chamber with large amounts of
air at high pressure, which consumes a significant part of the
useful power of the gas turbine.

However, despite these shortcomings, gas turbine units
have clear advantages over other power plants and are currently
being increasingly introduced as engines in various types of
transport.

Gas turbines often have a single stage and operate at speeds
of up to 15,000 rpm. These turbines are widely used to drive
superchargers in diesel supercharging systems.

Gas turbine plants are a promising type of marine power
plant. They combine the positive qualities of steam turbine
plants and diesel plants, while being less complex in design.

Unlike steam marine engines, there are no boilers, deaerators,
condensers, etc. (i.e., all elements of the condensate supply
system). At the same time, gas turbine units, as rotary engines,
have higher maneuverability compared to diesel units (better
load—speed characteristics), as well as a much simpler design.
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Other advantages include the ability to use virtually any fuel,
low weight, and compactness.

In gas turbine units, unlike steam turbine units, the working
fluid does not undergo phase changes during the supply and
removal of energy. Therefore, instead of a feed pump, which
consumes up to 1-2% of the power of a steam turbine plant,
a gas turbine plant is equipped with a compressor that consumes
up to 75% of the power of the gas turbine plant due to the
compressibility of air.

Despite a number of advantages, gas turbine units on
merchant ships have recently been used only to a limited extent
for a number of reasons.

7. Memorize or repeat the following words and phrases:

» gas turbine /'ges 't3:bam/ — razosa TypOiHa

* impulse turbine /'1mpals 't3:bain/ — akTuBHa TypOiHa

 reaction turbine /r1'®kfon 't3:bamn/ — peakruBHa TypOiHa

* single-casing turbine /'smgl ‘keisiy  ‘t3:bam/ -
OJTHOKOPITyCHa TypOiHa

* multi-casing turbine /'malti ‘kersiy ‘t3:bam/ —
OaraTtokopmycHa TypOiHa

* combustion chamber /kom bastfon 'tfermbo/ — xamepa
3TOPSIHHA

» regeneration /11, d3eno reifon/ — perenepartis

* two-stage air compression / tu: sterdz ea kom prefon/ —
JIBOCTYTIEHEBE CTHCHEHHS MOBITPS

* low-pressure compressor /lov ‘prefo kom'preso/ —
KOMITIPECOpP HU3BKOTO THCKY

* low-pressure turbine /lov 'prefo ‘t3:bamn/ — TypOiHa
HU3BKOTO THUCKY

» waste-heat boiler / weist 'hi:it 'boilo/ — yrunizauiiinuit
(koTen-yTumizarop)
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* starting electric motor /'sta:tiy 1'lektrik ‘'mouvte/ —
IIyCKOBUH €JIEKTPOIBUIYH

» free-piston gas generator / fri: ‘piston gees 'd3zenaorerto/ —
ra3o0reHepaTop 3 BUIBHUM IOPIITHEM

* piston rods /'piston rodz/ — mOpuIHEB] IITOKU

* compressor cylinder /kom'preso ‘silindo/ — twmmiHAp
KoMIIpecopa

* purge port /p3:d3 po:t/ — npoayBHHUI OTBip

» exhaust port /1g°'zo:st po:t/ — BUITYCKHHI OTBIp

* receiver /r1's1:vo/ — pecusep, npuiiMad

* purge receiver /p3:d3 r1'si:vo/ — mpoAyBHUHN MpuitMay

* water vapor /'wo:to 'veipa/ — BojsiHa mapa

* turbine blade /'t3:bam bleid/ — nonarka TypGinu

 turbine rotor /'t3:bamn 'routs/ — poTop TypOiHH

* mechanical work /m1'kenikal w3:k/ — mexaniuna pobora

» working fluid /'w3:kiy ‘flu:id/ — poGoue Tisio

» efficiency /1’ fifonsi/ — xoedimient xkopucuoi aii (KKII)

* operating temperature /' pporertiny ‘tempratfo/ — poGoua
TemIeparypa

* launch time /lo:ntf tarm/ — yac mycky

» specific gravity /spa’sifik ‘graviti/ — muToma Bara

+ air intake /es 'mteik/ — moBiTpo3abipHUK

* steam generation boiler /stim  dzeno'rerfon ‘boilo/ —
naporeHepaToOpHU KOTel

* high-pressure turbine / har 'prefo 't3:bamm/ — TypOGina
BUCOKOTO THUCKY

* condenser for cooling /kon'denso fo ‘kulm/ -
KOHCHCATOP JIJIsl OXOJIOKEHHSI

+ condensing exhaust steam /kon'densiy 1g'zo:st stiim/ —
KOHJICHCAITisl BiIPaIlbOBaHOI TTApU

* auxiliary equipment /o:g ziljori 1 kwipmont/ — nonmomi>kue
oOmaHaHHS
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feedwater regeneration /‘fi:dwo:to 11 d3eno’rerfon/ —

pereHeparisi )KUBUIHHOI BOAH

8.
I.

heating system / hi:tiy 'sistom/ — cucrema omayieHHs.

CHECKING THE ACQUIRED KNOWLEDGE
Summary test:
What is the main difference between a gas turbine and

a steam turbine?

A.
. The type of working medium

o0 w

oW R P

3

The number of stages

The direction of rotation
The shaft speed

What working medium is used in a gas turbine?
Steam from boilers

Water vapor

Gases produced by fuel combustion
Compressed air only

How does the design of a gas turbine compare to that of

a steam turbine?

SO wp

4.

Completely different

Simpler and unrelated

Similar in design and operation
Identical in all aspects

What temperature range do hot gases in gas turbines

usually reach?

A.
B.
C.
D.

300400 °C
500-600 °C
700-800 °C
1000-1200 °C
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5. What is the effect of higher operating temperatures on
gas turbines?

A. Increased efficiency only

B. Longer service life

C. Reduced operating life

D. Lower maintenance costs

6. What is a negative feature of gas turbine units (GTUs)?
A. Low power output

B. Large heat losses with exhaust gases

C. Low rotational speed

D. Poor combustion

7. What process increases GTU efficiency by using exhaust
heat to warm intake air?

A. Compression

B. Cooling

C. Regeneration

D. Condensation

8. What efficiency can be achieved using regeneration and
two-stage air compression?
15-20 %
20-25 %
28-30%
About 40 %

Sowp

9. What drives the low-pressure compressor in a gas turbine
plant with a combustion chamber?

A. An electric motor

B. A diesel engine

C. The gas turbine shaft

D. Hydraulic pressure
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10.

plant?
A.

= YOow

SO wp

What is the function of the regenerator in a gas turbine

To cool the exhaust gases

. To heat the air using exhaust gases

To compress the air
To burn the fuel

. Why must a gas turbine be spun up by starter electric motors?

To cool the turbine

To lubricate the bearings

To start the turbine operation
To reduce exhaust emissions

12. What component replaces the combustion chamber in
a GTU with a free-piston gas generator (FPGG)?

SO wp

Saw»g

Steam boiler
Diesel cylinder
Regenerator
Waste heat boiler

. What causes the pistons in an FPGG to move apart?

Compressed air

Mechanical drive

Expansion of combustion gases
Hydraulic pressure

14. What is the approximate efficiency of a combined gas
turbine plant with an FPGG?

A.
B.
C.
D.

25%
30 %
35%
Close to 40 %
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15. What is a key advantage of gas turbines compared to

steam turbines?

A. Longer service life under constant load

B. Lower operating temperature

C. Better starting characteristics and maneuverability
D. Lower compressor power consumption

16. What is a major disadvantage of gas turbine units?
A. Low compactness

B. Need for boilers and condensers

C. High power consumption by compressors

D. Low rotational speed

17. Gas turbines used for driving superchargers usually:
A. Have many stages and low speed

B. Operate at speeds up to 15,000 rpm

C. Use water as working fluid

D. Require condensers

18. Why are gas turbine units rarely used on merchant ships

today?
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A. They cannot use different fuels

B. They are too heavy

C. Despite advantages, they have several significant drawbacks
D. They are unreliable.
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SECTION 11. MARINE NUCLEAR POWER PLANTS
INFORMATION FOCUS

1. Read the text carefully and remember the necessary
information:

Ship nuclear power plants are used to generate thermal
energy as a result of the fission of fissionable elements, which
occurs in devices called nuclear reactors. Ships with such power
plants have a virtually unlimited cruising range.

The energy released by the fission reaction when using 1 kg
of uranium is approximately equal to the energy obtained by
burning 1,400 tons of fuel oil. The daily consumption of nuclear
fuel on transport ships is estimated at only several tens of grams.
The replacement interval for fuel elements in ship reactors is two
to three years.

Despite the large mass of the nuclear plant, caused by the
significant weight of biological shielding, the useful carrying
capacity of ships with nuclear power plants is significantly
greater than that of ships of the same size with conventional
power plants. The increase in cargo capacity on these ships is
due to the absence of conventional fuel reserves.

To increase the speed of ships, the use of nuclear-powered
installations is economically advantageous, as it allows an
increase in propulsion power without a significant increase in
weight. A decisive advantage of ship nuclear installations is
that they do not require air to operate. This feature solves the
problem of long-duration underwater navigation for ships.

Asis well known, vessels moving underwater in a homogeneous
environment encounter less hydrodynamic resistance than surface
vessels and, therefore, can develop higher speeds with the same
engine power. Large-displacement underwater transport vessels
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can be significantly more cost-effective to operate than surface
vessels of the same displacement.

Artificially enriched uranium with a U-235 isotope content
of 3-5 % is used as nuclear fuel for modern ship reactors.

The part of the reactor where the chain reaction takes place
is called the reactor core. A special substance, called a neutron
moderator, is introduced into this zone to slow down neutrons
to thermal velocities. Light water (H20), heavy water (D-0),
beryllium, or graphite are used as moderators.

Reactors are classified as homogeneous or heterogeneous
based on the type of core. In homogeneous reactors, the nuclear
fuel and the moderator form a uniform mixture. In heterogeneous
reactors, the nuclear fuel is located in the moderator in the form
of rods or plates called fuel elements. Only heterogeneous
reactors are used in ship nuclear power plants.

During a nuclear reaction, about 80 % of the energy is converted
into heat, and approximately 20 % is released in the form of radiation
(alpha, beta, and gamma radiation). Alpha and beta radiation do
not pose a significant hazard under normal operating conditions.
However, gamma radiation and neutron radiation, which have high
penetrating ability, cause secondary radiation in many materials.
This radiation can cause serious damage to the human body.

To prevent such radiation exposure, nuclear power plants
must have reliable protection, known as biological shielding.
Biological shielding is usually made of metal, water, and
concrete and is large in size and mass.

COMPREHENSION
2. Based on the text, determine which statement is
correct and which is not, marking #rue or false.
1. Ship nuclear power plants generate thermal energy
through the fission of fissile elements.
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2. Ships equipped with nuclear power plants have a limited
cruising range due to fuel consumption.

3. The energy released by fission of 1 kg of uranium is
approximately equal to the energy from burning 1,400 tons of
fuel oil.

4. The daily consumption of nuclear fuel on transport ships
1s measured in kilograms.

5. The useful carrying capacity of nuclear-powered ships is
greater because they do not need conventional fuel.

6. Nuclear-powered installations allow an increase in
propulsion power without a significant increase in weight.

7. Nuclear power plants require air to operate, which limits
underwater navigation.

8. Modern ship reactors use artificially enriched uranium
with a U-235 content of 3—5 %.

9. Both homogeneous and heterogeneous reactors are used
in ship nuclear power plants.

10. Biological protection is necessary because gamma
and neutron radiation are highly penetrating and dangerous to
humans.

GRAMMAR FOCUS

When studying English, it is important to pay attention
to the pronunciation of verbs and adjectives ending
in -ed.

The ending -ed in English is pronounced in three ways: [id]
after t, d (wanted, needed), [t] after unvoiced consonants (k, s,
ch, sh, p, ), and [d] after voiced consonants (I, n, r, b, g, m, z,
v) and vowels (played, lived). The main thing is to focus on the
last sound of the verb, not the letter.

Three basic rules of pronunciation:

[id] — after the sounds t, d (for example, wanted, needed).
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[t] — after unvoiced consonants (k, s, ch, sh, p, f): watched,
laughed, booked.

[d] — after vowels and voiced consonants (I, n, 1, b, g, m, z, v):
played, loved.

3. Choose verbs and adjectives from the text below and
sort them into three columns according to their pronunciation:
[d] [t] [id]

Nuclear power plants (NPPs) offer seagoing vessels
capabilities that are unattainable with fossil fuel-powered
marine propulsion systems. These include, first and foremost,
an unlimited cruising range at high power, higher speeds, and
extended endurance. The use of NPPs increases the overall
performance of cargo vessels of all types by reducing the total
weight of the propulsion system, which includes the propulsion
system itself and the fuel required for it. Fuel stored for a voyage
accounts for up to 15% of the cargo weight, equivalent to
approximately 10,000 tons for a cargo vessel with a propeller-
driven power of 40-60 MW.

NPPs with any established reactor type, using a steam turbine
or gas turbine cycle, can be used on seagoing vessels. The most
widely used nuclear power plants are double-loop pressurized
water reactors (PWRs), as they are the most proven, compact,
easy to operate, and resistant to pitching and trim. Such plants
are used on the transport vessels Savannah (USA), Otto Hahn
(Germany), and Mutsu (Japan).

Naval vessels in developed countries most often use fast-
neutron or intermediate-neutron nuclear power reactors (with
neutron energies in the 1-1000 eV range), whose cores are
cooled by liquid sodium or liquid lead (or their alloys). These

134



Amneniticoka Mo8a 3a npogecitinum cnpsmy8anHiIm

reactors, while delivering the same power as other reactor types,
have the smallest dimensions, and the high temperature of the
liquid-metal coolant (approximately 600 °C) ensures a nuclear
power plant efficiency of about 40 %.

WRITING PRACTICE

4. Write down all the words that have the ending -ed
and indicate how it should be pronounced and according to
which rule:

Marine nuclear power plants are used on some types of
ships to generate energy for propulsion and onboard systems.
They operate by using a controlled nuclear fission process
inside a nuclear reactor. During fission, a large amount of heat
is produced. This heat is used to generate steam, which drives
steam turbines connected to the ship’s propulsion system.

One of the main advantages of marine nuclear power
plants is their long operating time without refuelling. A very
small amount of nuclear fuel can produce a large amount of
energy. Because of this, nuclear-powered ships can travel very
long distances and have an almost unlimited cruising range.
In addition, these power plants do not require air to operate,
which makes them especially suitable for submarines and other
underwater vessels.

Marine nuclear reactors usually use enriched uranium as
fuel. The fuel is placed in special fuel elements inside the reactor
core. A moderator, such as water or graphite, is used to slow
down neutrons and control the nuclear reaction. The reactor
works under strict control to ensure safe and stable operation.

Safety is extremely important in marine nuclear power
plants. During nuclear reactions, radiation is produced, which
can be dangerous to humans. To protect the crew, nuclear power
plants are equipped with biological protection made of metal,
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water, and concrete. This protection reduces radiation levels and
allows safe operation of the ship.

5. Translate the text from Ukrainian into English. Select
the verbs listed below that can be used in the text in these
forms and find synonyms for them:

are positioned

holds out

requires

could look

will not happen

would be

s gaining

to provide

is needed

can be viewed

[lorenmian snaepHoi eHeprii MOXKHA pPO3MISAAATH Y JIBOX
OCHOBHUX aCIIEKTaX: siZIEPHA SHEePrisl Ul Cy/IeH Ta siIepHa eHep-
rist uis MaiOyTHIX BUAIB manuBa. OOuaBa HANPSIMU MPOIIOHY-
I0Th 3HAaYHI MOXKJIMBOCTI, aje MOTpeOyrTh Habararo riIMOIIOro
PO3BUTKY SIK Y TEXHOJIOTIYHIH, TaK 1 B HOPMaTHUBHO-PETYISATOP-
Hill 6a3ax.

SlnepHa eHepris Mae MOTEHLIA]d CyTTEBO TpaHC(HOpPMyBaTH
piBEHb BUKHUIB BYIVIELIO Y BUPOOHUIITBI €IEKTPOEHEPrii, mpo-
MHCJIOBOCTI Ta TPaHCHOpTi. 1i 3maTHiCThH 3ab6e3meuyBaTH YHCTI
albTepHATUBHI JPKepesa eHeprii B CyJHOIUIaBCTBI BXke MpHUBEp-
HyJla 3HAYHYy yBary, 1 HUISIX JO €KOJOTIYHO YHCTIMIOI MOPCHKOI
€HepreTUKu Habupae 0OepTiB.

3 TOYKHU 30py MOCSATHEHHS aMOinii MixkKHapOIHOT MOPCHKOT
opranizauii (IMO) mono HynboBuX BHKUAIB 10 2050 poky,
Oyn0 0 MOMWJIKOBO ITHOPYBATH SIZICPHY €HEPril0 K CKIIAJOBY
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MajJuBHO-eHepreTnyHoro Oanmancy. OpHak mporpec He Oyre
MOXJIUBUM 0O€3 CTBOPEHHsI IMpaBHJ, sIKi 3a0e3MeuyioTh (yHaa-
MEHTaJbHY OCHOBY JIJISl BU3HAUEHHS TOTO, IKUMU MOXYTh OyTH
SIEPHI CUCTEMH B MOPCHKOMY CEKTOPI.

SlnepHa eHepris Mae MOTEHINANl CTaTH PYHHIBHOIO (TpaHC-
(hopmariitHO¥0) CHIIOIO IS MOPCHKOTO CeKTOpa. 3abe3nevueHHs i
ycHiHoi Ta 0e3meuHoi IHTerparlii B CyIHOIIJIaBHY TaTy3b BUMa-
rae HOBOro (opmary MiKHApOIHOI, MIKIally3eBOi Ta MIXKIHCTH-
TYIIHHOT CITIBIIpAIIi.

SlnepHa eHepris [UIA CyleH BiJKPUBAE IMEPCIIEKTUBY BUKO-
PUCTaHHS TMEPEJOBUX MalluX MOAYIbHHX SIEPHUX PEaKTOPiB
(SMR) sk mxepena pymriitHOi eHeprii, TOmi K sepHa EHep-
risg Juis MailOyTHIX BHUJIB MajuBa BKJIOYae B ceOe cleHapii, 3a
SAKMX MaJli MOIYJbHI SIJIepHI PEaKTOPU PO3MIILYIOThCS MOOIU3Y
y30epesoKs I BUPOOHHUIITBA €HEPTii IS MOPTIB Ta MATPUMKH
MIPOIIECIB CTBOPEHHS aJIbTEPHATHBHHUX BUJIIB MAJINBA.

6. Work on the diagram below and fill in the gaps in the
text, choosing from the clues below:

the single-circuit design

biological shielding

the working fluid

conventional fuel reserves

reactor

slightly superheated

pump

a dual-circuit (two-loop) scheme

mechanical work

refuelling

the primary circuit

the heat exchanger (steam generator)

turbine
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the fuel elements
auxiliary systems
the condenser

Currently, marine nuclear power plants are designed

according to using water as a reactor coolant and
as . The diagram of such a plant is shown in the
Fig. 7 below.
2 J
7
4
D6 5

Fig. 7. Schematic diagram of the secondary (steam turbine)
circuit of a marine nuclear power plant

Hot water under high pressure leaves (1) and enters

(2), from which it is pumped back into the reactor

by (6). The heat released by the water in the primary

circuit is used to generate steam in the steam generator. This

steam then enters (3), expands within the turbine,
and performs .

The spent steam from the turbine is sent to (4),
where it is condensed back into water, which is then fed into the
steam generator by pump (5).

The advantages of a dual-circuit nuclear power plant
design include the fact that the turbine, condenser, and their
are accessible during plant operation.
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However, the pressure in the secondary circuit is always
significantly lower than in (due to the need to
maintain a temperature difference in the steam generator). In
addition, the steam in the second circuit can only be
Both of these factors are considered disadvantages of the dual-
circuit design.

When comparing the two designs, it can be concluded that

is structurally much simpler, while the dual-circuit
design significantly simplifies biological protection requirements.

The use of nuclear power plants on ships allows for

a virtually unlimited cruising range without . The
daily consumption of nuclear fuel on ships is estimated at
only tens of grams; therefore, in the reactors are

replaced once every two to three years.

Given that ships with nuclear power plants do not carry
, their total weight, even when accounting for
, 1s lower than that of conventional ship power
plants with fuel reserves. This results in an increased payload
capacity of the ship.

7. Work on learning new words and phrases and
repeating words you know:

+ ship nuclear power plant /[ip ‘njuklio ‘pavs plant/ —
CY[THOBA sI/IEpHA EHEPreTUYHA YCTAaHOBKA

* thermal energy /'03:mal 'enad3zi/ — TemioBa enepris

* nuclear fission /'nju:klis "fifon/ — spepue ninenus

» fissionable elements /'fifonobl 'elimonts/ — enmemeHTH,
3[1aTH1 J10 TOALTY

* nuclear reactor /'nju:klio r1'&ekts/ — snepuwmii peakrop

» cruising range /'kru:ziy remnd3/ — qaapHICTh TUTABaHHS

* uranium /jo remiom/ — ypaH

+ fuel oil /'fju:al o1l/ — mazyT
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* nuclear fuel /'nju:klio "fju:sl/ — ssnepne nanuso

» fuel elements /'fju:ol "elimonts/ — manuBHI eneMeHTH

* replacement interval /r1'plersmont ‘mtovol/ — iHTEepBan
3aMiHU

* biological shielding/ bais'lod3zikal ' [i:1diy/ — 6ionoriuanit
3aXHCT

* carrying capacity /'kernn ko paesiti/ — BaHTaKOI IHOM-
HICTh

* conventional power plant /kon‘venfonal 'pave plant/ —
TpaJIMIliiiHa CHePTeTHYHA YCTaHOBKA

* propulsion power /pro'palfon ‘pave/ - pymiiiiHa
MOTYXHICTh

* underwater navigation / Ando'wo:to navigerfon/ —
[MABOHE IIJIaBaHHS

* hydrodynamic resistance / hardrouvdar nemik r1’ zistons/ —
T1ApOAMHAMIYHUHN OTIip

» displacement /dis pleismont/ — BOJOTOHHAKHICTh

* enriched uranium /in'r1tft jo'remiom/ — 30arayeHuit ypax

» U-235 isotope /'a1sa toup/ — 13oton U-235

* reactor core /11’ &kto ko:/ — akTuBHa 30Ha peakTopa

* chain reaction /tfemn r1'&k[on/ — maHIIOrOBa peaKilis

* neutron moderator /'nju:tron ‘mpdorerta/ — CrIOBLILHIOBAY
HEUTPOHIB

* thermal neutrons /'03:mal 'nju:tronz/ — TeryI0BI HEUTPOHU

* light water /lait ‘'wo:to/ — nerka Boza

» heavy water /"hevi 'wo:to/ — Baxkka Boja

» graphite /'graefart/ — rpadit

* beryllium /ba'riliam/ — 6epuniit

* homogeneous reactor /homo'd3zinies r1@kts/ —
TOMOTEHHUI peakTop

* heterogeneous reactor / hetoro'dziinios r1&®kto/ —
TETEPOreHHUN PEaKTop
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» radiation / rerdi e1fon/ — BUIPOMiHIOBaHHS

+ alpha radiation /'@lfo  reidi'eifon/ — anbda-Bunpomi-
HIOBaHHS

* Dbetaradiation/'bi:to rerdr erfon/—06era-BUNpOMiHIOBAaHHS

* gamma radiation /'gems reidierfon/ — ramma-BUIpO-
MiHIOBaHHS

* penetrating ability /'penitrertiy o'biliti/ — mnpoHukHa
3MIATHICTh

* steam turbine /sti:m 't3:bam/ — mapoBa TypOiHa

» gas turbine cycle /gas 't3:bam ‘saikol/ — razotypOiHHUI
LUK

» pressurized water reactor (PWR) /'preforaizd ‘wo:to
11 &kto/ — BOO-BOSIHUN PEaKTOp MiJ TUCKOM

* liquid-metal coolant /'likwid 'metl 'ku:lont/ — pinko-
MeTajeBUil TEIIOHOCIH

+ efficiency /1 fifonsi/ — koediuient xkopucnoi aii (KKJI)

+ safe operation /serf ,ppa 'rerfon/ — 6e3neyna excrTyararis

CHECKING THE ACQUIRED KNOWLEDGE
Summary test:
What is the main purpose of ship nuclear power plants?
To generate electrical energy only
To generate thermal energy through nuclear fission
To store nuclear fuel
To reduce ship displacement

SOwp -

2. Where does nuclear fission take place in a ship nuclear
power plant?

A. In the condenser

B. In the turbine

C. In the nuclear reactor

D. In the heat exchanger
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3.

Why do nuclear-powered ships have an almost unlimited

cruising range?

ocawpyx

4.

They use renewable energy

They consume very small amounts of nuclear fuel
They can refuel at sea

They have larger fuel tanks

The energy released by fission of 1 kg of uranium is

approximately equal to:

ocawpy

5.

14 tons of fuel oil

140 tons of fuel oil
1,400 tons of fuel oil
14,000 tons of fuel oil

The daily consumption of nuclear fuel on transport ships

is estimated at:

oSawpy

Towmp o

7.

several kilograms
several tons
several grams
several liters

How often are fuel elements in ship reactors replaced?
every six months

once a year

every two to three years

every five years

Why is the useful carrying capacity of nuclear-powered

ships greater than that of conventional ships?

A.
B.
C.
D.
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They have smaller engines

They do not carry conventional fuel
They operate at lower speeds
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8. What economic advantage do nuclear power plants
provide when increasing ship speed?

A. Reduced crew size

B. Increased propulsion power without significant weight
increase

C. Lower maintenance cost

D. Reduced hull resistance

9. Why are nuclear power plants especially suitable for
underwater vessels?

A. They are smaller in size

B. They do not require air to operate

C. They use seawater as fuel

D. They reduce noise

10. What type of uranium is used as fuel in modern ship
reactors?

A. Natural uranium

B. Depleted uranium

C. Artificially enriched uranium

D. Uranium-plutonium mixture

11. What is the typical U-235 content in nuclear fuel for ship
reactors?

A. 12%

B. 3-5%

C. 10-15%

D. over 20 %

12. What part of the reactor contains the chain reaction?
A. The moderator
B. The condenser
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C. The core
D. The shielding

13. What is the function of a neutron moderator?
A. To absorb radiation

B. To cool the reactor core

C. To slow down neutrons

D. To increase fuel consumption

14. Which of the following substances can be used as
a neutron moderator?

A. Diesel fuel

B. Liquid sodium

C. Graphite

D. Concrete

15. Which type of reactor is used in ship nuclear power
plants?

A. Homogeneous reactors only

B. Heterogeneous reactors only

C. Both homogeneous and heterogeneous reactors

D. Fast reactors only

16. Approximately what percentage of nuclear reaction
energy is converted into heat?

A. 50%

B. 60%

C. 80%

D. 100 %
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17. Which types of radiation are considered the most
dangerous due to high penetrating power?

A. Alpha and beta radiation

B. Alpha and gamma radiation

C. Gamma and neutron radiation

D. Beta and neutron radiation

18. What materials are commonly used for biological
protection in nuclear power plants?

A. Plastic and rubber

B. Wood and insulation

C. Metal, water, and concrete

D. Steel only.
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UNIT 4
SHIP STEAM BOILERS

SECTION 12. PRINCIPLES OF OPERATION
AND MAIN TYPES OF STEAM BOILERS
INFORMATION FOCUS

1. Read the text carefully and remember the information
that is new to you:

A steam boiler is a unit designed for the continuous production
of steam with specific parameters by converting various types of
energy into heat. The most common source of thermal energy
used on ships is solid or liquid fuel. In recent years, the heat
from gases emitted by internal combustion engines in waste-heat
boilers, with a temperature of 300450 °C, has been increasingly
used. Sometimes, electricity (in electric boilers) and nuclear
energy (in ship reactors) are also used to produce steam.

In most steam boilers, steam is produced as a result of the
transfer of heat released during fuel combustion in the furnace to
the working medium — water.

The following processes take place in a steam boiler,
resulting in the continuous production of water vapor:

» furnace process — fuel combustion in the boiler furnace;

» aerodynamic process — the supply of air to the furnace
and the removal of fuel combustion products from the flues;

* heat-transfer process — the transfer of heat from gases to
water through the heating surfaces;

* hydrodynamic process — the movement (circulation) of
water and steam inside the boiler along its heating surfaces.
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These processes are closely interrelated and are accompanied
by side effects such as metal corrosion, deposit formation, and
deterioration of boiler component strength, which adversely
affect the reliable and economical operation of steam boilers.

Based on the type of gas washing of the heating surfaces of
pipes or other elements, marine boilers are divided into gas-tube,
water-tube, and combined boilers. In a gas-tube boiler, hot gases,
which are the main heat carrier, move inside the pipes, while water
surrounds them from the outside. In a water-tube boiler, the opposite
arrangement is used: water and a steam-water mixture flow inside
the pipes, and hot gases wash them from the outside. Between
these two groups, there is always an intermediate group that has the
properties of both gas-tube and water-tube boilers (see Fig. 8).

Mosimpsi

Fig. 8. Diagram of a boiler room with combined heating surfaces
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On modern ships, only water-tube boilers are used as main
boilers. Auxiliary boilers on motor ships and gas turbine ships can
be gas-tube or water-tube (or gas-water-tube) boilers. Gas-water-
tube boilers have heating surface elements arranged according to
both gas-tube and water-tube principles. Gas-tube and gas-water-
tube boilers are more common on foreign-built ships. In recent
years, water-tube boilers have become increasingly prevalent.

Vertical gas-tube boiler (Fig. 9 a). The cylindrical body (3)
of the boiler houses the furnace (4) and smoke chambers (1),
which are connected by straight pipes (6). Fuel and air are
supplied to the furnace from the fuel injection unit (not shown
in Fig. 9 a) through pipe (5), and the combustion products are
removed through pipe (2) into the chimney.

2
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Fig. 9. Gas-fired (a) and water-fired (b) boilers
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Water-tube boiler (Fig. 9 b). The boiler consists of an upper
steam collector (2) and a lower water collector (9), connected
by pipes (12). The bundle of pipes (4) located on the side wall
is called a side screen. The pipes (5) of the second row of the
screen, shielded by the pipes of the first row, as well as the
pipes (7) located outside the furnace or in special enclosures, are
called downcomer pipes. In some boilers, the pipes (11), which
are furthest from the furnace, are also called downcomer pipes.
All other pipes are riser pipes.

Depending on their location, different heating surfaces of the
boiler receive different amounts of heat, which largely determines
the character of heat exchange. Fig. 9 b also schematically
shows the economizer (1), air heater (14), boiler cladding (13),
boiler nozzle (6), brickwork (3), furnace bottom (8), and steam
superheater (10).

COMPREHENSION

2. Answer the following questions:

1. What is a steam boiler designed for?

2. What types of energy can be converted into heat in
a steam boiler?

3. What is the most common source of thermal energy used
on ships?

4. How is waste heat from internal combustion engines
used in modern ships?

5. How is steam produced in most steam boilers?

6. What main processes take place in a steam boiler during
steam production?

7. Why are the processes inside a steam boiler closely
interrelated?

8. What side effects can occur during boiler operation?
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9. How are marine boilers classified based on the type of
gas washing of heating surfaces?

10. What is the main difference between gas-tube and water-
tube boilers?

11. Which type of boiler is used as a main boiler on modern
ships and why?

12. What boiler components are shown in the diagram of
a water-tube boiler?

3. Read the text below and note the main advantages
and disadvantages of water-tube and gas-tube boilers.

Fill in the table 4 with the words/ sentences from text
below:

Table 4. The main advantages and disadvantages of
water-tube and gas-tube boilers

Advantages Disadvantages Advantages Disadvantages
of water-tube of water-tube of gas-tube of gas-tube
boilers boilers boilers boilers

1. 1. 1. 1.

2. 2. 2. 2.

When reviewing the classification of the various types of
boilers discussed, it is possible to note the main advantages and
disadvantages of water-tube and gas-tube boilers.

Water-tube boilers have a significantly higher steam
production capacity and lower mass characteristics than gas-
tube (fire-tube) boilers. Auxiliary boilers, especially fire-tube
boilers, are usually limited to a pressure of up to 1.8 MPa and
a temperature of 300-320 °C.

Depending on the boiler design and operating conditions,
the minimum time required to bring steam up to operating
pressure is approximately 1.5-3.0 hours for water-tube boilers
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and 4-24 hours for fire-tube boilers. This is due to the smaller
amount of water in a water-tube boiler, its intensive circulation,
and the elasticity of the pipes connecting the boiler drums
(manifolds).

Comparing the additional advantages and disadvantages
of gas-tube and water-tube boilers, it can also be noted that
in a water-tube boiler the amount of water is smaller than the
hourly steam production, so the water level can change very
quickly from the highest to the lowest permissible level. To avoid
emergencies and maintain a stable water level, it is necessary
to use more sophisticated automatic control and boiler feed
systems, which are associated with automatic fuel combustion
control. It is also necessary to use a complex automatic steam
pressure control system.

Gas-tube boilers are relatively less sensitive to the quality
of feedwater. In highly heat-stressed water-tube boilers, scale
deposits on the heating surfaces can create a risk of local
overheating of metal pipes and their subsequent rupture. A gas-
tube boiler has a relatively low steam capacity but a higher
degree of steam dryness, due to the low intensity of steam
formation. A gas-tube boiler is also less sensitive to load
fluctuations, which is explained by its large water and steam
storage capacity.

Despite all the advantages of water-tube waste-heat boilers
with multiple forced circulation, they are less reliable due to the
need to install circulation pumps that operate in relatively harsh
conditions when pumping hot water and steam—water mixtures.

GRAMMAR FOCUS
A suffix is a morpheme (part of a word) that comes after
a root and is used to form new words or change its part-of-
speech property.
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The most common suffixes and their functions:

For the formation of Adjectives:

-ful: full of something (useful, beautiful).

-less: without something (hopeless, careless, endless).

-ous / -ious: having a certain quality (dangerous, curious).

-able / -ible: capable of (readable, comfortable, edible).

-y: having a characteristic (sunny, noisy, hungry).

-ic: related to (historic, poetic, electric).

-en: made of (golden, wooden, to whiten).

For the formation of Nouns:

-ness: a state or quality (happiness, kindness, loneliness).

-ment: the result of an action (development, enjoyment,
adjustment).

-ion / -tion: action or state (action, creation, communication).

-er / -or: one who performs an action (teacher, worker, actor).

-ist / -ism: direction, trend, affiliation (artist, scientist,
communism).

For forming Verbs:

-ate: to do something (decorate, communicate).

-en: to become (widen, blacken, weaken).

-ify: to transform (simplify, purify).

-ize / -ise: to do (realize, organize).

For forming Adverbs:

-ly: indicates a method of action (quickly, slowly, happily).

-ward / -wards: indicates a direction (forward, backward).

4. Fill the gaps by adding a suffix to the word in brackets.
A modern boiler consists of the (follow) main components:
a casing with a developed (keat) surface; a frame and foundation;
firebrick lining; (insulate) and casing; an in-drum unit; a water
economizer; a superheater and desuperheater; a furnace with
a combustion chamber; an air heater with air ducts; chimneys
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with a stack; valves and measuring, monitoring, and control
instruments.

A marine boiler plant (zypical) includes several steam boilers.
Their normal operation is ensured by the following systems:
feed, fuel supply, air supply and gas (remove), blowdown, water
(treat), soot blower, monitoring, (regulate), and control. Each
system is supported by various mechanisms and devices that
perform specific functions.

A steam boiler has two separate circuits: steam-water and
air-gas. The water surface separating the steam and water spaces
in the boiler is called the (evapor) surface. During operation, the
boiler pressure may rise above the design (permissible) level. To
prevent a breakdown that could occur in this case, a safety valve
is installed on the steam boiler. The steam pressure in the boiler
is monitored (use) a pressure gauge.

To improve the (efficient) of the steam power plant,
superheated steam is generated by a superheater located in the
(boil) flue. For this purpose, the feedwater entering the boiler
is preheated in an economizer, which utilizes the heat from the
flue gases. The economizer is also installed in the boiler flue.
Feedwater can also be preheated in water heaters, which utilize
the heat from exhaust steam from the ship’s auxiliary (machine).
Heated water from the water heater is sent through pipelines to
the economizer, where it is further heated. From the economizer,
the heated water enters the boiler. The steam boiler is installed

on a (found).

5. Select the definitions (right column of the table 5) for the
most common auxiliary boilers on marine vessels (left column

of the table 5) and indicate which of the diagrams correspond to
them (fig. 10 and fig. 11):
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Fig. 10. Diagrams of the main design variants of water-tube
boilers with natural circulation

Fig. 11. Schematic diagrams of gas-fired boilers

Table 5. The most common auxiliary boilers on marine vessels

Sectional horizontal
boiler

Three-collector
two-pass boiler

Three-collector
single-pass boiler

Two-collector,
single-pass gas
boiler with natural
circulation

Shaft-type boiler

— The boiler has a cylindrical vertical body 1,
straight horizontal pipes 3 chambers for gas passage,
and an exhaust chimney 2. The boiler is powered
by a fuel-injection unit 4 with unattended operation.
Removable shields are provided to divert gas in the
chambers, which also simplify boiler cleaning.

— This is a conventional boiler. The boiler has
a cylindrical body 1 and vertical straight pipes 4
connected to the smoke chamber 2. The steam space
is located above the evaporation mirror 3. The boiler
has an automated fuel injection unit with unattended
operation. A similar boiler design can be found on
Split-type tankers.
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Continuation Table 5

Horizontal gas-fired
boiler

Vertical gas-tube
boiler with vertical
tubes

Vertical gas-
fired boiler with
horizontal pipes

— The boiler has a cylindrical body 3, a furnace
(heat pipe) 6, a combustion chamber 5, horizontal
straight pipes 4, a smoke box 2, and an exhaust
chimney 1. The furnace is equipped with a rotary
nozzle. Hatches and necks are provided for internal
inspection, rolling, and cleaning of pipes. Significant
disadvantages of the boiler are low steam pressure,
unorganized water circulation, rigidity of the
structure, high metal consumption, and high labor
intensity of manufacture and repair.

— This is a relatively new type of main boiler with
a developed radiation heating surface in the furnace.
A distinctive feature of these boilers is the ceiling
location of nozzles 1 and the installation of two
steam superheaters: main 3 and intermediate 2. Such
boilers are installed on large-tonnage ships with
powerful steam power plants.

— The boiler consists of two collectors 1 and 3
connected by curved rising steam-generating pipes 4,
screen pipes 2, downcomer pipes, and pipes of the
second and third rows of the screen.

— The boiler has four -collectors: one steam
collector 1, two water collectors 5, b, and one steam
superheater 7. The gases formed in the furnace 3
during the operation of the nozzles 4 pass between
the tubes 2. The steam superheater 7 generates steam
with a temperature of 470 °C at a boiler pressure
of 4.4 MPa. The unit is equipped with four steam-
mechanical nozzles 4 located at the front of the
boiler.

— In this boiler, steam collector 1 is connected to
two water collectors 4 and 7 by bundles of pipes.
The gases formed in the furnace 6 during the
operation of the nozzles 5 pass between the pipes.
A steam superheater 3 can be located inside the
bundles of steam-generating pipes. When each gas
pass has different heating elements, if the steam
superheater is installed on one side of the gas flow,
the boiler will be asymmetrical, and when there are
two identical elements on both sides of the gas pass,
the boiler will be symmetrical.
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Continuation Table 5

Currently, these boilers can be found as main and
auxiliary boilers only on old ships. Boilers of this
type are often called tent-type or triangular-type
boilers. In triangular-type boilers, the headers and
steam-generating pipes can be located vertically and
horizontally.

— The classification feature of this boiler is the slope
of the pipes. In such boilers, the slope of the pipes
is less than 30°. The boilers have a horizontal steam
collector 3 and straight steam-generating pipes 6,
connected by chambers 1 and 5 in the section. Each
section is connected to the steam collector by short
pipes 4 and a steam outlet pipe 2. These boilers
were widely used in the recent past as main boilers;
currently, they are used as auxiliary boilers on some
series-produced diesel tankers.

6. Work on your vocabulary:

* steam boiler /sti:m 'boilo/ — mapoBuii koren

+ continuous production of steam /kon'tinjuss pra'dakfon
ov sti:m/ — Ge3nepepBHE BUPOOHHUIITBO TTAPH

» specific parameters /spo’sifik po'remitoz/ — 3amaHi
napameTpu

* thermal energy /'03:mal 'enad3i/ — TeruioBa enepris

+ solid fuel /'solid 'fju:al/ — TBepae manuBo

* liquid fuel /'likwid 'fju:al/ — piake manuso

* internal combustion engine /m't3:nal kom bastfon
‘end3m/ — IBUTYH BHYTPIIIHBOTO 3TOPSHHS

» waste-heat boiler /weist hiit ‘boilo/ — ytumizauilinuit
(yTunizaTopHuit) KoTen

 electric boiler /1'lektrik ‘boilo/ — enexTpuunnii KoTeN

* nuclear energy /' nju:klio "enad3i/ — simepHa enepris

» furnace process /' f3:n1s ‘prouses/ — TONKOBUH MpoIieC

+ fuel combustion /' fju:al kam 'bastfon/ — 3ropsHHs nanuBa
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* aerodynamic process / eoroudar nemik ‘provses/ -
aepoIMHaMIYHUI Tporec

* heat-transfer process /hi:t ‘trensfs. 'prouses/ — mporec
Teruionepeaayl

* hydrodynamic process / haidrovdar nemik ‘provses/ —
TiAPOAMHAMIYHHUI MTPOIIEC

» circulation of water and steam / s3:kju 'lerfon ov ‘'wo:to
@nd sti:m/ — QUPKYIALIS BOAU Ta apu

* metal corrosion /'metl ko'rovzon/ — kopo3is MeTany

* deposit formation /di'pozit fo:'meifon/ — yTBOpeHHS
BIJIKJIAJIEHD

* Dboiler component strength /'boilo kom povnont stren6/ —
MIIHICTE €JIEMEHTIB KOTJIa

* reliable and economical operation /r1'larobl and
.eko'nomikol ppa'rerfon/—HasiliHa Ta EKOHOMIYHA EKCILTyaTaIlis

* marine boiler /ma’ri:n "boilo/ — cynHOBUI KOTEN

» gas-tube boiler (fire-tube boiler) /gas tju:b 'boilo/ —
razoTpyoHui (KapoTpyOHHUIT) KOTEI

* water-tube boiler /'woita tju:b "boilo/ — BonoTpyOHUI
KOTeT

* combined boiler /kom'baind ‘borlo/ — kombiHoBaHuUit
KOTEJ

* heating surface /'hi:tiy 's3:fis/ — moBepxHs HarpiBy

» furnace /'f3:n1s/ — Tonka

* smoke chamber /smovk 'tfermbo/ — numoBa kamepa

* chimney /'tfimn1/ — qumoBa TpyOa

* steam drum / steam collector /stiim dram/ — mapoBuii
Oapaban

« water drum / water collector /'wo:to dram/ — BomstHMIA
OapabaH

» side screen /said skri:n/ — 6okoBuUli ekpaH TpyO

* riser pipes /'raizo paips/ — migioMHI TpyOHu
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* downcomer pipes /'davnkama paips/ — onyckHi TpyOu

* economizer /1’ kpnomaiza/ — ekoHOMai3ep

* air heater /eo 'hi:to/ — moBiTpomigirpiBay

» steam superheater /sti:m su:pa hi:te/ — naponeperpisau

* boiler cladding /'boilo 'klaediy/ — oOmmBKa KoTIa

* Dboiler nozzle /'boilo 'npzl/ — matpy6ok koTIa

» brickwork /'brikw3s:k/ — ¢pyrepoBka

+ steam production capacity /sti:m pra'dakfon ko paesiti/ —
NapoNpPOAYKTHBHICT

* operating pressure /' ppareitiy ‘prefo/ — podOUHIl THCK

* operating temperature /'Dparerti) ‘tempratfo/ — poboua
Temreparypa

* automatic control system /o:to'matik kon'troul
'sistom/ — aBTOMaTU4HA CUCTEMa KepyBaHHS

» feedwater quality /' fi:dwo:to 'kwnoliti/ — sIKicTh KUBWIIB-
HOI BOIH

+ scale deposits /skeil di'pozits/ — Hakun

* local overheating /'lovkel ouvo'hiitin/ — wMicueBuit
neperpis

* pipe rupture /paip ‘raptfo/ — po3pus TpyOHu

* load fluctuations /lovd flaktfu'eifonz/ — konmuBaHHS
HABaHTaXCHHS

SPEAKING PRACTICE

7. a) Compare gas-tube boilers and water-tube boilers.

Speak about:

* steam capacity;

» operating pressure and temperature;

+ reliability and sensitivity to water quality;

» typical applications on ships.

b) Discuss the advantages and disadvantages of water-tube
boilers.

158



Amneniticoka Mo8a 3a npogecitinum cnpsmy8anHiIm

Questions to guide your answer:

1. Why are water-tube boilers used as main boilers on
modern ships?

2. Why do they require more complex automatic control
systems?

3. What risks are connected with scale deposits and
overheating?

CHECKING THE ACQUIRED KNOWLEDGE
Summary test:
What is a steam boiler designed for?
Intermittent heating of water
Continuous production of steam with specific parameters
Storage of thermal energy
Cooling of exhaust gases

SOwp - ®

2. What is the most common source of thermal energy used
on ships?

A. Nuclear energy

B. Solar energy

C. Solid and liquid fuel

D. Electricity

3. What heat source is increasingly used in waste heat
boilers?

A. Solar radiation

B. Heat from internal combustion engine exhaust gases

C. Sea water heat

D. Electrical heaters
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4,
used in

oSO wp>

5.
transfer

CowWPS TOER

o0 Wy

8.
A.
B.

What is the typical temperature range of exhaust gases
waste heat boilers?

100-200 °C

200-300 °C

300450 °C

450-600 °C

In most steam boilers, steam is produced due to heat
from:

electricity to air

fuel combustion to water

exhaust gases to metal

steam to water

Which process takes place in the furnace of a steam boiler?
Heat transfer

Water circulation

Fuel combustion

Steam condensation

What does the aerodynamic process in a boiler include?
Water treatment

Heat absorption by pipes

Air supply and removal of combustion products

Steam superheating

Heat transfer in a boiler refers to:
Heat loss to the environment
Heat transfer from gases to water through heating

surfaces

C.
D.
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The hydrodynamic process in a boiler is related to:
Fuel injection

Movement and circulation of water and steam
Heat radiation

Gas flow in flues

OO wp©

10. Which of the following is a side effect of boiler operation?
Improved metal strength

Metal corrosion

Increased fuel quality

Reduced maintenance

SCOowp

11. Based on gas washing of heating surfaces, marine boilers
are classified into:

A. vertical and horizontal

B. low-pressure and high-pressure

C. gas-tube, water-tube, and combined

D. main and auxiliary

12.In a gas-tube boiler:

A. water flows inside the pipes

. steam flows outside the pipes
hot gases move inside the pipes
fuel burns inside the pipes

o0 w

.In a water-tube boiler:
hot gases flow inside the pipes
water and steam-water mixture are inside the pipes
fuel is stored in the pipes
air flows inside the pipes

Caow> 3
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14. What type of boilers are used as main boilers on modern
ships?
Gas-tube boilers
Water-tube boilers
Combined boilers
Electric boilers

ocawpyx

[—
N

. Auxiliary boilers on motor ships can be:
only electric boilers
only nuclear boilers
gas-tube or water-tube boilers
only waste heat boilers

oSawpy

16. What is the main structural element of a vertical gas-tube
boiler?

A. Steam drum

B. Cylindrical body

C. Economizer

D. Superheater

17. What components are connected by pipes in a water-tube
boiler?

A. Furnace and chimney

B. Air heater and economizer

C. Upper steam collector and lower water collector

D. Fuel tank and burner

18. Which pipes in a water-tube boiler are called downcomer
pipes?

A. Pipes directly exposed to flame

B. Pipes carrying steam upward

C. Pipes with reduced heating or located away from the furnace

D. Pipes connected to the superheater
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SECTION 13. BOILER COMBUSTION DEVICES
INFORMATION FOCUS

1. Read the text. Write down any unfamiliar information
and unfamiliar words and phrases in English. Learn them.

Ship boilers are equipped with combustion devices that provide
a torch-type (flame-type) combustion process for liquid fuel.
Nozzles, which are part of the combustion device, are designed
to supply finely atomized fuel to the furnace, and fuel particles
are mixed with air using an air deflector (swirler). Nozzles with
an air deflector (sometimes called burners) can be front-mounted
or ceiling-mounted. Front mounting is more common, where the
nozzles and air deflector are placed on the front wall of the boiler
furnace, called the furnace front (front wall).

Some modern, highly economical main boilers are equipped
withnozzles and air deflectors with a ceiling-mounted arrangement
in the upper part of the furnace. This creates conditions for
a more intensive flame process: the gas—air flow moves more
naturally from top to bottom, and the flame is distributed almost
throughout the entire furnace volume. Several nozzles with air
deflectors are installed on main and some auxiliary boilers, the
number of which depends on the steam capacity of the boiler.

The following basic requirements are imposed on nozzles:
simplicity of design, reliability of operation, good fuel
atomization, a wide adjustment range and ease of flow control,
low energy consumption, ease of replacement and cleaning, low
cost, and the ability to operate automatically under unattended
conditions.

Depending on the method of fuel atomization, the following
types of injectors can be used in marine boilers: steam and air
atomization, mechanical non-rotating (centrifugal) and rotating
(rotary), and steam-mechanical injectors.
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Nozzles with steam or air fuel atomization are structurally
identical and can atomize fuel using steam or air due to the
kinetic energy of the jets, i.e., they operate on the principle
of a spray gun. These injectors are simple in design and easy
to adjust, but their operation requires continuous (irreversible)
consumption of steam or compressed air. Therefore, such
injectors are currently found only in a limited number of older
auxiliary boilers.

Mechanical centrifugal nozzles, in which fuel is atomized
by means of sufficiently high fuel pressure created by a specially
installed fuel injection pump, are widely used in marine boiler
combustion chambers.

Mechanical centrifugal nozzles are divided into non-
adjustable and adjustable types. It should be noted that this
division is rather arbitrary: the fuel supply can be changed to
some extent in both types of nozzles. Non-adjustable nozzles
include those with a narrow adjustment range and those in which
the fuel supply can only be changed by shutting them down,
removing them from the combustion chamber, and replacing the
atomizing element.

Mechanical centrifugal nozzles, which differ in the layout of
the spray elements, are sometimes further subdivided into nozzles
with replaceable atomizers and those with permanently operating
atomizers in all operating modes, which is mainly determined by
the operating conditions of the boiler. The figure shows a non-
adjustable centrifugal nozzle, the spray part of which consists
of a sprayer (atomizer) 1, an insert 2, a sleeve 3, and a head
(tip) 4. The nozzle atomizer (Fig. 12, b) has four tangential
channels 8 through which fuel enters the vortex chamber 10
and acquires rotational motion. Upon exiting the opening 9, the
fuel, as a result of combined translational and rotational motion,
forms a hollow fuel cone consisting of droplets.
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Fig. 12. Mechanical non-adjustable centrifugal nozzle

COMPREHENSION

2. Answer the questions, taking into account the
information in the text:

1. What type of combustion process do ship boilers use for
liquid fuel?

2. What is the main function of nozzles in the boiler
combustion device?

3. How are fuel particles mixed with air in the furnace?

4. What are the two main mounting positions of nozzles
with air deflectors?

5. Where are front-mounted nozzles usually installed in the
boiler furnace?
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6. Why do ceiling-mounted nozzles create a more intensive
flame process?

7. What determines the number of nozzles installed on
a boiler?

8. What basic requirements are imposed on boiler nozzles?

9. What types of injectors are used in marine boilers
according to the method of fuel atomization?

10. Why are steam or air atomizing nozzles rarely used in
modern marine boilers?

11. How is fuel atomized in mechanical centrifugal nozzles?

12.How is a hollow fuel cone formed in a centrifugal
nozzle?

3. Match the parts of the sentences. Select the correct
ending for the types of furnace nozzles shown:

1) In a mechanical nozzle with adjustable discharge...

2) In a semi-mechanical nozzle with a combined spray
head...

3) In a semi-mechanical nozzle without spray washers...

4) When operating a rotary nozzle driven by an electric
motor...

a) ... the cup, together with the hollow shaft, is rotated by
an electric motor via a belt drive. Fuel is fed through a nozzle
into a stationary pipe located inside the hollow shaft, and from
there it flows onto the inner surface of the rotating cup. Under
the action of centrifugal forces, the fuel is pressed against the
inner walls of the cup; due to their slight conicity, the fuel
film moves towards the outlet edge. The fan wheel mounted
on the hollow shaft rotates with it, drawing air through a pipe
and forcing it into the annular gap at a pressure of approxima-
tely 5 kPa.
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b) ... instead of a spray disc, there is a nozzle with seven
cylindrical holes. The nozzle is pressed down using a nut
screwed onto the barrel. Fuel flows through channels into the
nozzle holes, where steam is also supplied through channels.
Fuel atomization is achieved by using the combined impact
energy of the fuel jet and steam moving at high speed.

c) ... fuel from the fuel injection pump flows through the
annular channel of the barrel into the nozzle head and then
through the holes into the distributor. From the distributor,
the fuel flows through tangential channels in the spray washer
into the vortex chamber, where it spins and is directed into the
furnace.

d) ... fuel atomization is achieved thanks to the relatively
high fuel pressure created by a specially installed fuel injection
pump. It mainly consists of a body with a handle, a barrel, which
is a thick-walled pipe with a nozzle at the end, a locking sleeve,
a distributor (nozzle), an atomizing washer, and a head. Fuel
from the fuel injection pump flows through the holes in the body
and the barrel channel, through the holes in the locking sleeve
and distributor, to the spray washer.

GRAMMAR FOCUS

In English, the Present Perfect and Past Simple tenses are
often confused. Let’s define the difference between them.

The Present Perfect and Past Simple are two tenses in
English that help to describe situations that took place in the
past. They differ in their connection to the present moment and
the accuracy of the time of the action.

Past Simple is the simple past tense. It is used to describe
events that occurred and ended at a specific moment in the past.
It 1s used with exact dates or time intervals that are no longer
related to the moment of speech.

167



I. €. BOPYAKOBA

For example,

1. Yesterday, the engineer checked the boiler combustion
devices.

2. During the last voyage, the crew cleaned the burner
nozzles.

3. The ignition system failed last night.

4. The chief engineer repaired the combustion control unit
two days ago.

Present Perfect is the present perfect tense. It is used to
describe actions that have consequences or connections to the
present, as well as situations where the exact time is unimportant
or unknown. Present perfect does not refer to a specific moment,
but to experience.

For example,

1. The engineer has checked the boiler combustion devices.

2. The crew has cleaned the burner nozzles.

3. The ignition system has failed, so the boiler cannot
operate.

4. The chief engineer has repaired the combustion control
unit.

Comparative table of Present Perfect and Past Simple

Present Simple Present Perfect

Action in the past The action is related to the present

Specific time The time is irrelevant or not specified

e.g. e.g.

1) The engineer repaired the burner|1) The engineer has repaired the

yesterday. burner.

2) The boiler stopped yesterday. 2) The boiler has stopped, and we
cannot start the engine now.
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WRITING PRACTICE

4. Make the sentences first in the Past Simple, then in
the Present Perfect, putting the verbs given in brackets in
the correct form:

1. The ship’s boiler combustion devices (to ensure) efficient
fuel burning during the voyage.

2. Engineers (to inspect) the burner system to maintain
stable combustion.

3. The crew (to adjust) the air supply to improve combustion
efficiency.

4. Modern boiler combustion devices (fo reduce) fuel
consumption on the ship.

5. The flame scanner (to monitor) the burner flame
continuously.

6. Engineers (to replace) worn-out nozzles in the combustion
system.

7. The boiler control system (to maintain) proper fuel-air
ratio.

8. Combustion devices (fto prevent) incomplete burning
of fuel.

9. The ship’s engineers (fo test) the ignition system before
operation.

10. Automatic combustion control (o increase) the safety
of boiler operation.

11. The boiler combustion equipment (fo operate) reliably
under different load conditions.

12.Regular maintenance (to improve) the performance
of boiler combustion devices.

5. Translate the sentences using the Present Perfect or
Past Simple tense:
1. Cucrema 3anaatoBaHHsI BUMIIDIA 3 Ja Ty I1iJ1 Yac HIYHOI BaXTH.
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2. Cucrtema 3amajrOBaHHS BHUMIILIA 3 Jady, TOMY KOTEN HE
MOX€ 3aITyCTHTHUCS.

3. ImxeHepu mepeBIpWIIM CUCTEMY CHUTHaJli3allli 3rOpsiHHA
MUHYJIOTO THXHSL.

4. Koren 3ynuHMBCS, MAalIMHHE BIAIUICHHS mepeOyBae
B PEKHUMI OUIKYBaHHS.

5. Texuiuni ¢axiBLi 3aMIHIIH HOIIKO/DKEHUH JaTUHK TTOTyM L.

6. HempaBuibHa nogaya moBiTpsi CIPUUMHIIIA HECTAOIIbHE
TOpIHHS.

7. IHeHep BUOpa MOBIJOMHUB PO MPOOJIEMY 3 TOPIHHAM Ha
MICTOK.

8. ImxeHep MIONHO MOBIJOMHB MPO MPOOIEMy 3 TOPIHHAIM
Ha MICTOK.

9. TIlix ywac peiicy KoTea MpalfoBaB IiJ BEJIUKUM HaBaHTa-
KEHHSM.

10. Koren npaitoBaB MiJi BEJIMKUM HAaBAaHTA)KEHHSAM IPOTSI-
TOM KIJIbKOX T'OJIMH.

11. [mxeHepyn BYAaCHO 3aBEPUIMIM PEMOHT CHUCTEMM 3r0-
PSTHHSL.

12. ImkeHepH TUIBKH IO 3aBEPUIMIN PEMOHT CHUCTEMH 3rO0-
PSIHHSL.

6. Work on your vocabulary:

* ship boiler /[ip 'borlo/ — cymHOBUE KOTEN

* combustion device /kom bastfon di'vais/ — mpuctpiit
3TOPSIHHSA

* torch-type combustion /'toitf tarp kom'bastfon/ -
(akeTpHUI THIT 3TOPSTHHS

* liquid fuel /'likwid 'fju:al/ — piake manuso

* nozzle (injector) /'nozl (in'dzekts)/ — popcyHnka

« fuel atomization /'fju:al atomar zeifon/ — po3nuieHHs
najimBa
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 air deflector /es dr'flekto/ — moBiTpsiHuii HedexTop

* burner /'b3:no/ — manpHUK

* front-mounted nozzle /frant ‘'maovntid 'nozl/ — popcynka
(pOHTAJIBLHOTO PO3TAIlyBaHHS

» ceiling-mounted nozzle /'si:liy ‘'mavntid ‘nozl/ -
(opcyHKa CTEIILOBOTO PO3TaIlyBaHHS

* boiler furnace /'boilo 'f3:n1s/ — Tonka kotia

+ front face /frant fers/ — pponTanbHa crinka

* steam capacity /sti:m ko' pasiti/ — maponpoyKTHBHICTh

« fuel injector requirements /fju:al  1'dzekto
1 kwaromonts/ — Bumoru 10 popcyHok

* air or steam atomization /es o: stim  a&tomar zerfon/ —
MOBITPsIHE 200 TApPOBE POMIICHHS

* spray-gun principle /'spre1r gan 'prinsopsl/ — mpuHIMI
(hapOopo3nuIIoBaya

* mechanical centrifugal nozzle /ma’kanikal sentrr fju:gol
'npzl/ — MexaHi4Ha BiALEHTPOBA (OPCYyHKA

» fuel injection pump /'fju:ol m'dzek[on pamp/ — nanuBHUH
Hacoc

* non-adjustable nozzle /non o'd3astobl ‘nozl/ -
HeperylboBaHa (hopcyHka

* adjustable nozzle /o'd3zastobl 'npzl/ — perynboBana
¢bopcyHka

* sprayer /'sprero/ — po3ImUITIOBAY

» vortex chamber /'vo:teks 'tfermbo/ — BuxpoBa kamepa

» tangential channels /ten'dzenfol  ‘tfenslz/ -
TaHT€HI1aJbHI KaHAIN

+ fuel cone /'fju:al kovn/ — nanuBHUI KOHYC

* droplet formation /'droplit fo:'merfon/ — yTBOpeHHs
Kpariejib

* translational-rotational motion /treenz'lerfonal rov terfonsl
'moufan/ — MOCTYNaNbHO-00EPTATBLHUNA PyX

171



I. €. BOPYAKOBA

SPEAKING PRACTICE

7. Taking into account the material covered, provide
well-reasoned and detailed answers to the following
situational and practical questions.

1. What would you do if the burner flame suddenly went
out?

2. Do you think modern combustion devices are reliable
enough?

3. Imagine that you are working as a mechanic on a ship
and you need to explain to a new crew member how the boiler
combustion devices work. How would you do it?

CHECKING THE ACQUIRED KNOWLEDGE

8. Summary test:

1. What type of combustion process is used in ship boilers
for liquid fuel?
Layer combustion
Torch-type combustion
Fluidized-bed combustion
Pulsed combustion

oSN wp

What is the main function of nozzles in ship boilers?
To heat feed water

To remove exhaust gases

To supply atomized fuel to the furnace

To control steam pressure

SRR IS

How are fuel particles mixed with air in the furnace?
By natural diffusion

By a condenser

By an air deflector

By a heat exchanger

OOwp W
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Sowp s

oOwWm w

6.

Nozzles with an air deflector are sometimes called:
separators

burners

economizers

superheaters

Where are front-mounted nozzles installed?
On the ceiling of the boiler room

On the rear wall of the furnace

On the front wall of the furnace (front face)
Inside the steam drum

What is an advantage of ceiling-mounted nozzles in

modern main boilers?

SO wp

moves:

SO wp

8.

Lower manufacturing cost
Easier manual control

More intensive flame process
Reduced boiler height

In ceiling-mounted arrangements, the gas-air flow mainly
from bottom to top

from side to side

from top to bottom

randomly

The number of nozzles installed in a boiler depends

mainly on:

A.
B.
C.
D.

fuel viscosity

boiler steam capacity
boiler age

air humidity

173



I. €. BOPYAKOBA

9. Which of the following is NOT a basic requirement for
nozzles?

A. Reliability of operation

B. Ease of cleaning

C. High manufacturing cost

D. Good fuel atomization

10. Which fuel atomization method uses kinetic energy of
steam or air jets?

A. Mechanical centrifugal

B. Rotary mechanical

C. Steam or air atomization

D. Electric atomization

11. Nozzles with steam or air atomization work on the
principle of:

A. a compressor

B. a spray gun

C. a piston pump

D. a turbine

12. Why are steam- or air-atomizing nozzles rarely used
today?

A. They are difficult to adjust

B. They require irreversible consumption of steam or air

C. They produce unstable flames

D. They cannot atomize heavy fuel

13. Where are steam- or air-atomizing nozzles mainly found
today?

A. In modern main boilers

B. In nuclear-powered ships
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C.
D.

14.

In a few old auxiliary boilers
In exhaust gas boilers

What creates fuel atomization in mechanical centrifugal

nozzles?

SO wp

they:

SO wp

16.

SO wp

Saw»g

High air velocity
High fuel pressure
Electric heating
Steam injection

. Mechanical centrifugal nozzles are widely used because

consume compressed air

require steam for operation

work with high fuel pressure only
are efficient and reliable

Mechanical centrifugal nozzles are divided into:
air and steam types

front and rear types

adjustable and non-adjustable types

horizontal and vertical types

. In non-adjustable nozzles, fuel supply may be changed by:

adjusting the air deflector
changing steam pressure
replacing the atomizing element
rotating the furnace
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18. What shape does the fuel take when leaving the
centrifugal nozzle?

A. Solid fuel jet

B. Flat fuel sheet

C. Hollow fuel cone of droplets

D. Fuel mist cloud.
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SECTION 14. BOILER MAINTENANCE
INFORMATION FOCUS

1. Read the text carefully, learn unfamiliar information:

Boiler maintenance must comply with the manufac-
turer’s instructions for the operation and maintenance of the
boiler and the rules for the technical operation of ship technical
equipment, which provide for the following:

1) daily routine operations:

— 1inspection of the boiler room to check for leakage of water,
fuel, steam, and air through pipe flanges, regulators, and fittings;

— external inspection of control system equipment and
verification of the serviceability of the electrical circuits and
indicator lamps of the protection and alarm system;

— maintaining the proper water regime;

— periodic cleaning of the boiler on the gas side while in
operation;

2) periodic intermediate inspections of the boiler;

3) chemical cleaning of the boiler from the steam-and-water
side, in agreement with the shipowner’s technical service;

4) annual internal inspections and external inspections of
the boiler under steam pressure;

5) preparation and presentation of the boiler for inspection
and certification by the shipping registry;

6) hydraulic testing of the boiler;

7) inspection and repair of the furnace masonry, boiler fittings
and accessories, and its automation and control equipment.

Before allowing personnel to enter the boiler, the require-
ments of the Safety Regulations for Fleet Vessels must be met,
in particular:

— ensure reliable isolation of the boiler being opened from
operating boilers and steam-water separators: close and seal the
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valves connecting the boiler to the main systems (fuel, steam,
water, blowdown), and hang warning signs on the valves bearing
the inscription “DO NOT TOUCH! PEOPLE ARE WORKING!”
(the boiler must be isolated from pressurized pipelines by two
valves; if a second valve is not available, a blind flange (plug)
shall be installed);

— before opening manholes and hatches, make sure that
there is no pressure inside the boiler by checking the pressure
gauge readings and opening the atmospheric or test valve. The
upper manhole of the boiler must be opened first;

— ventilate the boiler thoroughly, verify the absence of
harmful gases or vapors inside it, and allow it to cool to an air
temperature not exceeding 50 °C;

— prepare portable electric lamps with a voltage of no more
than 12 V for lighting inside the boiler.

The technical condition of the boiler must be assessed by
visual inspection and measurement of its parts and components,
using hydraulic tests, non-destructive testing, and metallographic
studies when required. Areas where cracks may appear must be
cleaned to bare metal and etched. The depth of non-through
cracks should be determined by non-destructive testing methods
and confirmatory test drilling, if necessary.

When determining the permissible wear and deformation of
critical boiler components, it is necessary to be guided primarily
by the standards specified in the operating manuals, technical
conditions for boiler repair, and the requirements of the shipping
registry. In the absence of relevant standards, the question of the
continued operation of the boiler or the scope of its repair shall
be decided by the shipping registry.

If defects exceeding the permissible limits are identified,
the repair of the relevant components shall be carried out using
repair technologies approved by the shipping registry.
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2. Answer the questions, taking into account the
information from the text:

1. Which documents and regulations must boiler main-
tenance comply with?

2. What tasks are included in the daily routine maintenance
of the boiler?

3. For what purpose is the boiler room inspected during the
daily check?

4. What does the external inspection of the boiler control
system equipment include?

5. What types of boiler inspections, apart from daily work,
are provided by the operating rules?

6. Under what conditions and with whom is the chemical
cleaning of the boiler agreed?

7. What safety measures must be taken before allowing
people to enter the boiler?

8. Why is it necessary to make sure there is no pressure in
the boiler before opening manholes and hatches?

9. What requirements are established for ventilation and air
temperature inside the boiler before work begins?

10. What equipment is used for lighting during work inside
the boiler?

11. By what methods is the technical condition of the boiler
and its components checked?

12. What actions must be taken if defects exceeding the
permissible limits are found?

GRAMMAR FOCUS
Modal verbs are a special group of verbs that indicate
possibility, obligation, desire, permission, and other similar
aspects in speech. They do not have their own tense forms and
are not used independently without another verb.
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Types of modal verbs

Modal verbs can be divided into main, semi-modal, and
analogues. The main ones include must, will, can, would, could,
may, should, shall, might. Semi-modals are represented by ought
to, dare, need. Analogs are fo be to and have to. Let’s consider
each of them separately.

Must. Has the meaning of obligation or necessity.

Example: The boiler must be maintained in accordance with
the manufacturer’s instructions.

Will. Indicates a future action.

Example: The engineer will inspect the boiler room every
day during routine maintenance.

Can. Expresses ability or possibility.

Example: Leaks can be detected during a visual inspection
of the boiler and pipelines.

Would. Used to express desires or conditional situations.

Example: During inspections, the engineer would carefully
check all safety devices.

Could. Indicates a possibility in the past or a condition.

Example: Failure to maintain the boiler properly could lead
to serious accidents.

May. Expresses permission or possibility.

Example: Chemical cleaning may be carried out only with
the approval of the shipowner’s technical service.

Should. Emphasizes a recommendation or advice.

Example: The boiler should be thoroughly ventilated before
any internal work is started.

Shall. Used to express a future tense or proposition.

Example: All maintenance procedures shall comply with the
rules of the shipping register.

Might. Indicates a possibility or uncertainty.

Example: If the boiler is not cooled sufficiently, workers
might be exposed to danger.
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Ought to. Expresses a moral or legal obligation.

Example: Engineers ought to follow all safety regulations
during boiler maintenance.

Dare. Has a bold or defiant character.

Example: No one dare enter the boiler without ensuring that
there is no pressure inside.

Need. Indicates a necessity or lack of necessity.

Example: The boiler need be inspected regularly to ensure
safe operation.

To be to. Used to express planned events in the future.

Example: The boiler is to be prepared for inspection and
certification by the shipping registry.

Have to. Indicates an obligation or necessity.

Example: Maintenance personnel have to use low-voltage
lamps when working inside the boiler.

3. Work with the text. Translate the phrases in brackets,
taking into account the need to insert modal verbs where
necessary:

Procedure and Remarks for Inspection

Shut off the boiler and allow it to cool down (below 100 °C).
The boiler (rne cnio cxkxuoamu) by lifting the safety valves
and then filled with cold feed water since the stress induced
by excessively rapid cooling (moowce npussecmu 0o nowko-
0JICEHHS).

Empty the boiler and close all valves. If the boiler is
connected to a second boiler, (mpeba nepesipumu) that the
valves between them are fully closed.

Unscrew and remove the manhole hatch(s) on the boiler and
enter the boiler when it is sufficiently cold. Check the welded
joints in the boiler. A careful examination (cri0 nposecmu) with
respect to possible corrosion and crack formation.
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The water line area of the pressure vessel (nompebye
ocobnueoi ysaeu), where oxygen pitting (mooice uHukHymu).

If deposits are found to form in the boiler tubes, the boiler
(crio ximiuno ouucmumu).

(Pexomenoyemwcsi  36epuymucsi) a specialised cleaning
company that will examine the boiler deposits and treat the
boiler accordingly.

After chemical treatment the boiler (czio mpodysamu) at
least twice a day for approximately one week. This will ensure
that excessive sludge deposits due to chemical treatment do not
collect in the bottom of the pressure vessel.

4. Work with modal verbs (must, will, can, would, could,
may, should, shall, might, ought to, dare, need, to be to and
have to). Find the necessary modal verbs that are missing in
the sentences:

1. The boiler be shut off and allowed to cool
down below 100°C before any maintenance work is started.

2. The boiler be damaged if it is depressurised
by lifting the safety valves and then filled with cold feed water.

3. During inspection, the engineer carefully
examine the welded joints inside the boiler.

4. Rapid cooling cause thermal stress and

damage the boiler metal structure.

5. Too rapid cooling result in cracks in the boiler
metal.

6. Oxygen pitting occur in the water line area of
the pressure vessel.

7. All valves between connected boilers be
closed before an internal inspection is carried out.

8. Engineers follow the manufacturer’sinstructions
during boiler maintenance.
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9. The boiler prepared for inspection and
certification by the shipping register.

10. Maintenance personnel wear protective
equipment when working on the boiler.

11. The boiler be emptied and all valves should be
closed before opening the manholes.

12. Sludge deposits accumulate at the bottom of
the pressure vessel after chemical cleaning.

13.No one enter the boiler unless it has been fully
depressurised and ventilated.

14. The boiler be inspected regularly to ensure
safe and efficient operation.

WRITING PRACTICE

5. Translate the text from Ukrainian into English. Pay
special attention to modal verbs. The text should contain
such verbs as should, must, can, may.

Orsin BOAM B KOTIIH

TexHiuHe 00CITYyrOBYBaHHS KOTJIA 3aBX/IH TTOBUHHO BUKOHY-
BaTHUCS KBaTi()IKOBaHUM TEPCOHAIIOM Ta BiAMOBIIHO JO0 YHHHHUX
MpaBWJI 1 HOPM KOMIIETEHTHHX OprasiB Biagu. OIHUM 13 TaKUX
BU/IIB TEXHIYHOTIO 0OCIYyrOByBaHHsI € MEpeBipka BOIU B KOTIIL.

Bonsiny yacTuHy Komiia (BHYTPIIIHIO TIOBEPXHIO) HEOOX1IHO
peTepbHO OIIsAaTH IIOHAaWMeHIe ABidi Ha pik. Ll mepeBipka
Ma€ BEJIMKE 3HAYEHHS 1, 0€3CYMHIBHO, € HallBaXJIMBIIIOO 3 YCIX
3ax0JliB TEXHIYHOTO OOCIYrOBYBaHHS, OCKUIBKH BOHa Oe3moce-
peaHBO BIUTMBAE HA JIOBFOBIYHICTH KOTJIA Ta piBeHb Horo 0e3-
TIEKH.

ITix yac Takux MEpeBipOK MOXKHA CBOEYACHO BUSIBUTU TBEPAI
BIJIKJIQJICHHS, KOPO3il0 Ta MOPYIICHHS ITUPKYJIALIi, 1 HE0OXiTHO
BXXUTH PO UIAKTUIHUX 3aXO0[IB, OO YHUKHYTH Herependade-
HUX TIOIIKO/PKEHb MaTepially Ta BUXOAY KOTJa 3 JIamy.

183



I. €. BOPYAKOBA

HasBHicTh TBepaux BIAKIQJAEHb HA CTIHKaX TONKU Ta
mTU(PTOBUX TpyOax 3HIKYE IX TeruonepeaaBajibHi BIACTUBOCTI
Ta MPU3BOAUTH O 3MEHILIEHHS MOTYKHOCTI KOTJA.

Kpim Toro, MoxHa omiHuTH, i Oyaa oOpoOKa >KUBUIbHOL
BOJM 33/I0BUIBHOI0 Ta YW MPOBOJMJIACS MPOJYBKAa B JIOCTar-
HBOMY 00CSI3i.

HenpaBunbHa 00poOka >KMBUIIBHOT BOAM 3a3BUYAil MPU3BO-
JUTh JI0 YTBOPEHHS TBEPAMX BIAKIAIEHb a00 PO3BUTKY KOPO3ii.

Henocrarus npoxyBka NPU3BOAUTH /0 BiJIKJIAJEHHS OCaay
B TpyOax Ta HaKONMWYCHHS BiJAKJIaJCHb HA JHI KOTJA.

SKmo TBep/l BiAKIAJCHHS HE BUIASIOTHCS, 1€ MOXKE MPH-
3BECTH JI0 MEepEerpiBy MaTepiany KOTIOBOI IJIUTH, sIKa MiJIa€ThCS
BIUTMBY MOJYM sl B 30H1 CTiHOK TomkH. Lle, y cBoro 4epry, Moxe
CIPUYMHUTH CEpHO3HI MaTepiajbHi MOUIKOJKEHHS.

HenpaBunbHa ouunIleHHs *KUBUJIBHOI BOIM HE 3aBkaU Oe3-
MOCEpPEeHbO MPU3BOAUTH JI0 YTBOPEHHS TBEPAUX BIIKIAJICHb.
Hanpuknan, 3aHaaro HU3bKe ab0 3aHaJITO BUCOKE 3HaueHHsA pH
MOX€ CIPHYMHHUTH EJIEKTPONITUYHY PEeaKiliio, M0 MPU3BOIUTH
JI0 KOpO3ii B KOTIII.

[lin yac mepeBipKM BHYTPILIHBOTO MPOCTOPY KOTIA CIij
peTebHO OMISTHYTH BCI JIeTalli Ta 3BEPHYTH YBary Ha HasBHICTb
BIJIKJIaJICHb, KOPO3ii Ta TPIUH. PEKOMEHIYETHCS IPUIAUIATH 1A
nepeBipIli 0COOIUBY yBary.

6. Work on your vocabulary:

e Dboiler maintenance /'boilo 'memtonons/ — TexHIYHE
00CITyTOBYBaHHS KOTJIa
* manufacturer’s instructions / manju faektforoz

m strak[onz/ — iHCTpYyKIIii BUpOOHHKA

» technical operation /‘teknikol vppo'rerfon/ — TexHiunHa
eKCIUTyaTallis

* daily routine work /'deirli ru:'tin w3:k/ — muromenHi
PYTHHHI poOOTH
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* inspection of the boiler room /m'spekfon av do 'boilo
ru:m/ — OIJISIT KOTEJIbHOTO BiJIIICHHS

» water, fuel, steam and air leaks /'wo:ta, ‘fju:ol, stizm oand
ed li:ks/ — BuTOKM BOJM, NaKBa, Mapu Ta MOBITPS

* pipe flanges, regulators and fittings /paip ‘flendziz
‘regjoulertoz ond 'fitigz/ — dmanmi TpyO, peryasTopu Ta apMaTypa

» external inspection /1k'st3:nal m'spekfon/ — 30BHIlIHII
OTJISI T

* control system equipment /kontroul ‘sistom 1’ kwipmont/ —
o0J1aIHaHHS CUCTEMHU KepyBaHHS

* protection and alarm system /proa‘tekfon ond o'la:m
'sIstom/ — cucTeMa 3axXUCTy Ta CHTHaJi3aril

* maintaining the water regime /mein'temnim 09 wo:to
re1 3i:m/ — mATPUMaHHS BOJHOTO PEXUMY

* chemical cleaning of the boiler /'kemikal ‘kli:nig av do
‘boilo/ — xiMiuHE OYMINEHHS KOTa

+ shipping registry /'[ipm) ‘red3istri/ — cymHOBHI (MOp-
CBKHI) peecTp

* hydraulic testing /har dro:lik ‘testiy/ — rigpaBniysi BUnpo-
OyBaHHs

» furnace masonry /'f3:n1s ‘'mersonri/ — KjajKa TOIKH

» Safety Regulations for Fleet Vessels /'setfti ,regjo 'lerfonz
fo fli:t 'vesalz/ — npaBuna Oe3neku U1t cyaeH GraoTy

» reliable isolation of the boiler /r1'larobl  arso’lerfon ov 8o
‘boils/ — HaaiiiHa 130515111 KOTIA

* manholes and hatches /'manhouvlz ond "haetfiz/ — mroxu
Ta Ja3u

» pressure gauge readings /'prefo geid3 ‘ri:dmz/ — moka-
3aHHS MaHOMETpA

* non-destructive testing methods / non dr straktrv ‘testiy
‘meBodz/ — MeTonM HEPYHHIBHOTO KOHTPOJIIO.
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SPEAKING PRACTICE

7. a) Problem-solving situation: During boiler inspection,
a junior engineer wants to open a manhole without checking
pressure or ventilation.

Explain:

*  Why this is dangerous.

* What safety rules are violated.

*  What should be done correctly instead.

b) Answer orally:

* How is the technical condition of a boiler assessed?

*  Why are non-destructive testing methods used?

*  When are metallographic studies required?

¢) Discuss the following questions:

* What actions should be taken if cracks are found in
boiler components?

*  Who decides whether the boiler can continue operating
if standards are absent?

*  Why must repairs be approved by the shipping registry?

CHECKING THE ACQUIRED KNOWLEDGE
8. Summary test:
1. Boiler maintenance must comply primarily with:
A. the chief engineer’s instructions
B. the shipowner’s orders only
C. the manufacturer’s instructions and technical operation

D. international environmental conventions
2. Which of the following is included in daily routine boiler

A. Hydraulic testing
B. Inspection for leaks
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room?

SO wp

4.
checki

Cowpv UOwmp

oNwWp o

® »

Certification by the shipping registry
Chemical cleaning

What should be checked during inspection of the boiler

Paint condition only

Fuel quality

Water, fuel, steam, and air leaks
Boiler insulation thickness

External inspection of the control system includes
ng:

boiler pressure only

electrical circuits and alarm lamps

fuel injectors

furnace masonry

How often must the boiler water side be carefully inspected?
once a year

every month

at least twice a year

every five years

Before allowing people into the boiler, it is necessary to:
increase steam pressure

open all valves

isolate the boiler from operating systems

start the feed pump

What inscription must be placed on the isolated valves?
“DANGER — HIGH PRESSURE”
“BOILER UNDER TEST”
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C. “DO NOT TOUCH! PEOPLE ARE WORKING!”
D. “AUTHORIZED PERSONNEL ONLY”

8. Which manhole must be opened first when opening the
boiler?

A. lower manhole

B. side manhole

C. any manhole

D. upper manhole

9. Before entering the boiler, its internal air temperature
must not exceed:

A. 30 °C

B. 40 °C

C. 50 °C

D. 60 °C

10. What voltage is allowed for portable lamps inside the
boiler?

A. 220V

B. 110V

C. 24V

D. 12V

11. Which methods may be used to check the technical
condition of boiler parts?

A. Visual inspection only

B. Hydraulic tests and non-destructive testing

C. Painting inspection

D. Fuel analysis
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12. Areas where cracks may appear must be:
A. covered with insulation

B. painted

C. cleaned to bare metal and etched

D. welded immediately

13. Permissible wear and deformation of boiler parts should
be determined according to:

A. crew experience

B. shipowner’s decision

C. operating instructions and shipping register standards

D. weather conditions

14.If defects exceed permissible standards, repairs must be:

A. postponed

B. done without approval

C. carried out using technology approved by the shipping
register

D. done temporarily

15. Why is inspection of the boiler interior especially important?
A. It improves fuel consumption

B. It directly affects boiler longevity and safety

C. It reduces noise

D. It simplifies operation

16. What problems can be detected early during boiler
interior inspections?

A. Fuel leaks only

B. Hard deposits, corrosion, and circulation disturbances

C. Electrical faults

D. Steam valve wear
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17. What is the effect of hard deposits on furnace walls and
tubes?
Increased heat transfer
Increased boiler capacity
Reduced heat transfer and capacity
No effect

oSO wp>

. Insufficient blow-down will cause:
overheating of fuel injectors
corrosion of the control panel
sludge deposits in tubes and at the boiler bottom
steam pressure increase

[a—
o0

oSO wp>
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