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Marine engineering is the branch of ehgineering
technology that deals with machj.nery used on boaral ships.

(I) External-Conibustion Engine

The narine engine cotq)tises a llain engine, an
auxiliary engine and auxiliary rnachinery.

a) Main engine and auxiliary engj.ne

The nain engine is used foE the propulsion
of tne ship, and is sonetimes called ,'propulsion engine'.. The
ship's speed is controLled by means of changes in the engine's
revolution, or, in the case of a controltable pitch propeller, by
changes j"n propeller pttdr. The auxiliary engine is always kept at
a constant revolution for operating the electric generatof.

b) Auxiliaw rnachinerv

The auxiLj-ary machinery conprises pr8q)s,
the !,rater dlstilling plant, the air conditioning plant, steering
gear, alec* nachinery, etc. The purpose of the auxiliar!' nachinety
is to assist tile ship's srcoth operation.

Classification

I.2. I  Classi f icat ion by purpose

I.2.2 Kinds of rnain engines and auxi l ia ly engines

Main and auxiliarv enoines are divided into
thlee groq)s, as fol.lows:

MARINE ENGINEERING

I NTRODUCTION

1.1 Def ihi t ion

engine, trip Ie -e).p ans ion
uniflow engine)

conpounal turbines)

(a) stearn reciprocating engine (cotrpound
engine, quaalruple-expansion engine anal

(b) Stearn turbine (lmpul"se, leaction,
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(2) Internal-conbust ion Engine

(a) Diesel engine (2- and 4-cycle engines)

(b) spalk iqnition enqine (2- and
d-cycle engines)

{c) cas turbine (open, closed' senl-closeal

(3) Nuclear power

types)

(1) Fuel consuq)tion

The fuel consunption of aliesel engines is
Lolrei tlan that of steam engines, because in the diesel engine tlle
fuel oil is bunt in tie cylinder (conbustion chanber) itsel.f, l'hile
in steam engines, including stean turbines, t}Ie fueL is burnt in
another part of the eq\upnent such as the furnace of a wate! boiler
the latter being equipped $ith feed-vater and steam piping systeDs,
hence t}lele is greater thermal loss in steam engines than in diesel
engines. Table 1.I shot s fuel- consunpLion and t}|elllral effibiencf.

Fig. 1.1 shovrs sonE kinds of hain engines.

I .2.3 conpal ison of steaft  and dieseL engines

T a t l e  1 . 1

Rate of fuel consunption Thernal
Kind of engine lkg/P.s.! ! l  ef f ic iency

{ r )

s team englne
(ReciprocaLing)

S team turbine

Diesel engine

0 .4  -  0 .6

o . zL  -  4 .4

0 . ! 6  -  o .22

1 2 - 2 0

2 A - 3 0

3 0 - 4 5

V P.S. alenotes Pferalestaeike,
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Unfler the sane conditions, the dlesel
engine ha6 ajr advantage ove! other engines because of loue! fuel
constep ti on .

( 3 )

(2) Running dis tance

Equipnent

steam engines the boiler is fiist
tlen tie engine is warneat uP. This

On the otlle! hand, the aliesel englne
tinE without warninq up.

Dlesel- engines have a further advantage
in tiat equiprEnts such as a water boiler, feed wate! and Btearn
pipillg syst€ns are not necessary. Diesel engines sinplify the engine
oPerating systemr on tlle other hanal, the stnrcturie of dieseL englnes
is more conplicated.

(4) Nunber of crew

A ship equipped with a diesel- engine can
operate with a soalle! nrmber of engine crew, owing to the diesel
engine's equiptnent belng less conPlicated than that of a steam engine.

(5) Preparation time before starting engi.ne

For
filed to evapolate the r"rater,
operation requiles rBny hours.
can be started at any desired

(6) operation at fol.) revoLution

The steam engine can be opelated lrithin
any range of low f,evolution. I{'hile the diesel engine cannot be
opelated at 1o({ levolution because misfiling occurs.

{7) Turning torque

Since the diesel engine changes the tutning
torque very often in the course of its revolution, it causeg engine
viblation which, if exces6ive, results in engine tlouble. The
oPelation of the stearn engine, on the other hand, can be carried out
vew sllbothlv.

(8) Poi.er capacity

In telms of power capacity per unit, the
stea& tulbine has advantages over the diesel engine and steam engine.
The stea$ tutbine develops sevelal tens of thousanals P.S. per unlt,
whereas only 36,000 p.S. per unit ale obtaineal fron the diesel
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(9) weight and capacity

Fig. L.2 indicates t} te weight and p.S.
of nain engines. As shown in figs. 1.2 and 1.3, the steam turbrne
is t}le lightest and tie stean reciprocating englne i6 the heavlest.
As legarals aie€e] engines a non-clutch diesel engine (alirect
prop\lIsion engine) j.s heavier than the teatuction geaf, type, A
realuction gear is useal in a high speed engine; consequently, it is
fighter than tie non-clutch tlpe. As regaxds capacity, the oraler is
as follors: the stean turbine has the highest capacity, follolred by
tie allesel. engine and the stean r€ciprocating engine.

reversed by nEatrs
but stean turbines
turbine.

(b)
reliability and durability.

(d)

a snalL

(10) Reversing netnods

Stealr and diesel engines can ea6ily be
of a change of the levoLution or reversing gea!,

cannot be revelsed without the aid of, a reversing

(11) Ease of nranufacture anal opelation

steam engines at€ easier to nanufacture
than steam turbines and diesef englnes, and, bliefly stated, t}le
sarE order applies as regards ease in opeEating these engines.

(12) Marlne engines shoulal neet the follovring
requilements:

(a) The engine should
thernaL efficiency to reduce operating costs.

the engine shoulal

Posse6s a high

posseas high

(c) For ease of operation, structure and
equiprents should not be colplicatedi the engine shoulal not requile
flequent ovethauls, anal overhauling shoulat be made simple.

can be operated wlth
personnef expenses.

in si  ze.

polrer per un!. t.

( e )

( f )

The engine should be such that it
nriiber of engine cxew, thus reducing

The engine should be Light atrd snEtl

The engine should yieLd high horse-
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(13) !,lanufacturing costs anal service life

The manufacturing costs of the steam engine
are the lowest follor{ed by the stearn turbine and the diesel engine;
as regards service life, the sane order applies.

2 . AU)Ct LIABIES

2.L Punps

2.I . I  operat ing pr inciples and head

2.1. f  . l  (Derat ing pr inciples

If nercury is filled into a glass tube
closed at one end? and the tube is inverted in a basin containing
mercury, the nErcury coluftm in tne tube v,i1l drop to a level 760 nrr
above tie surface of the nercury in the basin, anal a vacuum is
produceal at the top of the tube. This vacuun is knoltn as the

"TorricelLian vacuum'. The mercury collrrn in the tube is balanced
by the atnospheric pr.essure; that is, the nercury col\nnn is strcked
up by the vacuun at the top of the tube. If fxesh water is useal
instead of nercuq', the height of the fresh water colunm will be
1 0 , 3 3  n  ( 0 , 7  r n  x  1 3 . 6  ( s p e c i f i c  g r a v i t y  o f  m e r c u t y ) ) .

A purnp acts on this Piincipfe; It
creates a locaf vacuum in a vessel to develop a differential plessure
with t-he atrnospheric pressure. It ca.r| therefole be useal for sucking
up water: fr:on a low place. The puq) exerts a pressure on the watel
to bring it up to a high place or a place having a higher pressure
than aunospheric,

2 . 1 . I . 2  H e a d

with reference to r ig.  2.1, the
pelpendicular distance hc (trr) from the pwrp center to the water
surface levef of tne wat;r  source below is cal ted "suct ion head";
the perpendicular distance hj(m) fxom the center of the p|m|tr) to t}le
nater surface fevel in the w:ter tank above is called "de1ivery head",
a n d  L h e  r o t a l  ( h s  {  h d  -  h  ( m ) )  j s  c a l l e d  ' L o t a l  h e a d "  o r  " a c L u a ]



In Benoulli's tieorern,

v2
' '  29

F iq .  2 .L  I
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v2
where ,;-

-+z

I
t'v-'l
I
z

is velocitt' head

is Plessure heaal

is Potential head

is Total head.-li,
while t}Ie delivery heaal of a pulp can

be increased up to whatever value its prime mover can achieve, tie
suction head is limitalive. AB dli:eady e4)laj"ned, the water can
theoretically be sucked up to a heiqht of 10.33 n by t}le force of a
perfect vacuunr. Aor the foflotring reasons, however, lbre than 6 to
7 m of suction head ia inpractical:

(a) It j.s alnost inpossi-ble to
estabLiEh a perfect vacuun insiale the pump because it is difftcult
to nalntain aixLightneas in the puq).

{b) water contains a slight quantity
of air which, when evacuated, follls rrater vapour to meet wate:a
tenlperature, thus realucing the deglee of vacuum inside t}le punp.

(c) Head l-oss is caused by friction
in the suclion tube and tie valve, etc.

Table 2.1 shows the relationship
belreen gater tenperature and naxinrul suction head on the assunption
that neit-her air leakage nor fricti.onal foss occu!.

Table 2,2 shows the relationshi.p
bet\deen the change 1n the atnospheric pressure or{ing to chEnge it!
altitutle anal the naxilun 6uct^ion heail for flesh water with the
atsspheric teq)erature at 10-C.



The maxi.lrrDr theoletical Suction head
of liquids otler than fresh vrat4r is giveb by the folloring fornula !

Suction heaal,

-  1 0 . 3 3
h = - (rn,

whele r is specific gravity of liquid

Eor exan{) le,  gasol ine, which has a specif j "c gravi ty of 0.7,
has a maxinun suction heaal of 14.76 m

, .  ro .33
' -  0 , 7

Tabl.e 2,1

Iable 2.2

terqrerature, 
oC 0 fo 2 0 30 40 50 60 70 ao 90 r00

Head of, vapou!
corresponding

tenperature, rn 0 , 0 0 o.12 o .24 0 .43 0 . 7 5 1 , 3 0 2 . 0 0 3 . 2 0 4 .  A 0 7. r0 1o.33

Max. suction
head, m 1"0 .3 3 t o . 2 t r0 .09 9 , 9 0 9 .5a 9 . 0 3 8 . 3 3 7. r3 o. oo

Height above
sea Ievel,  r l

o 100 200 300 400 500 looo r500

Ahlospheri c
pressule ( tg), 76.O 7 4 . 2 1 2 . 4 6 7  . 4

Max, suction
heaal, m f 0 . 3 3 1 0 . 2 0 10 .08 9 . 9 1 9 . 8 3 9 . 7 0 9 .00 8 . 6 0



2.L.2 Claasification of pwtps

Purq,a a:€ loughLy classifieal into rota4' and
reciprocating typea.

2.1.2.1 Classification by structure

prlolpg are also cl.assified by structure
anil application into Eeveral varielies, as foll.oos:

(a) IGciprocating pu!g)

(b) Centrifugal punE)

(c) Axiat flow puq)

(d) Rotary prdrp

(e) Jet prmrp

(f) special punp

In flshing boat6, fttstly dieset engines
a-re inst-alLeal a€ nain antl auxilia:v engines, altd ttle plrp is
generaLly alriven by the nain engine in the case of, snaLl vesselE attd
by motor-povre! frotn a generatot drtven by an auxilialy engibe in the
case of 1a!9e! vessels.

2,1.2.2 Classi f icat ion by nethods of c ieat ing
vacuum

(l) Reciplocatins puq)

' Pulq)s creatl-ng a vaclnrn by the
teciprocaling notlon of piston, bucket, plunger, etc., can be
claasified as foJ.lo\ds:

(a) Piston pu'p (FiS. 2.2)

(b) Bucket punp (F19. 2.3)

(c) PLunger plep (Ftg, 2,4)

These prDps are subclassifieal t'y
the nurber of delivery stJaokes as follons r

(a) single-acting!nl!q)

(b) Double-acting puq)
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(2) centlifugal puq)

Ihe centrifugal punp give6 liate!
a centlifugal foi.ce by rotaly notion, and converts the velocity
energy thus obtained into pressute energy to aleliver the wate! to
a high pl-ace o! to a place whose potential ts highe! than the water
source. Ihe centrifugal puEE) is classified into tho follovring
three types accoraling to whethet the wate! dischargeal by the
inpeller is collected and dlrectly sent into the delivery pipe,
whether there is plovided a centrifugal casing !/rhe!e !€locitj' energy
is cotrverted into plessu.re energy, or whether guide vanes ale
attached:

Punps are also classified into the
fouoiring trdo tlpes accoraling to whetlter the r"rater is sucked up flon
one siale or both siiles of t}Ie iq)eller:

s ingl .e-suct ion punp (FiS. 2.5)

Double-suction pudp (riS, 2.9)

Punps are also classified by t}le
nuniber of stages of inpeUer:s as follo!,rs:

volute punl l )  (Figs. 2.5 and 2.6)

Vortex plllr{) {Fig. 2, ?)

Turbine pwrp (Ftg, 2.8)

Singfe-stage punp (Fig. 2.50)

Multi-stage prrnp (r'ig. 2.49)

(3) Axial flow punq)

( a )

(b)

( b )

( a )

( b )

This punp is not plovj.ded witi a
centrifugal casing, but has a propelLer-shaped iEltr)ellel. to cause the
liquid to flotr in t}te axial direction. Fig. 2.5f shows an axj.af flow

{ 4 ) Rotary puq)

This is a punp ln which the rotary
moLion of a rpvjng tlevice does the sane action as the piston o!
pl-unget useal to proaluce a vacuun in Ure reciprocating punp. It
dispenses ltriti valves that cotrFlicate the purp mechanisn and nay
sonptimes be a cause of trouble. Besiiles, it can deliver a uniform



flow of }iquid at a high lotating speed, consialering that its
weight ancl voluhe ale 6hall ielative to its ouq)ut. !,or tJlis leason.
the lotary pury is wid€Iy useal for high1y viscous liquialE tlke oits.

the gleat vaf,j.ety of f,otary punnps:
The following is a selection of

(a) s l id ing vane puIp (Fig. 2. I0)

(b) Gear punP (Fis.  2.52)

(c) Screiv punp (Fig. 2.53)

{d) vik ing punp (r ' is.  2.11)

(e) Lobe pultr)  (FiS. 2.12)

(f)  Nash purI)  (EiS. 2.13)

Jet punp(s)

locally alound a jet nozzle.
froltl a lon place and convey
tle alesireal pface. the jet

puftps existl
In  addi t ion,  t } )e fo l lowing specia l

This punp alevelops
using stea$ or nater, to

it try a high velocity jet
pu.!!) is subdivialed into:

(a) Stean jet punp

(b) water jet plfill)

(6) special  purFs (Eig,

(a) Friction puq)

suck up water

( F i g . 2 . 1 4 )

( F i g . 2 , s 4 )

2 . I 5 1

A lotor having giooved
surfaires is rlm in a casing to puq) up vrater by the frictionat force
developed by the turbul-€nce of t}|e \ratet over the qrooves of the
rotor.  A typica. l  exarple is the vtesco purnp (Fig. i .16).

(b) variable delivery punp

_ This is a putlltr, which, whife
runnang at a constant speed in a specified direction, pefiLits the
change of aleli!.ery direction and deu-very rate b,y neans of a sj"nple
control. the vatiable delivery punp j.s rridely used fo! hyd!aul.i.;
luaLler control equiplEnt. Ihe ltele Shav punp and ititfialn,lanney pmp
ale q'pical  of  this lype (Fig. 2.15).
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Kinds of vaLves

2.1.3.1 Reciprocat ing purq)

{2) conical valve

A recj.procating punp ls provlded vrith
a suction val\re anal al€livery valve at the inlet and outlet of the
pullp cylinder. I'he valves are f,equireal to l'ork snoothLy, quickly
and reliably, have a sufficient lift and area to mininize resistance
for snoot! vrater flovr anil have well-lapped valves r whj"ch w11f not
hit the valve sea! and will prevent any leakage. The punp valves
are classified as follolrs accoraling to their alesigrl and shape:

Disc valve

The disc valve consists of a
disc-like valve nlaale of rubbe! for low-presstrre application, anal a
spring._ The vafve is opened by the pressure of the flowing water
fthich ovelcomes the spring force. An exanple of a disc valve is
sho\rn in Fig. 2. I7.  Eig. 2.18 shows a kind of disc valve caLleal
"kinghorn valver'. It is useal for low-pressure application as in an
air punp. As illustrated, it coq)rises three sheets of brass sheet
of sonG 1.5 to 3 mrn in thickness i.,itn different dianeters. The t!"e
lolrer sheets have holes at different distances fron the center.
When the tlx€e discs are overlapped, they work to :naintain ailtightness
as if tney were a single valve, In the case of a blockin6 operation,
tle three discs can work independently of each other alepenaling on the
pressures acting on t-tre top and botton surfaces of the valve, haking
it easy fo! air: or water to pass through. lthus, positi-ve airtightness
can be achieved without the valve hittinq the vaLve seat.

The conical valve has a
cormtersunk valve seat as shovrn in Eig, 2.19. Conpareal with the disc
valve, tiis valve changes the alirection of the lrater flovr to a
lesser alegree and as a lesult, it has lower frictional resistance.
In oraler to guide the valve opelation correctly, the valve is usually
provialeal witi three to four guiale vanes. The valve is usuall-y nade
of bronze and is healy, its cLosing operation is theref,oxe easy. Aor
tiis reason, in sor€ valves the spring is ornitted.

since a baII  is
is sui.tabf,e for
oi1, but.  1s not
di f f icul t .  The

( 3 )

useil, the valve molres
highly viscous llqulds
u€ed for hlgh-plessure
valve is nade of brass

BaU valve

FLg. 2.2O shows a bal l  valve.
freely wj.tiin the ca6ing. It
J-ike heav]' oil and Iubrlcatlng
selvlce since lappLng i.s
or 6tee1, anil 16 usuaJ.J.y smdll
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(4 ) Ring valve

Ei,g. 2.2I shows a ring valve.
It is corposed of a vaLve seat having one to three concentric arooves
to which a vaLve having an annufar passage is opposed. The ailvatltag€
of tlds vaJ.ve is tiat tie lift can be maale shatt.

( b ) FIap \raive

Fig. 2.22 sho\rs a f lap valve. I t
is useal as a foot vaLve to be inEtalleal at the botton of a suction
pipe, as a check valve to be attached to the toot of the detively
pipe o! as a bucket valve for a hanual punE. It cotnprises a leathel
or rubber seat, and an ixon sheet flap riveted to it. one end being
so attached as to allow tie valve to ncve freelv like a hinqe,

2.1.3.2 valve al ianeter anai l i f t

The dianeter of the valve seat,  d-(n),
can be detenrineal by the foJ.lo\ring forlula if t}le rEan velocity;
v^{m/sec), of irater passing through the valve polt and the f1d, rate,
Q-(nJ,/sec) ,  are specif ied:

" . . , . . . . , , . . . .  ( 2 .1 )

If the width, b, along which the val\,€
conles in contact irith the valve seat, is detemineal, the valve
diarneter, d, can afso be deternined. Assurning that the velocity of
wate! at the valve port, v^ (m/sec) , is .qual to the velocity of
water passing though the ia:ve, v{m,/sec) , the val,re lift, h, can be
detendned if the area of passage is considered the sanE Chroughout,

Usuaf ly,  v = voi  0.6 to 2 tnlsec.

If tbe valve diareter thus detehined
is too lalge, the valve weight h'tlt becone heavlf and thuE the J-ift
tril"l becone large. lthls will cause a delay in vatve operation anat
a considerable shock on tlre valve seat. In order to overcolE this
probl€n, a grot€ of snalL-sized, Iow-lift valves should be us6d
(cror4) valve) .

- 1 t - 2
9  = ; .  d o x v o
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(a) Dlsc

with
flow rate at t}!e valve 6eat is eguaf to
foll,olring relatiotEhip is establishett:

val\le

reference to Fig. 2.23. the
tiat in the valve, anil the

il2 vo = n 6o 1t,

F i g .  2 . 2 3

rf vo = v, the above equaLion can be rewritten as foflons !

1l (2 .21

h + ao/A . . . . .  ( 2 . 3 )

Although the lLft, b, for the ilisc
valve is theoieticaLly lequired ta be d,^/4, it ls usually set iltJlin
the rsnge of d^/8 to dJ4 for ptactical-purposes . On the othe! hantl.
t}Ie valve condct wialtfi, b, is set to %/lO to V5, ana tlle vaLve
alianeter, d, to do+ 2b.

(b) GrouP valve

civen: d: diasete! of srEII vahret
D: dialEte! of lalge valve, h: lift of snaU valve, B: fift of
large valve; N: nunber of snall valves.



1T
D 2  =  N x ! l d ' ,  

"  
=  D / 4  a n d h  =  d / 4 ,Assuning

the ratio of the lift of the gloup valve to tlat of the single val.ve
is given by tlle foflowing formula:

ts/d = lT

h4 r  =  d /a  /  D /a  -  a /D  =  1 r 'N ,  h , /H  =  I r 'N . . .  ( 2 .4 )

Equation 2.4 proves that i f  the
nunber of gloup valves is N tfrei! Iift becones I//i,I tines tj|at of a
single valve although the area of passage is the sane. For exartrple,
if 9 utlits of grow valves are useal, their Iift is reduced to one
third of the lift tequired for a single, large valve.

(c) conical va.Lve

Etg. 2.24 shoi,rs an outl.ine of a
conical val.ve. a$al the followjng rel ationEhip is obtainedl

F i g . 2 . 2 4

**+d2

r
I

vo

d
a -2

vtr sj'n g



UsuaJ-Iyr s in o is 45o.
rewri-tten as follo\rs:

h -  do/A sin 45o =

- 1 ,5 -

?r al vh sin 45o

the above relationshlp rnay be

0 .35do .  . . . , , . . . . .  ( 2 .5 )

If the valve seat hole is blocked scme 203 bv the quide vane6
i l lustrated in Fig. 2.24. then

0 , 4 d'

0 .8do

n

Eence, . . . . . . . . . .  12 .6 )
4 sin 45o

In actual iEy, h is planned to be d^/to to 1.5,r / Io.  The conract
vridtl, b, is atso designed to be a.6out d^,/5 t6 d^,/IO, and the lap
width, bt ,  is preferably set at  f  ! | l r l  or less.

2. r .4 Piston, Plunger and BuclGt type p\rq)s. anal Ai!
Chanber

2,1.4. l -  Piston q/pe

lhe piston reciprocates in a punp
sylinder, anal uith the help of suction and delivery vaLves petforos
suction at the botton and deLivery at the top of the cylinder.
There is always a pressure difference between the top and botton of
the piston. Accoralingly, the piston should be so designed as nol.
to increase leakage along its piston tflrnk nor to cause powe! toss
and wear due to fr.icLion of contact sutfaces, Figs. 2.25, (A) a$d
{B) illustrate two qpes of pistoni (A) does not use packing, but is
ptovided with aleep grooves ar.ormd the piston tru!* to increase
lesistance because of the expansjon and contracti-on of water when
clearing through the grooves. Accordingly, the thickness of the
piston is larger than in otier types; this piston is u6ua11y appLied
f,o! lotr-pressure 6e!vice. {B) is a piston with a ransbotton type
piston ring. the piston ring is nade of cast i!on, btass, bronze,
ebonite, graphj"te or leather, depending on th€ liquid handleal.

2.  J. .4.2 plunger rype

Like the plston, the pLung€r tnove6 in
the cylinder to carry out suctlon and delivery. tthile the plston



type is usually of t-he tlouble-acting type, t}le plungei type j.6
generally of the single-acting type and its defivery actlon is once
per t$ro strokes. As iLlustrated in Pig. 2.26, the plunger is
constructed as a solid block for snall capaciqf appl.ications, and
it is connected to a nild steel roil vrith a lrealge or by screwing.
For rnediun size or Iarger capacitt' appficatioDs, a hollon cylinde!
is used triti boti enals shrink-fitted with caps, and rt i.s connected
to a rod. Because of its hotlow structure, its lreight is reduced.
Materials used for this plunger include ca6t iron, bronze, brass and
special bro[ze.

2 . 1 . 4 . 3  B u c k e t  l Y p e

The bucket type punp is used nainly
as a lolr-pressure vext ical  air  pump as shoen in Fig, 2.27. I t  is
provided with bucket valves P as group valves. Its periphely is
sealed with a packing r ing for ensuring air t iqhtness.
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2 . 1 . 4 . 4  A i r  C h a n b e r  ( F i q .  2 . 4 )

In the case of leciprocating punps.
the ratio of the naximum instantaneous discharge tate to the rEan
discharge rate is large because of its construction characteristics .
Since polrer consu[ption is increased, tloubles tnay occur. -'Therefore,
the pulsation of iie plrq) discharge rate should be reduced. Th€re
are valious ways to solve this prob.len: one is to equal-ize. the
overaJ.l- ilischarge rate by co rining several puq)s and another is to
provide a sizeable ai! chaliber to reiluce pulsatlon. The air. charnber
shouLd be instal.led on the delively pipe as close as possible to the
punp. when t}Ie water flo\r rate is larger than the lrean flcer rate,
part of the wate! will enter the ai! chambe! to inclease the watet
Levef in it, On the other hanal, when the ftow rate is lower than
the nean value, the irater in the air chaber i{ill be forced out b}'
the e)q)ansion of air to male up t-he deficiency. In this !ray, the
flow late r.n the alelivery pipe can be kept constant.

Ibe sane pulsations in the water flolt
as in the delivery pipe are aJ.so caused in the suction pipe. In
order to reduce shocks in the suctioD pipe anal pressure change in
the puq) q'finder, an air chadber is sonetinEs provialed in the
suction line. In this case, the ptessrue in t-he ait chariber is
proaluced by the vacuurn, and t}te air chanber is therefore calleal
"vacuurn chanber".



2.1.5 Capaciq, of Reciplocating puq) antl Cont!o:. of
Delively Rate

2.I.5.1. Capacity of Reciplocatlng Punp

the reclprocating puq) 1B tddely used
fo! v€ssels, becau6e its pressule can be changed withLn a reltte lang€
antl because lts €lftciency iE le€B affecteat try t-lte chang€s in flort
rate since Ut6 nrder of stloke6 pe! untt tire cao be regulateil.
ltre aleUv€ly rate of a reciprocating puq) can be det-ereineA accoraUng
to the followlng forrula:

O = '*aH" (aroubte-acrins) or

AI,NN

rdhere e is actual ptElping !ate, n"/sec

L ls stroke, !l

n is nreiber of plltp cylinders

A is cylintier bore. m-

N .ls nudber of revolutions per ndnute

nv i€ vol l l letLic eff lc iency (0.95 - 0.97)

Sron t]re above equation, it is evident
that contlol of the ttrelivery rate during operation can be exelciseal
by chanqing L. N ana./or nv,

2.1.5.2 Control of Deliverv Rate

Contlol of the alel.ivery rate i6 usuafly
carried out in the foll-o\ring way6r (fig. 2.28)

(a) A method ln which the effectlve
suction rate is changed tjy controlling the opening of the suction
stop valve,

(b) A nethod in which t}|e <lelively
late is ctlangetl by re$ ating the piston stroke (e.g. gele Shaw prq)) t

(c) A nethod in which dellveJ.y eate!
ls partially leturneal through a bypass valv€,

60



(d) A method in \rhich the revol.ution
of the plirne nover ls changed.

2.I .6 Purp theory

A pul{) is a alevice which adds to the energy of
a liquid or gas causing an increase in its pressure and a novement
of the liguid. The liquid is maale to flovr into the iq)eLLe!, I'hen
t}le iq)eLler is lotated at a constant speed {rJ, that is, the liquj.d
at poi.nt A (lapeller-inlet siate) is transfeued to point B (impelle!-
alischarge side), orring t its having been pushed by the inq)eller IrB
( curve AB lndicates the itrFel"Ler).

The relative process of t$e liquid transferred
is shorn by curve !8, and the absolute process is shovm by curve AC
lEa,g. 2.291 .

- r8-

2 . 1 . 6 . 1  M o r c n t  ( s )

The rbment (M) given flon the irpelter
to tie Liquid is deternined as foffo!,rs.

M = - (c2 Y2 cos d2 - ct '  Yr cos ar)

where Q is dellvery volune of llquid per unit tiEE

R is specific weight

2.1.6.2 Energy (E)

The energy (E) given

( 2 .8 )

fron tJIe irE)eller
to tie liquid is given by:

E  =  l { !  =  
;  

( u 2 , c 2 ,  c o s  0 2  -  U f ,  C r ,  c o s  c l l ) . . . . , .  ( 2 , 9 )

l \  2u 
= u2, yl .oj  = ur)

2.1.6.3 rhe work of the Iq)el ler (W) and
Iheoretical Eeak (Hth)

The work done by the inpeJ-ler in
Iifting t}le tiquid is aleternined as follows:



w=B- r { . deRo l t t h

'|
H t h  =  =  ( U 2 ,  C 2  C o s  d 2  -  U l ,  C t  C o s  c \ ) . . . . . . .  ( 2 . 1 I )

Ihe low of cosines is useal in the above fotmula aa follo\rs r

-  c ;+u ; -  2c2 ,  u2c ja . s  2

= c i+u; -  2cr ,  cos  I

u?, - u? *? -.? .?, - .?
29 29 29

Etg. 2.32 shows the characteristica curveE of

2.1. ?.1 Centr i fugal purq)

,z

2,2

thelefore, Eth

lrh€re the fitst telm i6 plessule increased by centrifugaf folcer the
second tetm la presBur€ absof,bed due to reduced \relocityt and the
third tetnl is incr€ased veloci.ty heaal.

2.L.6.4 Maxitl|iml head (Hn)

dI is equat to goot
When the entrance angle of i![)elle!

"^ 
- 

? 
lu2 c2cos a2t (2 .13 )

2.I.7 Characteristics of pttrq)s and efficl.encl

In the centrifugal and axial ptq)3 r generally,
th€ levolutlons of the purE)s are kept constant. Figs. 2.30 and 2.31
shcl(r the curvea of the heaal, poner and efficiency.

a gear pup.

Flgs'  2.33 and 2'34 6how t l le
charactelistica culves of a centrlfugal prrE. In Fig. 2.33, Fth rs
id€al total head, Hth iE theoretical total head, H ls Hth (minus)
all losses, that is, actual. total heaal.



rechanical  losses.

a) Kind of fosses anal total head

The losses are divialed into fluial and

I) Fluid loss is subclassified as follows:

(a) loss in the suction side passage

(b) loss in the iq)eller blades

(c) Ioss in tlle guide bl.aales

(d) leakage loss

(e) loss in the vortex or volute
chaDbers, e!c.

2) Mechanical loss is subclassifieil as
fol]ons:

(a) loss in the stuffing box (packing
box)

(b) loss at the bearings

(c) otler friction losses

These loEses reduce actual tolal head and
efficiency, but lnctease the horse pore! lequired.

b) Shaft  Horse powe! (S.H.p,)

As shffrn in Fig. 2.34 shaft horse polrer
(S.H.P.) 16 nater horse po\der pf,us the a.bove mentioned f,osses.

2.1.7.2 Water Horse ponet (W.H.p.)  and
Efficiency

1) pun{) efficiency (np)

Efficiency is t}Ie ratio of useful
{ork pelfolrEtl to po{e! input. Thelefore, puq) efficiency is
det€fidined as follows r

t { .H.P.  = #**  " . " .



where, lf.H.P ls nater holse polrej. in which the punp has done work
(P.s.)r  R is specif+c wetght,  kglnrr H is total  heaat,  n,  g is
tlelivery quanLi.ty, nJ,/nin. Assurdng that the supptied horse po$et
to t l le p| .ul)  is S.H.P.,

quantj.ty is 9t-h, and tne

nu=nk

\rhele Pl ls l|edranical

2) volunetr.ic efficiency (nv)

tlben t-}le theoletical aLelivery
actual &Ii\Ery quantity is Q,

Oth-o1 - oI
Qth 

- 
9th

whele ql is a leakage l-oss,

3) Marbnetric efficlenc!, (n nan)

Ittanonetric efficiency is the ratio
of the actual total heail H to Eth, that is, n nan = _!_, phere Hth
is theoletical total head. ath

4) Hydraulic effici€ncy (nh)

In the theotetical \rork of the
puq). tlle ptrlq) can do tjle $ork of Ht}! x gtJl. That horse power is
caUed puq) ho6e porer (p.tt.p,). fhe nh is tteternined as folloi.s !

P.n.P. = **#, and nl' = ffi = nu" n o,",,

NarneLy, l l .H.p. is actuaL work, and p,H.p. is theoret lcal  wo!k.

5) [echanical efficienc]r (ryi)

Mechanlcal efficiency is t}le ratio
of t } le S.H.P. to the p.H.p, and is given byr

np = ,.&H* -
R O H

75 x 6ols.H.P.

s . H . P .  -  P l

Loae in tlle pw!).
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2.1.7.3 out l ine of centr i fugal punP

centrifugal putnps comprise a variety
of q/pes. Fig. 2.35 illustrates the punping equiprnent used by a
centrrfugal Purp.

with the Pllnp casing fiUed with
wate!, t}Ie irq)eller (l) is driven by a nbtor or a aliesel engine or.
othe! suitable pritrE rbvet. :!he wate! witiin t-he inpelle! is folceal
out bV the centrifugal force and sent to the desireal Place via the
vortex chanber (2), votute chanbe! (3) and delivety pipe (8).

After disPlacefiEnt of ltater flom the
j.llq)elIer, a vacuuh is developed in the center of, the irnpe].]er to
induce water through the filter (I5), check valve {14) and suction
pipe (13),  thlr .s cont inuing water del ivery.

ltle vortsex charber (2) is so designed
a.s to lncrease the areas of, the volute sections in plopoltion to
tieir angulat aalvance, and is capable of convelLing the veLocity
heaal of the nater into the plessure head.

The volute casing collects t-he nate!
alliven out of the vortex chaE$er or inpelLer and guides j.t td th€
delivery pipe. It also, partially convelts the velocity heaal of
the water into the pressure head-

Since the centrifugal puilp cannot
operate unless i t  is f i l fed with water,  i t  is inportant to Prine
it fuUy prior to start-up. For this purpose, tie centrifugal Pr[lI)
is provj.ded witn a prining valve (10) and an air cock (U.) at the
top of the volute casing and a check valve' called foot valve. at tbe
botton of tJre suction pipe to check the ilraining of water lthen the

2.1.?.4 ConDonent Darts anal their constiucti-on

As i l lustrated in Figs. 2.36 (A) (B)
(c) and (D) , the i4)e11er is cornposeal of a boss set on a shaft, and
blailes.

(A) sholts an open tYPe iq)ellel,
uhictr is used onty fo! special applications.

(B) is used for the singfe-suction
t!'pe centlifugat punpr suitable measules must be taken to offset the
thriust pf,essure, which is created acloss tie inll)el1er by high
pressule water on tJ}e righthand siale anal folt pressule ltater on tie
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left}Iand side (suction side) anal which tends to tlrive the inpelle!
leftwarals. There is provided a rnouti rinq (2) for tle pu4)ose of
naking an opening (3) , so tiat the rotation of the inpeller is not
hindered, and tnat the pressur:e wate! forced out of the impeUer
does not turn back towards the suction siale.

(C) and (D) show the double-suction
type, lrhich is alesigned so as to apply t-he speed of the pxime rnover
used. The pressure of delivery water anal delivery r:ate is aleternined
by its shape; namery, (C) is design€d to have a large diameter
because of slow inpeller speed, while (D) is used for: a punp
detiverinq a large quantity of water at a 1o!,, heaal.

In the dorible-suction type, in which
botn ends are joined 1io the suction port, both enals should be
provided with a noutl ring. l4ost impeUers are made of, bronze,
except in special  cases. t i .g.  2.31 shows the shapes of inpel lers of

(b) vortex casinq and volute casinq

As shown in ELg. 2.5, the volute puq)
colfects in the vortex casing the water discharged fron the inpeller
and then delivels it to the delivery pipe, It is used fof 1o{v
pr:essule water conveyance.

r ig.  2.38 i l lustr .ates vof,ute and vortex
casings arranged aro,.]nd Lhe inpeller which has the effect of,
inc.reasing tne deliverl' pressure.

In Fig. 2.8 is shoen a tutbine punp using
guide blades arourd t}te inpeller for the purpose of attaining a
higher delivery pressure. The vortex casing, volute casing and
quide blades axe usual-l-y rEde of, bronze.

(c) stuff ing box (packing box)

As shown j .n Fiqs. 2.39 and 2,4O, the part
of the pul{) casing where the shaft passes out through the casing
is provided \rith packing to prevent water leakaqe or penetf,ation of

r ig.  2.39 (A) sholrs the most typicaf type.
Fig. 2.39 (B) is special ly designed to prevent the penetrat ion of
air into the purrp, and is equipped vrith a lantern ring required fo!
inalucing water over the entire pexiphery of the shaft. A packing



is provided on each slale of the eate!-filled lantern ring to plevent
ai! pen€tration. lbreove!, a mecbanlcal seal is used to perf€ct
the p!€vention of leakage. The polL6hed or lapp€il surfaces, lrhlch
are of tll€6ifirllar nat6!1a1s, al.e held ln contlnuaJ. contact by a
spring. forming a fl.ulit-tight seal betneen the rotating anA
staLionary lEfrels witl ve.y srnall flictlonal 1os6€s. (see Fig.
2.4r1

(al) Bearinqs

Bealing6 can be clasaifled into fluld filh
bearings and bearingE lriti roller balL contact. FLuid film b€alings
can also be divided into plane and thrust bearings. Pl-ane bearlngs,
accorAing to thei! functlon, nay be journal bearings cylinalrical in
shape, carrying tlte rotating shaft. Thrust bearlngs, the firictlon of
which ls to plevent length-wise notlon, usuaLly akr not rotate with
the rotating shaft, In rnost prrnps rolfingPcontact bearings rather
than plane bearing are used.

RolllngF o! ball-contact bearing6.
Rollj,ng- contact bearaingE are designed to support and acco[modl,ate
lotaLing shafts or lotatlng palts in a nachine, to lransfer Loads
betreen the rotating and stationa.ry henber, and to perlit flee
rotatlon with a lrinilum of f,riction. {hey are coriposeal of rotatlng
elerEnts interposed beh{een an outer and imer ring. Sepelaters,
solretines calleal cargea or retainers, ale used to space thq rotating
eleEnts (F19, 2.42).

Bearing€ for centrifugal purps. all tlDes
of beatlngs are uged ln centrifugal pufips. Even tlte sarae baslc
destg,n of puq) often proviales fo! two or lEre dlfferent bearlngs,
requireil by varying selvlce conib.tiotrs. Sl{o extelnal bearings are
used for the dorjble-suctLon single 6ta9e geDeral-service purt,, one
on eithe! sid,e of tlre casing. Itt horlzontal pl8|ps with bearLnqs at
each end, the inboaral beafinq ia tbe one bet\reen the casing anal the
coq)1ing, and tfie out}oalal bealing ls located at the opposite end.
PuI[)s with overhung iipellere have both beallngs on the sane eld€ of
the casing. The bearing ne.Eest the inpeller ls the lnboaril, anil
the one fartiest away the outboard bealing.

BalI beatingts are the lEst colmcn anti-
friction bealings used on centrlfrgal. pu q)s. R"L1er bearingE are
used less ofteD, aLthough a specj.ai !e:1er l,eiri,.j 1,r rseil frequently
for large-size shafts. Ball bealings ised i!: c6l1,Lrifngal p$,q)s ale
usually grease-ltibrlcat€d, alghough 6o!E servlceE use oi] lulirlcatio4,
Sleeve bearings are useal for Large heary-duby pulE 6 eiti 6haft
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diameters of such proportions that the necessary antifrictlon
bearings are not comrpnly a\J.ail-able, Another appLication is for
high pressure nulListage plrl[)s operating at high 6peed. StiU
anotier application is in vertical submerged pl[!ps, such as
vertical turbine punp6, in which the bearings ale subject to con-
tact with r"rater. Most sleeve bearings are oil-lubricated. Thrust
bearings used in conbination vrith sleeve bearings are generally
Kingbury o! (ingbury-type bearings,

F i g . 2 , 4 2

F i g .  2 . 4 3

Shows rolle! ball bearings.

shor,,s a plane bearing.

Pr in ing device

A method using a vacuum puq) or a

'rhe centtifugal punp wiII faiL to suck up
eater i f  i ts system is not f i l led vr i th water,  Pr ior to start ing,
it is necessary t.r fiil up the purnp casing wilh water by n6kin9 use
of a pr iming device. The pr: iming nelhods are roughfy cfassi f ied
into t}|e fol-lowing three:

in irhich the iq)eller is

using a foot valve'and a
plirdng valve; enil

jet punp for" pr.irnj ng
( 3 )

( I)  A method
aLways set befow t t 'e water leve-L of the

(2) A method

Method {3) is subdivided into two:
one in which each punp is provided with a vacuun puBlp of its o!,tn;
and th€ otl]et jn which a vacuum pump nith a vacuurn tanl( is plovided
cofiron to a n,.]!lber of puq)s r:eqlriring prining; i.t is autohatically
driven vrhenever the vacuum in the tarik is lowered in orde! to
haintain it in a specified range for tne puryose of naking ready
the start-up of tl:e desir.ed purnp. The Nash punp or simila! pru[)s
are usualty employed as a vacuum purnp.

2.1.7.5 Prevent ion of shaft  thrust

As referred to in the Preciding
paragraph, the iq)eller of the single-suction type centrifugal purq)
or nultistage turbine pudp receives a shaft thrust folce acttng
towaxds the suction side. Since tj|e impefler cones in contact \ri.th
tie casing, the latter uill be abraded anal eventual.ly damaged,
leading to the break-alown of tie punp. Also, the dislocation alue
to the thrust force will result in staggeri[g the position of the
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inpelle! outlet and guide blades, thus realucing the water f1o\r rate
or l-owering the punp's efficiency. These alanaging effects should
be deaLt rith accordinolv.

are applied:
rn practic€ the followlng nEthods

(a) use of doirbLe-suction type
impeller

(b) Use of balancing hole or balancing
P i p e  { F i g .  2 , 4 4 )

(c) Use of thrust bearing

(d) InstaUation of a balancing
d i s c  ( F i 9 . 2 . 4 s )

(e) aaf,ancing as a whole of, thrust
forces by prqperly arranging the
inpeller6 if the multistage
q'pe 1s used (Fig. 2,46).

In a large-sized punp, tbe Casing
consists of two halves, and those bearings tiat come in contact with
sea water aye @veried eith a sleeve in l'hj.ch pieces of lignum vltae
are set to allo\r the sea water to pass through little by little.

A sealing t ater pipe is 1ed from the
volute casj.ng to the glahd to send pressure water to pxevent the
intrusion of air as well- as to lubricate the liqnum vitae.

Ytq. 2.47 shows a volute put[), \rhidr
is instalfed in an engine roon as a water circulating punp. This
is a verLical type, whereas the horizontal type is shown in E'j.g. 2.49,
fhe vertical t]'pe requif,es less installation space than the hori-
zontal type, and is wialely useal for ships.

Eig. 2.49 shows a six-stage tuibine
pu'P.

It has already been explaineal that in
a tulbine putrp guide blailes are provtded in the volute casing in
ortbr to inclease the alellvery heaal.
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vthen the delivery pressule required
exceeatrs a certain limit, it is difficult to reach this high pressule
if the illpeller is of tie single-stage bype. In such a ca6e, a
nuiber of identical iry)ell"ers should be alrangeat in selies to
increase tl|e deu.very head in each inpelter stage in order to attarn
t-he required pressure at the outlet of the ultinate staqe (use of
rnul l : istage type).  EiS. 2.50 sho!, ,s a single-staqe centr i fugal pur{) .

The usuaf practice is to express the
capacity of the centrifugal punttr) by the outsiale dianeter (in
rnillimeters) of its delivery pipe,

This is because tie flo\r v€locitv,
vd, withih t} |e pipe is usuatfy selecteal wit l in the range of I . i  to
I  rysec.,  anal the del ivery quanri ty,  e (nr l !dn).  can sinq) ly be
deternined by t}le follolding equation if the outside diarneter of the
delivery pipe of a centrifugal punp is known.

Nanely, the aletivery quantity can be
given by the fouolring formuta if tne outside dianeter of rhe
defivery pipe is taken as d (mn) |

, t€* , '  x vd x 60 (n3lmin) 12.14)

The regulation of the deLivery quantity
of a centrifugal pl.nrp can be accory)Iished by regufating the Pl[rp
speed or by controll.ing tie opening of the atetivery stop valve; the
latter is preferred because it is the ideal nethod.

Start-up is carried out by fully
opening the suction stop vafve whife totally closing the alelivery
stop valve. When it is a€sured that the prnu) operation is properfy
regulated at a specified speed, the detivery stop valve is openeal
graduafly to attain a requir:ed levet of water suppty.

2.1.7.7 Specif ic speeal anal s imita! pr lnp

2,1,7-6 Capacity of centrifugaf punp allal
control of delivery rate

(a) Simi lar punp

A sinilar pump is a puq) which is
of the same design as anoth€r pur[) and \rhose coefficiency of velocity
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shons a sinilar characterlstics culve anal rhose efficiencv culve
is equal to anothe! pultp.

(b) Specif ic Epeed

In the sirdla! punp, as the
coeffl,cieDcy of lelocity is Ute sarE. therefole, it is

es ,D2o,D2 6 ,

where D is the ltDeller dianeter
E is head
Q is delively quanLity.

NDOUq/ f r ,

i rhere N is r .p.n.
I is circula! velocit!'.

. . . . . . . . . . . .  ( 2 .15 )

. . . . . , . . . . . ,  ( 2 . 1 6 )

As a leault of the above tlro formlLaiE,

- H+
I  c t  _ _ i = .  . . . . . , . . . . . . .  ( 2 . I ? )

Nz

That is, the following f,etation ej<ists bett een the tlvo sjrila! purt)s:

N'' / A,' N" /T;
- -  =  - -  

" . . . . . . . . . . .  (2 . r8 )
" r f  "zZ

Assunlng that tie ilelivery quantity is on" (n3lrdn), the head ls one
(ut), r.p.n. is Nc and tiat, in the other sixilar putrp, delivery
quant l ty is 9,  hEad is tr ,  r .p.n. is N,

" "  
=  

a t  ob ta ined f ron  equat ton  (2 .18) ,  . . . . . . , . . . . .  (2 .1e)

the Ns is called tlte specific epeed.
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Equat ion (2.19) is for.  the single suct ion and one-stage type,

For the rnultistage type Nst = \4 , antl for the ttouble suctj.on
(zttl+

one-stage type it becollEs wherc Z i3 number of stages.

Nst _  N t 6

In size it ls snaller than tne
centrifugal. pump, its volunE being about one half for the s_all€
capacity. In addition? its construction is vely simple, and the
puq) can be connected to a conparatively high-speed prime mover.

The efficiency of the axial flo,, pu4t
is less affected by the change of head. For this reason, t-he axial
plug) is oidely apptied wherever there is a lalge water supply at a
Iow heaal.

Fig. 2.51 shous an axial flor.' purF:
since t-he wate! forced out lightwards by the propefler q'pe illl)eUer
is \ thir l ing, i t  nust be rect i f ied by guide blades (5) so that i ts
flow tloes not becone tuxbuJ-ent on the downsttear side.

Fig. 2.30 shows the dlaracteristrcs curves.

Ftg. 2.37 sho\rs various shapes of impellers adapted to the purpose
of t-he puq).

2.1.8 Axial  f1o\r  purnp

2 . 1 . 8 . 1  o u t l i n e

rtle axial flow punp j.s not provided with
a vortex casing, but alrives water in tie axial direction by means of
a propeller-type inll)elter.

In the center of the guiate blades, an
inner bearing using lignun vitae or rubber is set to prevent vibration.

tbe nufiber of inpeffer blades j.s 2 to
3 for the high-speed type and 4 to 5 for the low-speed type. rhe
bl-ades are often integrated (solid type) with the boss by castlng anal,
in sone cases, t}ley are built up with the boss nachineal i$dependently.
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The built-up tt4)e can be alesiqned so that the flow rate and head
are alternated by changing the rake angle of the blades by means of
a controllable pi"tch irpeUer. Iiowever, the integlated type is
usually pleferred.

2 . 1 , 8 . 2  H e a a l

As shonn in Fig. 2.3I,  the head
the axial puq) changes ncle sharply, when tlle flcte rates ale
increas€d, than in t}te case of the centxifugal punpr its head
also snal le.r  Ehan thaE of the centr i fugal purqc.

o f

2 . 1 . 4 . 3  S h a f t  E o r s e  P o w e r  ( S , H . P )

As shown in Fig. 2.3I,  the s. l t .P
decr:eases slooly followed by an increase in ffow rate.

2.I .9 Rotary pump

2 . 1 , 8 . 4  E f f i c i e n c y

The efficiency curve is lowe! than
that of the centrifugal punp, and the range of hiqh ef,ficiency is
narrower. The revolution curve rises riqhtirald.

In concfusion, r ' ig.  2.31 inal j .cates
the heaal, efficiency and S.II.P culves, and shorrs that the axial- punp
can be applied in the case of a low head, a large quantity bf water
and a frequentfy changing head.

2.1.9.I  cear pl [ l l )

A gear purll) is illustrated in Fig.
2,52. It has two identical gears which are rEshed together and run
while keeping a snall clearance lrith reference to their casing.

lihen the puhp is started, fluid will
f1or7 into the teeth on the suction side. this is alue to the
volunetric change as in the reciprocating pu[rp \rhere fluid runs into
tne cyt inder when the piston is on lhe suct ion stroke. As a pair
of gears run in the dircction shown, fluid w111 be scooped up into
the teeth and conveyed toiualds the delivery side as it is inpounaled
by tiro teeth and tie casing.



Since the delivery side and auction
side are separated at the mesh polnt, Che fluial sent to the delivery
siale cannot turn back, but is forced towards the delively pi.pe.
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In the rotaly purnpr includlng the
gea! punp, the deLivery pressure can be increaseal to a con6ialelably
high plessule. Considering that the Leakage fron the alellvery side
to the suctioo sial€ increases with delivery pressure, it is not
possible to increase tie delivery pressule to an rmlinited extent.
The gea! puhp is not provided with a va1ve, can run at high speed,
and is able to supply a large quantity of water in spite of it6
snaU size.

The reciprocating pump i6 not suitable
for p\jiping up viscous liquids as its valve !ri]] fail to foUow the
notion of the piston. On the other hand, the centrifugal punp will
al-so fail to deliver a required arrDunt' of liquid because of high
viscosity. Of all these punps it is better to use the gear puqt
for v iscous l iquid.

Fi ,q.  2.32 shows tne character ist ics
curves of the gear pump. An advantage of tl€ gea! prq) is
elirdnation of the prining divice. Untike otner types of pump, the
gear punp does not cause vibxation. However, it develops -nois€s
enanat ing frorr l  gear rneshing, AIso, worn-out gedr rnay cause con-
siderable leakage. In or:der to ptevent feakage, the gear !s usually
maale of bronze o! ha.rd naterial like hard steel.

2.  f  .9.2 Screi ,  pump

The screw punip is classified into
tiree types, one having a singte screw rotor accollulpdated in a
casing, one having two rotors, anal one having three rotors. lthey
are calLed "sing.Ie-screv' pury)r', r'double-screlr prlnprr and "tliple-screw
puq)", respectively.

Fig. 2.53 shows a ilouble-screw punp
conprising a rnain d.riving shaft (2), which ls driven alirectly by a
prime mover or tirough a reduction gear, and an idle sclew (3)
engaged witb (2) j.n tne casing (1) , (2) and (3) r:un at the sarne speeal
as the tining gear (6) and the liquid supplied from the suction port
(4) is divel ted in two ways. conveyed to the center by the scren's
acl ion,anal forced out of the alel ivery polt  (5),

The threaded part of each roto! is
diviaed at the cente! into a lj.ghthand thleadeal sectj.on and a
lefthand threa&d section. This is for the purpose of formlng a
doulcle-suction schelrp to offset axial thrust.
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The screw puq) has no sophisticated
valves, is sinple in construction and suitable for hj.gh pressure
appfication, can easily hanalLe a large capacity for its size, and
is h.igh in efficiency. Fox these reasons, the screw punp is
frequently used for handling fuel oil and lubricating oil.

2 . 1 . 9 . 3  J e t  D u n p

rig.  2.14 shows a steam jet pump.
The sLean supplied fron tne port (4) is jetted out at a high velocity
fron the nozzle {3). the jet strean first evacuates the surrounding
air' causing a vacuum in the suction port (5). Thus, vrater is sucked
into the chamber (5). If this water cornes in contact n'ith the jet
stream, t}Ie steam wi1] condense and join the $ater flo\r,

At this stage, the kinetic energy of
the s teanr is given to the water flow, which thelefore runs at a
cottsiderably high speed. When the water stean luns through the
nozzle (di f fuser) (2),  i t  is decelerated ! 'h i le increasins in pressure.
Therefor:e, tne jet stearn punp is able to pthp water up to the head
corresponding to this pressure.

The steam jet punp can be of the
"ejector" or I'injectoro type alepending on its application.

The ejector is useal for the purpose
of puq)ing up, &ainage, vent ing, etc. ,  and is classi f ieal ,  accof,ding
to the substance to be removed, into feed water ejector, ash
ejector,  bi lge ejector,  air  ejector,  etc.

The jet pr.mp has a low efficiency and
is unecononical as a vrater delivery purp. Ho\rever, it is-small -rn
size and sinple in construction since it has no noving paits. For
this reason, it is widely used fot boiler water feeding and. bilge-

The injector is a steam jet pump lihich
is used to force sUbstances into a high-pressure vessel such as a
boife! ,  The water jet  punl l )  is shown in Fig. 2.54.

2 . 2 Pipes and fittj-ngs

2 .2.I  Out l ine

Pipes, valves, cocks, pipe joints,  etc. ,  carry
anal control the floi{ of various types of fluids at different, often
varying, pressures anal tenperatu-res r the fluids may be corrosive,



elosive, flamnable or benign. Their functions, the requirements
arising frorn ship construction, the nature and arrangement of the
nachinery, and regulations of certifying authorities, create
situations in wh:ich systens, basically sinple, becone coBplex and
bring iDto use a variety of materiafs anal fittings. The tern
"f i t t ings" covers vaLves, cocksr expansion pieces, etc. ,  in shof, t ,
everytning in a systern which is not a pipe.
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2.2.2 Pipes and matenals

2 . 2 . 2 , I  S t e e l  p i p e s

( d )  s e a m l e s s  s L e e l  p i p e s

The seamless steel pipe is
manufactu.red by either. rnethod of hot or cold drarr'/ing with a
high quaf i ty open ful :nace steel or electr ic furnace steel.

The seatnfess steel pipe is useal
for various high pressure and tenperatu:res such as stean pipes,
conpiessed air  pipes, fuel  oi1 pipes, refr igerator oi f ,  gas
p i p e s ,  e t c ,

(b l  c ,as prpe

A  g a s  p i p e ,  w h i c h  r s  s e a f l l e s s ,  i s
nanufactuxed t'y ejther nethod of forging or electric yesistance

weld ing and the steel  is  produced f rom open furnace,  or  e lect r ic

A gas pipe galvanized to
inprove j.ts soLi-corrosion properties is ca1led a a rrlrhite pipe' and
a non-galvanized p ipe is  ca l l  a  "b lack p ipe"-  A gas p ipe is  used
nainly for ]ow pressu.re and 1ow tenperature steam pipes, water pipes,
o i l  p i p e s ,  e l c ,

(c) seaned steef PiPe

The seaned steel pipe is nBde by
riveting or $relding the sean, and it is usuall,y used when the
required dianeter is 5OO rNn or nor.e.

2.2.2.2 coppe]r pipe

The copper pipe is proaluced witiout
sean by cold tlrawing or other methods. It is annealeal to nBke it
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soft enough to take various shapes. The copper pipe has high
reliability, is anticorxosive, and can withstand considerable
pressure, It is t\tidely useal for sea-water cooling pipes, feed-water
pipes and oil pipes of conparatively snall size.

2  - 2 . 3  P i p i n g  a n d  f i t t i n q s

2 . 2 . 3 . 1  P i p e  j o i n t s

2 . 2 . 2 . 3  B l a s s  D i o e

The byass pipe is also proaluced without
sean by cold &awing or other suitable nethods, It is mainly used
for sna11 sizes. Its properties are alnost t-he same as those of the
copper pipe except as regards hardness. Brass is haraler than copper,
Brass pipes are often used for heater pipes, condenser:s, and oil

2 . 2 . 2 . 5  C a s t  i r o n  p i p e

The cast iron pipe is produced by neans
of casting by melting ixon into a rpu1d. Its narine use is ]imited
to speciaf cases.

2.2.2.4 Lead ei ,oe

the lead pipe is produced without sean,
by rEans of an extruder, frotn lead or a lead al]oy. lts use for high
pressure and high tenperature pipes is prohibitedr however, the lead
pipe is highfy resistant to acids. I ts use is l in i ted to specia:

( a )  F l a n q e s  ( F i q .  2 . 2 . 1 )

In order to obtain a certain
Ienqlh or direction of the pipe line, sizeable fengths of pipes are
usual ly joined together with f langes. For steel-  pipes, steel
flanges are attached on both pipe ends by welding or scre!,ring, etc.
For copper pipes, btonze and steel flanges are applied by gas
weldinq o! solderino.

{b) screw threaded joints (r ' igs.
2 . 2 . 2  a r d ,  2 . 2 . 3 1

conparatively sna1l-sized gas
pipes and steeL pipes are usually connected i.rith scre\"/ threaded
joints attached to both pipe ends.



2 . 2 . 3 . 2  v a l v e s  a n d  c o c k s  l F i g s .  2 . 2 . 4  L o
2 . 2 . 1 5 )

Valves and cocks ale used to control
t f ie inlet  or out let  of  water '  steam, air ,etc,  These are avaiLable
in a wide variety of types depending on the puq)ose, Most widely
used types are stop vafves/ including globe valve, angle
valve, and sluice valve which has a disk-like valve. rDving up and
down to open and close the fluid passaqe. check valves are also
used in special cases, Ffuids f1o!r straight into t}Ie cocks when the
handle is turned I, The onloff control is easily performed, but the
refiability is rtot high. For this reason, cocks are used nainly
o n  s m a l l  p i p e s  f o r  l o r d  p r e s s u r e  s e r v i c e .  ( F i s s .  2 . 2 . n ,  2 . 2 . 1 2 ,
2 . 2 . 1 3 ,  2 . 2 . 1 4  a n d  2 . 2 , 1 , 5 )  E i g .  2 . 2 . 1 6  s h o w s  a  d i a g r a m  o f  a  v a l v e ,
Fig. 2,2.I ' l  shor^rs a piessur:e-reducing va1ve.

2 . 2 . 3 . 3  E x p a n s i o n  j o i n t s

At high temperatures, the pipe will
e4)and and deforn because of thennal stress, causing fluid leakage
ar:ound the joints. For this reason, if high tenpeiature fluids like
steam or exhaust gas are to pass tnr.ough tne piping, expansion joints
to refieve expansion and contraction are provided. The expansion
joints are divided into bend pipe joints,  s l id lng joints dnd
corr:ugated expansion joint belfo$/s, which are nade of copper, or
o t h e r  m e t a f s .  { P i g s .  2 . 2 . 1 8  A ,  B  a n d  C )

2 . 2 . 3 . 4  c a s k e t s

The sheet-like packing used between
stat ic joints such as f langes is cal led "gasket",  Non-metal l ic
gaskets ar.e nade fron soft rubber, hard rubber, synthetic rtrbber,
asbestos coq)osites, clinket nade of asbestos and compressed rubber,
paper,  f iber,  cotton? plasLic,  I inen, etc.  Metal  gaskets are nade
of copper,  lead, soft  stee1, monel,  etc.  Metal  gaskets are used for
high tenperature gases and steam, and non-metalfic gaskets for
coq)aratively lovr teq)erature ffuids, Prior to use, graphite is
applied to netaf, asbestos and clinket gaskets; real leaal to fead
gaskets anal lead \,rir.er anal va-rnish, or oil, to paper gaskets.
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2.2.4 Pr:ecaut ions with regard to pipings aj ]d
fittinqs

2.2.4.1 Technolosy of pipinss and f i t t ings

The technology of piping is strictfy
controued for the safety of a ship's oper:ation. Accordingly, the
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rules anal regulations concerning rnarine engines incLuale provislons
peltainlng to piping anal fittings. the following is a list of the

(a) The pipes, valves and cocks shall
be fiinl'y instatleat and pxotected properly where U:ey are consialered
fiable to be danaged. AIso, they shall be so installed as t pennit
easy access for inspection and naintenance.

(b) The Pipes, valves, and cocks
shau be firtr[y c].aq)ed in position vrhile taking into account the
e)rpansion and contraction of the pipes.

tc) For those piping systehs whicl-
may experj.enc€ a higher pressule than designed, a relief valve or
othe! suitable safety equiprnent shaLl be provialed,

(d) The installation of piping around
switchboarals sha1l be ai,oided as far as possible. Ilnaler no circum-
stances. shall pipe joints be instaUed near sltitchboards.

(e) The sea water anal fresh water
plpes sha11 be install.ed separately.

(f) The bilge pipes shaLl be installed
inalepenalent. of discharge o! suction pipes of fresh water or oil.

(g) The lublicating oil PiPes shall
be installed inalependent of other pipe lines.

(h) the pipes contEcted to the fuel
injectron putlp shau be installed inalependent of the pipes connected
to feeal-water, bilge, ballast pumps, etc.

(i) The pipes for t}le fuel oil equipment
shall b€ installed inalepenalent of odrex pipes,

2.2.5 Arrangenent of punps

2.2.5.I 't\no puq)s systen for energenq'

If only a single puq) is installed for
a specific purpose, it is difficuLt to secure the safety of the ship's
operation if tlere is a breakaloFn. For this reason. sorne inportant
puq)s are specified to be provialed \rith tlro stand-by units each.



I'or othe! puq)s a1so, the arrangement of piping and vafves is so
designed t}lat they can be used for nultiple pu4)oses within the
range specified in t}le relevant rufes and regulations concerning
ma!].ne englnes.

2.2.5.2 Requirenent of oDerator

operators ale required to be fu1ly
knc'wledgeable of pipe arrangenents, so that they can take appropliate
action and neasures in the case of an enefgency, apart froti their
being able to hanalle positive valve operation for pumping.

2 . 2 . 6 Precautio.s in checking and hanalling

2.2,6. l -  checking of pipings

(c) lhe sfudge box (fil"te!) attached
to the bi lge-suct ion pipe, etc. ,  should always be kept clean, and
Lhis should be alone pronptly.

{a) Pipes, if inproperl.y suppolted
or if their fittings are corloded, wifl crack o!,ing to the vibration
of the engine or hul1, anal leakage will occur. It should be borne
in rrind that proper rEintenance of tie pipinqs in tle botton of the
vessel nust be calried out and t-ltat they nust be checked periodically,

(b) The work of r.earr:anging, repair-
ing o! checking the pipings or accessary equipnent should !e €asy to
handle.

(d) when leaks are fotrnd in the
packing used for jo ints,  vafve covers, etc. ,  the packing should be
furthe! tightened or renelred to avoid irrepala.ble danage.

2.2,6,2 Eandl inq of,  valves

(a) when opening a valve :it is
recoafiEnaleal first to open it fulfy, and then to turn it back
s1ightly. The opening of tie valve can be controfled by the
installed valve spinalle wj.th indicator. For snall valves, attention
shoutd be paid not to cLose then too tlghtly.

(b) In handling the valves in the
coulon valve box for the connecti[g pipes for a double-bottom
tank' etc.' utnost attention should b€ paid not to Iet otler fluids
enterr For the actual piping on ships, details are given below under
t l iesel engine.



Average sea water contains 35,000 p-p.m. of disolved

sol ids such as sodiun c}I lodde (comnon salt)  '  sulphate, magnesiun'
etc. ,  equal to 3.5 per:  cent by weight of such sol ids, or 3.5 kg per

lO0 kg. rn l rater desal inizat ion, dist i l lat ion or electrolvsls
nethods are used to obtain fleshitater: fron seawater. (Freshwater

i s  4 - 1 0  D . F ,  . )
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2.3 Water Desaf inizat ion

2.3.I  out l ine of dist i l f ing Plant

2.3-2 Structure and pr inc ipaf  cotr tponent  equlpments

Usu.l ly,  ships store l  reshkater for cooking,
dr inking, etc,  I f  there is a shortage of f reshltater.  because of a
1on9 voyage or heaw consutption for sone reason or other, seawatFr
wiII have to be distilled to nEke drinklng and cooking walef, and
for general  serwices, etc.

Moreover, the feed-water for a high- tenperature,
high-pressure boi ler is r :equiyed to be dist i l led water of high
prrr i ty.  Accordingly,  lhe water dist i l f ing pl 'ant is one of the most
inportant auxi l iar ies. The water dist i l l ing plant is conpoEed of an
evaporator, dislifler., water supply pump, fresh water: punp and brine

2 . 3 , 2  -  1  E v a p o r a t o r

Evaporators a]:e classified into the
hiqh-pressur:e type anal the low-pressure type accoraling to \thetner
the qeneraleal vapour pr.essure is higher tnan the atrospheric pressure
or not.  The evaporator shown in Eig. 2-3.I  ls used for both high
and fow pressure appl icat ions. As i l fustrated, tne heat ing tube,
made of extruded copper pipe, is shaped in coils, and arrange'I in
layers in the lower half, of the evaporator. The heating stean is
available reduced pressure steam or: turbine-extract stean. The
seawater is sent to the evaporator by neans of t}Ie feed-wate! pump,
where i t  is heated by the steam, and is separated into seawater and
freshwater vapouis. After this, tne freshwater vapour enters the
dist i l ler.  The vapour is cooled in the dist i l ler and condenser,  and
the condensate is sent to the distilled water tan]( by neans of the
freshwater pump. lthen tne distilled water is used as make-up water
for the boiler' the stean generated in the evaporator nay be condensed
after heat etchange in the feed-water heater: or maj'n o! auxilialy
conatenser. As tie seawatex is vapourized in the evaporato!, its
sal lni t l '  becones higher,  and scaf ing is caused, To prevent this,  the
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concentrated sea water is discharged fr:on the bottom of the
evaporator and then pumped overboar.d by means of a brine punp.

2.3.2.2 Dist i l ler or dist i l l inq condenser

The distiller is an equipment to
canalense the steam generated in the evaporator.. Its constt_uction
is alnos t the sajlp as t-hat of the condenser. Nane]y, a nun)rer ot
cooling tubes a.re arrangeal in a cylindrical vessel, and the sea-
lrater is matle to flow tirough the cooling tubes for tne purpose of,
cooling and cDntlensing the stean flowing over the cooling tubes.

2.3.3 lype of dist i l l ing plants

2.3.3,1 Low-pressure type dist j - I l ing plant
using diesel engine cool ing water.

The low-pressure B/pe distilling plant
using to advantage tlxe waste heat of the diesel engine coofing water
has been widely used for f ishing boats. In thas system, sal t- f ree
water is ploduced by l|a.king use of the phenonenon that the
vapourizatlon temperat\rre under a vacuum is lower than unaler atmos-
pheric pressur.e, As shovrn in Eig. 2-3-2, seawaterr which has been
heateal to 44 to 45-c as a result of cooling the m.rin engine or
generator, is sent into the feed-water inner tube in the bottoh of
t]Ie evapoxator by the feed{ater puinp, and then is injected. into the
evaporato! from the feed-water orifj-ce. Since the pressure inside
the evaporator is always naintained at 710 to 740 nuiEg unde! atnos-
pher.ic pressure by tie function of the water ejector, th€ feed-water
is forced into the evaporator \rhen it i6 running tirough the od.fice.
Thus, i ts teq)erature is reduced from 38 to 22"c, which corresl  onds to
t j lat  pr:essure. As a result ,  s lrrplus heat is used as Iatent heat for
vagourizing sorE of the r,t,ater. The stearn thus generated i6 passed
into the stean separator where the sea oater is separ.ated from the
slean; therefore, steam alone enterc t}le distiller on top of tne
evaporator 4lfl.fi, and is cooled and condensed by the cooling sea!{ater.
The seawat€r in the evapolator which has not been evaporated is
discharged by the bline punp thro{rgh the bline pipe. Ihe ai!
separated from the feed-vrater and the ai! adnitted thr:ough the
connections are trapped in the top of the vessel. However, the ai!
is purged out of t}le vessel by the f,unction of the wate! ejector to
naintain a specified degriee of vacuun (710-740 EmHg) in the evaporator!
In t-he disLil-1ing plant system, t-here is provideal a water-quality al-arn
which, when the saf ini ty of the dist i l led vater exceeds a specif ied
level (  about f0 p.p.rn),  sounds an afarm o! autonat ical ly discharges
the disLi l led water into the bi lge tank.



The dj-stilling water capacity is €bout
0.5 to 75 tons per day. Unf ike other types, this dist i l l ing plant
is sna1l in size anal fight in weight, capable of dj.stillj.ng even during
fishing operations, and suffers hardty any scale deposition. Moreover,
stean econony, which is the ratio of generated stean to supplied heat,
is large and can produce hlgh-quality distilled water at a 1ow cost
as agaj,nst other q/pes. Hc {ever, as the systen is colplicated,
ctperation of tnis type is nore conplex than that of othe! types.
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2.3.3.2 High-plessure type dist i l l - ing plant
using diesel engine exhaust gas

2.3.3.4 lon-exchange type dist i l l ing pLant

As shown in Fig. 2.3.3, part  of  t ie sea-
water, which has cooled the nain engine, is fed to the evapotator
after rurlning through a feed-wate! filter and autonatic feed-$ater
legufator. On the other. hand, high temperature exhaust gas discharged
from the nain engine is supplj.ed to the evaporator where heat exchange
is done to generate stea$. The stean thus generateat runs into t}Ie
stean separator, and then into the dj.stiller where it is cooled and
condensed. Ihe concentration of seawate! becomes higher as the
evaPoration fotlc'i,.'s, and concentrated seai{ater is continuously dis-
charged to adjust the concentration of seawater in t}le evaporator at
a prope! value, anal prevent prj.ldng. The air separated fron the
seawater is extlacted by tne gas ejector to aln'ays keep a folr pressure
in both tie evaporator and distitler, in order to reduce the seavrater
terPelature inside the evapolator. This also leads to the_prevention
of scale deposition anal iq)rovement of heating tube efficiency. lto\rever,
scale deposition is nuch greater in this type of, plant than in other
types, and, as the steam econony is ]ow, fevr ships use this dist i l ler,
I f  conibined with 450 to 1,800 P.S. diesel engine, the dist iuing
capacity is ! .2 to 2.2 tons pet day.

An electrolysis metnod using a ion-
exchange resin hemblane can produce freshvrater only by electlicity,
without heat sources.

Its operating principles ale sholrn in
Erg. 2.3.4. A nuft ier of  anion (A) and cat ion (K) exchange-resin
nehbranes aie alternately afiiangeal to form a nunDer of cells (C) and
(D), and two rBnifold pipes supply seawater to each ceI1. Since dc
is sent to_both terninals ((+),  {-)) ,  of ,  ion-exchange r:esin rnenbranes,
anions (cl ) in the seawater are attracted towaJ:ds the anode (+), and
the cations (Na+) touards the cathode (-). Since the anion (A)
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exchange lesin l€nbrane allows the anions (cl ) alone to pass
Ehrough, and the cation (K) exchange resin menbrane perniLs the
caLions (Na-) alone to pass tlrouqh, the ions (Na , cI ) in t}le
cells (D) can move into tie cells (c), but the ions in the ceUs
(C) cannot nove into the ce1ls (D). Thus, they renain j.n the cells
(C), so that the seawater in the cells (C) is concentrateal. 1n an
actual system, a circulating tank is provided to reduce salitrity by
alegrees as illustiated in !'iq. 2.3.5. Desal"inization is praduced by
a single passing tirough tfle cell to 50O p.p.m fron an avelage
seawater {35,0O0 p.p,n)

2.4 ventilation ard air-conditioninq

2.4.I  Purpose of vent i lat ion

the air in the hofd of a ship is vitiateal by
the generation of noxious gases from caxgo, bilge, etc, which are
hairnful to the hunBn bofu. In the engine room, the rise 1n tehpeta-
ture and humiillty constitutes a serious problen. In ships operated
by internal con$ustj"on engines, there is a alanger of toxic exhaust
gas and lnflamable gas being emitted. Thorough ventilation is,
therefore, necessary to pEeserve provisions and cargo, protect the
heaJ.th of the engine crew, irry)rove working efficiency, etc. llhe
engine room, incluahng the working space for engine crew, €ho!1d be
venLilated nore thoroughly than areas occupieal by crew nenbers lrho
are constantly engaged in deck v/ork. Pa:rticularly for ships navi-
gating in the tropicaf zone, it is necessary not only to keep t}le
roon air clean, but a so to control tenpelature and hunidity by air-
conditjoning equipnent.

2.4.2 vent i lat ing methods

2.4.2.1 Natural  vent i lat ion

Natural ventilation, in which the
movenEnt of air is induced by natural convection produced by the
difference in densiq' due to the difference in tenperatures, is used
for tie supply of air. This systsn is sonetimes apptied in tjl€
engine loon and boiler roon,

2.4.2.2 t4ec})aI.ical ventilation in which air
suppfy is done by blowef,, and exhaust
gas is discha-rgeal by natural alraught

This is a systen in which air is forceal.
feal or j.nduceal by means of a blotreri it is usual-ly applied to tlle
accomnoalations , gauey, engine roon, hold, etc. This systen is uEeil



as a rEans of venLiLation dependlng on the circumstances.
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2,4.2.3 Mechanical  vent i lat ion in t  hich exhaust
is done by bloi{er, anal suction by
natural dr.aught

A blower is used for exhaust only.
This system is useal in the ventilation of bathroom, toilet room,
galley, nachlne tool roorn, baltery roomr engine roo!1, etc.r wher€
aif, is vitiated by heat, sme11 or nor.ious gases.

This is a cor rination of the rnethods
described in paragfaphs 2.4.2.2 and 2.4.2.3, This systen i6 appl ied
to conflned spaces such as the engine room, ga]ley, e!c,, lrhere the
air is seriously vitiated by high tenperature and odors.

2.4.2.4 Mechanical  vent i lat ion in l rhich both
suction anal exhaust of air are done
by blorers

2.4.3 f iead type vent i lator

2 . 4 . 3 . f  c l a s s i f i c a t i o n

This vent i latoi :  is c lassi f ied into
severaJ. q'pes accoraling to the shape of its head. Of these types,
the codl head anal mushroom heaal types ale geneially used.

colrl heaal type

rhe cowl head type is best applied
to bot}t air supply and exhaust as it is very efficient. If the head
is directed towartls the wind, it can effectively induce air. This
type is trros t1y used fo! natutal  vent i lat ion. Fiq. 2.4.1 (A) ,  {B)
and (C) shc(f covrl- head type ventilators. In baal e/eatier, howewer.
rain drops anal sea water splashes are liable to enter. into t}le head
sj.nce i t  ls not equipped ni th a shiefd,

(b) Mushroon head type

The m\rshroorn head type is protected
fron splashes by a shieldr however,  the air  supply is reduced as
co4)ar€al nith the cqd head type owing to the plesence of a shield.
This type is used for the mechanical ventilation of accotfiodations
and ho1d. Fig. 2.4.1 (D),  and (E) i l tustrate the mushxoon head type,
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2.4.4 TvDe of blowers and ducts

Blowers are cl-assified into propelLer q.pe,
centrifugal type, and axial-fJ.o!,r type. Blowers are usually
tlriven bv eJ.ectlic rDtors.

2,4.4.1 Pr.opel le!  bfoerer

The propeller blolter j-s available at
a l"@ cost, and can tlrive a conparatively large voh!|e of ai! with
less tesistance conpareal with othe! types of blower.

For this reason, i t  is of ten used
the wal l  of  a gal ley to expel hot air .  r f  i t  is ingtal leal  at  a

'place ehere i t  is af fected by wind, i ts capacity alecreases.

2.4. 4.2 Centr i fvgal blolrer

The centrifugal blolter calries ait
in t-he alitection nolma1 to its rotatlng shaft. Its inpef,fer is
provided $ith for\rald curveal or backrrarial curved blades. The blo',rer
khidr is equipped witi broaal forrard curved blades is cal.leal
"sirocco fan" ard is widely used, Fig. 2,4.2 shows a sirocco far.-

2,4.4.3 Axi al- f low blo!, /e!

The axiaL-f1o!, blower caEies air
paial l -el  to i ts rotat ing shaft .  I f  i t  is not plovided with a guide
va.net it can easily be converted into an air-feed lype or exhaust
q'pe. fhe axial-flow q'pe b1olrer is used fo! the ventilation of
engine roottr  o!  hold. (Fig. 2.4.3)

2 . 4 . 4 . 4  D u c t s

on a ship, tlre blower for ventilation
is usualLy ln6ta11ed on the open deck, and alucts are exlenaled to
those pLaces requirlng air supply o! ventifation florn the blower.
Ei,g.  2.4.4 i l lust iates a i luct.

2.4.5 Humiality-control equipnent

2.4.5.1 Need for hrhiality control

ventilation is carrieal out to purge
vapouri fron cargo in the hold. l,lhen navj.gating in waters where
changes in anbient terperatuxe and hunlality are considerable,
dehuld.alification will be incorqtete if natural draught or nechanical
venLil-aLion alone is relieal \rpon. For this reason, the hunidity
lnsiae the hold nay need to be controlled.
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2.4.5.2 l tethods of hwddity control-

ahe follolrj.ng tlro tnethoals of r.erdoving
r.:: tar from air ale aDDlieal:

l'l, hod usirig aalsolbent o! atrsorbent

Adsorbents such as silica gel and
;rlulllina gel, o! abEorbents suclr aJ: lj:hiuh chloride, J.itliun brolride
and t-riethylene glycol are ir.ed t( remove water from air before
.harging air into the hold" Of tl., .arious chenical agents for
desiccation, sillca gel is llr)st vrt.icly used. The dehumidifier of thj.s
i . 'pe is caued "cargo care" or "de. jc--  or:" .

i.1el Lod using a refrigerator

ln this nethod, air  is cooled to
-Jrldense and renove nater f-rorn i.,-, rl e .1ir thus dried is sent to the
i1oLd.

( b )

2.4.5. i  , junr i i  y 1.-nrrof a},paratus

th. i ru, .r , r i t t  control  systen for t l :e
hold is corposed of a dehunidific,r, \ontilator and recoraleJ. Fig.
2.4,5 shcws a "calgo care" using sj l . )  r  gcl  as a desiccane. The air
in tbe hold is dr iven intc the s11icn gel colunm (A) by means of,  a
blower via the four-way dalllrer (2) at the botton. The air is rid
of water in t}le colum, anal then senE into t}le air cooler through the
fotr-way darq)er (t). Thus, the air ls again foiceal into tne hold.
On the other hand, the air: flon outside is sent into the air heater
by dEans of the blower, and, after being heated, is sent into the
silica gel column (B) through the dary)er {2). Ilere the sil-ica gel
in the co1$nn is heateal anal reactlvated, Thus the ai! fu11y laden
with rnoisture is pulgeal into the open air through the dahper (1) -
the upper danper (1) and Lower darper (2) are autonatically on/off
contlo11ed to al.ternately s$ritch cotunns (A) and (B) to dehunidifi-
cation and r.eactivation, in oraler to continuousfy feed dry air into
the hold.

The venlilator circulates air lrithin
tne hotd by lreans of a blower, anal the recoraler detects the conalitions
of the air inslale and outside thc ho1d. The recoraler ls instalted
at the blidge to autonatically lecord the hunidity and temperature
of both the alr insiale the holil anil the outside air.



2,4.6 Purpo6e of ai ! -conal i t ioning

The purpose of air-conditloning is to codtroL
antl liaiDtain tfie tenpefature, hunidity anal freshness of the air at
the lequired ileglee ln places lrhere this is necessary,

As stated above air-conditlonlng neans si$ui-
taneous control of t-}!e humidiqr, tenperature, antl freshness of the
ai!. An air-conalltioning systen is usuall"y composed of a bl.ceret? an
air cooler, an ai! heater, a huDidifier and an air filte!. There
ale diverse t!'p6s of air-conditioning systens bu! t}le foltowlng are
the @st eidely used.

2.4.6.1 Systens of ai t -condit ioni .ng

r i s s ,  2 . 4 . 6  ( a ) ,  ( b ) ,  ( c ) ,  ( d )  a n d
(e) lUustrate the following systems:

(a) A blowe! is provialed for each
zone. and ftesh alr fl.olll outslde anal recycled ail. are paBseal t}Ilough
the heating coi1, cEoling coil anal reheatj.ng coil to each room. fhis
gysten is caJ. leal  the zone reheat ing system, (Fig. 2.4.6 (a))

(b) A reheating coil usind-}ot wate!
(or stea[ or an electlic heater) is installed at the ajr supply port
of each loon t3 reheat the toon. (Fig, 2.4.6 (b))

(c) Air  f ron outsiale,  r id of dust,
cooletl anal tlehrnldifled by the dain ai! conalitioner, is se!|t into
each loorn thlough a nozzle to circulate the roon ai! by induction.
( F i s .  2 . 4 . 6  ( c )  )

The coil unit carries chllfeal
water fo! cooLing anal hot rater fo! heating. this systen is calleal
the high-pressrEe iniluctlon unit system and is available in a wiale
variety of types fiorn the nost sophisticateal for passenge! liners to
tlte utl.llty hrpe for use in oil ta.r*ets and cargo 6hips.

(d) Ihe air-condltioning unit in each
roorn, @nsisLing of an alr filtet, a heating o! cooling coiJ. anal a
bloite!, lniluces air lnsiile the room to mix with fresh ai! f,rdn outslde
to cool or heat the roon air. thts systen is used for the air-
conall.tloning of a c\orFarativeLy llmited space. It ls calleat the fan
col. l  unl . t  systen. (Fig. 2.4.6 (d))
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(e) one of two ducts carries chilled
air, and t-he other hot ai!, and these two airs are suitably nixeal
in a nlixing chan:re! and then sent to each room. This is called the
double duct system. (Fig. 2.4-6 (e))

( t)  ) lor tocal air-cond: i t ioning of
public !oo$s, galley, etc., a rnoalification of lhe packaged air-
corditioner l,idelv used on land is installed.

2.4.6.2 Air-condit ioning equjFnent

lleatrnq

Healing in a ship can be done in
tno ways: direct heating using a steam heater or an electric heateri
anal indirect healing, in which the heater is installed in the aluct
of the ventilating system to supply heated air to accoftnoalations.

2.5 Purif ier

( a )

(b)

this is a $eans for caEying out
ventilationr heati.ng anal cooling of accomodations. As iuustrated
in Fig. 2.4,7 the thin pipes in tank (A) carry ste,m for heat ing ot
chilled brine fo! cooling. If the r.oon air is liable to becorne dry,
,ttean is charged arolmal the thin pipes to coltrol t}|e huri.dity. The
vitiated aii in the roon can be purged out by cfosing the door (D)
anal valves (E), and opentng the valve (V) at the top of the tank with
the ai! valve (C) opened towards the air passage.

2.4.6.3 Ai!-conditioning fo! acconnpdations

In recent years, alnoat al l  ships,
incfuding passenger liners, cargo liners and oif tankers, have
installed an ai!-conditioning systen for the purpose of inproving
the cler"r and/or passenger facifities.

2,5.1 Pu4)ose of separat ion or pur i f icat ion, and
clar i f icat ion

Since fuel oif contains water, and ilnpuij.ties
such as 6ludge, conibustion of the oil is affected. As a result, the
cylinder liner weals alown lrpre quickly, tie fuel injector is nore
liable to becorne chokeal up or alanaged tian if purifled fuel oil were
useal,



Mofeove!, in Lubricating oi1 useal over a
certaln petiod of tine residua. such as carbon anil particles of
n€tal are for'nal. To a\roiil the ensuinq Droblens as far. as Dossible,
tJle following rnet}otls are u.sed:

2.5.I .1 CLassif icat ion of pur i f icat ion methoals used on
board ships

- 4 ' t -

(a) For fuel oif

( i )  cravi ty settLlng or sett l ing tar ik
netiod

( i)  cravi ty sett l lng or sett l ing tank
method

This settling method uses the specific
gravity of the impurities in the oi1 to
sepalate then fron the oit by static
equaPment.

(ii) centrifusat settling method

lhis nethod follo{,ts the sahe principLes
r c  t i l  , r i ^ ! , o  h r r +  + h a  o d r , i h n 6 n +  i a

dynardc, such as a cent-rifuge.

(iii) Conbined settling nethoals (gtavity and
centxifugal settling tnethoals)

This rnethod is a conbination of rEtho&
(i)  and ( i i )  above.

(b) For lubricating oil

This is tne sane as (a-( i ))  above

(ii) Mixed nater or stean settling netloil

The lubr.icating oil is nixed with wate!
or stean, then stiIred \rp.

(iii) centrifugal settling nethoal

This is the same as (a-( i i ) )  above,
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{iv) Conbined settling nethod (gravit!' and
centtifugal settling nethods)

The nethod is tie sane as (a-(iii)) above.

As nentioned above, hany hethoals
are useal for oil purification, but no6t narine engines are equippeal
with the centlifugal settltng o! combineal settling devices.

2.5.1.2 PrinciDles of a centr i fuqe

The centlifuge is an apparatus that
.uses a high vefociq. rotating bov.L to separate impurities (residua)
anal water fron tfle oil in order to cfean the oil. That is, t}le
centrifuge uti.lizes centrifugal force to separate the inFuxities, it
foflows the sarE princlpLes as gravity settling. Settling neaos the
sepalation of a substance having a lighter specific araviey, such as
oiL, from substances having a heavier specific gravity, such as
tq)ulj.ties, llhen centrifugal folce is useal it is called centrifugaf
settling; nhile the othe! nethoal is called gravity settling.

Assundng that in a xotating -bowl tlle
weight of the substances in the oil is W (gr), effective tadius fron
center of bddl to the su:bstance is r (cn), and angufar vel"ocity is or
(radlsec), t-hen the centrifirgal force of substance F erill be

lf

F = I,ua wnr2 Io-5

(N is f,evolution per nin.)

2,5, ] .3 Working of cent-r i fuge

The irork of a centrifr.rge is di.vided
into separation or pulification, and claxificatlon.

Separatj.on o! purification rneana the
plocess of separating the water from the oil. I'he equipment is
calleal a "sepalator" o! "purifier".

clalification is the process by which
sludge (residuun) is separateal from tie oil. The equiFlent is called
a "clar i f ierr ' .



F i s s .  2 . 5 . 1 ,  ( a ) ,  ( b ) ,  ( c )  a n d  ( d )
show a aliagram of tlle cylindrical-type bowl anal tie disc-type bow1,
as well as the operating principles of each of tiese bowls.

A s  s h o w n  i n  E i g .  2 . 5 . f  ( a ) ,  a
liqu.id containing inpurities is poured into a bowl thr:ough inlet (a)

to level (h). The liquid being lighter flows out from (h) and the
heavier inpurities settLe at (d), the lighter inpurities settle at
(d) and (f) somewhat later tian the heavier ones.

Figs. 2.5.1 (c) and (d) show
croas-sections of the ct'Linilrical-type bow1, and the disc-type bowl-
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Cla!ification

(b) Puri f icat ion or separat ion

2.5. f  .4 Classi f icat ion of centr i fuqes

(f) By process of separation

t a ,

Eigs, 2.5.2 (a) and {b) show tne
operating princj-pl"es of the cylindr.ical-type bowl and the disc-type
bowl separat ions. Figs. 2.5.1.3 (c) aDd (d) show cross-sect ions of
tne cylindrical-type bor,tl and the alisc_tlpe bowl used fo! separation.

The difference betweenithese
bowls and those shown in Fig. 2.5.1 is that the fonner are provided
\,rith a aladper (Ix). Water is poured into the bot.tl up to levef, (h),

tien the oil is aalaled. The oil in the bowl is pteventeal fron flowing
into t-he water by da4:er (Lx) as the constant setrErating level (e) is
nailtaineal owing to the balancing pressure at tne inlet anal outlet.
Thus water and oil in a suspension ]iquid can be separated since the
constant separat ing level (e) never changes. Figs. 2.5.2 (c) and (d)

show a cross-section of a ct'1in&ical-twe bowl (c) and of a alisc-type
bowl (d).

As explaineal above, a cylinalrical-
bowl ceitrifuge or a ahsc-bonl centrifuge are used for this process.

By c leaning methods

Manually cleaned centrifuges

a-1 De l,aval centrifuge

a-2 Shaf,ples centrifuge

( 2 )



self-cfeaning centrlf,uges

b-1 Gravitrol centrifuge
(gravi t) 'control l ing
centri fuge)

b-2 Seff- jector centr i fuge
r  ca  I  f - i  n  i o . l  i  nd

centrifug€ )

Manually cleaneal cencrifuges have
been used for sevelal alecaales, but since higher-powered engines are
now ery)lq{ed, tne centrifuge is also larger, therefore, the cleaning
of centr.ifuges requj-res more tine and labour. To save labour the
self-cleaning centlifuge is in current use.
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(b)

Piping and stxucture

2 . 5 . 2 .  t  P i p i n g

2 . 5 . 2

Fig. 2.5.3 sho\ts the piping arrangenent
of a large-sizeal aliesel engine. The engine uses crude oil and is
eqripped L'itn a purifier and clarifier. In t-he case of fishing boats,
rhidl use light grade heaw oil or gas oil, the engine is-provided
with a pu.rifier on1y,

gravitrol centrifuge.
F' ig.  2.5.10 shows t} le piping of a

2 . 5 , 2 . 2  S t r u c t u r e

r i g . 2 . 5 . 4  s h o w s  t h e  s t r u c t u r e
of tie De Laval centrifuge. This centrifuge is alliven by an efectric
motor through the l rolm gear (2);  the revolut ion is 6,000 - 8,000 r.p.m.,
and tle aliameter of tne bowl is 30O - 500 nm. The centr.ifuge is used
for. both purifier and clarifier. Fig. 2,5-5 shows the boh'l of the

(a) I,lanua11y cleaneal centrifuge

(l) De Lavaf centrifuge

(2) shalI)les centrifuge

Fig. 2-5.6 shows the Sha4)les
centrifuge and Fig. 2,5.7 shows the bowl of the Sha4)les centrifuge.
the centrifuge is also tlriven by an electric motor tnrough a belt,
driving puIley (6), and rotatinq bon'l (1). The revolution is



15,000 - 1"9,000 r.p.m.,  and t ie dianeter of the bowl is 50 -  2oO m
smaller tha! the diaretex of the De Laval centrifuqe.
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(b) Sel f -c feaning centr i fuge

I  t )  e r r w i  + z ^ l

Fig. 2.5.a shows the bowl of

' f h r s  c e n t r  i l u g e  h a s  L h e  f o l l o w i n g

(i)  I t  can be used foy a $/ ide range of specif ic gravi t ies of
oils, and when the specific aravity is changed owing to changes in
the tenperature of tne oil, it can be controtted by changing the
tenperature of the circulating watei during operation without tfie
neeal to stop it. It is cafled "qravitrot centrifuget' (gravity con-
t .rolLing cenlr i fuge).

(ii) Pu.rification and clarification axe caf,rieal out nole
effectively Ehan in other types owing to tf,le effective use of
separat ing pfates.

(iii) The boundal:f fine beureen the lrater and the oi1 is
constant (Fig, 2,5.8) since the centr. i fuge is provided witn.a rejects
dam. The centrifuge is lrsed for both purification and ctarification,
and alriven by an electric FDtor thlouqh a worm qear.

Fig. 2,5,8 shows the bowl of the
centrifuge and the water circulating system. The oit enter.s through
the oi . I  in1et,  the sludge sett les bet lreen the separat ing ptates (5),
and is discharged togethe! with the water into the sludge tank, tien
the water is recirculated into tie bolrt by the pr.mp (4). since tne
quantity of circulaling watex is greater than the quantity of water
nixeal lrith sludge flowing frorn the nozzle (3), the su4)f,us vTater
f l -ows out fxon the reject daft  (1) to the sludge rank. Fig. 2.5.9
shows the reject darn and i ts adjust ing pl-are in detai l .  rn r ig.  2.5.10
during nohal operaLion the ]evel of rhe water in the studge tank is
at.  the leve1 of the oi l -col lecUing hopper (9),  I f  the oi l  f lows out
from the sludge discharger porr (2), some su4lus oi1 will go to rhe
controlling space (10) thus rhe f,loat in the space (fO) lrill be
actuateal by the oil to shut off the sotenoid valve (1I) electxicatly
connected between them. Therefo).e the supply of oi1 fron heater (O)
to the centrifuge (1) stops. The purp (5) fox purified oit and feed
pra[) (6) are tlriven by an electric nrotor: for the centrifuge. A
centrifugal punp (4) is used to cixculate the water, The deliver
adjusting valve baintains the pressrue anat quantity of circutating
water clnstanl.
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(4) Self-jector centrif,ug€

This centrj.f,uge is an irplove-
ment ove! the nanually cleaned De Laval centrifuge in that it is
self-cleaning. Fiq. 2.5.1.I shoss a centrifuge bovL capable of being
proglaflrcd fo! periodic anal reg.uLa! dunll)ing of all or part of t}l€
botrl contents to renove the sludge build-up. ft has, moreor,€r, the
foflowing advantages:

(i) sludge tlischarge can sinply be operated by a valve.

(ii) since slualge discharge can be done in a shorte! tilre
than in other, types, it saves tinE.

(iii) Since the operation of both the pu:.j"fier and the clati-
fiet are conbinedr the sepa.ration of the inpulities and water in the
oi l  is r iore eff ic ient.  r igs. 2.5.U and 2.5.12 shol,  t ie bclvr l  and
adjusting scre\{ of tlte pulifier anal the clalifie!, respectively.
As shown in Fig. 2.5,U, tie sludge discharge takes place thlough a
nu!$e! of slots in the bowl wal-l. Bet!.een discharges these slots are
closed by the sliiling bor,rl bottob' \rhich constitutes an outer, sliding
botton (valve cylinder) (2) in the sepalaling space. The sliding bouL
bottom is folced alf,nnwarals against a seal ring by the pressure of the
operating water contaj.ned in the space below it, because tbe uppe!
palt of the sliding borl bottoto has a larger presBure surface than
its loirer part.

Ftg, 2.5.13 shows the nanual.
operation of di6 charge, First the flow of oil is stoppeal. ?hen the
valve operatj,ng handle is l|cveal to rropenr'. As th€ lowet and uppe!
pressute spaces of t}le bqrl are filled uit-h lrate! througb the latger
nozzle l'1), the eliding bcdl (2) noves do$nsards, so t-hat the sludge
dischalging polts open anal allscharge t-he sludge togethei with the
w a t e r  ( F i g .  2 . 5 . 1 . 3  ( 1 ) .

Secondly, the valve opelating
hantlle is noved to r'Shut offrr anal ls kept for severaf seconds i. tlat
posltion to illscharge the rrate! of the upper pressule space through
t l le wate! dischalge nozzle (Fig. 2.5.13 (2)).

Thj.!d1y, the valve operating hanalLe
is rooved to "Cfose" and kept in tjtis po6ition for ten to trenty
seconab, fbe lo!t€! plessute space is filleal with water thlough the
snall nozzle (8). Since the shall nozzle is snaller than the rat€r
Clischarging nozzl€ in ali.acha!9j.ng capacity, the upper !/ate! pressure
space is not fiu.ed q) \rlth \rate!. As a result the sliding bcffI ig
l i f ted al lal  c loses the sludge discharging ports (F19. 2.5.13 (3)).
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Finallyr the val.ve opelating
hanille is moveal to I'Shut off". Then the vrater valve opens. Aftel
the water has floweil out through the adjusting sclew (6), the wate!
valve is kept ctosed. Fina1ty the oif valve is oPened. In the
case of autonatic operation, sludge dischalge as alescribed above is
done autonati cally.

2.6 steering gears

A ship is provided with a steering gear to navigate a
alesired course. In npst Ehips, except very snall boatsr a Eteeling
gear alriven by a prine nDver is usetl. A variety of different
steering geais exist. All types, however, have the following four
elenents .

2 . 6 . 1  E l e n € n t s

2.6.1.1 control l inq qear

ControUing gea.r is an equipnent to
transfirit an operalion fron the steering wheel on the bridge (wheel

house) to the r.udde! gealr it is dlvided into tie nechanical tlPe,
the hydraulic q'pe and the electric tt'pe. The nechanical type is
nainly applied to srnall vessels, and nedium anal large ships using
eit} le!  the hydraul ic or electr ic type,

2.6.1.2 Hant ing gear ol  fol low-up gear

Fantinq gear is an equipnent to stop
and fix t}le rualde! gear when the ruilder has attained the lequiled
angle. rt is divideal into the nrechanical type anal the electric tyPe.

2.6.I .3 Prime nover (steeri ing engine)

A prilne rover is a rnachin€ that oPelates
the rualaler in the required ilirectj.on. tlle prfuE rnover is divided
into the steam plj"ne mover and the electTic prime mover. Most shiPs
use the electric Drine nover.

2.6.1.4 Rualder gear or transmission gea!

Rudder gear is an equipment transnitting
powe! fton tlle plime nover to the rudaler either thlough a shafting,
gearing or chain, or hydraulicalLy. That is, it &ves ttre ludde!
against the nater current anal lrave to give the ship a turning nohent.
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2.6.2 Structure of steering gear

2.6.2.1 !4echanical  steer. inq crear

A rnechanical steering gear operates
the rualfler gear. by working the extension of tie steeling wheel on the
bridge to t}te steering shaft of t-he rudder gear tilough the lEdluin
of a ttansrdssion gear coq)rising a nurnber of gears and ulliversal-
joints as weU as shaftings. In this type, accoldingly, the steering
speed is lirdted, and water sealing devices are necessary because
the shaftings run through lratertight butkheads.

Fig, 2.6,1 shows a mechanical  steer lng
gea!.

When a ship is navigatinq on a desjled
course, the steering systen is halted, and the r.ualde! is at the center
poiltion. When tie steering lrheel (1) is tuhed 1n tie aleslred
alirection, its notion is tlanstnitted to the shaft (2) through the gear
anil shaft' (4) is a control valve. when its stem is &iven by the
t:otating lDtion of tie shaft (2) and worn gea! (3), tie rudde! is
tuln€al 1D a absired direction. That is, the ilrun on which the chains
ale nound is dliven in the desired direction by neans of the lrorll (5)
and \rodn gear (6), lrindirg up the chain on one side and winding it
out on the other side in oraler to nove the rudder tiller tlrough a
quaibant. On the ottler. hanal, the fnllolr-up control vafve (4) restores
the contiol valve rod. Nane1y, Lhe control, valve starls turning back
to the center position to keep the f,udder at a desired an91e.

a steet ing wheel.
Eig. 2.6.2 shows the construct ion of

2.6.2.2 fiydraulic q'pe steerjng gear (telernotor
systen0

A telenotor on tlle bridg€ is connected
to a trptor telenotor in the rudder gear rooir by a lO to 16 nEl copper
or fleodAizeal coppe! tribe. llhen the steering wheel is rioveal, the
plston j-n the telehotor will npve to develop a plessurer The pressure
operates the piston in t}le notor telenotox to rpve the lualcler gear.
Ihe piston in the telenotoi is moved up and aloon thtough a gear
lEchanisn when the steering heel ls rnoved. In addition, ln the
cl'linder Wpe, a telenotor of a rotary punp twe is also u€eal. The
fluid used ls requireal to be high ln density, 1ow in freezj.ng point,
anal snall in viscosjtt'. Usually a glycerlne solutioo or a speci.el
ninela1 olL is useal. Charging of the ftuid into the hvalta\rLlc systen
1s carrj,eal out by neans of the nake-up tank, and a hand punp. Fig.
2.6.3 shcf is a hy&aul ic steering gear.
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2.6.2.3 Electr ic steering gear

The sygtem alescrj.bed here is called the
dwlex auto-pilot system. The auto-pilot con$ined $tith a gyroconpass
keep the ship's course, narnely, it is capable of piloting lrithout the
use of nanpovrer, If, for any reason, the ship is deviated frob its
fixed course, t}le deviatio[ angte appears on the gyrocompass and the
ship is put back on its cotrect course. In tlds systern, the Powe!
unit aUrectly controls the rudtter gear. The rualde! gear ts divided
into t}Ie electric q'pe and the hydraulic ttrpe. In the hydraulic tfpe,
a puq) unit is requiredl i'l aaldition. A systen in irhich the Power
unit instafleat in the rudaler gea.r loolr (steet:ing engine roon), is

connected witl an electric circuit between tie povter unj-t and the
steellng equipment in the wheel house 6rtdge)r an'l bet$een tne

power unit and rualale! gear is a alouble system called "duplex pilot

2.6.2.4 Fol lor '"up equignent

( a ) Mechanica.I foltcrw-up equiFnent

lihen the steering wheel. in the
wheel-house is lroveal t-o and stopped at a requiled angle, the folfow-up
nechanj.sn colprising fink nechanisns of ludaler Lifler, croFsheaal anal
ram will nDve t}1e steexing gear back to the central position. In the
case of a hyalraulic punp, t}le punp w.iII be stoppeal so as to.fix the
ruaLler at the required anole.

(b) Electric foUow-up equipnent

In the case of an a1l-noto!-driven
steering system, the notor is eLectrically stopped by using the
principles of the llheatstone bridge, when the rualaler angle has attained
the reouired anqfe.

2.6.2.5 Prine nbver (steering engine)

The pritne nover shoul'd resPond quickfy
and accurately to the nDtion of the steering wheel in the wheel-house i
narEly, at fu11-speed opelating. its output should have power enough
to nove the rudder i.rithin 30 seconds fron haral port to haral starboaral
and vice velsa.

( a ) Motor-driven hydraulic type

A variable delivery putrp is atriven
by a nbtot to operate the ludale! by hydraulic polter. The motor always
operates the oil pl.)Il{), and the steering gear changes tlxe directlon of
flow anal quantlqr of oil to controf the rudaler. Thi6 type is now
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being applied in sonE nediunFsized €hips and
It is comlon plactice to install two sets of
use thern alternately.

nost large-sized ships.
motor and ptrnp, and to

(b) Al-l-motor-driven steerlng systerr

The rEtor torque is alirectly
trans$ltted to the rudder. The system is subdivided into two systens.
One is the single-inotor systen for 6fia11 vessels or as a standbl' fo!
nealium and large vessels. The other is the notor-generator syst€dl.

2.6.2.6 Trarsnission gear (rudder geax)

(c) Electro-hydraulic rudaler gear

(a) Chain drun type rudde! geat

This is the type tlxat ha6 been
lolgest in use. Fig. 2.6.4 shows the chain druin type "t lansnission"
gear. the rudaler gear is installed in t-he astern steering engine
roon. As a drain is wounal up on the chain drum and noved by the
steeling engine (prillE !tover), the rudder stock is operated to the
lequired angle through the steer:ing rod, buffer spring, sleering
chain anal quaalrant.

(b) Gear type rudder gear

This equipment is applied in all"-
notor-dr iven steening systems. An exarnple is shown in E\9. 2.6.5.
The l{oBn attacheal to the notor shaft drives the worm gear, and the
pinion on the wodr geai shaft noves the quaalrant, Ihe quadrant is
loosely f i t ted in the rudder stock, and not f ixed. The rudder t i l ler
is keyed to t}le rudaler stock, and on€ end is connecteal without a key
to t]!e quaalrant by tvro strong buffer springs. Since these sptings
are preloaded with the conpression of the springs befoie instaUation,
lrave shocks are preventeal fron being ccmmunicaied to the rudder gear;
thus the rudder gear can work safely ard effectively.

The electro-hydraulic rudder gear
uses a variable hydraulic punp which is driven by an electlic notor
at a constant speeal to generate oil pressure. That is, the hydraulic
pu.r$i is contloJ.led by rEans of a telenotor to operate the rualale! stock.

The electlo-hydraulic transmission
gear is divided into "ra$ type" and "rotary vane type". the ran lype,
which has long been used, has two or fou! hydraulic cylindels allanged
palallel to one anothe! to operate their lani they ale connecteal to
the crossheail on the ludaler stock by pins or rapson sliale shoes.
Pressed oil fron the hyallaulic punp is ted to ti€ hyalraullc cyLinalers
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to let t}re rar6 reciprocate, and the notion of the ra.lls is convelted
into the lotating nEtion of the rualaler stock through the crosshead.

The ram type is alivialed into the
foUowinq accolaing to the method of connecting t-he rualder ti1ler to
tle ,aa.[E:

(a) Rapson sLide shoe type (Eig. 2.6.6, Ptg. 2.6.71

(a-1) One-rarn, t l ro-cyl inder systen (Fig. 2.6.6)

(a-2) tlJo-rant, four-cylinder systen (Fig. 2.6,7)

(b) Trunk piston type (Fig. 2,6.8)

(c) special  t ] .pe (Fig. 2.6.9)

Most nediun a.r!d lalge-size vessels
use the rapson slide type because it enables the nost effectj,ve use
of the oil pressure generated by the hydraulic punp.

In the tru!ft piston, one or two
hydraulic c-]rl,inalels are arranged parauel tso one another anal one o!
two pistons ate wor.keal alternatel,y. Ihe trunt piston tlDe is sinple
in construction and l"ight in vreight conpared with the lapson sli.de
shoe types. fhetefore, the trunk piston type is lnstaUed iq $naU
vessel-s lriti a narroiu rudder gear room.

rhe special types ale usetl for
vessels that are equippeal wrth a aloubl"e rudder or a speciaf rutlder. or
which have a very nararord stern space such as \rha1e factory shj,p6
(which are provided witi a skidway for. the plr4)ose of, pulling up

whaLes froin the stern side).

The rotary vane type was aleveloped
in West Gernany ' recently. A stsator with fj.xed vanes (hydraulic
cl'Linde!) and a rotor uith r.otating vanes are directJ-y noulteal on the
rualder stock, anal the fan-shaped pressnre chamber nade up of tie
stationary vanes and rDvable vanes {hydraulic motor} is supplied with
a rualaler shaft ,  I . iq.2.6.9 shows a rolary vane type transrnission gear.

2.6.2.7 ' I \ ,p ical  ludale! gear

(a) Hele shavr type electro-hyalraulic
rudaler gear

The plincipal conEDnents of this
gea! incluale; (a) rudder till-er (b) hydr.aulic cf'linde!, (c) ran,
(d) Hele shalr purp, and (e) motor. rt is also pr.ovided with a nanual
oil ptmq) antl change-over cockr etc., as standby equj.ptlent,
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In this sysla'n, the prirE nover
is driven by a shunt nrotor or a conpound notor \tith a shun!
character ist ic fo!  d.c.  appl icat ion and a case-type induct ion motor
for a.  c.  appl icat ion.

F i g s .  2 . 6 . 1 1 ,  2 . 6 . I 2 ,  2 - 6 . 1 3 '  a n d  2 . 6 . f 4  s h o n '  t h e
s tructur.e and parts of a Hele shalr punp. The tdrufar shaft (1)
(r ' ig.  2.6.r1) is equipped lr i th por: ts {p) and (9) (Fis.  2,6,14),  and
is f ixed to t} |e pipe connect ion side cover (14) (r ig.  2.6.12).  ahe
ports (P) have openings diiected upwards at the center of the rotai-
ing cylinder, and the ports (Q) have openings directed downwards,
These ports are connected to holes (A) and (B) (Fig. 2.6.12) at the
stat iona4/ part ,  serving as t ie inlet  anal out let  of  f ]uid.

The r.otat ing cyl inder (3) in Fig. 2.6.11 has a nunber
of cyl inders ar.ranged radial ly ( I ig.  2.6.14),  These cyl inders
carryi  n9 p;stons (7) aye operated ' r .ound ! .he rLbular sharl  ( l )  by
being driven by tie rnotor. The piston (7) is connected with a piston
pin to tie sliale netal (8), which is set in the groove irr the inner
wal l  of  t ie sl ia le r . ing (9).  Thus, a circufar not ion takes place
a1on9 the gr.oove. The slide iins (9) is rotatably supported with
b a l . l  b e a r i n g s  d t  b o t h  e n d s .  T h e  b a l l  b e d r : r q s  a r e  s e t  j n  t h e
eccentllc head (f1), anal are ho:rizontally driven by the eccentr:ic
loal in the hor.izontal direction alonq the guide shoe in the punp
cover. Namely, the slide :ring can be slrung right anal feft f,rom
out-siale the punp by means of the eccentric yod to prod\rce eccentricity.
Ihe comnon bed for the punp and motor an oi1 tanl in which
two sets of a nake-up oil valve and safety valve are inmersed.

Fiq. 2.6,10 sho!,rs the arrangenent
of a Hele shaw type electro-hydraufic rudde!: gear,

( i ) stxucture and funclion of the Hele shaw pump

(ii) Operation of the Hele shaw punp

a. Posit ion at which eccentr ic i tv is zero

As i l lustrated in Fig. 2.6.14 (A),  when t lxe center
of the slide ring is in line with the center. of the tubular shaft,
the piston cannot work alue to thexe being no eccentric motion. This
rneans that the DrnIF is unable to work.

b. Eccentr ic lef twards

In I ' ig.  2.6.14 (E),  i f  lhe centet of  the sl ide r ing
is shifteal leftirards frorn the center of the tu.bular shaft by neans
of the eccentiic xod, the right-hand piston will be pushed !o
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the inneqrbst pqsiLion in the plunger of tie pultI), while th€ left-
hanal piston \nill be puLled out to the outermost positlon.

Na$efy, wben the rotating cylinaler $akes a lotatlon,
the pistob reciprocates once. That isr the oil is snckeal up fron
port (9) olr the Lower half stroke of rotation, anal is delivered fr@r
port (P) on t-he 14)per half stroke of rotation.

c. Eccentric rightwards

,As i l lustrated in Fig. 2.6.14 (C) ,  i f  tne center of
the slide ring is shifted xightwards f,rorn the center of t}le tribular
shaft, the punF will suck rp oil fron poxt (P) on the upper half
stroke. and deliver it fron port (Q) on the lowe! half stroke of
lotataon,

In this way t-he flow direction and fLow rate of oil
can easily be centrolled by regulating the center position of the
slide ring fron outsitle t}Ie punp provialeal that the pur[? speed anal
direcLion of lotation are fi:eal.

(iii) Operatjon of the Hele-Sha\r efectro-hyalraulic rudaler geari

This eguipm€nt is operated by tbe telenotor orgylo-pllot
on the brialge o! by the steering handle in the rudder geai room. Its
operation can be sv/itched fron the brialge to tie rudtler geEr roon by
IEans of a detachable pin.

Ftg. 2.6.L5 sho\rs three valiants of t]te eccentric arrn
(floaling lever) arranged as a control and cut-off gear. The control
novenent j-s appLied at point (A), point (B) is linked to tbe body
ihose lrovement is to be controLLeatr anal point (0) is lioked to the
control lEcha.nisn of t}|e power source.

a. Crperation before the rudder starts

If the steeling roal is drlven in the arrow direction
by worakj.ng the steering wheel or telenotor. the eccenttic arm of the
puq) will pivot about (B). Ehifring point (A) to point (A1). Thus,
tJre center of the eccentric arm is shifted frcnr (0) ao (O1), givlng
alr eccentricity to the p|ultr) which so far has been opetated at neutral
position, lLs a result, the ol1 starts flowing to npve the rualler,

b. Operatlon from the stait of rudale! to tbe enal of
telenotor operation

lhe center (O) of the eccentric arn is lirdted by
the nraxlfirlrn eccentrlc position (0I) of the prrrp, and whe! point (A)
passes (A1) 1rp to (A2), the eccentric arm will pivot about (A2).
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Thus, (B) wi l l
spring of the
( 0 ) .

be shifted to (Bt) while compressing the buffer
foftor,,-rp equipment. A a r.esult (01) turns bact to

During thi6 course, the punp wif,I display its
naxinun capacity to operate the rudder hydraulically. Accoralingly,
tne fo11ow-up equipnent is always acting !o restole the eccentric
ar ln to j ts neutral  posi t ion (O).

Opelation frorn the end of telerBotor operation to
the end of rudder tmtion

vlhen the telenotor operation is c€npleted as tie
eccentr ic arm attains posit ion (A2),  Lhe center of the eccentr ic
arn (Of) has stiJ.l not turned back to point (0) . Accordingly, the
Prltrtr) conLinues the operation to npve the rudder. Point (B) shifts
from (B1) to (82), witn (A2) as a fulcrurn when the rudaler r.uns ont
thus, the eccentricity of the punp diminishes and finalty the
neutral position is attained, and the flolr of oil is siopped to
keep the rudaler at the lequired angle.

In this way, the rudder angte follows stightly
later the angle of the steering lrheel, When the steering wheel
ha.s been turneal con[)l.etely to the requiled position, t}le i-udder
attains its position.

( i )

WilliaJn Janney type efectro-hydraulic ludder gear
( cal-led [Janney" )

f igs. 2,6.16 an.d 2.6.17 show the st lucture of a
wil"llam Janney type el€ctro-hydrauuc rudtLer gear. It is usuall.y
operated by neans of a telerlotor fron tlte bridge. In sone specific
cases, however, the conEol of t}le hydxaulic unit can be done
rnechanically nitlout using the lelenotot if a nechanical stand is
installeal neax t}le rudder gear: r.oorn.

Structure alld operation of th6 Janney purntr)

By its structule, the Jafiey pure j.s a variabl.
delivery type of t}le rotary plmger punip. As shoim in Figs. 2.6.18
and 2.6.19, severaL phmgers are provideal in a squale punp casing.
Ihese plungers rotate anal reciprocate in tne pwls) casing. The puq)
casing is shown in Fig. 2.6.18.

The reciprocat ing not ion is done as fol lows:
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The alifference in alistance fron th€ pr]rnp
casing betlreen the socket xing at the top and tiat at the botton
functions as a base for the reciprocating rnotion. For exatq)Ie,
Idhen the punp is rotated cfocknise, if the tilting box is inclined
riqhtwards lEigs. 2,6.27 an.d. 2.6.221 the plunger wil] be pulled
alray fron the puq) casing siale alue to its shifting its poaition fron
the lowet haff to tfie l4rpe! half of the left-hand half circle of the
tilfing box. h tne right-hand cycle, the pllmge! is pusheal tonartls
tne pul{) cylinder side due to its shifting its position fron the
upper hal.f to the lower half of the cilcle of the tilLinq box.

As long as the pu[p cantinues to operate the
afore-nenLioned operations are repeated; namely, oil i€ sucJcd up
on the Left half stroke and is delivered out on the rioht haLf stroke.

If the right and left hafves are connected to
respectj.ve hydrau-lic cylinders tlrough tlgo holes in the valve plate
as shot',n in Eig. 2.6.20, one hole will suci< in oil, while the other
wiU aischarge oif. Fig. 2.6,22 shovs a section of the pulrq) assed)ly.
The rotaLing elenents are shoim by cross lines.

(ii) q)eration of Janney type electro-hyakaulic
ruatale! gear

Fig. 2.6.17 outlines the structure of, the Janney
q'pe electro -hydIaul.i c rudder gear. l4otor (1) operates the Janney
Ptrrp (2), the steering wheel rotates the shaft (3) connecteal to the
nechanical petlestal in t}le brialge, the shaft {3) rotates clockwise or
counterclockirise to rotate the shaft (4) fonaxds or backwartls,
through t})e nediun of gea!.

Thus, the levers (5) and (6) are tnclineal witn
point (a) as a ful-clrer. since the levej.s are comected to the shaft
(7) of tne Lilting box of the Janney puq), tne shaft (7) is turned
cloclwise o! countercloclwise, anal tilts tie tilting box.

As a consequence, one of tne hydraulic q'li!|alers
(lO) and (U) is connecteal to the alelivery side and t}le othet to the
suction side, through tie pressule oil pipes (8) and (9), to dlive
t\ro cryU.naler rans in the opposite alirection to each othe!, wheleby
the rualile! tiUer (12) is alriven to tie hele right or left.

when the rualder tille! rbves a required angle,
the rod (L3) of the fotlord-up equiFnent pushes the leve! (5) at
Point (b) by the link (I4). tiheh the tilting box is turneal back to
its cente! (neutral posi.tion). the flc,!,r of oil is stopped a€ tbe
pury) wiu. siop; tie fldder also r,rif1 stop at a required angfe.
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If the steer:ing wheel is turned further, the
above-mentioneal operations will be repeated until a required helm
angle is attahed. when the sLeerln{l wheel is tuminq, the tilting
box will lj-kewise turn steadily. The rudder: start-s moving as a
resuLt of delivery of the oil fr.om t}le punp, and the follow-up
equiprpnt functions to lestoie the tiltinq box. Accordingly, t}|e
tilting box is br.ought to a halt at a point where the steering speed
antl folfow-r4 speed are balanced oith each other. The actual rualder
ang}e follos,s slightly tater the angle of tlxe steeling wheel- duri.ng
t.l.e opeiaLion. OnIy when the steerinq wheel has been stoppeal, can
t-he nrdder angle attain its xequired angle.

c.  Electr ic steering qear.

This geal uses a electric motor as a pr:i$e move!.
Since an electric systen is us6d fo! the ste€ring gear and fo1low-up
equrptnent, there is no idl-e travel and t:ine 1ag. This gear is
superior to all other types because of these aaivantages, lhe revers-
ing anal speed controllj-ng of rudde! notors are of the direct type
and t]!e Ward-Leonard type. I'he dilect type is low in cost, and sinltr)le
in constluction, It is nostly applied for sma11 vessels, !,rhi1e the
latter j.s nostly used for large vessels. TheIe are various types of
electric steering geat as far. as constluction and nanuf,act-ures' control
schen€s are concexned. An exanple is given below by way bf explanation.
! ' ig.  2.6.23 sh€tus the ! , r i r ing diagi:ar of  an e-Lectxic steering qear and
Eig. 2.6.24 the circui t  connect ion. In tbe Ward-Leonard systen, which
conprises a motor-generator and two units of electrj.c exciters, tt|e
alirection of rotaLion and speeil of the rualder moto! are regulated by
the variable voltage control method.

. The difference betr.,een the tlro voltages generated
by the Uro exciters controls the output curr:ent of the motor-generator,
whidx is then 4)plied to the rudder notor to control the po!.,er and
alilection of the rudder torque.

In tnis exanple, tie equipnent corresponalrng to the
steering device is called I'rualder setterrr and tlle equipment corre-
sPonding to tie fol.Low-r4 equipnent is calLed "rudder watchex".

In Fiq. 2.6.24 is shoon the rudalex setter (A) havinq
foui resistors on either side, each lrith corresponding contacts.
When tie steering wheel is turned, tne rudder setteL is also turned
witi four resistots anal contacts by means of tbe worm anal worn gear.
Arounal the lualaler settei are nine stationary contacts which a.te
connecteal to tJle lespective stationary contacts of the rnaLler watcher
( B ) .
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l'he structural design of the rudaler xratdrer ia
all|cst the sane as tiat of the rudder setter, except for tlre shape
of the contacts. llte asselibly of the rudder watchei j.s connected to
the lualaler head through the nediun of a bevel gear to follow tbe
hoLlon of the rudale!. Eig. 2.6.25 sho\rs the cilcuit eonnection for
the lualler sette! anal rualtbr watche!. $hen tie ruddel sette! is
lroved to t.}|e requireal an91e e by turning of tbe steering whee1.
the exciting circuit wiU close i:he circuit f,or the excite! (E,),
resulting in an w$alance in voltage between tbe t\do excite$ IEr, Er).
?hus, tie generator (c) generates a voltage to dlive the flrdder fiotDi
(M) in tne requireal alirection.

When the rudder tums, the rualder v.atcher will b6
dlriven through the bevel gear (e) on the lualder heaal. If the ruddet
watcher rotates to the angle iequlreal by t}le r.udale! sette!, the
exciting circuit for t}le excite! {E") wit} be closed to stop its
ouq)ut voltage. then tne exciting ;ir.cuit is balanced between the
two exciteras. Ihe rualtler nDto! stops, and tie lualdet keeps at a
lequireal rualaler angle until the steering gea! is alriven again.

2 .7 Ded( Madrinery

There are various types and structules of
winches but all of these should !lee! the fouowino requilernents:

( a /

deterniDeal as folLGrs :

to wind up a rating load at rating speedt

The rated horsepower of \,vinches is

is rateal horsepo\rer (P.S.)
is rated loaal (tons)
is winding velocity

(n/hin) (30-40 ry'nin)
is a factor tL.2 - L.4l

- .  I , 000  w .v .  _
"  

=  
e ,soo t

!f

(b) to be equipped $it} a leversing gea! capable
of ieliably perfor.ldng up andl down notions,

(c) to be eaaily operated even by opelators
who are not fahiliai with the sttucture anal equipnentt

(d) t be equlpped with leliable brakes lrhlch
can stop the winch at any desired posilion easlly and quj.ck1y,
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(e) to allow easy control of tJle lrinaling speed
itr :.elation to t]le w€ight of the load.

2.7.1.I  c lassi f icat ion of winches

Winches are touqhlv divided into tie
electric type, the hyalraulic type, and tne steam- type, according to
the kind of prine nbveJ. useal.

Electxic Type liinches

Holrever, the cost of, electlic
winches is higher tiarl that of steam winches.

Electric hinches are aliviileal into
the dir€ct current rinch and the altetnaljng curren! \rinch.

(a) Direct Curent Winch (d.c,  Winch)

Electric winches are reiluired to deliver a Large sta.rting
torque, rotate at a low speed fo! a large load, anil at a high speett
fo!  a snal l  Load.

( 1 )

Ditect curxent *inahes were widely
useil in tie past, but they wele very difficuft to opelate because Eoey
coryriseal nany alifferent palts. h view of thj-s, the !,,ide de|narld
.for automation of cargo handfing i"/oxk to increase lrorking efficiency
and mininize labour, and progress in elecLrification of engines have
corbined to replace the stea:r, rincheB by etectric \,rinches which work
rnole snDothely and easj.ly t-han the stearn type and can be opetateat fF-
one rnan singLe-hantled. Unlike the stean winch, the electric winch
does not conprise a steam piping in the system, and its electric
wiring can be arranged 1,nder tie deck. Therefore, electric winches
produce less noise,

since a winch hatdly ever opexates continuously under a
heaw load, a selles notor or a Eeries characteristics cuhulati!.e
corporhd tr|5to! of 30 ninutes t duty is often useat. Iltaqnetic brakes
are used fo! quick and jietiable braking performance, For controL of
operation, alturr controller5 ori naqnetic c\ontrollers ale used. In
considelation of the fact t}lat tlre lginches are Liab1e to be hanatleal
lry persons who ar:e not skitled ln haJldling e-Lectric anal nechanical
equrpnents, an autonatic start-uF sequence is often incor..polateal in
the centrol prograrD. tttre wj.ncting speeal, at full load is 

_usually 
set

at about 40 Vnin. Fj.g. 2.?.1 shorrs the extemal shape of a d.c,
winch. Fig. 2.7,2 shords an exanpfe or f l re vir i r rg .r ia lran.



(b)

principles

(r-b- l)

Altehating Current l{lnches

a.c. winches ale classifieal
as folLolrs:

W ard-leonard Systen

(a. c. winch)

accortling to the opelating

Each $inch is provided !,riur the Waltl-Leonaial set, nahely,
alr a.c! nbtor is useal to tbive a d.c. qenelator whose outDut is
appl ied to a d.c.  motor.

tlhe field current of a d.c. generator i6 legulated so
as to control its output voltage to stlictly regulate the d.c. winch

but very expensive because of the

e.c. winch is avai lable in two

Large nuniber of pa:cts corprised in

The Waral-Leonaral type

(a) Separately installeal U-c system (notor anal genelator
systen) in which two winches as a set are operateal
by trdo l{ard-Ieonard generators driven by a,single
induction nbtor.

Built-in systen in which each winch is equipped with
a set consisting of a llard-Leonaral notor anal a
generator.

2.7.3 shows the arrangement of the Ward-leonard tlTre

( b )

Frg.

( 1-b-2) Pole-Change lype Squirrel Cage Induction Motor Systen

The pole-chaDge qrpe squirrel cage induction rcto! 6ystern
easily permits the change of its starter poLe arrangenent to change
synchronous speeal by several steps for the speed control of the winch.
Since tJIe induction rbtor ha6 shunt characteristics in itseu, it as
haral to realize selies cbaracteristics that attain a low speecl for a
hea\,y load and a hlgh speed for a light 1oad.

lloreover, t}ris intluction lptor has an even woEse aefect
in that the rlsh culrent at the tine of slarting anal pole change are
b"o to six Lines as lalge as the full load curfent.
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( 2 ) Hydraulic Winches

In the fow ptessure type, a
vane motor are useal in conbination. The
vane plrlq) is about 30 kglcrn2.

Hydraulic winches are easy to
control ,  and sinple in speed requlat ion. Besides, their  braking
perfornance excels that of t}|e electric types. Also, the hyaLraufic
t!'pe perrdts one-nan control, and is smaller and lighter than the
electxic tvpes.

Hydf,aulic vrinches conprise the
1o1,r pressule type and the high pressure type.

l2-a) Lc{d pressure Type

hydraulic vane pump anal a

the low pressure type uses
type because the pressure is
larger,  so that i t  increases

Eig. 2.7.4 shows a low pressure hydrauf ic type, and
Eig. 2.'7.5 sho!,rs the exterior: aspect of a 1ow-pressure tylte
hyd.raulic winch.

l2-b) High Pressure lype

In the high pressure tsype, an axial type or gear type
hydraulic purp is used, and hydxaulic not-ors are used either of the
raalial pl-unger. tt'pe ox the axial plunger: type,

The de. l ivery,pressure ol  the punps is abour 120 to 160

On the satrp working bEsisl
mole working oif than the high pressure
low. As a resuft  the size of piping is
the total  weight and instal lat ion space.

. 2xg//cm .

High pressure hyd.raulic irinches
to the rotation control of the lrinding dmn,
type and Lhe variable delivery axiat plunger

are classi f ied, according
into the valve control
type '

type hydlaulic winch

hydraulic punp.

hydraulic iEtor.

F i g .  2 . 7 . 6  s h o w s

E i g .  2 . 7 . 7  s h o w s

F i g .  2 . 7 . 8  s h o w s

bigh-pressure

high-pf,essure

high-pressure



2.7,2 Wint l lass

A wintllass is a nachine that lifts atr anchor,
and is rnostly placed on the toFno6t deck on the bow. Winallasses are
divided by type of prine mover into electric type, hyilraullc type,
and steam. As regarilg their strircture and perforrBnce, these diffet
according to the nanufacturer. However, any windlass shoulil l|eet
the following nininu$ lequitenents:

(1) be equipped with a reliable reversing geatt

(2) pernit €asy Epeed control to cory)Iy lritn
load condltlonst

(3) peEmit easy changes durlng lifttng or
caating of the anchor;

(4) provide an output capacity for Llfting
anchors with a chain of 55 netels frc,In both
siales at a rate of 9 metels pe! riinute.

2.7.2.1 Electr ic Wint l lass

Electtic winallasses ale esBentiaflv of
the sanr structure as the eLectlic lrinches except that th;y are
proviated wlth a chain sheave Lhstead of a rrinding alrutn. The chain
sheave shaft is alriven by a motor through a worm or spu! Eear to
lealuce its speed.

Electric winallasses coryrlse the dilect
current windlass and tlle alternatlng cur:rent wlnallass.

(1) Direct Current tllndlass (d.c.
Windlass)

A compound notof, lrith a sexl,es
chalacteristicE is used.

For fess than 70 P.S. or uht ler,
the speeal can be regulated in 7 to I steps by the arnatrEe leEistance
control met-hoit with the latio of no Loait speedt to flrl-1 loaal speea.
set at  a.bout 2r1..

war.-r.eonar. syErem, boosrer 
"r".*:';i::":":ll!lt"ilHi"j,u*i*n",voltage control systens are appLied,

EIg. 2.7.9 shoirs a d.c,  i r indlass-
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(2) Altern4ting curt.nt vllndlasE
(a. c.  windlarE)

A viowd riotgr typs j.nductioB notgr
i, uF6d te drive t-hg wlnallara,

tlhen lt iF roqulr.d to qlntrol"

speed ov€! a ride! rsngq, a pole ehange notor k uo6d in sorbtnstlgl!
witi an exbernal wind{ng rcriFtance regulator for gtrict Epeed
legul4tJqn, For a largc oulFut, the Ward-LeoDardl syoten lE appll€d.

2.7.2,2 l tydraul io Wlndl-ae5

A hydrauJ,ic wtndlags u666 a hydraulic
purq) and a hydraullc notor to directly control the chain sheave shaft
Epeed. Wheie a ship ls equipped with a hyalraullc winch, it is
co4venient to apply the hydraul-ic system to the winallaE8 because th6
hidralrlic purF used for the winch can al-so be uaed fox the windlass,
Eiq)lirying the overa]l lnstaLlation,

Fig. 2.7.10 shovrs a hydlaul ic wlndlaaa.

2 .  ? . 2 . 3  C a p s t a n

A c.aps tan is an upright bairel winch
whiclx can be turned on a vertical shaft to heave rboring wi.res oi
ropes, It is ilriven by an electrj-c nbtor o! hyalraulic noto!. the
capstan systems are the sanre as fox !,rinches and r4rindlasses.

Fig. 2.7.U shows a electr ic capstan,
atld Sig. 2.7.12 shcsrs a hyalraulic capstan.

2,4 Air  Coq)ressors

2.8. l"  lYpe of Compressors

Air conpressors are divided into two t:.pes:
alisplacenent and roto ilynami c machines.

. Rotodynanic lachines comprise the axial flovl
type (axial flcrir c!ryressor.) and the centrifugal tlrpe (redial
conpressor, turbo-conpressor) , lrhile alisplacement machineli coRlpti6e '

the totary type (sliding vane conpressor, screw conpressor, etc,)
anal tlre recj-.Dqocating-piston type. In narine engines, llost alr
conPr-essors +re of the reciprocating-p:istoD t)pd? lrhidr are divideal'r'
into single stage anal nultl-stage ai! co8pressor tttles.
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2. 8.1.1 Reciplocating-piston tl'pe Air C(ll!)ressor

The reciprocaling-piston type air
cotnPrea5o! is a lEchine that colpresses the air suckeal from the
alabsph€re into a cvllnder, and ilelivers it into an air tank o! air
lbchinery tfrrough a alelivery valve ard pipe. An engine-starting
device is required to coq)ress the air to 25 to 35 kqlqrz. Ihe
nulti-stage air coupt:essor type j.s comFnly used.

(a) The aalvantages of the rnuLti-stage
type are as follovrs:

(I) To reduce t-he polter lequired for a given pressure.

(2) To prevent the 1ublicating oil flion deteriorating, and
extend vaLve servLce since the te&cerature is realuced at t}le enal of
gas cotiplession.

(3) To increage the suction ai! volume since the vofurnetric
efficiencry is increased.

(4) To easily baLance the torque by neans of a sui.table
arrangetrEnt and cordcination oI (ylinders.

nert of air corpressors.
Fig, 2.8.1 shows the cyf, inaler arrange-

(b) Requlrenents and structure

(b-t) RequilerEntg

The rnaln lequirenents of valves ale the follocring!

(I) To trpve q) and alown in tining with the piston
ncrtion so tiat tlere is no tine lag,

(2) fo rnininize lrear of the vatve seat by reducing the
lnpact load when the vatve closes;

(3) m ensure close cont-act with the vala.e seat fo!
good airtightness;

(4) To be nade of strong but light nateriafs.

(b-2) structule



(b-2-I) valves

vatves are u6ea for llanual and automatic tiPe coq)ressol'

The autonatic tl4)e is nost coltttbnly useal.

As valve nate.rial-s, staLnless 6teel, dckel-rclybalenurn
stee1, nicleL-chlonium steel, etc.r .are usea.

valves colPriEe the following:

(1) ring valve (plate valve)

(2) Disc valve,

(3) Feather valve,

(4) Flappe! va1ve,

(5) channel valve,

(6) PoPPet valve,

(7) conical valve, etc.

Eiq. 2.a.2 shc'ns vallous kinals of valves

.rhF rind (oi nlate) valve and featier valve aie qenerally

useal for lo\r-pressure service. The dlsc vafve is used for high:plessule
service. The otler kinds are not cottmonly useal.

various sprlngs ale fitted to valves to lelieve the
opening and closing inpact loaal.

lb-2-2) Pistons anil piston rings

( l)  Pistons

Pistons ale usually made of high-grade cast i!on.
Honever, for high speeal pistons a light auoy is used.

(2) Piston rlngs

Piston llngs ale nraale of cast iron, chroniun-plated
cast lron, a bronze-leaal alloy, etc.

Pistons operatlng beloy 7 k9/cn2 have 2 to 3 iing6,
4 to 6 r*ngs are used fo! belovr 15 kglcmz r I to I0 rings fo! below
50 ks/@t'.
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(c) Lubrication

Coryriesso!-piston lubricaDts setve to (f) prevent wear

by plovidtng a 1_ow-frictionat suPporting filn between rubbing sur:faces'

(i)_s.at ctiarances, (3) protect against corrosion' and [4) carrY asa]'

heat genelateal by friction and (5) l,ash away minute lteat partlclee

froD points of contact.

(c-I) Lubllcating oi1

Lubricati.ng oi1 systen(c-2)

For forice-feeding lubricants to crankshaft an'l beal'.ng

surfaces the folLovring ar:e usetl: a gear or plunger punp 'l!ive'I by the

clankshaft, ot 
" 

.p."y or drop lubricaror' Fon cylin'ler-surface

f*rication .t" ,jt.a 
-ttt" 

drog tt'pe lublicators pl'aced in the suct:ion

cba$er or Pipe, or othe! q'Pes of lubricators 'lriven by the cf,ank_

shaft anal I_oc-.t"a near t]le suction ports to suck in oil tog€thet witn

air, or force-feeal hbricators of the Bosch type' Fig' 2'g'3 shoss

a drop tt[)e lribricator'

(d) cooli'nq systen

When a gas is cooleal, the Po{er
lequiteil fot a given pressuxe is leduceal an'I the lubricant's are

prJvented ftorn aleteriorating since suction antl delivery telE)eratures

are realuced,

Fol this reason, air co$Plessors

are usual-1y equipped Ltith a cooling systen.

(d-u

the qalinder
pulley which
neilloal using

(d-2)

cylinder jacket

smau_slzed conpressors and low-Pressure ratro co!n-

natural convection air: cooling, fins being place'l on

bead or rounal the cylinder jacket, or by alriving a

is usetl as a fan, or by the force convection air cooling

tle pul1y amE, or by a fan driven by tie crankshaft'

Inte!-coole! anal After-coofer

A cooler betwee! cylindels is cafled an inte!-coolet '

A cooler placeal betxteen the last stage of the c!'lin'ter an'l the- air

tank cooG the tlelivery gas. rt is calfed an after-cooler' fhe

aftel-cooler is utilizeal to separate the \,/ater anal the ai'r. and to

realuce the alelively gas tenperature.
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Fig. 2.8.4 shows a cylindrical nn:ltiple ptpe tt4)e
coo1er",  and Fig. 2.8.5 shcnrs a coi l  type cooler.

Fig. 2.4.6 shows a vert ical  two-stage ai !  c lnpressor.

Irig. 2.8-7 sho\,rs the pipinq of aJl ai! corq)lessor..

(e) No-load stalting methoal

In startlng a reciprocatind alr
colplessor: alriven by an electric notor, the no-loaal starting rnethott
is used to avoial an overloaal by mlnimizing the starting current.
The no-load starting rnetbod consists in (l) opening aLl suction valves,
(2) purging air through the check valve placed on the dischalge pipe
from tlle conpressor to the air: tank, and (3) closing t}le air Euctton
valve.

$ig. 2.8.8 shords the no-load start-
ing device for (2) above. !{hen the notor connected to tlte air
coryressor starts, the air in the space above the dischaige valve (t)
stal.ts discharging through the dlscharging path (5) because the pilot
vafve (2) is openeai by the spring (3). As tlle discharge vafve (l)
is pushed up by high-pressure air fron the dtain separator (lO), the
air  f fows out,  as shown by the arrows in.r ' ig.  2.8.8.

When the motor speed is.increased,
the magnet (6) operates to pult the tever (7) up. As a lesutt the
spr:ing-loaaled pilot valve (2) and discharge valve (1) are autonbtically
closeal by tlle sprinq (4), since Ehe pressure bebdeen the top anal
bottorn of the dischar.ge vaf,ve (t) is bafanced. llhe air corpressor
trren sta.rts coftpressing the air.
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(1) Boile! (2) SteaD leciprocating
englne (3) Water conilenser (4)
Conalienser pulnp (5) Feed wate! punE

(a) Stean engine

(1) Air cornpressor (2) conbustion
cbaliber (3) cas turblne (4)
Regenera@r (heat exchanger)

(b) cas turbine

(1) Nuclea! reactof, (2) Contlol
shaft (3) aeat exchanger (4)
Clrculating water ptlltl) {5) Stean
tulbine (6) Water condense!
(7) condeDser pr.q (a) Feed warer:

PUIIlp

Nuclea! powe! (atonlc)(c)

Fj.g. 1.1 Klnds of rnain engines
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d
t

q

Non-reduction and cl\rtch
(4) Tllrbo-electric propulsion

(l) Stean reciprocating eDgine (21
engine (3) ceared tliesel engine
engine (5) cea.red stean engine

Diesel E, (Bt lP + 1000)/15-21

Stean R. (rgPrnax + 1000)/30-50

stearn c,  ( IgPmax + 1000), /45-50

Turbine (SnP + 1000)/60-70

Fornula of rough weight on

E. .8ngi ne
R.,Reciprocat ing engine
C. .Stean cory)ound engine

Fig. 1.2 l ie ight and p.S. of maln engines



I 2 3

Large size

snaLl size

High speeal

0 ,40 -0 .50

0 .37 -0 .45

o .2a -o .33

2 ! -O .25

o .25 -O.27

o . t 0 -0 . f 5

o .10 -0 .13

0 ,07 -o .  10

0 .01 -o .05

o .05 -0 .08

0 . 5 0 ' 0 . 3 5

0 . 5 3 - 0 . 4 2

0 . 6 5 - O . 5 7

0 , 7 5 - 0 . 7 0

0 . 7 0 - 0 . 6 5

Rough weight of hull, engine and cargo

Large size.,Large size cargo ship
snal l  s ize..Snal l  s ize cargo ship
Eigh speed..Large size high speed cargo ship
Large comnon..Large size conmon cargo ship
l , l .S. s ize..Meal iurn and sna1l s ize cargo ship

l . ,Hu. l t  weiqht,  2. .Engine weight,  3. .cargo weight

TYpe I BHP ($'eight)

4 5 .  . , .  ,  ,

s H .  . .  . . .

90-140 kg

70-100 "

50-90 "

40-60 .

1.0-20 "

Weight on diesel engines per BBP
4s,.  Eour-cycle single-act ing
e$gine, 25..Two-cycle sj .ngle-
acting engine, 2D..Two-'q'cle
double-act ing engine, 2SS.. ' t \ ' ro-
c] 'c le single-act ing engine witL
supelchalger,  SH..Specia] hi  gh-
speed engine.

Fig. 1.2 l , le ight and P.S. of nain engines (cont.)
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Type P . S . N X D X S Ipm w (kg) w/P.s .

Four- cYcl^e
singfe-act ing
aUesel engine

1000
1500
1750
3000
1400
1850
2254
1760

4 x 6 4 0 x 9 0 0
6 x 6 4 0 x 9 O O
6 x 6 0 0 x 7 0 0

1 0 x 5 3 0 x 5 3 0
6 x 7 4 0 x 1 5 0 0
6 x 7 5 O x I 2 O O
8 x 7 5 0 x l l 5 o
7 x 7 4 O x I I 4 O

1 5 0
150
215
3 9 0

9 0
105
1 r 5
II2

115
163
166
9 5

4 2 4
2 7 7
3 6 8
2 7 2

rt2
104

9 5
30

23!
I49
I61
151

Eou!- c1'cle
double-acting
diesel engine

1 2 0 0
2000
6 1 5 0

l-0000

4 x 5 9 0 x 8 0 0
4 x 7 4 0 x 1 0 0 0
6 x 8 4 0 x 1 5 0 0
8 x 8 4 0 x 1 , 5 0 0

1 5 0
L25
r25
t 1 5

1 3 3
2 2 2
520
869

1 1 0
110

11
8 6

tlro- cy cle
single-act ing
tliesel engine

1700
3250
4000
1600
1890

4 x 6 8 0 x 1 1 0 0
6 x 7 0 0 x 9 2 0
6 x 680 :{  f200
4 x 6 7 5 x 9 2 O
4 x 7 0 0 x 1 2 0 0

ao
7 2 7

9 5
105
107

1 9 3
2 9 7
414
174
234

1 1 I
91

ro2
1 0 9

lvo-c1' cle
alouble-acting
aLlesel engine

4000
4400

15000

6 x 7 1 0 x f 2 0 0
6 x 7 0 0 x 1 2 0 0
9 x 8 6 0 x 1 5 0 0

76
a4
94

439
414

I I 3 2

109
9 3
7 6

P.S..netr ic horsepower, N x D x S..Number of ct ' l inder x Bole x Stroke,
!pn..Revo]ut ion per minute, W..Weight of engine, w//P.S..Weight per P.S.

Name of part 6 cyl .

Crankshaft
Enginebeal
cy].  jacket
Main bearing

cl'Linder Liner
gead cover
Pis ton
Connecting Rod

11
1 2
lo

2 . 5
13

6
6
5
5

10
1t

9 . 5
2 . O

I 2
5 . 5

4 . ' 1

Weight of each engine part  (g)

Remark: Fl)lwhee1, strainer,

inclualed.

Fig. 1.3 CorFarison of weight of maxine engines
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1. suction valve
2. Deliveiy valve
3. Delivery pipe
4. Bucket val-ve
5. Bucket
6. suctlon plpe
?. Piston

Fig. 2.3 Bucket pt[ltr)

Fig. 2.1 Purltr) head

Fis. Piston plnrp

Alr cbr.bcr.

Vncuct ohalbcr
2. lnpel ler
3. De.Lively pipe
4. volute chanrbe r

Fig. 2.5 Volute punp

!'i9. 2.4 Plunge! pl]q)
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F i g .  2 , 6 Fig, 2,7 Vortex PlrInP

Vc. .Volute chamber v. .vorlex chanber

Vol-uEe Pl,s|lP
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1. Casing
2. Rotor
3. s l ia l ing vane
4. Suct ion port
5, Delivery port

L lnFeller

D..Guide vane
Vc. ,Volute chaniber:

Fig. 2.8 Turbine punp

1. Itnpeller

l .  Del ivery pipe
2. Inpel ler
3. vortex chant'er
4. cuide blade
5. volute channrer
6. suct ion pipe

Fig. 2.9 Double-suction punp

3. Idle gea-r
4. Working geax
<  n r i  v i  h d  c h : f +

6. Cover

Fig. 2. l l  v ik ing pun[)sl id ing
vane putrrp

F i g .  2 . I 0
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1. Lobar revolving body
2, out let
3, same as (1)
4. Gear
5 .  I n l e t
6. Sane as (4)

Eig, 2.r2 Lobe pump

f .  A i r
2. Casing
3. Center shaft
a. Suct ion port
b. Delivery port
c.  sane as {a}
d. sar€ as (b)

1. out let
2. Dif fuser
3. Nozzle
4, Inlet
5, Sucl ion port
6. r i l ter

Fig.  2. I3 Nash punl l ) Fig. 2. I4 Stean jet  pump
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IIeIe Shaw pump

P..Suct ion por: t

Q..Def iver:y port

1. Cyl inder
2, Plunger
3. s l ipper
4. Floating r.ing
5. Control  r :od

Wiflian Jannev pump

l Ph]nger

3. Valve plate
4. Socket r ing
5. ai ldng box

Universal jo int
Oif groove
suction and delivery pipe

6 .
7 .
8 .

\../''''lrt

( 4 )

. | a g .  r . . r 5 and william Janney punps



1, out let
2, hlet
3, Rotor
4. Casing

rig.  2.16 wesco Puq)

- 4 4 -

Eig. 2.lA Kinghorn valve

1. spring
2. spring holdel
3. Rib
4. valve Eheet

Fig. 2. I7 Disc valve

l .
2 .
3 .

Sheet valve
Spring holaler

1. Valve
2. Guiale
3, Valve
4. valve

I . i g . 2 . L 9

sheet

heaal
sheet angle

Conical vafve

1. BaIl valve

Ei-q. 2.2O Bafl \ralve

valve holder

Ring hole

2.21 Ring valve

]'
2 .

Pi9,



q+=4
ffi
rA41W

Fig. 2.22 Elap valve

Fig. 2.26 Plu$ger

1 .
3 .

Pj-ston 2. Ring
T-tlrpe carrier fr@e
Idle ring

Eig. 2.25 (a) Piston

1. Piston ring 2' Groove

Eig. 2.25 (b) Pi6ton

1. suction polt 2. suction valve
3. Buc|et valve 4. C:/linder
5. Delivery valve 6. Cover

.7. Bucket roal 8. Deliveiy val-ve
9. Deflvery valve sheet

1"0. Cover for inspection
11. Bucket
12. Suction valve sheet

Eiq. 2.27 Bucket tl'!)e air PteE)

ffi
(  D )

flffiffi
( , t ) r8 ) (c )

'@

.ol:1
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t l  .

I

F i g , 2 . 2 8  C o n t r o l of al\elivery rate of centrifugal pr.nP

Theory of centlifugal plrlnp

2.29 Liquid flow velocitY
of centrifugal PumP

delivery velocity

circular velocitY
relative velocitY
absolute velocity
peltendicular coiponent of

vefocity
inlet angle of liquid
an91e of ?.. and radlal dilectionB

Pig.



:00
t00

o l  ' lesis.ni | tg con' l i  L ion

Fig, 2.30 Characteristics curves of centrifugaf, puq)

a.
1"-"t
"ilt

%,fr1r'l:l_rrr_i-i
i-l*i.:'":

t0o

l ! 3 r
qutr j r t i ty  ( . '7 ,  )

Fig. 2.31 claracteristics curves of axiaL puq)
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Eig. 2.32 Char.acteristics curves of gear p1![,

I
hf. .Fr ict ion loss by

liquid
hs: .suction loss
9o. ,Rated flord quantitl'
s. . .sI ip ( feakage loss

between blaate aDal
casang,

a,

4 Q .  a ' / ' ^ i ^

Fig. 2,33 llead to delivef,y quantity of centrifugal prurp
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4 Q  n ' / n t '

p d , . F r i c t i o n  l o s s  =  O . O 2  -  0 . I 0

o f . . r , . u * u q u  l o s s  =  O . o 3  -  0 . 1 5

om., l lecfranical  loss = o.Ol -  O'05

in . . r ro ia  ro""  =  o.og -  0 .20

TiHP
,r  -  

shp

pd + pl + Pn +-Ph
shp

Flg. 2.34 Defivery flon quantity of
centrifugal PullI) to S.Il.? '

1. IBpell"er
2. Volt€x chahbel
3. vohrte chanloer
4. Pf,essule gauge
5. stop valve
6. Bl'pass valve,
7. water tank
8. Delivety Pj.Pe
9. Check val've

10. PliIILiog valve
11. Air cock
12. vacuun gauge
13, Sttction PiPe
14. check valve
15. Ei l ter.

Iig. 2.35 Pllping equipment of ce$tlifugal pur$)



1 .
2 .
3 .
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Acr
V*.-.,-
( c )

Iftll)e11er:
Mouth raing
Cleara[ce between casing
, h . r  n ^n+h  v i  nd

lpm

heaal

fil
t

il[
[N

( a )

lo0

Iig. 2,36 Inpeflex of centrifugal punltr)

tm
[ l t
fPn \\> tt} ,a> r-1J\. )\< S:<_ _\\_

( b )  ( c )  ( d )  ( e )  ( f )  ( s )
100 330 550 860 1100 1500

2 0 n  1 2 m  1 0 n  8 m  5 m  3 n

2.37 Shape of anpelfers of centf,ifugal purq)

Fig. 2.34 Centlifugal puJnp
vortex and vofute

a-

1. Stuff , ing box 2.

F i q . 2 . 3 9  S t u f f i n g
(Packing

wit-h
casings

{Br

bo:<)
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Lantern ling

I  Coo l i ng water  ou t f  e  t

chanber

t  s leeve

(t) 
For high pre ssure

punlp

Cooling Yrater inlet

For high temperature\ '

pujnp ,'

EIg, 2.4O Detalls of stufflng box (packtng box)

Leakage water
inlet to 1ow

ressure si(le
,Iantern r
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'-"..;

o 3 . i
O**

siBgle row tleep gloovq bj'pe single row
angular-
contact tyPe

Double rord
s e1f-al.igtdng
bal1 type

Single row
plane shielal
ball t!'p€

Double row plane
shield balI q?e

singfe Double
spherical sphelical
shield baU sbield ball
type type

Etg. 2.42 !@11er baLl beat ings



- 9 3 -

Single loiv
qalindrical

FA
t-(llnl
t-tl
HIg

single row
taper-roller
type

Ro11er EDe Double riow
c!'lindrical
roller tl|tr)e

Double ro\t
6e1f aligmlng
taper-rolLe!
type

Eig. 2.42 Ro11er baII beatlng€ (cont.)
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1. spring holaler 2. sprlng
4. Rubber packing 5. Carbon
6. sealing 7. rq)efler

Fi1, 2.4I Mecha,l1ical seal-

3. Rubber rlng
r ing

1. Oi l  r ing 2.

F i g .  2 . 4 3  P l a n e
Fig, 2,44 Balancing hole

Shaf t

bearing

Fig. 2.45 Balancing
dis c

Eig. 2.46 AtrangemenE of i rpel le!
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1. Bal,l bearLng 2. cland 3. shaft aL6€ve 4. Packlng
5. Stufflng box 6, Neck bush ?, Nut 8. fioul*i rlng
9. Irq)elle! f0. Shaft Ll. Key 12. Nut 13. Neck
bush 14, Stuffing box 15. Packing 16. cland
17. Shaft Eleeve 14. Bal1 bearing 19. Cowling
20. volute chanber 21. Suction pipe 22. Beilpfat4

Ej-g. 2.47 vlater circulating pudq)
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A Main shaft
B Inpeller.
C Key
D Casing

F Sustion pott
G Volute casing

I Watrer sealing pipe
K stuffing bo1(
L Bearug
J Prining cock

1. Suction side cover 2. Del.ivexy 3. Fl-ange 3. Casing
4. rrpelfer blade 5, shaft bracket 6. same as (5) 7. Ilnpeller
a. cuide blade 9. Ball bearing case 10. Balance alisc 11.
Balance sheet L2. Balance sheet 13. Sleeve nut 14. Sleeve
15. B\rsh f6.  Stay bolt  17. Shaft  s leeve 18. Lantern r ing
19. Itouur r.ing 20. Gland packing 21. Gland 22. oj-l dng
23. Bearing 24. Packing 25. coupl lng

E!g. 2.44 Volute punF

Eig. 2.49 Six-stage turbine puaq)
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8 .
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cover 2. Guide blade 3. In\)eller 4. Inpelle! nut

I4)elLer nouth ring 6. Moutn ring 7. Eacking
casing 9. Bearing case 10' Ball bearing U. coupllng

Iig. 2.50 sinqle-stage centrifugal" punE)

1. suction pipe 2, Retuh PiPe
3. Delivery pipe 4. Bearing castng
5. cuide blade 6. rnpellet 7. shaf,t
8. PuIq) casing 9. Stuffing box

Fig. 2.5I Axial  f to\ ,r  punP



2. Delivery polt
3. Drlven gear
4. casing
5. suction port

E!9. 2.52 cear puq)

-9a_

Delively pipe 2. Diffuser
Nozzle 4. Inlet pipe
Ash hoppe!

l. casing 2. Dr,iving slEf,t
3,  IdIe shaft  4.  Suct ion Port
5. Delivery port 6. Timing gea-r

Fig. 2.53 Screqt Pr.q)

1 .

r!9. 2.54 water jet punE)
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] jor!

F i g . 2 . 2 . I

I,ip-sclew thleaded

Wel-ded fla$ge joint

I,ip body

I
I

l

Plpe

soldered lip

Pipe

A-
4@
Return bend

Union net

Fig. 2.2.2 union joint

Elbow

!'ag.

T-type

2.2.3 screw-threaded joint
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1. spindle guide
2. valve
3. spindle
4. Va-lve sheet
5. Valve case

Eig. 2.2.4 clobe valve

2,2.5 clobe cbeck
vaLve

Ei.g. 2.2,5 Angle valve

lrngLe
valve

I

\.- 
-.-':tt' lJ

F19.
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t ig.  2.2.8 Li f t -qDe check
vaLve

( 9 )

2.2.9 swing-ttPe check
valve

Pig.

aig. 2.2.1-0 lledge gate or slulce valve
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Eig. 2,2.7f Tvo-xray cock

Fig. 2.2.13 screweal cock

! ' ig.  2.2,!2 Three-way cock

IIg.  2,2.!4 cock \ t i th
and key

Fig. 2.2.15 Cock for pr.essure
9auge

1. valve spinalle
2. Valve (body)
3, Val-ve sheet

EiLg, 2.2.L6 Diagranm. of, valve
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l. Aaljusting valve
2. Diaphtan
3. Pilot valve
4. Piston
5. secondar.j' ait

hole
6. Main vaLve
7. spring for ll'aln

8. ItaniUe for Pressure
adjustins

9. Diaphram

ylg. 2.2,1- l  Ptessure_reducing valve
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(A)

Bonat pipe Joint

(B)

colrugated Jolnt

Fig. 2.2.1S Kint lB of fLexible
expansioD JointE

(c)

sliding jotnt

genelated
6team outlet

safety
valve

br f l l
pl l tcheating

stean
inlet

IeveI
gauge

blow of

cock

drai.n outlet

Fig. 2.3,I Evapolator

4** lprv\4- +E--r
fr [/ Jq ]i^r-+ +-6==-+



sea !\rater inlet

fresh water br:ineputnp

tanL

e Jector purlp

D . . . . D i s t i l f e r
E . . . . E v a P o r a t o r
S. .  .  .Separater

B., . to ship botton D.P. . .Dist i l l inq water pruq)

o . B . . . t o  o v e r b o a r d

t i :"g.  2,3.2 low-pressure tvpe dist i l l ing plant using diesel

engine cooling water:

cancentrated sea water
ou t l

de sal-1niz

- 1 0 5 -

o,.Ltle t 9l
- )
H I

!

E

c . r .  ou t le t

0 .8

neratorwater
alaI]n

qua

anion(- )
liquid

cat ion  (+)
l iquid
'sea ' , ra te r

Fig. 2.3.4 Pt incipte of ion-exchange t l |pe water '

desalinization

e

K K
-T-

'cl

l?

,CI

c
C I

I

cl_

c
c l
IPIl



(e )
tI. D1ea€l engl,ne

2. Brin6 outlet
3. @ollng water outlet
4. Cooling pr4)
5. Flesheate! tank
6. Filter for fed-

,a!€r
?. Evaporato!
8. Autollatl.c feed-

$ateir regulator
9. to funnel

10. Separator
11. cas ejector
12. Sterb pip€
13. Distiiler
14. Di6tilLed nater pipe
15, Cooling pipe6

F tg .  2 .3 .3

(r  ) (r)

type di6tiUtng plant using
€xhaust gas

L

f
( 4 )

)

(

l t

(B
( 3 )

Eigh-pressrrle
dies€I engi.ne

(1)
(3 )
(s)

Rectifier (2) Circulating $ater tar*
ClrculatLtrg pury) (4) Futer
Sea wate! pru[) (6) Di6charge pipe

I'ig. 2.3.5 Actual system of ion-exchange
tyDe

)
( )0



( ^ )

n
f,ll

(D)

(A) . , conL head type
(B) . .circular head type
(c) , .el1ipi t ica1 type
( D) . . spl-ash-ploof tlltr)e
(E) . , rain-proof,  type

Fiq. 2.4.1 Corrl head tl'I)e and nushroon
head tl?e ventj lators

Ei,g.  2.4.2 Sirocco fan

ffih
\9trffi

(E)

aii flort
adjusting

l.ate

i t".ns

F

guidc ,bl.da
I 6 r

duct br.anch

F i g .  2 . 4 . 4  D u c t

to ho ld

Axial-flow blower

f t o u  o p c n  l r r

l ron ho lJ
. dry i lrg _-

r , } o c l i Y a t i o n .

2 . 4 . 3

FS.g. 2.4.5 Cargo Care
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G'.!::3r g i)

r c c y c l 6 d  s i r

! l,ffiro'".."
iff {.,roo' rou,r"

o p o n - ^ i r  d e c k  a t i 2 l

-JeI$- i6ii rea ir';
l l  

- . l l - - ] f  
l f l T -  ho t  ' o te r ' {rr rJ lr | | |r  o

o n e n - o i r  d c c k

i ---t-.

n i s 1 e  r o
' e t h a u r t  ( . )  ( d )

oPCn- or r @@@g@@,O olcq-alr
d.ck op€n oi r-i,ttd,irrtl.-,r. ck

c J G I e d

, .  door louvra

c h i  I  l . d  o r

(.') . ro
rooq

-1if!r- --t---
I l I r o o !

ot'r.-F llA l€r
----r------r-r ----H-J-

a i s  l 6

I. Air fllter
2. ?leheatlng o! heating coil
3. cool-ing coil
4. Reheating coil
5, Blor,ter
6. Alr flow conlrolllng alarq)et
7. NozzLe fo! air inaluced anal

re.t1'c1ed

| - rouvrc

Ejg. 2.4.6 Air-clndi t ioning systems



- ro9 -

U

(.\

a l

F i g . 2 . 4 . ' 1

of  cy l indr ica lPr inc ip le

d1

{ b )  P r i n c i  p 1 o  o f  d i s c i

?.)tl
a /

4

(c) cyfindrical bo&,1

of clariiication

Disc bowl

F i g . 2 . 5 . 1  p r i n c i p l e
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w
(a) Principle of cylindrical bowl (b) Pr incipfe of disc

boiTt

(c) cylindrical bow]' (d) Disc bowl

PLg. 2,5.2 Principl .e of



l. oil, tank
2. Heatiog c€il
3. settling tank
4. Heatirg coil
5, Eeating coil for centrifuge
6. Purified oil ta!*
7. Heatilg coll for clarlfier
8. clartfied otl tank
9. Ileate! fot fuel oil
P. Oil ptslp
A. Purifier
B. Clarifler

Iig. 2.5.3 Piping of laige-sized aliesel engine



0 i r
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i r | I€!

De I,aval centrifuge

Lightor

h e o v i e r  l i q u i ( t

l iquid out! ci

outlet

1, Bovrl
2. worn gear
3. Wodr pinion

0 1 I  i n l e t

E i 9 . 2 . 5 . 4

1. separating plate

3. Bowl shaft
4. Cone n€tal
5. Botton bush
6. cuide cylinder

ou!1et

rater out let

N%
t ig.  2,5.5 BowI of De ] ,avaI centr i fuge
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EouDdary l in.  oi l

8I I i f i  od-

2. Three ning
3. Eeed oil. water. lnlet
4. Puri f ied oi l  out let

5. vfate! outlet
6. Pulley

8. ,Jointing nut

Fig. 2.5.6 Sharples centr i fuge
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bourdort li!|
rst6r ard ol l

' i6itro 
t prote

rdjutt irg scrci
_=

Fig. 2.5.7 Bow] of Sha4)1es centr i fuge



oil int.t ,

pu r l t l od  o l l  ou t l l i ,

bour|drq/ l ln. r lodge old otl

t-
I
k

and arstar

clrculotlos r lrtc!

.ludg. t||rk

1. Reject dam
2. Contf,ol plate
3, Nozzle x 8

4, Circulatingr \rater pr'!p
5. sepa.ratlng plate

Ftg, 2.5.8 Bor,l of gravitiol centrlfuge

conlrol plt ta o-rl ig

Fig. 2.5.9 Reject dall and c\ontrol plate

rrJect d!!
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1. Centrifuge
2. Sludg€ ilaschalge Port
3. lfatet alischarge Polt
4. wai3r circuLating Pwr{)
5. Plq) for purified oil
6. oil feed Prrntp
7, control valv€ for

cllcufating itater

Fig. 2.5.Io Pipinq

8. Eeater
9, oil hoPperi

10. Alarnilg space
11. Soletloial valve
12. Sludge draln
13. Pul i f ied oi l
14. Water PlPe
15. Steam PiPe for heatiDg

of gravitlo1 centrifulte



1. Cover
2. valve ct'linder
3. Upper water

Pressure space
4. Lower watet

pressure sPace

Fig. 2.5,11 Bolr l  of

5. Nozzle for water
6. Adjust lng screw
7. NozzIe
8. Nozzle
9. Boundary fine

Self-jector centriSuge

F' ig.  2.5.12 Adjust ing screw



i' l : 1
zzle
zIetI

(1 )

- 1 1 8 -

( 8 )

\ '7  )

sludge discharging Port

valve cylinder (2)
nozzle tor vrater alischarge

upper water pressure space
lower water pressure space

valve operat ing handle

adjust inq
( 6 )

Fig. 2.5.13 Sludge discharging of
c 6 r  F - ; 6 4 + ^ '  - a n l r i  F 1- - - .  - -  r g e
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t - .
2 ,
3 .
4 .

Steeting wheel
Shaft

woirn gea!

L steeling
wheel

2. shaft
3. Bevel gear
4. sbaft
5. Nut
6. Stopper
7. Casing

Eig. 2.6.I  Mechanical  tYPe
steering gear

ELg. 2.6.2 Sleerj-ng *hee1

I.  Piston
2. Pinion
3. Air purge pfug
4. Manual bypass valve
5. Make-uP tank
6. Colmecting valve
7, Pxining valve
8. Back-pressute valve
9. Air Purge Plug

10. Connecting valve
A. Starting cylinaler
B. Driven c!'Linder
c. rnjection PunP
D. h jection tank

Eig. 2.6.3 Eyalraul ic steering geal



fiq. 2,6.4 Chain drln qll)e
tranghiaSion g6at

Fig. 2.6.5 cear t l rpe
transnl ss l-on

- 1 2 0 -

Flg. 2,6.6 tapson
1-ram,

1. Pinion
2. Rudder quaalrant
3. Buffer spling
4. Ruilder tilIer
5. Ruilder stock
6, Manual shackle hole

sllile Bho€ type
2-cyllniler systern



-  1 2 1  -

rig. 2.6,7 Rapson sliale shoe type 2-ran,
4-cylinder systern

i :e.
t -

Iig. 2.6.8 Tlunk piston type transmission



Fig.  2.6.9 Rota ly vane type transmission gear

- I 2 2 -

a. Rudalef s tock
b. Stator

d, Movable vane
e. stationary vane
_-] Fan-shaDed Dressure chEniber

h, working oil nanifold

l. Telenotor stand 2, Telenotor stand
3. Telernotor ptlnp 4. Connand rudder
angle indicator 5. Diftner' 6; Rudder
angle receiver 7. Auto-pilot changeover
clutch 8. card (course indibator)
9. couyse setting knob lo. weather
control knob 11. Comnanal 12. Telemotor
connecting pipe 13. wires for hefm and
ptlot 14. Pressure gauge 15. Automatic
changeover valve 16, Motor 17. Floating
Lever 18. Pressure oil pipe l-9. RaIn
20. Ro11er bearing 21. Fol1ow-up equip-
nent and spling 22. Rualale! stock
23. Quadrant 24, cylinder 25. Rudder
an91e transnitter 26. oi! tattk 27.
Hele Shaw punp 28. Bl.pass valve
29. Driven q'Linder 30. Rudder

I'ig. 2,6.10 Alrangement of lteLe Shaw type electro-
hyalrauJ-ic rudder gear
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view of flele
assenbfy

Ball bearing fo! slide
r ing
Piston
sl ide metal
slide l.ing
Ball bearing for rotating
cyLiDder
Eccentiic slide head
Cover on tfle pipe
connection aiile
Motor side cover

1. firbular 6haft
2. Washer for tubula! shaft
3. Rotating cf/1i.nder
4. Transnission shaft
5. Nut for transrniselon

6 .

7 .
8 .
9 .

10.

t 4 .

Fig. 2.6.U Hele Shaw punq)

Fig. 2.6.72 Sect ional
shaw purnp

Fig. 2.6.13 outward forn
of Hele Shaw
pu4



(A)

lud, x/t ko s'..1a

- I 2 4 -

Fig. 2.6.14 operat ion of Eele sha$, p\rnp

2.6. i -5 I l lustrat ive
of Hele Shaw
' T A A O '  d A A '

view of tlle function
electf,o-hydraulic

(c./

Fis.
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Stop yclvq for plaslure gougo valvc for ai.r Purg.
Hydroul i c
cyl indor

C horr gqo
f . b o t '

8or

iiivr 
'ior-iapui

To lnput pudp

anual puap
Ruddcr tt l lcr.

n .d i rec . -

.Iirnncy

Itudder t l l16r
0 l I  f €ed
t ltrl(

Ja ray pu.p

lrror shor. rt€.r irg to port slalo

l'ig. 2.6,17 structure of Janney pun[) electlo-
hy&aulic rudder gear

Fig, 2.6.16 Outrard forn of wilir.ai! Janney tl4)e
electro-hydraullc rudder qear

co ok

I pulp

& ;J;.-tl(/ v/ tltufcr vctrc(rettcf
(D Dypo,ra Yolve
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2.6.18 Jannei.  punp h, i t l  vatve.
p-late and punp cytinder
renoved

ra-'

Fiq. 2.6.19 Janney punltr)
{pulr{) cytinder
and plunger)

Fiq. 2.6.2L Janney punp
(t i l t ins box)

I ig.  2.6.20 Janney punp (vatve
pl-ate and pun{)
cytinder)

F i g .  2 . 6 . 2 2  s e c t i o n a f  v i e s  o f Janney punp assembly
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€ r  6 a t t / a r
Coat ro l l e r . t o t l d

Rudder tetcher

!uadrort*

r l trdder ir i to.

I 004 I 00A 220V

V . M . . . , V o l t  n e L e r
S i g ,  . .  . S i g n a l
B , - . . . . B u z z e r
Str .  .  . .  .Swl tch
R e . . . . , R e s i s t o r
P . . . . . . P o r t
S . . . . . . S t a r b o a r d
R. C.  . .  .Reveis ib le controf ler

S t .  .  . .  . S t a r t e r
Siw. . . .S ide wire for  balancing les is tor

I ig.  2.6.23 wir ing diagran of electsr lc steering
gear



I

A,.. , Idrdde! sotter
B.. . .Rui i i ler wrtcher
C. . . . t toto!
D.. . .SLale wire
E l . . , ,  _
82. , .J trcrteE

F.. . .Ruatt ler
G.. . . C,elreratlr
M.. . .Rudiler eotor
a... .SteerLng uheel.
b. . . . l form gesJ.
c.. , .Contact pieoe

F' j .g.  2.6.24 Circui t

- I 2a -

d... .Contact
er. . . .Bevel gea!

f2...1Fleld coir
I r . .  . ,
g. . . , Stationarl' contact
l r .  . . . l lorn
1. .  . .Wolo gea!
J..  . .Pinion
k. . . .quadtant
t .  . .  ,Resistor
Se. f. Series flela cotl

of electric steeritrg gear

F!9. 2.6.25 circult cotrnection f,or rudder
anal 11 altler watcher

f.l i ' l

s€tter
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nutr rtarT druE

l lotor

F i g . 2 . 7 . l  D i r e c t curtent winch

p M C

M . . . . l l o t o r
ShE. .Shunt coil of notor
S[ ' .  . .  Series coi . l  of  notor
lvlc.., Magnetic contacto! j

H l  ,  H ? , 4 1  , A . , A : , L r , L . , L 2 i
" ' ' - | . . r'.- .^ntro} I er

OLR..Over cul.lent le1ay
Bl"t.. .Brake nagnet
I ' .  . .  .FUse
cs. ..Ehefgenct' stop seitch

F i g .  2 . 7 . 2 Wiring aliagram of
alirect cultent winch

s € q u e r c o  d i n g r o n  f o r  t b e
of contro I  I  ar contoct

Go rr

slF

MC OLN QS

Costtng tt,
I I I 0

H ate
,H1
L,

ooi

L,
L l --l

o c

c l l
D c
D

O



?i.9.  2.7.3 ArrangerEnt of
Ward-],eonaral

winch

I'iorm reduction gear

winch drive motor (D.C.)

va^no+ i ^  r . -A r . a

winch control boaxd

I{inch control panel

Ward-l,eona-rd qener.ator (D.C. )

Drive motor for W. leonard (A.C.)

Starting control panel for

Start/stop switch
Com()n exiter (D.C.)
Drive nbtor (A.c.) fo! exiter

Starting control panel for

"r 
f lz'

@1 Ge2 !

$Ul W!t2 t

Bt  82 :

cPl cP2 :

Dll, Mc, MCr r

- I 3 0 -

s  G l  G 2 !

DMl:

cs:
Ex :

N 2 t

scP :
aLternatlng curr.ent
windr

Magnet

E.,.Expansion tank
C.. .Check valve

f . . .For lrard

l !9.  2.7.4 Hydraul ic dLive
systen of Low-
pressure type
winch

M C ,

f i t ter---
! r o 6 a c r eg ouge

gydra.ul i c pumP



Fiq. 2. l  .5 Lotr-pressure type
hy&aulic winch

Fig. 2.7.6 High-pressure type
hydraulic winch

-  l : t  -

1 2  l l  1 5 A

l .  Dr ive shaft
4. Valve block
7. Piston

1 0 .  o i l  s e a l
13. BalL bearing
A-A. Center l ine

8. connect ing rod
lI .  Radial  bearing
14, Needle beaxing

6. cyl i ider
9. Taler pin

l-2. I{adial beaiing
15. Taper rol ler bearing

Eig. 2,1 .1 f l igh-pressure hydraul ic
p1nnp



- 7 ) 2 -

1. Casing 2. rront covex
3. valve housing
4. Cylinder cover
5. Piston 6. Connecting xoal
7. cuide ring
8. Transnission shaft

r ^ l  I  o '  h A r ' i  h d

10. Needle bearing
11, valve spacer 12. Valve
13. Rear cover

I  i g .  2 . 1 - e  l l i g . r . l , r c s s u r e  h y d r a u l  i c  m o t o r

F ; 9 .  2 - 7 , )  D i ' F . L  c u r r e r r L  w j n d l a s s

Fig, 2.7.10 Hydxaul ic windlass
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Eiq, 2.1.IL Efect-r ic caps tan Fj,g.  2.7.I2 qyalraul ic capstan

K.. . Inter- or After-cooler
N. ..Nr.urber of stage

N.T l l ^ . i  r ^  n  r .  t  t v n .

3

3

I
o r

I-"a ^) aTA'rr* - 
"-*,

Fig. 2.8.1 cl'linder arranqenent of air conpressors
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(  e  ) c h a n n e l  y a t v c

Cott.r

S t r i rE o l a i n e r

6lvo gud,rd

r lve scct

F.ather vdlve

{ r')

52*"

(9)  conlcal  va lve

(b) Disc valve(a) Ring or P.late valve

Yolve guide
VdIYe ple

Ieat}1er valve

! lv !

Flapper val-ve

r i g . 2 . a . 2  K i n d s

Channel valve

for air

1:;:7:',
t .  ' j

s,;9

( d )

clve gloovc



I , worm gear fol altiving ahaft
PLungei
Eloe late controlLing can
class for oil check
oil inlet
Oil outlet

Ftg. 2,a.A Cyltndr icat ml l t jp] .e
pipe type cooler

Fig. 2.8.3 Dlop tt'pe lubricator

Fig. 2.8.5 Coi l  t tT)e cooler
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2425

1. Cover 2. lead cover 3. Lubricating oil pipe 4. Filte!
5. throttle vah-e 6. Safety valve 7. rlange for ateliveiy siate
8. cap nut for high-pressure delivery valve 9. qigh-ptessule delivery
vafve l .O. After-cooler 11. OiI  box 12, Drain cock 13. Oi l
separator 14. Cover for crank chan cer 15. Drain cock 16. Oil gauqe
17. Lubricator 18. Drain pluq for oil chaniber 19, Uigh-pressure
Euct ion valve 20, Cap for high-pressure sui t ion vatve 21. Flange for
high-pressur.e suction valve 22. Inter-coolei 23, Safetv valve for
Iow-ptEssure 24. Low-presswe sucl ion vat ve 25- Low-pr;ssure
delivery valve

lo

Fig. 2.8.6 Vert ical  two-stage air  conpressor



/i-^ 1. Iini.t swi.tch for alam
2. Unloader fo! Etalt
3. on-off switch (on a!

25, off at 30 kglcn')
4. Ilrte!-cooLe!
5. Control valve for flow

rate
6. Afte!-cooler
7. Itlanual change valve
8. Lubricating oi1 punp
9. Solenoid vafve fo! drain

10. Pressure svr l tch for

12, Air  reservoir  (Tank)

Fig. 2.4.7 Piping of air
compressoli
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3 .
4 .

7 .

9 .
L 0 .
t l .

Air discharg; valve
Pilot valve

Spring for dischalge valve

Solenoid for lever

zulcrun for lever
After-cool,e!
Dlain sepalato!
Drain valve
check valve

Fig. 2.8.8 No-Load Etart ing
atevlc€


