LESSON 3
Engine Construction | $&MHLE5H

Traditional Engine Structure f&ZES2MHLE5H

A traditional engine structure arrangement comprises a cylinder block which accommodates
the cylinder liners, the block differs in design depending on whether the engine is of in-line or Vee
form. The block has spaces to accommodate camshaft drive arrangements (chain or gear), a
housing for the camshaft and doors allowing access to the crankcase. The block is a single casting
to ensure rigidity. Cast iron is the usual material. Supporting the cylinder block is the bedplate
with its main bearing housings and mounting feet, which connect to the ship's structure. In some
cases tie rods are employed to maintain the main bearing housings and engine block in
compression. The steel tie rods pass from the upper part of the cylinder block to the lower face of
the bedplate below the main bearing housing. Smaller engines often have no tie rods as the
structural section thickness is great enough to keep tensile stresses reasonable during peak
pressure periods. With a casting there is a minimum section thickness requirement to ensure that
the molten metal flows readily to all parts and this thickness is often greater than that dictated by
actual stress considerations. Accurate alignment between bedplate and cylinder block is essential
to effective stress transmission and engine operation.
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Modern Cast Monoblock Structure HiAR# k541 4544

Engines designed during the 1990s generally employ a cast monoblock form of construction
with the cylinder block and bedplate forming a single cast iron structure. This nodular iron casting
provides considerable rigidity due to its single-piece design and construction. In some engines
additional strengthening can be provided by. long tie rods extending from the lower face of the
main bearing to the upper part of the structure. Tie rods are also employed between the upper face
of the cylinder head and the lower face of the intermediate frame structure to ensure that
combustion loads are transmitted from the cylinder head to the engine frame structure. The use of
tie rods does not imply a weakness in design and is an effective use of a strengthening mechanism
where it is needed. A rigid structure is necessary in order to preserve alignment of all engine parts,
particularly the crankshaft and camshaft, and to_minimize problems related to vibration of the
structure. Some engines (e.g. Wartsila VVasa 38) have the air inlet manifold as an integrated part of
the engine block while many water and oil channels are cast-in or machined as part of the engine
structure. Such features make for easier maintenance, improved accessibility and a reduction in
the number of engine parts.
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With monoblock structures, a sub-frame is required to act as the engine sump. This sub-frame,
which bolts directly to the lower face of the engine structure, takes no load and can be
manufactured from welded plate. Lubricating oil suction pipes and strainers are arranged within
the sump.
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Main Bearings FHi&

Main bearing support housings are cast as part of traditional bedplate arrangements, and these
combine adequate rigidity for the crankshaft with relative ease of bearing adjustment.
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Bearing replacement requires lifting the bearing cap, which is held from above with studs and
nuts.
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Although this type of arrangement can, in theory, be incorporated within a monoblock
engine structure, it is not used. An underslung main bearing support system is preferred. Nodular
cast-iron bearing caps are held from below by means of two hydraulically tensioned studs.
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These bearing caps are guided laterally into the engine block at the top and bottom and the
hydraulic jacks are often permanently fitted to allow for ease of maintenance. Hydraulically
tensioned horizontal side studs support the main bearing caps and with the vertical studs and
lateral guide arrangements provide a very rigid main bearing support for the crankshaft.
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Main bearings for medium speed engines currently in.use are of the thin shell type. H3#AL
38 15 FH 79 BC I () 7K . Similar bearing shells are employed for bottom end bearings. & 454
AR AU EL - This type of bearing essentially consists of a thin steel backing shell with
a layer, or layers, of bearing material cast, flashed or deposited on the rubbing surface. JXFfiZ&%!
R BUE A b A AN A 58 PO 3B (R HLRES (1) 3R T BBk TIE — 282 E IR R . This
type of bearing is prefinished and does not require scraping to fit; indeed no scraping is possible
due to the thin layer of bearing material present. IXFSER A X T R ML, ATFELL
REFR, SERR b TR AR WA U B AT S 555 A0 HE . Over the years bearing materials
have changed to meet the operating conditions. 244 T & TAES&M:, HAM BT TA
1B 1t 533k - Early arrangements simply had a layer of white metal on the steel backing shell but this
gave way to the multi-layer bearing with a layer of lead-bronze or copper between the steel and
white metal in order to improve adhesion. -3 % BL H A 8] B (R 7E AN SE N R BEIE — 2 A
e, (BRXFHIET LN BRI AL TS, £ AN U RAE AN 58 A& Sz [R50
T EEE e AR S &R R RS % 7. This layer also provided an emergency bearing
surface. #INAIX— ZHIRME T — A~ F 27K - The use of overlay material provides a degree
of protection against corrosion, while a thin layer of nickel prevents the lead in the overlay from



migrating into the lead-bronze layer 7 #%A1Rl GESE X R IRt —E R IR, B )20
BLAL RENS B 1L 4R 171 7542 3T F2 . The backs of the steel shells may have a soft layer which is
designed to prevent corrosion. 444 55t AT LA — 2 KA kBT 1L B . During the 1990s a
number of engine builders returned to bi-metal bearings which employ a layer of aluminium-tin on
the steel backing shell. 7£ 20 52Fr 90 44X, —LLS8uAL) SCMH A F= A0+ 52 3R n— /= 25
A4S HIE B A& .. Others employ a multiple layer bearing with a tin-antimony rubbing
surface over a copper-lead layer on the steel backing shell. 53 §h— &)~ SRR B ZEAN A 55 4 B 1K)
W& &2 L X0 T — 2R RS 88 & 44 7= % 2§l L . Bearing technology continues to
change to meet the demands of higher loads but problems of lubricants contaminated by water and
residual fuels must also be overcome. FHiA& AT & & AL T8 KAMINFEE, HELH
0 IR T AR T R e e T v G )
Crankshaft

Crankshafts for medium speed engines are solid forgings from a single alloy steel ingot.
SHMLAC) A A ) — R A S R B S4BT Y - Solid forging avoids stress problems, which would
result from the presence of shrink fits, and ensures even stress transmission between journals,
webs and pins. SR T RICAEEC A5 SR G R D IR, 3660 T B, ol R A B 1
M. F7%Er . There are very rigorous Classification Society rules governing the dimensioning of
crankshafts, based on a combination of theory and experience. & T FigFISL B2 M 45 &, M
AU et ) R ~F A 2% B L3R . Current designs make considerable use of computer
finite element analysis which allows a wide range of loadings, dimensions and cylinder firing
orders to be analysed-before any manufacture takes place. HLTE ¥t FH T 150U BR 7T/ 47
ik, TEARMTAEFZ 200, X KA B AN R R SE AR A T 853547 534
A crankshaft must be able to transmit the torque developed during operation. % 2 Zii g % % 13
SEh ML T AE R B = A4 9F4E . This torque imposes stresses on the crankshaft journals. 345
7 b2 7= 2E %% 7 . <Pins are subject to direct stresses from the connecting rods, which
impose bending and shear stresses. MK Z WML R F7, XAy liies B2 i
FBH) /7. Webs bend due to this loading but they also have a tendency to twist. FHT-3X > 1
Wi 2= R 2, B e — N %A . Crankshafts will bend under load as each
cylinder unit section acts like a simply supported beam; with the main bearings acting as the
supports. Hi AR — AN B S AR T, EEURRAE SR A, X R A E R —NELRT R AR
s IPE R Rt &7~ ih, Loadings vary with time making the analysis of stresses a complex
matter, further complicated by the presence of oil holes through journals, webs and pins. 1 fiif i i
B AR A L AT B G T ARG 2 %, it ot R AR A 9 4l AL 5 0 1 4 1 AR 15 S8 I A2
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The firing order of an engine is primarily chosen to reduce engine torque fluctuations and
minimize vibration. T FEACHHAE (0% S A1 FRARIRSD, KBWL A KUY PR R EE . Any
final solution must be something of a compromise as other factors have to be considered including
exhaust arrangements, bending loads on the crankshaft and torsional vibration. 1T £ 2% J7 & #f
Je— ATk, BRSNS il b S G R R 2 A A PR R R S R
Reciprocating masses-the pistons, connecting rods, webs and crankpins induce vertical forces
which can result in vibration. fE5IEZfE, WIHEE. EF. MR GRS SRR E Y
m_ER S, BT S EWES). Reducing the mass of these components through the use of lighter
materials and removal of all unnecessary materials will help to minimize vibration but will not
eliminate the problem. @ id ¥ F 424 JE A0 2 BRAN L ZE A4 I 2 B IX SR A (R i, ki



PRz, (HARLIERRIX A M. Most medium speed engine crankshafts are machined all over in
order to reduce excess weight.y 7 EBRZ RIVEE, FEHLN AT EEAEHR.  They are
provided with adequate fillets at all changes of section in order to avoid stress raisers which could
give rise to Fatigue. >y 7 By 1L S HIE BN 57, TEATATREER AR 1 o ab#n b 2 %
f[E 21 #, Changes in section occur between journal and webs, crankpins and webs, and at oil
holes. A IHI S — 7™ A= T B aURT A e AL o AW AN AR 3 T F Ak 2 — 25 AL AL < In many
cases balance weights are fitted to some or all of the webs, these are designed to oppose the
vibration induced by the reciprocating masses. —E15WL T, 274 B AR AR L e 50 E,
TR F R E A A2 5 B A 9IRS . The solution is only partial as a rotary mass will not
only induce vertical forces to oppose the reciprocating masses but it will also induce variable
sideways forces, causing transverse vibration. R #4r L 8 78 MBI R, XA S ERER
T3 ) LR S E A R TR, B AR A JT, SHEEMEIAIRSN. The size and positioning
of balance weights are carefully arranged by the designer and should not be changed. Bt 2 ] K/
e B T B o F A AL, I HARSE.
Connecting Rod  #4F

Connecting rods are forged from alloy steel and machined all over. AT /& i & 440 8HE I
47 %8Il The basic connecting rod requires a provision for attaching it to the crankpin, at the
bottom or large end bearing, and to the piston at the gudgeon pin, the top or small end bearing. #x
AR QM AR B AR AL, AU E R A L, 7E b ) i R Ak
B AP R S A E B G % F. The small end generally consists of a bush
inserted in a hole bored.in the top of the connecting rod. FEFTF/NIEH A FL A 223 — M2,
The bush may be a simple bronze affair but some engines, particularly a high powered unit, have
white metal lined, or tri-metal, bushes. 1%/ /M 51T 4R 4, (H 2 — L8 Sl Bl R Z
HINLEL, S ERT AT B 864, 805 {8 =4 44 £ . Lubrication for the top end bearing
comes from the crankshaft via the bottom end and a hole drilled in the connecting rod. %53% T T3
ity e AT VR IR, A B A 0 A TR AT A FLAEE . This passageway is also
used to conduct cooling oil to'the piston. X~ th F Sk i 2E4ii% 4 #13H . Because of the
high loadings on the small end bearings and the absence of complete rotary motion, an adequate
supply of lubricant is essential at all times. K| /I 4t ) 6 0m7 5, I FLsk/b 52 4 1) Rl iz 31,
It CAALEATART B 46% i) /D it i 326 A2 0% O v 2 3 B2 . Stepped small end bearings are used
to provide a large bearing surface on which the piston force may act via the gudgeon pin. FiE5#x
MR SEALR MR BRI, 15 28 1 40E 28 1% B /)it o

The large end bearing of connecting rod can present certain maintenance problems. JEFF K
s 7R 2 L DL4E S (R % 19 8. The traditional fixed centre connecting rod has the upper part
of the large end housing forged as part of the rod, which means that the lower part of the
connecting rod is wide in order to accommodate the bearing shell and securing bolts. %4t 1 [&] &
Hho S RS 2380 e IR RS AE — S Y, R R AT R (K R 288 40 2 TP
I, T LA LA [E 844 . In order to remove the piston, with the connecting rod still
attached, the bottom part of the connecting rod must be no wider than the cylinder bore through
which it will be lifted. Jy 7 BEWSAEEFTAIRERIVIBLL T MG 2E, AR AR LI E N
AR, IXBES ZE AT LLIE I #1 & H K . Modern engines employ large diameter crank pins in order
to provide large area bearings and low bearing loads. FAXSEIM LR FH KBS 0 #h AR 85 R $2 43t
KA, PR A& Sy figmr . A fixed centre connecting rod design would not be suitable.
Alternative arrangements are available.[# & ORI THEA E— AN EEMFH TR



Bearing shells for large end bearings are similar to main bearing shells but are provided with
large oil holes in a central channel. FEA Kyl FOAT - Fl 7R (%0 BULA AL, E RS AE b il
KT AIfE4s . These allow oil to flow from holes in the crankpin, through the bearing, to
passageways in the large end and then up the hole in the connecting rod. 33 H i k538 5 i
A L SR AT Ko e % ) B ) AT A IR % . Tags on the bearing halves
mate with location points in the housings ensure correct alignment. % 50_E 45T R4 & R L 1
BMSTRL, RIFIERRENL. As with main bearings the thin shells rely on the accuracy of the
bore machined in the large end to preserve a true circular shape. AT K A FLEREAIN T, Xt
F- 7 ) b BUAR 5 [ BR PR AR 1k /B . Correct tightening of the large end bolts is, therefore,
essential. (K1, Ko e 2 A 11 1A 5 [ 10 R TR EE 11

The articulated connecting rod arrangement has a single large end bearing block to which
both connecting rods are attached. =& fIZEFFROEFF (IR HIEAT) A — AR K il
&M, FERIEFERMAMA L. The master rod is connected rigidly by means of a palm end,
while the slave rod is attached by an articulated arrangement, such as a pin and bush. 3= AT i
STy i T O T B A A L, RIDZEAT I8 I — M AT B BN BBl R A L. This is
necessary because the motions of both pistons, and of their connecting rods and large ends, differ
as the crank rotates. 4 1% [al %% (R, B399 /NE 28 BT IEFTFI K3 1 1832 AN IE] 1,
P DX Rh ik 52 ). The articulated large end arrangement has cylinder centre in line
across the engine and both pistons may be removed without touching the large end bearing. #:%5%
SRR (EEEF R , EHS RO LRIE R —Fm b, BHAEZEH] LATE
AN S e R it 7R PR I L T HR o

LESSON 4
Engine Construction I1

PISTONS AND PISTON RINGS &5, 15 &}

Pistons for medium speed engines/must be capable of withstanding the gas loads experienced
during peak firing periods without any appreciable leakage. 3% LEiHAL KI5 Z8 4 20 BE W5 7K 52 i
R BRI BT AR R R e, S HLEAT R IS TIE. As a result the sealing arrangements
provided by the piston rings must be effective, even though lubrication at the top of the cylinder
may be marginal. RIS &R G IR TO0E I W vl 1) B, T BRI AL S B B R, Unlike
crosshead engines most medium speed engines rely on splash lubrication from the crankcase,
which must be controlled by scraper rings located on the piston crown or on the skirt. A&+
SRS, V2 E SRR AT RO, T R T 2 S i ZE AR i
FRok#EHil. A skirt is necessary on two stroke cycle engines in order to seal the ports when the
piston is at the top of its stroke. —phFESEIMMLL B A T 24, 24i% ZE A1 TATFE T30 A %
KA. Inafour stroke engine, the skirt also guides the piston into the cylinder, countering
the side thrusts caused by the angularity of the connecting rod.7& PU & S& AL, 16 SER 2 IR AT
A SRR, IF HAR S T IR A A .

A piston assembly consists essentially of the piston crown, the skirt, a gudgeon pin and a
number of piston rings. & %E 1) £ AT VEZE L TEIEA L THIEAH A —LEVEFEER . The crown
is subject to the highest combustion pressure and thermal load. % Z& Sk /& S #RBEFT = AL 11 T iR



i, It may also suffer from impingement by the combustion flame if the atomiser spray is
defective. WIRFZABBIRZENE, EFREZRZ KA T, Piston crowns are of the dished
type to provide a combustion chamber between the piston crown and the cylinder head. 3% %€k &
I, 5T R TR B . To give the desired combustion, the shape of the bowl formed
in the crown depends on many factors, including the choice of atomiser spray. BLAFHIRAKER R
R TR Z R E, WL RTR A 28 10iE$E . The flat rim of the piston surrounding
the dished combustion chamber generally contains cut-out sections to prevent the piston from
hitting the inlet and exhaust valves. i % 1 [V171 TS ) [ 2 T i 4 2545 [U1470 P SR g 1k 3k
SR TES B35 %E. The piston crown is generally made from high quality, deformation resistant
forged steel and contains internal cooling surfaces and [the provision for a number of piston rings].
T ZE SR R D R LR AR T RO BB A i 1, e PN A 74 20 ], AR 22 3500 ZE 3R (R
The crown may taper slightly in order to allow for thermal expansion while in service. 3%k 7]
DA B HERE, LLOER I TR #4 K . During operation the upper part of the crown
becomes hotter than the lower part so it will expand more. /& TAERS, 3%2Ek b2t R4,
Fi LA IK 922 . Tapering allows a narrow clearance between piston and liner to be maintained.
XA B A 4575 FE RN 2 (] ORIE— AN /NIRRT

A piston skirt guides the piston in the cylinder, minimising the tipping of the piston which
causes high contact pressures at upper and lower parts of the piston/skirt assembly and disturbs
gas sealing of the rings. ¥EZE4H 51 FIGEIEVRGLHIZLT, B IG MR . BiRlE5RIGE L
FOANR LR P A v i s g DA K AR SERR (1) B 4. The piston skirt is subject to lower
thermal ‘and mechanical loads than the crown and can be made from materials of lower strength.
T ZEAE T SZ A BT UG G707 8 G 8 S AIG, AT LA BE AT BHEAE . It is subject to
greater rubbing against the liner, however, and should have a lower coefficient of friction. 7% ZE4
SR ETE 2 18] BE PR E, B T 0k FH R # 22 B A48, Nodular cast-iron is often used for piston

skirts due to its low coefficient of friction and ability to be readily cast into a fairly complex shape.

BRER R I B R BRI, I HLBE AR 5 fnid BRI AR, i DA R Y BR S Bk ) 1
W FERE . Aluminium is also used for piston skirts. Its low density is an advantage in terms of
inertia forces, although it has a higher coefficient of thermal expansion than nodular cast iron. %
W22 FRHIVETE ZERE, BAR T LUERERSE R I R AR RECK, B2 BT & 2% BE AR Tk
1614 77, At low loads an aluminium skirt will give increased cylinder clearance compared with
one of nodular iron, so the piston axis will differ slightly from the cylinder axis. -5 EREB452k 1%
FEREAH LD, B VE ZE AR CE AR BT I BOVRCRL IR BRI, P LAY 2 FR B 28 S R S i B VR Hp Lo 2
At reduced loads an aluminium skirt will therefore not provide as stable a platform for the piston
rings as a nodular iron skirt. 77 FEARET, SaMH00E ZE4E A 2 (G Bk BT ZEME R G ZE A4
ff— e R4 . The skirt does not need to be perfectly cylindrical, as long as it is shaped to
assist the formation of an effective lubricant film between piston and liner. % ZE4E A 046 20 T %,
—N AR EREAR, R B R Y 7 TS SEANR BB TR AN B T i 5k 7T A . Some
skirts taper slightly from bottom to top while others are of oval section, with the minor axis
parallel to the axis of the gudgeon pin.—L&yH FERE 2> MR ] BB —MERE, — e G iR
AT, AT R A AT R TR B 2R

In most engines the top three rings are classed as compression rings, although the upper ring
takes most of the gas loading. KZ H SNl & LRI =18 V& FE 30 2 R 46538 (3F) Ring
materials should be compatible with the liner material in order to avoid scuffing as the rings rub
over the liner surface. 7% ZE¥ MR N IZ 5K ELEMIARARE B, 8 G iG ZE LB R
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T i 2 4% . Rings must retain their initial spring at operational temperatures and pressures,
resist thermal cracking and maintain their mechanical strength. & &2 ZI1E TAE I S AR
TERFFRIGE BB, A H IR SO R FEVLMGRSE . 1deally they should have some self
lubricating properties. BRAR B HL T, BTN ZA — & HIEERHE.  Cast iron is an ideal
material but for modern conditions alloying elements such as manganese, chromium and
molybdenum are employed to improve mechanical strength, heat resistance and self-lubrication.
Bt —MEARROA R, IR AR — S S0 R AR . R AR DN B 2 vh B RS S L
SRAE . AR B EIERE T
Cylinder Liners &fiLE

Cylinder liners are centrifugally cast from nodular or close grained cast iron to obtain good
mechanical strength and wear resistance. J<HL% & T ER 845 2k ol & an sk sk B0 00638, 2
K15 B I HOH L5 FE AN B . A rigid liner bore which is free of distortion is ideal and, with
the provision of good lubrication, provides optimum running conditions for the piston and piston
rings. BEARMELLN, WACH RIGAIEN, & EANE N TAE T RAEZM, —ANIMERIIER
AN&AFFEI,  Liners fit into the cylinder block, but for many highly rated engines the cylinder
block does not always house the water jacket which is instead provided by means of a separate
unitmounted above the block. VAHIE LHIEIRHIMA [, (HE—L KIhZ 1 AL MLV R A L
R AR H g, R ARG B — AN SIS AT, Such an arrangement
provides cooling just where it is required, at the upper part of the cylinder liner, and also avoids
the risk of cooling water leaking into the crankcase or of oil from the crankcase gaining entry to
the cooling water system. XA 1A EAG L7 E1 TIRELE R &S, &% T ¥4 &1 7K kRt thh 46
Il AR AR OB HE N A EI R SER &R . The liner is located within this jacket unit and sealing
rings are provided to prevent water leakage./XHI BN T /KERIPNEE, % E BB kKT,
The jacket unit sits on the cylinder block and is held in place by the cylinder head.7K & % 257515
G fk L, FIRET S EA.  Although such jackets may not be shrink fits with the liner they should
be neat fits and add strength to the upper part of the liner under working conditions /R /K £ &K
B2 AR AEZS, BRI S REF, MELEAAT TR T, KERMIZMNAEE
LEBHEIN—E M I, Individual jackets ensure low cylinder liner distortion and prevent any one
cylinder causing distortion of neighbouring cylinders. S ) 7k & HHFAER FLEZ AR, Bk
HEZHEHPMA . The liners.must be a-neat fit in the cylinder block to prevent
distortion. T E 20 # R i Hh 2 3 2R B BB B4 ¥ . For two stroke engines it is
essential that the correct angular position is obtained, so exhaust and air inlet ports are aligned
with their respective passages. 2SN FTEEA RN 22 M R, BAEHER D IEL
e HEIE R —4k. Sealing rings are still provided between the liner and the cylinder
block, even though there may be no water jacket in the block, to prevent oil leaking into the
cylinder block section. RIFRETHA& LA /KE, ERILEMRTKR HRER HHHE, Bt
HIRMEREL RN . Where the cylinder block provides a water jacket for the cylinder liner,
sealing rings are required at the lower part of the liner. XFEHL T, IKEARMAIE N T IKELER
IKE, B 2 ARV LR T #5. Some sealing arrangement is also needed in the liner above
the jacket. 7F47%8 HLth 75 B & — 24254}, Itis usual to provide a telltale between the two lower
sealing rings, so that water leaking past the upper seal ring or oil leaking past the lower ring may
be readily detected. & 7£ PUERARE B LR T — MER#, I BAA S KM b1 % 3
PR YR B Il DA T ) 2 4 PR U TS AT DA B Mk SR . An allternative to having a jacket
around the upper part of the liner is to have a solid upper section liner of the desired thickness for



strength, and to provide some sort of cooling, usually bore cooling.—F & 48 5122 SR L E
M B TEKE, W REALAE. , BN LMEJE, RALEW MR, MnfRist]—Lk
W,

CYLINDER HEAD {&fil#%

The cylinder head must effectively close the upper part of the cylinder and provide space for
air inlet and exhaust valves, a fuel injector and a number of other fittings such as air start valve,
relief valve and indicator cock. VLG 4 2 RO A A VRRE A L35, b HE = SR T Moo 2%
EFAl— e BN SR e BRAR D% T A fE k2238 50, In Vee type engines it
is usual to fit air start valves to one bank of cylinders only. 7EVHINL L, 8% RAE—FiK G %
&5 52K . The head must resist mechanical stress due to peak firing pressure and must also
be cooled to maintain strength. T 35 06 e % A S2 A K K J1FTP= R HOHLBRRE 17, 28174 H LA
LREFGEE . As with cylinder liners, cooling can present problems related to thermal stress and an
effective system of coolant circulation is needed. 75T 74 H1 R EA7-7E 8 77 ] #iAlthough
many cylinder heads still employ cored-out cooling spaces, some engines (e.g. Sulzer 'Z' range)
make use of bore cooling systems. SR ZIRHL#E K W AR A1, (H—Le58ihbL

(s 73R FZRF)) KA FLA 175 30 n some cases combined bore and cavity cooling is used,
with the bores located at the lower face closest to the combustion chamber where the cooling
effectis critical. —LEfi, BEFLA RIS XS MRE A, ARSI I PRI K5
IRBE I HLA I R AR %4 . This lower face is known as the 'flame plate'. T 2% 1 — AR /E

“J&H”  The cylinder head sits on the top of the liner and holds it in place. YX{HLFAL TIRHLE
L, IRE @ KA EA number of hydraulically tightened studs are usually employed to hold the
head onto the cylinder block.— &g i I B Wk i 5 FH SR B IR BT 75 8 58 BV ET 44 I Cooling
water flows from the cylinder liner to the cylinder head either directly, with self sealing
connections, or by means of connecting pipes. VR GLE R GL 25 2 7155 & ECR FEEE 5,
W E7K B3 MR T B YR 5 Water outlet flow is fro m the top of the head to a common
flow pipe. ##I7K WV 55 3090 H 2 E— AN AL . Some form of air vent arrangement is
usually provided at the water outlet pipe to ensure removal of air from the coolant passageways
following overhaul 7E#4 £17K H I H 22 — 2o PR AR, FILAKIE G I 207 28 h IR RS
{&. For most engines each unit, cylinder liner jacket and head, can be isolated from the coolant
circulating system so it is only necessary to drain the unit being overhauled. %} K2 #2421,
TRELE KBV G & BT T DA RIER ST R, BT AR B0 RAB IR 5 22 50
7i%% . The cylinder head also connects to the air inlet and exhaust trunkings, passageways are cast
into the cylinder head to permit the flow of combustion-air and exhaust gas.i< il % 1% 3 )25,
ANCHHERA, XE@EESIEIEVR AL b, RVPHEE S SN S .



LESSON 18
Boiler Management 4R B

General management principles and operating procedures are well known and must be
always followed to avoid boiler mishaps. . 1% #1458 04 & 21 U ISR ERE 7, 0 2004 Jo T
FRFPHRAE, S i

With many small package boilers, the automatic control sequence usually ensures that the
boiler fire is initially ignited from a diesel oil supply, and changed over to the usual source when
ignition is completed. Xf TR ZHU/MNEEL, H IR T RIS Semh Ak, Mk
58 RN 7E BE R T R BR KL . With good management, to facilitate subsequent starting from cold,
the fuel system of large boilers will have been flushed through with diesel oil when the boiler was

on light duty immediately prior to being secured. & H KT (Y, N7 HE T — KIS,
YRR TE R i S BB b B/, o S ki R St . When burning such diesel fuel
it is essential for safety that only the correct (small) burner tip should be used. 4#AREIX LR L8
AT, B A, AR IER Y ML Bl 25 . 1t should be kept in mind that if fire does
not light, immediately shut off fuel and vent furnace. By 7 — H s AR, B B 4y,
EER LY GEE)N

Complete ignition of fuel in the furnace is essential. 5824 sURK B A (KA 2 B2 (1) The
burner flame, the smoke indicator and the funnel should be frequently observed. 1% # WL ZZA
Bl kMG SRR as AR K. With satisfactory combustion, the flame should appear
incandescent with an orange shade at the flame tip, and a faint brownish haze should show at the
funnel JAKE R AT, JOEie RO, JOAmEEEE, MHEHE ERE . 1f on first
ignition the flame is uncertain, badly shaped and separates from the primary swirler, momentary
opening or closing of air register may correct. 4R WX s K J5 KIGATE, TERA R HSThEH
BC RS 43I, ) B U] o e X A AR

The pH value of the boiler feed water should be kept between 8 and 9 and the boiler density
less than 300 ppm[. Ibut, if water samples show a heavy concentration of suspended mater, short
blow-downs of 20 seconds duration should be given until the sludge content is seen to be reduced.
FatPgs K PH B RIZAE 8-9 ZIA), HKEZ/NT 300ppm, (HZ UK e Eon B ik fEd
T, AT 2080 H N HES, ELEIE BIEY D . The boiler should be blown down when the oil
burner is operating, the water level lowered and then restored to prove the functioning of the low
water cut-out and the-oil burner start-up equipment. FHES MIZIERREER TAEREET, Sk
R ARG YRET,  LAUE BRAR K A7 DT Th R AN B ke # JE 3¢ B IE# . The boiler scum
valve should also be operated at this time to keep the water level clear floating scum.iX i & I
HiT 18t S AZ AT B DL DR 2K I 5 T

Fuel burner components and igniter electrodes should be cleaned weekly and the furnace
examined to ensure that there are no excess carbon deposits. JAJe 2% 4514 A1 5 J b AR S %45 35
W, WP R A DU A AR

Tubes in the exhaust gas section of the boiler should be brushed through at about six-monthly
intervals, and those in the oil-burning section periodically examined and cleaned as necessary with
a wire bristle brush. st < X 3 H) BT I BE 7S A H ZEADRMIBE — Ik, A FH A0 X ) A
NLERAKE A, 0B I ] DL AN 22 Y. With correct feed water treatment, blow-down
procedures and sludge contents in water samples at a stable level, it should not be necessary to
wash out the water side of the boiler more than once every three or four months. 4% 145 /K AbHE R
U, HESERAEIERS, HAKREFRE S BRE, Wa KM =DA Higs— ks LT .

Boiler fires may be out for long periods when a ship is at sea and the boiler steaming
maintained by heat input from waste heat recovery plant. 4MAAZERE AT RIRHE, apraT K
IF IS 2K, AT DA pR g R Il i ke B AR R B <. This operation is free from hazard, but feed
water and boiler water treatment must be maintained to prevent internal deterioration or scale
formation. X IZATHR YA fEE, E & U AE A FREE KA K, 7 1k A 30 o DB K 3 -
Water level controllers must be kept operable to protect external steam-using plant from water
“carry-over” danger. A RFFK AL HIEE EH TAE, LA A0 A3 B 2 B 250K fE
Fo

If a boiler is isolated from the steam-using system it must be kept either in closed dry storage
with a suitable internal desiccant, or completely full of treated water, or under a low steam
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pressure preferably maintained by a steam-heated coil. 415RZLE Y WRR RGERRIT, BE1E
Bty P TBGE B TR P TR P R TR, B R R AL B K, B AR
INFAERPLERFAEAR TR TR .

Regular testing of boiler protective devices must be implemented . {325 B 1A 45 5 i Sz
I o

Frequent comparison of drum-mounted and remote-reading water level indicators:
discrepancies between these have contributed to failures because of overheating through shortage
of water, when a boiler was being oil-fired. EZ ¥ LR LR KA FIZRE KA V151,
L AL T K ARSI i, EATZ A1 22 53 1 0 S B0 DR ok i B il IF in
doubt as to the true boiler water level, i.e. whether a water level indicator sightglass is completely
full or empty, when a unit is being oil-fired the fire should be immediately extinguished until the
true level is resolved. I S 8t (9 BLSL K ALH FTARGE, 2, Til/KAITF MRS B2
AR A, AL TR TAERZAS N RS R K, BRI KA

Procedures should be predetermined and followed in the event of shortage of water, bulging
or fracture of plates or furnace, or bursting of water tubes. 3 iZT5cH]E —LFE R, FHFAEER L
SRR AR . 28, B BUKECE K E R RS TIX LR P . In general, fires should be
immediately extinguished by remote tripping of fuel supply valves; forced draught air pressure
maintained if there is any risk of escaping steam entering the boiler room; [stem] pressure relieved
if metallic fractures seem possible; and boiler water level maintained, where practicable, until the
boiler begins to cool down.J& 5L, B 7 BV I ik 10 e 328 42 39 DD o (5 oL s SR ZR VR AT
eI RE N Bl 1], B2 RIS XUE 77 IR AT R R AL SRR, R EIE T
AR AT RE IS, AERGH A A 2 FT R CRRET IR KA o

Regular operation of soot blowers, if there are fitted, when the boiler is on oil-fired operation.
WIS G WROK A, RLAES I AL T R AR 2 IR K . The steam supply line must be
thoroughly warmed and drained before the blowers are used, the air/fuel ratio increased
throughout the action, and blowers greased after use.fli WK 832 1T, A8 MR 58 4 TR
i€ G 22 2 1 V) N = O % =g A i =

Immediate investigation of any high salinity alarms in condensate system, and elimination of
any salt water or oil contamination of hoiler feed water system. {1 574 5k 22 454 e £ 5§78 8 ST
RIEAT A, JHERREG KRG MK AG

Safety precautions taken before entering a boiler connected to another boiler under steam. it
A5 AR AR B B b 2 /T, BRI 24 TR it -

The main engine may be kept in operation with the boiler dry and the gases passing through
the exhaust gas section. 4454 Jo/K T, T AT DLRFRE e, i AHEARIE I S d i) 2 RUIX 4k
If this is to be done for a prolonged period it is advisable to allow a current of air to flow through
the boiler by removing manhole, sighthole and mudhole covers. 21 544X Ffrig K 28 4 it a] py gk
1T, LTI NFL MG A I FL 35 AR A 2 St B4 = B & Y o IF refilling a hot boiler the
main engine speed should be reduced to slow for half an hour and the feed water supplied be as
hot as possible; thereafter the main engine may be brought up to power over a similar period. 45
A BRI AN, LA R RIS AT 2N, Sk AT AR, S8)E, NI
AR TR 1] AR R Th 2
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LESSON 19

Refrigeration System ¥ &4t

Fundamentals FEA<E

Refrigeration is the process of removing heat, and the practical application is to produce or
maintain temperatures below the ambient. The basic principles are those of thermodynamics. #1] ¥4
F R BRI RE, SERR R 32 AR BRI T P8 il B8 o B 5L B A ) 22 ) — e Sk

Heat is one of the many forms of energy and mainly arises from chemical sources. # /& fE & ft
—FpHER, FERE FL#AE. The heat of a body is its thermal or internal energy, and a change
in this energy may show as a change of temperature or a change between the solid, liquid and
gaseous states. HUEPIAEMAAEELNBE, AAENIECE AT RG22 R E I SR Bk E A5 . S
KA IAIAEAL . Matter may also have other forms of energy, potential or kinetic, depending on
pressure, position and movement. )i il GEH HE AW GE R, LinBEEsizhAE, X i3 HHL
RTYIREIE S, B AMIZS). Enthalpy is the sum of its internal energy and flow work and is
given by: H = u+ Pv. & 45 (1 Y REFIR S TN IS AT, TIRIEAH =u+Pv . Inthe process
where there is steady flow, the factor Pv will not change appreciably and the difference in
enthalpy will be the quantity of heat gained or lost./EA2 2 S FEF, PVIIA SR, JAM
AALHL AR Bk A

If a change of enthalpy can be sensed as a change of temperature, it is called sensible heat. {15
JERIARAL, Wh ARSI BR AR, AR . This is expressed as specific heat capacity,
i.e. the change in enthalpy per degree of temperature change, in ki/ (kg K). iX#R gk, it
SR ERERA B E, #ArEk) (kg K). If there is no change of temperature but a
change of state (solid to liquid, liquid to gas, or vice versa) it is called latent heat.un %% 15
MR, AHRE VIR R (EARE BB, WA, ikt —F. ), &
ny fiyE . This is expressed as kd/kg, but it varies with the boiling temperature, and so is usually
qualified by this condition. 7 # KA AKIKg, H 2T b Wb IR B AR 4k, B LS8 & gt R e
TEBIE AT

The temperature at which a liquid boils s not constant, but varies with the pressure. ¥4 5
HR AN, B R R /174846, Thus, while the boiling point of water is commonly taken as
100°C, this is only true at a pressure of one standard atmosphere (1.013 bar) and, by varying the
pressure, the boiling point can be changed.Flitk, 24—k A7 A=21007C, X R 2KE—
AMFRAER SR (1.013 bar) R A, & o028y, P s,

The boiling point is limited by the critical temperature at the upper end, beyond which it cannot
exist as a liquid, and by the triple point at the lower end, which is at the freezing temperature.
ARBRETENE FHRFE LA b, I SRR DL R AEAEA, I 5 i LA I = A0 2 e A4 . Between
these two limits, if the liquid is at a pressure higher than its boiling pressure, it will remain a liquid
and will be subcooled below the saturation condition, while if the temperature is higher than
saturation, it will be a gas and superheated. £33 AN SR 2 8], G0 S A HE 7 bl e IR RT &
J1%, BACRFFRRIRE, RS TFHA—Ed %, AR IR, Bae
AR SR, 5 — E 1L #4G If both liquid and vapour are at rest in the same enclosure, and no other
volatile substance is present, the condition must lie on the saturation line. i 5% 44 F1 <44k [ i) 77
T —ANEREHIREE R EAREVIFLE, XN 0E L THEFRE.

Basic vapour compression cycle A&k K G
A liquid boils and condenses-the change between the liquid and gaseous states—at a
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temperature which depends on its pressure, within the limits of its freezing point and critical
temperature. YR I 28 R A4 E—TE AR ST SRS Z B (b —K i T H k7, JF %
bt s A FHIELEE 2 18], In boiling it must obtain the latent heat of evaporation and in
condensing the latent heat must be given up again. ZEFBHSNT, WKL TIRIGZE R IFR, AN
e, TG BT RCH 25 - The basic refrigeration cycle makes use of the boiling and condensing
of a working fluid at different temperatures and, therefore, at different pressures.3& 7 [ il A& 34
I AR GAALEAS R BEAAN R He R (R 28 R ANVt

Heat is put into the fluid in the evaporator at the lower temperature and pressure and provides
the latent heat to make it boil and change to a vapour. #E7&& &, & /7HEAK, AR L
UK, XEF AR, kg mR AR AE R, A IS AL R IR . This vapour is
then mechanically compressed by the compressor to a higher pressure and a corresponding
saturation temperature at which its latent heat can be rejected in the condenser so that it changes
back to a liquid.iX L8 2V Bl K A WU LI 4 e R 280, 7EVREdR b, 7EXT LA T AR B2
BRI PR R, B AR A [

A working system will require a connection between the condenser and the inlet to the
evaporator to complete the circuit. —AN TAF RSt Ts BAE A Beas FIZE R 88 N 11 2 8] 7 iEH2 DA
SEHEEEAN A% . Since these are at different pressures this connection will require a pressure
reducing and metering valve. 5 T B A 11 E JIAN[E, AT AR ANERIF 1 & E— AN 2A B EFR
I RERIIE o Since the reduction in pressure at this valve must cause a corresponding drop in
temperature, some of the fluid will flash off into vapour to remove the energy for this cooling. H
TAE IR ACAT B, o 58 2 5 REAR L AU BE RS, — SRR DA R B8R s 7 A i SEBLR A
The volume of the working fluid therefore increases at the valve by this amount of flash gas, and
gives rise to its name, the expansion valve. TAEGAATLE Z R f5 H - IA & B S BT DAR BRSO,
R R E AT, KR
Refrigerants 5%

Ideal properties for a refrigerant #1¥4 7 [ E A8 44 8%

It will be useful to remind ourselves of the requirements for a fluid used as a refrigerant. ;X ¥
A BHFRATTTE A SR AE S 78 770 (R A BT S L 45 10 2% A8 o
« A high latent heat of vaporization & 2% A i
o A high density of suction gas 7 (WS 25 &

« Non-corrosive, non-toxic and non-flammable JEJE vt TEEENE. A5 BREE
e Critical temperature and triple point outside the working rangellfs F i 5 Al = FH &5 7E TAR IR

JaE LA
« Compatibility with component materials and lubricating oil -5 R 4444 B i 18 b AT e 4%

« Reasonable working pressures (not too high, or below atmospheric pressure) & i TAF &

(AKE, UAMETRIED

o High dielectric strength (for compressors with integral motors)im £ 5 B (4 ALAT ERLATLA
)

e Low cost fik/&A

o Ease of leak detection I #7575 5

o Environmentally friendly 5% 4F

Ozone depletion potential (ODP)REHFEHFEH

The ozone layer in our upper atmosphere provides a filter for ultraviolet radiation, which can
be harmful to our health. R E0 T REMISMNE, F24E T — A7 LA FR S DA



HAMEIT NTHI{E R 5 . Research has found that the ozone layer is thinning, due to emissions
into the atmosphere of chlorofluorocarbons (CFCs), halons and bromides. #iff 72 & Bl H T 17 K5,
FFHERSE R (CFCs), B e DL iRk, RAEJZIEAEAL# . The Montreal Protocol in 1987
agreed that the production of these chemicals would be phased out by 1995 and alternative fluids
developed. 1987 4F ¥ SRR /K B IR T I L6 4, 2 7= i $1)1995 2 BT IZ AR, FF R B A= o

e R22 is an HCFC and now regarded as a transitional refrigerant, in that it will be completely

phased out of production by 2030, as agreed under the Montreal Protocol. R227& —Ff& L&A

AR, DAEBCA IS — R R 7], AR SRR ML, & 203048 2 HiT 22 56 4 4 %)
Global warming potential (GWP) £3RZZEER AR

Global warming is the increasing of the world’s temperatures, which results in melting of the
polar ice caps and rising sea levels. 4¥RAFHE LR SR E R F &, © S EWIRKIERIL, i
“FTH FFiEr . Itis caused by the release into the atmosphere of so-called ‘greenhouse’ gases, which
form a blanket and reflect heat back to the earth’s surface, or hold heat in the atmosphere. iXH H
FAE CRESAR” BREIRAP SRR, RESARGE T FAAEIRINZ, R
SRF [ R 2 T AT AR B 2 K2 BL. The most infamous greenhouse gas is carbon dioxide
(C0O2), which once released remains in the atmosphere for 500 years, so there is a constant
build-up as time progresses.fi 5 4 IR 116 2= SAE 8 Bk (CO2) , 'B— ERRE| =S,
SRTERRP S0, FrUlbiE R H AR, ErE AT =,

The main cause of CO2 emission is in the generation of electricity at power stations. —%({t
TR R R KT . Each kWh of electricity used in the UK produces about 0.53
kg of CO2 and it'is estimated that refrigeration compressors in the UK consume 12.5 billion kWh
per year. TE3E[E&EH— L7742 K290.53 kg 1) ZEAGRK, HEA T TESE E HA R4E P LA

24 FE12.510FH#, The newly developed refrigerant gases also have a global warming
potential if released into the atmosphere. 71 /& (174 F R AR BB Sk, A & BRAR
BEZ 18 fE, For example, R134a has a GWP of 1300, which means that the emission of 1 kg of
R134a is equivalent to 1300 kg'of CO2.f5 tIIR134aff] 4= ERAZ W& 7 AL A 91300, tmlh &k E PEAL
1kgIHR134ami Al 24 T ik 1300kgCO2 &

Ammonia and the hydrocarbons &SS9

These fluids have virtually zero ODP.and zero GWP when released into the atmosphere. iX
SRR R, SERR AT SLAEUTHARE REME A kAR 8 AE{E . Ammonia has long
been used as a refrigerant for industrial applications. % L& 1A Tk A KA FIRK . The
engineering and servicing requirements are well established to deal with its high toxicity and
flammability. © 28R 47 Ml 2 T A2 1A AR 45 b 1) 2 SR SR A 3 e ) v 2 M A m R .
Ammonia cannot be used with copper or copper alloys, so refrigerant piping and components have
to be steel or aluminium. ZANREFIG 474 42, B ARIYA 8 A0 00 20 S Bl 4A
One property that is unique to ammonia compared to all other refrigerants is that it is less dense
than air, so a leakage of ammonia results in it rising above the plant room and into the atmosphere.
M ) — MR S BT R FIA L, B RER, AR S8
TR AL T AR, B R SR KRS . If the plant room is outside or on the roof of a
building, the escaping ammonia will drift away from the refrigeration plant. “1Z MU ALFT7E 41
BB IR TOEE, 1A RG bt ok E 21818 # 2. The safety aspects of
ammonia plants are well documented and there is reason to expect an increase in the use of
ammonia as a refrigerant. 45 BEUF B 24 2% B 22 7 T A W RS, IBAmA b E
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Hydrocarbons such as propane and butane are being successfully used as replacement and
new refrigerants for R12 systems. BALEWILLUPILEAN T e s Th & AOFEAR12 R 410
Biv45. They obviously have flammable characteristics which have to be taken into account by
health and safety requirements. ‘&4 THH S (1) KA ATk, 020055 LB 15 2 42 7 T 1) — e
3R, However, there is a market for their use in sealed refrigerant systems such as domestic
refrigeration and unitary air-conditioners.Aifij, 7EZ 3 U R CHLan 5 A v B & AL
D BRI
Refrigerant blends JE-& %1%

Many of the new, alternative refrigerants are ‘blends’, which have two or three components,
developed for existing and new plants as comparable alternatives to the refrigerants being replaced.
—EEH L AL R A TR S, ERA MBS RN, (AR T AR AL
VA7, T HEBLAE R 2 B4, They are ‘zeotropes® with varying evaporating or condensing
temperatures in the latent heat of vaporization phase, referred to as the ‘temperature glide’. ‘1]
SEAEILIIR S, TEFR B BOR AR A, BAT AR 078 R B BHREE , s IR EE R 7.

The temperature glide can be used to advantage in improving plant performance, by correct
design of the heat exchangers. & ER I THAAT AR, P LA S50R] IR B 1 R Sk 4 v 2 B 1
fit. A problem associated with blends is that refrigerant leakage results in a change in the
component concentration of the refrigerant. — N1V A4 FIAH 5 A 1] L2 0 SR ) Y4 TR ik 2
SHURA R R B 9351k . However, tests indicate that small changes in concentration (say
less than 10%) have a negligible effect on plant performance. il /&, i BRI I AN KN

A /INT10%) B 1AM RE (152 m] LA 2 ANt

The following recommendations apply to the use of blends: T T &8 F V& &2 7 2L .

e The plant must always be charged with liquid refrigerant, or the component concentrations
will shift. 2% B WA BRI ), 75 W8T BRI 2 R A B

e Since most blends contain at least one flammable component, the entry of air into the system
must be avoided. 1T K ZHOR A&7 2 0H — P BRELSY, FT DLAAZI0EE S 2= Sk N R4

e Blends which have a large temperature glide, greater than 5K, should not be used for
flooded-type evaporators. 474 718 KR, & 285K, FT A RIER R 78 K
s





