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Pref.ce

This textbook has been corpi led for the Short  1reining Courac
in.Uerine Enginee! ing given by the l reining DepartDent of the S;uthesst
Aaran. ! tsherrea Developoent cenrer (SEAFDEC) ,nd is en introducrioo tothe diesel engine al though i t  includes sooe other relr t€d info;net ion.

lni t ia l ly i t  ras intended ro elso cover the 8.sol i .ne. D€rfo.-Eance, opetet ion check rnd naintenance of engin.a; 
" t" .o "quifr"ot 

ofb o a t s ; .  f o e l  a n d  t u b r i c e t i n g  o i t ,  e t c . ,  I l o e e v e r ,  s i n c e  t h i o  , r a  o o tpoasrore r  edvrse the 6tudeni to !elect other SEAFDEc textbookc oireference books froE the l ibrery ro suppleneor his knosledSe ofinterns I  coEbust ion engines.

fo.hio n{AI
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l - flITLTfE OF XARI]IE EIIGIf,ES FOR FISIII|G EOATS

r rg

l . l  ] l r e  h i s t o r y  o f  t h e  i n r e r n a l  c o n b u s t i o n  e n g i n e

F o r  c o a l  b u r n i n g  r t e a n  e n g i n e s ,  o n l y  p a r t  o f  r h e  h e a t  p r o d u c e d
b y  b u r n i n g  c o a l  i s  u s e d  t o  h e a t  r h e  w a t e r  t o  p r o d u c e  s t e a n  a n d  n o t  e l l

. o f  l h e  h e a t  p r o d u c e d  i s  u s e d  t o  d r i v e  t h e  c y l i n d e r s  d u e  t o  h e a t  l o r s .
C,as. po!Fred engines L€re made to solve this problen. , Ihe f i rsE ges
engine l ,as invented by Renior in France in lg6O. The cernan l t ichoias
O t t o  a d d e d  i n t a k e ,  c o n p r e s s i o n ,  c o n b u s t i o n ,  a n d  e x h a u s t  c y c t e s  t o  t h i s
engrne tro produce the inproved 4-stroke engine we koo, today. Casol ine
e n g i n e s  a n d  p e t r o l e u m  e n g i n e s  k e r e  m a d e  b y  u s i n g  t h e  4 - s t r o k e  p r i n -
c i p t e .  I n  1 8 7 6 ,  O t t o  n a d e  a  g a s o l i n e  e n g i n e ;  i n  1 8 8 5  h i s  a p p r e n r i c e
Ihimler nede a 4-Fheel gasol ine pot. tred car .  At the sahe t ine thar
Daimler ras makinS cars, the C€ rman Karl  Benz produced a three wheel
g a s o l i n e  p o € r e d  c a r .  I n  1 8 9 3 ,  i n  c e r n a n y ,  D r .  R u d o l f  D i e s e l  m a d e  t h e
$ o r l d ' s  f i r s t  d i e s e l  e n g i n e .  T h e  d i e s e l  e n g i n e  h a s  g o n e  r h r o u g h  n e n y
loprovenents and aL presenr is eidely produced as lhe nost adverced
p o o e r  . s o u r c e .  T n i s  e n g i n e  h e s  g r e a t l y  c o n t r i b u t e d  t o  s o c i e r y  b y
providing comprehensive po$er for every type of industry in f i rn
v i t l a g e s ,  f i s h i n g  v i l l a s e s  a n d  c i t i e s .

1 . 2  H e a t  e n g i n e s  . n d  i n t e r n a l  c o m b u s t i o n  e n s i n e s

A  h e a t  e n 8 i n e  i s  d e f j n e d  s i i n p l y  a s  a  n s . h i n e  t h a r  c o n v e r r c
h e a t  e n e r g y  f r o m  f u e t ,  s u c h  a s  p e r r o t e u n !  n € L u r a l  S a s r  c o , l  ,  e n d  t h e
a t o l n  t o  n e c h a n i c a t  e n e r g y .  I t  i s  d i v i d e d  i n r o  i n t e r n e l  c o | ' b u s r i o n
engine and external combust ion engine depeoding upon hor the hest
e n e r g y  i s  c o n v e r t e d  t o  n e c h a n i c a t  e n e r g y .  C o m b u s t  i o n  i s  ! h e  a c r  o f
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b u r n i n g .  I n t e r n a r  m e a a s  i n s i d e  o r  e n c l o s e d .  l t u s  a n  i n t e r n a l  c m b u s -
t i o n  e n g i n e  b u r n s  f u e l  i n t e r n a l l y  t o  l e t  r e l e a s e  i t s  l a t e n t  c h e n i c a l
energy in the form of heat,  I ,hich is then converted to mechat i '61
energy. In external combust ion engines '  such as the stean engrne

or turbioe, fuel  conbust ion takes place outside the eogine and this

r e q u i r e s  a  b o i l e r  t o  $ h i c h  h e a t  i s  a p p l i e d .  t h i s  c o n b u s t i o n  c a u s e s

eater to boi l  to produce ste&n. I te stetu passes into the engioe
cyl inder uni ler pressure, tben heat energy from the steer is converted
into nechenical  energy, A heat engine is a notor nhich changes the!! [ l l

energy into mechanical  energy. l te nost inportant hest enSines used

todey ere:

An internal combust ion engine is a tvPe of heat engine. Heat

engines, as previously mentioned, change heet into nechanical  energy,

i .e,  fuef is burned to provide thermal (heat) energy. Nouadavs, atomic
poeer based on nuclear reect ior l  is stsrt ing to be used' In order

io cont inuously change heat energy into nechanicgl  energy t tJo heet

reservoirs at di f ferent tsnperetures, one hiSh and one lot ' ,  and e heet

transfer f lu id (norking f lu id) '  are necessarv. Tfte 
"orking 

f lu id

chaoges pert  of  the heat received frql l  the higher tsnperature heat

source into mechanical  energy end the unu€ed heat is released in the

lorrer tanperature heet reservoir .  The i torking f lu id then returns to

the higher tempereture heat source and the cycle is repeated.

[ lnternal 

combust ion engine

[eat encines -l

Lr*""'" ' , combust ion ensine

Cas engine
Casol ine eog ioe
Kerosine engir le
t lot  bulb enSine
Diesel engine
Gas turbine

Ste&n eng rne
Stean turbioe

n"*__J

A  s i l l l p l e  c l a s s i f i c s t i o n  o f  i n t e r n s l  c o m b u s t i o n  e n g i n € s :

( l  )  C l a s s i f i c a t i o n  b y  p h y s i c a l  d e s i g n

a )  r e c i p r o c a t i n g  i n t e r n r l  c o n b u s t i o n  e n B i n e

b )  g a s  t u r b i n e

,  c )  j e t  p r o P u l s i o n  e n g i n e

d )  r o t s r y  c o n b u s t i o n  e n g i n e
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( 2 )  C l a s s i f i c a t i o n  b y  t h e  t v P e  o f  f u e l  u s e d

s) gas engine - conbust ion of a sol id f i ,e l  in s gad

l""" . . ior with the genersted gas used as the fuel

aource

b) gasol ioe engine
'  c) Pe trol  eum engine

d) heavy oi l  engine

( 3 )  C l a s s i f i c a t i o n  b y  t h e r n o  d y o s r i c  c y c l e

e) constsnt volume cycle (Otto cycle) _ gasol ine engim'

Petrole|n engioe
'  b) con3tant pteesure cycle (diesel cycle) -  lo l '  sPe€d

diesel engine

c) 3Fthet ic cycle (sabrthe cFle) -  hiSh sPeed dielel

eoginee.

(4) cla63if icat ion bY Dechanics

a) 2-stroke engine (2-strote l -cycle enSine)

b) 4-stroke er lgine (4-stroke l-cycle enSine)

(5) cla3si f icat ion by cool ing 3ysteD

e) air_cooled tYPe

b) rater-cooled tYPe

' c) special  l iquid cool iog tyPe gater Lixture of ethvlene
'  

s lYcol or SlYcerine
d) steem cool ing tYPe

(6) Clas. i f icat ioo bv cyl inder arrangenent

a) hor i  zontal  engine

b) vert icel  eogioe

c) 5lsnt engine

d )  r s d  i a I  e n S i n e

.,  ")  
in- l ine tYPe

f) v- tYP€

( 7 )  c l a d s i f i c s t i o n  b y  i g o i t i o n  s y s t e n

e) hett  bulb engine

b) elec tr  ical  igni t ion sYsten
' '  

c)  c@Preision iSnit ion sytt€tn
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In the European countr ies and USA, Bri t ish therBal uni t
(Btu or BTU) is general ly used, i t  is the quant i ty of hest required lo
r e i s e  I  l b .  o f  p u r p  w a t c r  b y  l o F .

'  (3) Fundainental  uni ts

Al l  the physical  uni ts are deriv€d from length, ne3s and
t ime, shi le al l  industr ial  uni ts are derived from length, force or
seight and t ine. In both physicsl  and industr is l  systens, the unit6
for Eeasurarent of leogth (crn or d aod t ime (s or h) are the s ' t le,
ei th the e:(cept ion Ehat the forroer syst€m uses mess rrhi le the l . t ter
uses the force sct ing on the na93 or qeight.

I te relat iooship beteeen the rnaas (t ! )  and the eeight (w)
is expressed by the fol loeing fornulal

(2 .3 )w =an

the proport ionel constent,  L is cal led "gravi !et ionel

e c c e l e r e t i o n

accelerat ioorr.

i s  9 . 8 0 6 6 5  m / s 2 .

tg, is expressed
of measures end

The standard Prsvi tst ional

lhe mass of a body hevinS s n€ight of  W
by the fol lo ir ing equat ion io the industr ial  systen
e e i 8 h t s :

r  =  v ts ,  kE a2 /n) (2 .4 )

.  
(4) Pressure

'  the tern. Dressure. neans a force act inc uDon a unit  l rea
in thd norual aire. t ion, and is expressed by ke/cn) ot kz/a2. The
ground lrurface is covered r i th a thick layer of s ir ,  and is al t .ays
experieocing the eeight of  the eir .  Ihis pressure ie cal l€d "atmo.phe-
r ic presaure".  the pressure, indicated by the pressure gauge is the
dif ference betseen pressure under sone condit ion and atnosphe. ic
pre€sure, and is spoken of as "gauge pressure".

-  orn the other hand, true pressure is cel led "absolute
prelsurert .  Gauge pressure is abbreviated as atg, and absolute pressure
a6 ata. I  atmospheric pressure (atu) equals 760 r l t  g abs. or 1.033
k g / c o 2  a b s .  ( a t a ) ,  a n d  I  b a r  i s  a  p h y s i c a i  u n i t  s h o u i n ; 1 0 6  d y n e s / c n 2 .



l rhen a l -kg body is rr ised by ln,  the nork done is I  kg!
which is t6ken as a uniE of vork.

( 5 )  } J o r k

| .rhen a body is noved by a force,
have don€ $ork. Taking the force as F kg and the
the direct ion of force as S m, the t 'ork,  Wk,
fol lor ing fornula:

5 ,000
Ek= -  =  l 0 /  =  25 ,510  kg l r

2  x  9 .8

the force is 6aid to
travel of  the body in
is expressed by the

. . . . . . . . . . . . . . . . . - .  ( 2 .5 )Wk - FS k$r

(6) Energy

Energy is the capacity for doinS rork. Potent is l  en€rgy
is the energy lJhich a body possesseB by vir tue of i ts posi t ioo io
relacion to other bodies. Rinet ic enerSy is the energy rrhich e body
pos6ea6ea by vir tue of i ts motioo. these tro are genetel ly cel led
rrnechaoical  energy",  Other forms ot energy include heat,  .electr ic i ty,
l ight,  eound, elc. ,  al l  of  which can do t 'ork,  The potent ial  energy ia
expressed by vork l rhich can be done by a body in movinS fron i t8
or iginal  posi t ion Eo a reference level (usual ly ground surf6ce),

Th€ potent ial  energy possessed by H-k8 body loceted at e
level of  h m i6 expressed by the fol lot , ing equacion:

Potent ial  eoergy, E = ech = I lh kSrr ( 2 .5 )

The Linet ic energy ia expressed by the tork ehich cen be
dore by e noving body unt i l .  i t  ceases. The kinet ic enetgy of a l t -k8
body novinS at a velociry of v m/sec ie expressed by the fol lo* in8

, l l , i
- .  Kinet ic energy, Ek = -  mv2 = -  v2 tgrn

22e

Exanple :  A 5-ton autoDobi le is running on a level,  strai8ht .osd
at a speed of 36 kn/h. Deternine i ts kiner: .c enerSy,
discarding the air  drag.

solut ion :  The veloci ty of the autonobi le is rerr i t t€o to be lO ds
( =  3 6 , 0 0 0  n / 3 , 6 0 0  s ) .  U s i n S  B q ,  ( 2 . 7 )  ;

(2 .7 )
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'  ( 7 )  P o w e r

Ihe pooer Deans the rate of doing rrork. The uoits for
the measurenent of power ioclude kgn/s, horseposer (abbr€viet ioo :  pS
f o r  n e t r i c  s y s t e n ,  H P  f o r  B r i t i s h  s y s t e E ) ,  K W ,  e t c .

I  PS is the poeer that can do rork of 75 kgn per sec.,
and is equivaleot to 0.985 HP and 0.736 Klt .

the poter (PS) to be transnit ted to the shaft  as in the
ordinary internal conbust iod engine is celculeted by the fol loFing
fornule after nealur ing the torque (ts ist ing Eo!trent) ,  T kg-r on e
dFanoneter and the speed (rpn) on a rachorEeter:

2 1TNT TN
L = - = -  . . . . . . . .  ( 2 . 8 )

.  5 0  x  7 5  7 1 6 . 2

Exaople :  Lhat are the eork and poeer of a diesel engine del iver ing
a torque of 50 kg-o at speed of 700 rDp?

Use n= 3.14, and express the power in the netr ic hor3e-
Pol 'er,

Solut ion :  Work, f lk = ?rnT - 219,800 kgo
Pol 'er,  L = 2nnTl60 x 7 = 48.8 PS

- 
2.2 Hest and mechanicel  l ,ork

( l )  The f i rst  la l{  of  thermodynemics

The f i rst  lan of thermodFa| l icd claios thet the hest end
uechsnical  rork are kinds of energy, end th6t lhe heat can be converqed
into work, and vice versa.

'

BULKHEAD

WATER IIIIEBL

TEICET

F i 8 ,  2 . 1  J o u l e ' a  t e o t  e q u i p n € n t
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In f843, Joule corroborated this exp€rirenral ly,  t te used
an apparatus as sho$i in Fig. 2.1, and veri f ied thet the desc€ndidt
not ion of the weight is converted into rhe rotet ion of the sater r*reel I
that is theo cotwerted i . r to heat ro reise the tedperatur€ of !h€ setsr
i n  t h e  b e t h .

, Neoely, the potential energy of the eight is chanSed
into the kin€t ic energy of rhe l ,heel,  snd lhen the rork;f  the r .heel i .
converted into heat enerSy.

In thia experinental  procesa, the nrDericel  relat ionehiD
betrrce* the inechanicel  oork (L kgn) end heat (Q kcel)  sae dete&i,ncd.

' lh is is cal led the nechenicel  equivelent of  heat,  and ia
€r.pressed by J,  the ini t ia l  let ter of  Joule.

, . . . .  (2 .9 )

vdue :

L=JQ o r  L /q  - J

J = 427 kgu/l(cal.

the reciprocel of

(2.  r0)

J is ter|Ied A, end hse the folloriag

" . ' " " " " " " : " " " " " '  (2 '12 )

heet equivalent of $ork of I  PS for I hr.

3,6@1421 = 632,3 lrcol

A  =  l / J  -  1 1 4 2 7  k c e l l  k c f r  , . . . . . . . . .  ( 2 . f 1 )

A is cel led the heat equivalent of  nor l( .  Ierely,  tha
fol lo* ing relet iooehip is establ ished &ong these value{r:

Q = AL kc al

Exeiple :  Detef i l ine the

S o l u t i o n : l P S - h = 7 5 r

the energy .ssrne€ varioulr forls includiog brk, hert,
kinetic energy .nd poteotial energy (oech$ic.1 energy), electr icei
eneEsyt chemical energy, l ight energy, Bound eoergy, etc.

l lhatever forms the eoergy Dry take, i ts essenee reoairu
the sane; naBely, one fotu of enerSy cen be chen8ed to enother fEcaly,

Ite 3u! of the energy is el r | .ys constant, a(d doet not
chanSe in the process of trsnsfornatioo. thir is knosr rs the lrv
of coneerv.t ion of energy, It  is grldppt here thst the f irst 1ai ot
thermodynsnica refers to Ehe lar of Cqll ldrvetion of en€Egy ri th respect
to the heat and nechanical uork. 1.!



(2) The second lao of thermodFEnics

The relat ionship betreen lhe heat and Idork has been
clar i f ied in the f i rst  la lr  of  thetuodyn&ics. I t  should be noted
hor€ver lhat the trensfornat ion of heat into mechanical  t 'ork is
c o n d i t i o n e l ,  a n d  t h i s  i s  p r o v i d e d  f o r  i n  t h e  s e c o n d  l a r d  o f
thermodynamics.

Tre condit ion is that the heat is al€ys trenstni t ted fro|n
a high tg[perature body to a 1ol '  tstrperature body, end that i t  is
inpossible under natural  c irc lmstances to transfer heet froln a 1oI '
tstrperature body to a high tdnperature body. Ianely,  the lar states
t h a t  t h e  t r a n s f o n n a t i o n  o f  h e a t  i n t o  n e c h a n i c a l  $ o r k  i s  l i n i t e d  o n l y  t o
the case $tere the heat can be comuniceted frdn e high tsnpereture
b o d y  t o  a  l o w  t e n p e r a t u r e  o o e .

In Joule's experinent explained in the precedinS
pareSrephs the rater wheel cannot be turned by the nere cool iog of the
eater.  Should i t  be possible, i t  is possible to real i re a perpetuel
Eot ion in nhich the rater rheel is run to reise the reter ts lperature
and by cool ing the i rater,  th€ $ater wheel is run. HoEver,  this does
n o t  r u n  c o u n t e r  t o  t h e  f i r s t  l a u .  i t  i s  i m n o s s i b l e ,

2 . 3  C h a n g e  i n  s t e t e  o f  g € s

( l )  S p e c i f i c  h e a t  o f  g a s e s

Ite vslue of heat (kcal)  !equired for rais ing the
t s r p e r a t u r e  o f  a  l - k g  s u b s t a n c e  b y  l o c  i s  c e l l e d  t h e  s p e c i f i c  h e s t  o f
t h a t  s u b s t e n c e ,  a n d  i s  e x p r e s s e d  i n  k c a l / k g o c .

The relat ionship between the retr ic systqn of neasure-
ments and the systen adopted in Bri tain and the lhi ted States is as
f o l 1 0 | 6 :

I  k c a l / k g . o c  =  3 . 9 6 8  B t u / l b . o F (2 .13 ' )

-  9 -

Ihe rorkinS gases handled in the internel conbust ion
e n g i d e  e r e  s i ! ,  a i r - f u e l  m i x t u r e  a n d  c o n b u s t i o o  g a s . ' l h e s e  g a s e s  e x p a n d
rrhen their  terperature r ises and t ,hen their  expansion is prevented,
Prelr l rure r , i l l  r ise.

Ihe specif ic heat measored under a constent pressure is
di f fereot frqr that neasured und€r e conatant volum: the forEer is
c a l l e d  " e p e c i f i c  h e a t  e t  c o n s t a n t  p r e s s u r e  ( C p ) "  a n d  t h e  I 6 t t e r ' r s p e c i -
f i c  h e s t  e !  c o n s t a n t  v o l u r e  ( C v ) r  .
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Usue11y, Cp is larger than qv. the st6te of r.orkin8 gas
for lhe internal conbustion engine changes every tine; so do Cp and Cv.

Although Cp end Cv chenge rlightly eith temperaturet
lheir chanSe€ are prectical ly negligible.

the retio of cp to cv ir cal led "specif ic heat ratiorr enal
providea one of the oost i[portant fectors for thernodyntuica.

(2 )  Boy le ' s  l aw

the Boyle's las claine that ehen q 8ar i3 chenged in pres.ure
under a cougtant tetrperature, its voluoe (v) changes ilr inveree propor-
t i on  to  the  p reesu re ,

l latheDeticatly, this is nrit ten as fol lows:

(  2 .  14)

there P i5 absolut€ Preasure.

craphically, the r€letion essudes
dhorrn in Fig. 2.2. this kind of chenge
rrisothermal chenge'r.

rectenguler hyperbole es
state of gss is cal led

a
in

+ voLUltE (v)

(TEXPERAIRE COtsIAlrT)

Fig. 2,2 .P-u curv€ by Boyle's 1as



(3) Cherle 's lat '

l lhen the terperature ( t)  is changed t ' i rh pressure held
constant, the volrime of gas chenges id proportiorl to the absolute
tempereture (T).

Nanely,  the expanaion coeff ic ient of  ges is ebo\t t  11273
irrespect ive of rhether i t  fo l lorJs constant pressure chadge or constant
voluDe change. Accordingly,  the fol lo$ing relat ionship is estsbl ished:

t V o T V
V  =  V o  ( l  + - ) ,  V  =  - ,  -  -  c o n s t a n t  . . , . . , . , . .  ( 2 . 1 5 )

273

-  1 l  -

273  T

( isobsric change or con-
stant pressure chsnge)

t P o T P
P  -  P o  ( r  + - ) ,  P  =  - ,  -  -  c o n s t a n t  . . . . . . , . . .  ( 2 . f 6 )

273
( isochoric chenge or con-

stent volune chaoge)

The law governing the ebove relat ionship is Lnoen es'rcherle 's leCr.

The zero-poiot of  the absolute tempereture is equel to
-273oC, end is cel led ' rebsolute zero-pointr ' .  In the constent voluoe
change, the absolute zero-point is the teEperature et ehich P in 8q.
(2.15) becoDes naught.  I t  is said that. t  thet teopereture lhe ect iv-
i t i € s  o f  m o l e c u l e e  o f  g a 6  a r e  b r o u g h t  t o  e  s t e n d s t i l l .  F r o o  B q ,  ( 2 . 1 5 )
for ieobaric chaoge, the absolute zero-point is the tedpersture at
nhich V becones neught.

( 4 )  E q u a t i o n  o f  s t a t e  f o r  g a s e s

tte conbinat ioo of Boyle's 1er and Charle 'r  1! t '  is cel led
"Boy1e-Cter le 's lar/ ' ,  and is expressed by the fol losinS forDula:

Pv = cRT (kcn) (2 .17  )

ebsolute Pressure of gae, kg/cn2

volune of gas, n3

r,eight of  gas, tg

ges constant,  kg-rn/kg. oR

ebsolute t€mperature of gas, oK
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The volune, pressure and temperature r i th rrhich the state
of gas is expressed are cal led rrQuant i ty of state'r ,  and the fontruia
e x p r e s s i n g  t h e i r  r e l a t i o n s h i p s  i s  c a l l e d  r r e q u a r i o n  o f  s r a r e  f o r  g a s r . .
A  g a s  $ h i c h  c @ p l e t e l y  s a t i s f i e s  b o t h  B o y l e ' s  1 a w  a n d  C h a r l e ' s  l a l r  i e
c a l l e d  " p € r f e c t  g a s "  o r  I ' i d e a 1  g a s " .  f , q ,  ( 2 .  f 7 )  i s  c a l 1 e d  r e q u a t i o n  o f
state for ideal eas".

In actual i ty,
s a t i s f y  E q .  ( 2 , 1 7 ) ,  a n d  a r e
and conbust ion gss handled
regerded as perfect gas.

v = v/c (n3lkg)

I h e n ,  E q .  ( 2 . 1 7 )  c a n

P V = R T

Ihis equat ion

E x e r n p l e :

h o l € v e r ,  a l h o s t  i I I  g a s e s  c e n n o t  p e r f e c t l y
c€11ed I ' inperfect gesrr.  However,  the eir
in the internal coBbust ion ensine can be

the volune occupied by I
vol$rc, and is expressed by v as fol lo lrs:

k g  o f  g e s  i s  c a 1 1 e d  s p e c i f i c

. . . . . . . . . . . . .  (2 .  r8 )

be rewri  t  ten as fol lovrs:

P

0 . 0 1 6 9  n 3

refers to the state of perfect gas $eight ing I  kg.

O b t a i n  t h e  s p e c i f i c  v o l u n e  o f  c h e  a i r  e t  p : 5 0  a t a  a o d
r = l50C. Also determine rhe qe-ighr of rhe eir  shich
can be packed in a vessel of  100 mr under the same condi-
t i o n .  A s s u n e  t h a t  t h e  g a s  c o n s t e n t  f o r  a i r ,  R ,  i s  2 9 . 2 7
kg-n/ kg oK.

29 .27x (273+ t5 )
S o l u t i o n  :  U s i n g  E q .  ( 2 , 1 9 ) ,  v  =

50 x l0

RT

us lng Eq
v  100

(2 . I8 ) ,  c  =  5 ,920  kg
v  0 . 0 1 6 9
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2 . 4  l h e o r e t  i c e l  h e a t  c y c l e

The thernodynanic cycle nost ly eppl ied to present-day air less
ioject ion pract ice is probably the so-cal led dual or mixed cycle,
d i a g r & n a t i c a l l y  i l l u s t r a t e d  i n  F i g .  2 . 3 .  S t a r t i n g  f r o m  F o i n t  C ,  t h e

Ft8. 2-4 Perfect lndlcator dl lgred

Ftg. 2-3 Theoret icel  heat cycle

air  is cqnpressed ediabat icel ly to s point D. Fuel in ject ion beSins
at D, and hest is added to the cycle part ly st  constent voluee es
shoim by vert icel  l in€ DP - and part ly at  constant prelrsure -  as shoen
by horizontal  l ine IE. At a point E, expansion begins; this proceed6
adiabat ical ly to point F, eien the heet is rejected es eihaust st
c o n E t a n t  v o l u n e ,  a e  s h o o n  b y  v e r t i c e l  l i o e  F C .

The ideal ef f ic iency of this cycle -  of  the hypothet icel
indicstor diagre -  is about 55-50 per cent;  thst is,  about 40-45 p€r
cent of the heat suppl ied is lost as the exhsust.

For a four-stroke cycle, the exheust and suct ion strokeg are
shown by a horizontal  l ine at C, shich ha8 no effect upon the cycle.

Fig. 2.4 nsy be deened to approxinate a perfect,  at tainable
d i . g r  d .

q}TLIlf8 CF IIITEf,t|^I COIIUSIIOT AI{GIf,ES

3 .  I  P i B t o n  e n g i n e  p r i n c i p l e s

the basic $orking pr inciple of the piston engine: air  is
drerm into the cyl inder and cqnpressed; fuel  is added *ren the 6ir  is
dra$n into the cyl inder or af ter corpression, and the air- fue1 mirture
is igni ted and conbust ion takes p1ace.



The combusted gas expands and the heat energy of the gas is
changed into nechanical  energy; the exhaust fumes are pushed out of
t h e  c y l i n d e r .  t h i s  p r o c e s s  i s  t h e n  r e p e a t e d .

lk,rmal ly conpression and expansion is hendled by the r€cipro-
c a t i n g  p i s t o n  i n  t h e  c y l i n d e r .  l h e  f o u r  s t r o k e s  o f  c o m p r e s s i o n ,
coDbust ion, expaosion, and exhaust (cool ing) of the burned gases are
done in the same cyl inder.  To provide a l ight f i t  bet$een the piston
a n d  t h e  c y l i n d e r  w a 1 1  t h e  p i s t o n  i s  f i t t e d  v i t h  r i n g s  ( p i s t o n  r i n g s ) .

' Ihe posit ion of a pistoo nhen the volune in the cyl inder is
at i ts nini l l tu,  as the piston goes through a reciprocat ing cycle, is
c a 1 1 e d  t h e  t o p  d e a d  c e n t e r  ( T , D , C ) , ,  e n d  t h e  v o l r m e  i s  c a l I e d  t h e
combust ion chanber volure (clearance volt lne).  Tte posit ion l ,hen the
cyl inder volrme is at i ts maxinun is cal led the botton dead center
(B.D,C.).  The movqnent of the piston betrr€en these t l r ,o dead points
a n d  t h e  d i s . a n c e  b e t v e e n  t h e n  i s  c a l l e d  t h e  s t r o k € . l h e  v o l u n e  l h r o u g h
I. 'h ich the piston noves is cal led the srept volune or displacglent.

-  t4 -

F rs .3 -1
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3.2 Compressiof l  rat io

Ihe raord comPression ratio lDeens the

If the displacement (swept volune) i3 VS end
(cleerance volure) is VC the conPrersion rat io

'  =utvtut =ttul i

degree of co[pression.
the conbustion volt De

is preg€nted ea e.

(3 .1 )

cenre. Eonom dead cenre.

Fi8. 3-2 CoftpreBslon ret lo

3 .3  4_s t roke (  cycle) engines and 2-6troke ( cycle) engine.

4-STBOKEEITIG II'IE 2-sTn0(EEt{Gl r

'.r"
9t
i , ,

9 . '

F lg .  3 -3 englne and 2-€troke en8lne

i " .
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In the crankshaft  connect inB rod and piston pin structure,
the piston reciprocates one t ime for ooe revolut ion of the crankshaft  i
th is ie counted at t t ,o strokes. For posit ive dieplecened! internel
conbust ion engines, the conplete power cycle requires tro revolut iong
of the crankshaft ,  i .e.  4 strokee of the piston; the proper designa-
t ion is a 4-stroke I  cycle engine, which is abbreviated to 4-stroke
engine. Engines which complete one revolut ion of the crankshaft  for
one corEplete poeer cycle sre cal l .ed 2-stroke I  cycle engines, abbre-
viated to 2_stroke engines,

3.4 Spark igni t ion enSines and coopression igni t ion enginee

Posit iv€ displacement type internal conbust ion engines ere
cle6sif ied accordiog to the nethod of conbust ion igni t ion into ' r€perk

ignit ion engines" and rrcompression igni t ion engioeer ' .  thi6 systen of
cle€si f icat ion is based on conbust ion r , th ich hss e close relat ion to
the performance of internal coobust ion engine€. 9bi le both types
belon8 to the fsni ly of posi t ive displacenelr t  type internel conbust ion
engines, they do di f fer io performance.

(1) sperk ignit ion engine

F1g. 3-4 Con8tent volune cycle

Ihe spark igni t ion engine nakes e sperk jump through
(spark discharge b€tse€n the igni t ioo plug electrodes) the neerly
unifotu fuel-eir  r ixture i .e.  the coobust ion dixture beging to burd
ehen i t  is touched by the electr ic spark aod the rhole mixture buros
very repidl t  due to f lane propagat ion.



( 2 ) conpression igni t  ion engine

(votu6.) . . .v

Fl8. 3-5 Con.tant pressure cycl .

In this type of eogine the eir  is compre.sed to e very
high pressure. Beceuse of the high pressure the tenperature of the
eir  r iees. A proper emou.rt  of  fuel  is in ject€d into th€ coopressed
air  and conbust ion takes place spontaneously.

A preseure-volume curve is ulred to shor '  the change of
Pressure inside the cyl inder.  A spark igni t ion enBine is ce1l€d a
codstent volure (otto cycle) type engine and a co| lpression en8ioe i3
ca11ed 6 constaot pressure (diesel cycle) type enSine.

Table ,-1 Comparcs tft€ actlon of a comlrsssion iglition engils
lnd ! spsrt ignition Gngho

..,N" Kerosene or gasoline engine

Ca.bureior is nol dqlired
lntake of .i.'lu.l mixrud.

Compresion rrrio 20:1
CompG$ion prc$!.e 40-45k9,/cm'
Comprossion tempe.oiurs abour 600"C

Cnprussion rrtio 4-7:1
Compreslion presore 7-1Oko/cn:
comprc$ion t€mp.ratue 250'C 300"c

Matimum 55-6019/cmr
Largo .m@nr ot heer insbnlaneous
merimum r€mper.rure .hour 2O0O"C

zotg/cm'wirh a sftllamuN ct heal

Instanran.oG maximum remt.rakrc l20o"c

Combuslion chambd volume l.leara.co

VirtuElly complete a ethaust

Incomplob exhausr bec60se oI l.A.
combuslion.hrmber volume
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3 . 5  f t t t ; d e  o f  c o n p r e s s i o n  i g r i t i o n

l r h e n  a i r  i s  c o r n p r e s s e d ,  i r ' s  p r e s s u r e  a n d  t e m p e r a t u r e  r i s e ,
I f  the air  is rapidly conpressed (adiabat ic conpression) heat ei11 noE
be transnit ted to the outside, and pressure and teEperature, as you
knov, ni l l  r ise rapidly as sho$n in Fig. 3-6 in accordance si th Boyles
1aw. I f  the fuel  is in the fonn of a f ine mist of  spray i t  i r i l l  burn
essi ly.  Uhen the fuel  is sprayed into the hot conpressed air  sponta-
neous igni t ion, explosive conbust ion, ei l l  occur- inredietely end the
t€dperature and pressure I{ i I l  quickly increase causing the gas to
exPand.

3-6 Compresslon pressure end

t p n P e r a r u r e  o f  t h e  l n t a k e  e l r

A motor using this type of systern to geoeraEe po{er and also
cornbining the piston and crankshaft  asseEbly into one systen is a
diesel engine, as shoim in Fig. 3-6. I f  the temperature befrre com-
pression is high, the ternperature after conpression l ' i11 i r .crease
renarkably,  At the sane t ime, i f  the pressure r ises, the natural
igni t ion teoperature ( f lash point)  of  the fueL wi l l  go doi 'n and the
fuel i r i1 l  burn readi ly.  Since the amount of fuel  that can be conbusted
is detennined by the quant i ty of air  in the cyl inder,  doing the
fol loning rr i l l  incresse the brake horsepower of € diesel engine:

6 600

:  500

E ,too

i eoo
I
I  200

I
:

F

4
€
8

i 0
l 2
ltl
l 0
l 8
20

19 ,

,i ,i1;; k,F,itu-' r;.,i d,,,irD

0 1 5 2 0 2 5 3 0
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c )
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E n l a r g e  t h e  c y l i n d e r

U s e  p r e - p r e s  s u r i z e d  a r r

lncrease the frequency of conbustron
increase the engine revolut ions (rpm'

the amounE of air  used.

per hour, -------)

)  a n d  a l s o  i n c r e a s e

3 . 6  4 - s t r o k e  d i e 8 e l  e n g r n e s

( l )  I n t a k e  s t r o k e

Ithen lhe Piston noves

posit ion, the air  intAke valve opens
c o o b u s t i o n  c h a m b e r .  g h i l "  t h i s  i s

down froo the
and fresh air
happening the

top dead center
is drasn into the
exhaust 1,a1ve is

t2 )

noves up tron

Compress ion stroke

After conplet ing the
b o t  E o m  d e a d  c e n t e r ,

intake sEroke, when the Piston
Ehe intake and the exhaust valves

b

F t g . 3 - 7  s T h e  o p e r : a t l o n  o f  a  4 - s t r o k e  d l e 6 € l  e n g l n e
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a r e  b o t h  c l o s e d .  T h e  a i r  i s  c o r p r e s s e d  b y  l h e  p i s t , ) n  a n d  t h e  p r e s s u r e
and teoperature r ise. The air  at  the end of the conpression stroke rs
c e l l e d ' r r e d  h o t  a i r . "  T i t h  a  c d n p r e s s i o n  r a t i o  o f  2 0 : 1 ,  t h e  p r e s s u r e
si l l  be about r fr-45 kl lc.az and the tenperacure about 550-600oc.

(3) E\pansion stroke

!hen the piston approxinately reaches the top dead
center of the c@pression stroke, the fuel  in the forn of a niet is
injected into the chanbe. through the fuel  in ject ion valve. l {hen the
fuel cdes into contact $i th the hot air ,  spontaneous igni t ion takeg
pl.ce end th€ pressure and tempersture increa6e quickly.  the gas
€r.pends again8t the pi3ton forcinS i t  to dove do$rserd. The in€tenta-
neous tenperature of the- coEbust ion 8ss at this t ine is 2000oC and the
pressur€ is 55-60 kg/cnz. This is ca11ed the e<bansion stroke and is
the stroke io r* ich the hea! enerSy of the fuel  released by burning
chengeg to mechenical  energy.

(4) Exheust stroke

At the end of the erpansion stroke, the erhaust valve
opens and as the piston moves up agsin, the coobusted ges is pushed
out of the cyl inder end expel led into the etoosphere.

Vlhen the piston
cFle i3 conplet€d and the pi
again. A diesel engine shich
a 4-st roke diesel engine.

reaches top desd center in this i tey, one
ston is ready to begin the intake gttol@
cdnDletes I  cvcle in 4-strokes is cr l led

r,.r rnr..rrol 'D'c'

F t8 .  3 -7  b
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3 . 7  2 - s t r o k e  d i e s e l  e n g r n e s

A  2 - s t r o k e  e n g i n e  p e r f o r n s  t h e  i n t a k e ,  c o n p r e s ' i o n ,  e x P € n e i o n

anal exhaust strokes in the t ine i t  takes the crankshaft  to nake one

revoltr t ion. Because there are no independent intake and exhaus'

s t r o k e s ,  a  s p e c i a l  n e t h o d  i s  n e c e s s a r v  t o  s u P p l y  s i r  t o  t h e  c y l i n d e r '

To br ief ly explain the vorking PrinciPle'  the scavenglng port  oPens at

the piston noves dotnv.ard and air  for catpressioD enters the cyl ini ler

and i lushes out the cornbust ion gas through this Port '  t l lext,  the Piston
Boves up closing th€ exhaust port  and c@presses fhc air ;  the fuel  is

injected and igni tes; the expanding conbi ist ion gas moves the piston,

and the crdnkshaft  rotates. When the piston noves dorm rhe exhausL

port  is openei l  and the co' trbust ion gas is exhausted ' -  In adarr icr '  the

s.av."eini  port  opens and cdtrPressed air  is fed into the cyl inder '

F o r  t h i s  t y p e  o f  e n g i n e ,  n o r n a l l y '  a  s c a v e n g r n g  p o r E  r s  n e c e s s a r ) '

F t g .  l - 8  a The operat lon of e 2-stroke dlesel englne
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4. RIICIPIJ, COXSTIIUIIO* OF DITSEL IiCIIIES

4 . 1  O u t l i n e  o f  t h e  s t r u c t u r e

Fig. 4.  I  sholrs sn ext€r ior v iew of a superchergei l  $!e11
die8el eogioe, A piston reciprocates inside the cyl inder end i tB
motion rotates the crankrheft  through the connect ing-rod.

I t le upper part  of  the cyl inder is covered lJ i th th€ cyl inder
head to q'hich the fuel  ,  s ir  intake/exhsust and start ing ei t  velves are
i n s t a l l e d .

l f ten the inlet  valve. is opened io the intake stroke, suff i -
c ient air . for coobust ion, is sucked in €nd expanded gas is exhausted
through the exheust valve opened in the exhaust stroke.

Fuel is atdnized into the cyl inder rhrough the fuel  in ject ioc
valve opeded by fuel  oi l  of  high pressur€ frod the fuel  punp.



- 23 -

,a

c!:E:Eie;;E;
, ' , : J56 i !6 :E- ; :
s FiFiN n Fi{ixi*d Rig

9

Q 9 c

E

!

E
a

;

E

3 6

E

E

Ee
P

4

E
E

3



-  24 -

T h e  s t a r t i n g  v a 1 v e ,  l , l h i c h  i s  o p e n e d  b y  t h e  $ o r k  o f  t h e  a r r
t in ing valve also f i t ted to the carFshaft ,  feeds conpressed air  into
the cyl inde! r tren start ing. Since the cyl inder and cyl inder-head ere
overhe€led by cobbusted ga6 of high pressure and tsnperature, they
have a rater jacket for the purpose of cool ing then.

Ihe crank case is f ixed on the engine bed end supports the
t 'hole of the engine. Lubricat iog oi l  is stored in the crank chal$ber
end suppl ied to each fr ict ion part  by the lubr icat ing oi l  plEp dr iven
b y  t h e  c r € n k s h a f t .

' Ihe funct ion of the supercherger is to increese the engine
output by neans of increaged quant i t ies of air  into the cyl inder by
t h e  b l o t € r  r o t a t e d  b y  t h e  e x h a u s t  8 s €  e n e r g y .

4.2 Structure of pr incipal f ixed parts

( I  )  cons t ruc t i on

Engine€ are Dad€ of cest i ron nater ials.  the fol lor ing
types of rnain body codstruct ion exist  for enal l  engines:

Conetrrct ion on an engine bed (as for Dediun-sized
engines) with cranksheft  beerings provided (Ft.  4.2 D).  oi l  pen type
(hanger bearing) construct ion in rr f i ich the main bearinsB ere su3pended
fron the craok case (Fig. 4.2 B).  Engine6 of this typ€ are r idely
used for vehicles and as stnsl l -medi|E high.peed nerine engine3. fhey
can be oade tJi th € l ight and cdnpect construct ion and i t rotead of usinS
an engine bed an oi1 pan is f ixed to the cyl inder block. Sooe smal l
engines, in part icular s ingle or 2-cyl inder eogines, hrve nonoblock
construct ion of the engine frame and oi I  pan, or separate cyl inder
b o d y  c o n s t r u c t i o n  ( F i g .  4 . 2  A . C ) .  F i C .  4 . 2  C  s h o r s  s e p a r a t e  c y l i n d e r
b o d y  c o n g t r u c t i o n ,

I f  the oi1 eccqnulates in the engine bed or oi l  pan
it  is cal1ed rr l ,et  type'r ,  whi le "dry sulp typerr construct ioo has a
separete oi l  tenk. l iost smal l  engines are the r€t type, si th .uf f i -
c ient oi l  for engine operat ion stor€d inside the engine. I f  e lerge
t u r b o c h a r g e r  i s  e m p l o y e d ,  s m a l l  h i g h  o u t p u t  e n g i o e s  e r e  u s u e l l y  b u i l t
e i t h  d r y  s u n p  t y p e  c o n s t r u c t i o n  e n d  a  s e p e r a t e  o i l  t d n k  ( F i g .  4 . 3 ) .
In the smal l  engines recent ly developed l ighl- tei8ht engines use an
al l ! t r inum al loy oi l  pen,
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(r/a l .6 oritio ln rlr srd

Fit. 4-3 Seri-dry srf syste

,ffi.o.**.n m"""fl{# ++)-' M.'. b..r'ra Y o'10..

C. 3.p.r.i. cyllnd., Sody trF

Flg, 4-2 Types of englne frame

(2) cyl inder 1i f ler

lhere are t IJo types of cyl inder l iner:  one is the , . |€t
type" l iner $hich has direct contect ei th the circulot ing cool ing
n e t e r ,  a n d  t h e  o t h e r  i s  t h e ' t d r y  t y p e , '  l i n e r  l h i c h  i 3  c o o l e d  b y  t h e
cool ing r ,vater via the cyl inder walI  (Fig. 4.4).  Special  cest i rof l  is
1r3ed for cyl inder l iners in Fhich pistons reciproc€te, nre upper parr
of the 1iner,  together r i th the piEton end the cyl inder heed, is
exposed to combust ion, so the l iner circuaference is direct lv cooled
b y  s e a  o r  f r e s h  u e t e r ,  l J h e n  s e a  l r a t e r  c o o l i n g  i s . u s e d ,  a n t i  c o r r o e i o n
zinc is instal led on the l iner or cyl indJr to protect the l iner
againet corrosioo. In the case of direct cool ing, the cyl int ler l inere
are u6ual1y given hard porous chrone plet iag r i th fr icaion-lesigrant
cheracter ist ics.  l te skir ts of the chrqne plated l iners ere merked to
dircr ininate then, such es ; i th red paint and a hal lmerk ("p2or,)  *r ich
ahovre the porodity rat io of the plat inS on the toi  of  the l iner.  Aor
indirect cool ing high phosphor netal  l inere are also used. the
cyl inder l iner is provided ui th e rubber 0-r ing to prevent eater
l e a k a g e .

r. coierid tsn or .bdi 2(bnr



(3) cyl inder head (cyl inder cover)

The cast i ron cyl inder head has a conplex construct ion
for instel lat ion of the fue1, inteke/exhsust and the start ing air
valves. Conbust ion chambers nay be ei ther "pre-conbue t ion" cyPe * i th
high conbust ion capabi l i ty,  or "direct in ject ion" tyPe t  i th hiSh

th€r ' t ral  ei f ic iency and better start ing performance. (Fi8. 4 '5).

Fie- 1'1 Cyl irder lioer

Fia. {-5 Cylinder head

(b)ol6cr lnlcrln qF

{.1 P|rdiibu.rio cftf,rb.r tYr.

t



I n  r e c e n t  y e a r s  L h e  " 4 - v a l v e  s y s t e n " ,  r r i t h  ! i r o  s e t s  o f
intake and exhaust valves which use larger areas of the intake and
e x h a u s E  p o r t s ,  h a s  b e e n  e m p l o y c d  t o  m e e t  t h e  h i g h  o u t p u t  r e q u i r s t r e n t s
o f  e n g i n e s .

' I h e  i n t a k e  a n d  e x h a u s c  v a l v e s  a r e  n a d e  o f  h e a t - r e s i s t i n S
m a t e r i a l s .  T h e  s e a E s  o f  t h e  i n r a k €  a n d  e x h a u s C  v a l v e s  a r e  o v e r l e y e d
l " / i t h  h e a r - r e s i s t i n g  n e t a l  a n d  t h e  s p e c i a l  h e a t - r e s i s t i n g  s t e e l  r i n g s
a ! e  c h i l l - f i c t e d  l o  t h e  v a l v e  s e a t s  o n  t h e  c y l i n d e r  h e a d .  I h e
i n t e r v a l s  b e t t e e n  v a l v e  l a p p i n g  a d j u s t n e n t  h a v e  t h u s  b € e n  p r o l o n g e d
rqnarkably.  The inrake and exhaust valve guides and valve rocker ams
a r e  f o r c  e -  l u b r i c a t e d  .
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part  on rr f i ich engine perforoance
B e s  i d e  s  t h e  p o p u l e r r r d i r e c t  i n j e c -

t y p e  c o o b u s t i o n  c h a n b e r s ,  t h e r e  a r e
type c onbus i  ion ch@bers.

(4) combus t  ion chamber

T h e  m o s t  i n p o r t € n t
d e p e n d s  i s  t h e  c o n b u s t i o n  c h e n b e r .
t iool  and " prechanber inject ion"
e l s o  " s v i r l  t y p e "  a n d  " a i r  v e s s e l "

I h e  p r e c h a m b e r  i n j e c t i o n  s y s t e m ,  a s  s h o v n  i n  F i g .  4 . 6  B ,
has a nain and a pre-combust ion chariber.  Fuel is in jected into the
p r e - c o n b u s t i o n  c h a n b e r ,  r h e r e  p a r t  o f  L h e  f u e l  i s  c o r n b u s t e d .  I t e  h i g h
p r e s s u r e  c o m b u s t i o n  p a r t i c l e s  m a d e  b y  t h e  c o n b u s t i o n  a r e  s p u r t e d  i o t o
the rnain cornbust ion charnber together with the remaining fuel  to oeke
the fuel  nix wi!h the nes air  in the chaDber, causing the Eain
c o E b q s t i o n .  t h e  a d v a n t a g e s  o f  ! h i s  s y s t e m  a r e  t h e  n i l d  n a t u r e  o f  t h e
c o r n b u s t i o n ,  t h e  r e l a t i v e l y  1 o 1 {  c y l i n d e r  n a x .  p r e s s u r e  a n d  t h e  u s e  o f
f a i r l y

C Sri|l d.nb...d lni-tLd

PG @mbrnion ch:mb..

A Pr.ch.nb.r.dlni.crid

FiB.46 Cdbustiqr cl*t
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1oI '  grade fuels.  with fLrel  in ject ion pressure as low as I60 kg/cnz
e n d  t h e  i n j e c t i o n  n o z z l e  h o l e  c o m p a r a t i v e l y  l a r g e ,  t h e  f u € f  i n j e c t i o n
ayst@ is more durable. I t is makes the use of this sytetr  sui teble for
h i g h  s p e e d  e n g i n e s ,  a n d  i t  i s  e m p l o y e d  i n  n a n y  s n a l l  e n g i n e s .

Fig. 4.6 C, shorrs sr i r l  chanber inject ion. f te swir l -
sheped chamber cooes before the oein conbust ion chanber.  ' lhe . i r -
6ni11 is creeted in the sir i r l  cheber during the cdrpression strol(e,
and fuel is in jected for conbust ion. l t r is is gini far to the per-con-
b u 8 t i o n c h @ b e r ,  b u t  l h e  s v i r l  c h e b e r  v o l u d e  i s  l a r g e r .  I h e  s y s t q r  i s
s u i t - € b I e  t o r  u s e  i n  h i g h  s p e e d  e n g i n e s .

I n  t h e  d i r e c L  i n j e c t i o n  s y s t e n  ( F i g ,  4 . 6  A ) ,  f u e l  i s
iojected into a single conbust ion ch;ber on th€ piston heed. the
advanteges of this system are the sinpl€ shepe of the corrbu3t ion
chsnber,  which faci l i tates easy fabr icet ion of the cyl inder h€ed, end
the smal l  cool ing surfece of the co|[b| l3t ion chamber, nt ich Eekes
enSine stert inS €asi€r on lol .er fuel  consurpt ion. I ' l i  th these adve.F
t a g e s ,  t h e  s y s t e m  i s  u i d e l y  u s e d  f o r  n e d i u f l  s i z e - d  h i g h  s p e e d  e n g i n e s .
I te inject ion pressure is approx. 200-240 kg/cmz, and the nozzle has
s e v e r a l  s n a l l  i n j  e €  t i o n  h o 1 e s ,

4 . 3  S t r u c t u r e  o f  p r i n c i p a l  n o v i n g  p a r t s

( l )  C r e n k s h a f t  a n d  m a i n  b e a r i n g

the crenkshaft  is nonoblock die cast i ron and conoigto
o f  t h e  c r a n k  p i n ,  C r a n k  a n n  a n d  c r a n k  j o u r n € l .  ( F i g .  4 . 7 ) .  I t  i s
r o t a t e d  b y  t h e  c o n n e c t i n S  l o d .  T h e  c r e n k  c o n v € r t s  t h e  p i s t o n  r e c l p r o -
cet ion into the rotet ional noven€nt of the shaft .  The distence belreen
the crank pin center and the shaft  center is the crank radius'rRr ' ,  an<t
t h i s  i s  l / 2  t h e  l e n 8 t h  o f  t h e  s t r o k e , r r S r r .  ( F i g .  4 . 8 )

the shaft  is induct ion-herdened and pol ished. three-
layered netals (steel plete + t i rFleed plat inS) ere videly used for
the bearings. Any danage to th€ bearing or the R-areq of the shaft  i ,
judged to be ser ious. Sheft3 those surfeces are not induct iorFharaleoed
use ei ther $tr i te metal  (  tvo- layered metel)  es shol in in Fi8. 4.9 A, or
three-layered netal  (stee1 plate + kelnet + uhite metal)  es sbolm in
F i 8 .  4 . 9  B .  t h e s e  a r e  e a s y  t o  r e p l e c e  b e e r i n S  m e t a l s ,  a n d  t h e r e  i s  n o
need for adjusbtrent r i th f i les or scrspers during replacqtreot.  the
o v e r l e y  m e t a l ,  w i t h  t h e  f l e x i b i l i t y  t o  i n p e d e  f i n e  s u s t a n c e s ,  f a c i l i -
tates the ini t ia l  running-in.  I t  also faci l i tates eicel lent lubr ic.-
t i o n  r r i t h  i t s  g o o d  l u b e  o i 1  t e t a i n i n g  s n d  c o r r o s i o n - r e s i s t i n g
charac ter ist  ics .
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Fis. {-7 Construction of cran}shaft

Fi8, 4-8 Pistor strd(e
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Fic. {-9 lype of beorinS

The balance $eight is instal led on the eoti-crdnt pio
l ide of the cratrkrhsft.  Ihis ensuree good balence of the caadksheft,
rld offsete oper.tiotrgl vibrations. lte surface is repolished l,he.
the Bheft is eorD. An under-sized bearing Detel ([atchitB the sueller
shaft diaoeter) is used,
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Fie. l-10 Ealap reidt

(2) Flyrfieel

the flyrrheel is a large anal h€lvy riheel @de of calt
lron, rhich i6 in6ta11ed at the end of the crantsh.ft.  the f1ythe6l
enruren aoooth rotetion of the engioe and good engioe slartinS. SDall
engioee heve conperetively lerSe flydleela. During neaual turoidt fot
atartiog, the rotdtiorel roDelltun of the fly.heel i3 used to overcole
the c@presrion stroke. In the case of electr ic rtert ing, a gear la
instal led on the oulside circuDference of the f lytheel end lhia is
leshed rith the sterter geer for sl4rtin8.

(3) Grenk srranseEent snd firing order

fire firing order of an etrgine i6 fixed so thet cotrbu!-
tiol is oede at an equ.l intervel betrreeu cylinders. lhir e!6ured
uniforn tevolviog 1oner. The euccegsive fi.iog of rdjrcelt cylfudara
la stoided so ea not to epply an erceegive load o! the belrld8a
betrre€n the cyliodero. The folloring teble shorr the clanl angle md
fir log order of 4-s!roke diesel enSioes. For 4-lt loke eoginea e c!4n|.
!n81€ of either l80o or 90o (ltg6. 5 and 6 iE the folloeilS table) i!
preferred, dependinS oo the €ogine bed constructioar lo ordel to
decreaee eogine vibretiod for inboerd itrstelkliona,
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crank arrangement and f i r ing order
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4.4 Reci proc€t ing parts

( I  )  P i s t o n

l t e  p i s t o n  r e c i p r o c a t e s  i n B i d e  t h e  c y l i n d e r  1 i n e r .  B y
ut i l iz i rE the high pre3sure the co|nbutt ion gas exerts on the piston
c r o | i r ,  i t  r o t a t e s  t h e  c r e n k s h a f t  v i a  t h €  c o n n e c t i n g  r o d ,  ( F i g . 4 , f f )

Ihe piston nust be durable against high tanperstures end
pregsurer,  and 1i8ht in reight to ,1lov high speed reciprocat ion.
l {rrmal ly,  cast i ron pistons are used, however,  for high speed engine8
eludiDrh alLoy is preferred. A special  eeer-resistrot r ing is ueed in
the f i rst  r ing groove of elminun el loy pistons. the al(mioun r l loy
piston head is made with a sl ight ly snal ler di&eter in considera-
t ion of i ts thet lEal e(p.nsion during operet ion, to ensure opt inur
t 'c learaoce" bet ireen the piston and ct l inder I iner.  the l i8ht al . loy
he5 e larSer themal expansion rat io than cart  i ron, so the cl ,eersnce
betteen the piston and cyl inder l iner also has to be rade lsrger.  In
high output engines, the rear of che pistof l  head is force-cooled by
l u b e  o i l  t o  p r e v e n t  s t i f f e o i n g  o f  t h e  p i s t o n  r i n g s .  ( F i g .  4 .  1 2 )
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6, circliP

qq
Fie. l-11 Pistm pin ard pistm rinss Fie. 4 l2 Pisto celim twzle

( 2 )  P i s t o n  r i n g

Piston r iogs prevent gas leaking through the cleetence

betseen the piston and the cyl inder l iner.  th€ Piston r ings ere

nede of special  elast ic csst i ron. l tey Press ageinst the cyl inder

inner sur iece. snd in coDbinat ion rvi th the oi1 f ihn on their  surfece

effec! ively keep the cyl inder air- t ight.  the Pistoo r ings also helP

transnit  ihe piston hest to the cyl inder,  for ef fect ive cool ing'
( F i g .  4 . 1 3 )
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Fig. 4-13 Pistct rincs fig. d-l{ lbysloo rins

I n  s n a l r  e n g i n e s ,  t h e  p i s t o n  h a s  3 - 4  p i s t o n . i n g s  a o d  6 d
o i l  s c r a p e r  r i n g  a b o v e  t h e  p i s t o n  p i n  1 € v e l .  t h i s  s c r a p e s  o i l  f r c n
the cyl inder and thus prevents lube oi l  f ron enter iug the conbust ion
chsnber,  Sme pistons have a "Keyston r ing" to prevent st i f f€nin8 of
t h e  r i n g s  d u e  t o  h e a t .  ( F i g .  4 .  1 4 )  I n  s o n e  h i g h  B p e e d  e n g i n e s ,  t h e
u p p e r  p i e t o n  r i n g  i s  s h a p e d  t o  s c r a p e  o f f  t h e  l u b e  o i l ,  T t e  p i s t o a
p i o  i n  t h e  p i s t o n  b a r r e l  i s  c o n n e c t e d  t i t h  t h e  u p p e r  b e e r i n g  n e t a l  o f
the connec t  ing rod.

lhe surface of the piston pin nust be hard dld dureble
e S e i n s t  s h o c k 6 .  c e n e r a l l y ,  s u r f a c e  h a r d € n e d  s p e c i s l  s t e e l  o r  c . s e
h a r d e n e d  s t e e l  i s  u s e d .  I n  t h e  c a s e  o f  l i g h t  a l l o ) '  p i s t o n s ,  i t  i a
herd to insert  the piston pin into the piston (the piBton | [ust be
heated in oi l  for piston pin insert ion),  but dur ing operat ion the
p i s t o n  p i n  r o t a t e s  f r e e l y  d u e  t o  t h e  t h e f i n a l  e x p a n s i o n  o f  t h e  p i s t o n .

( 3 )  P i s t o n  p i n

(4 )  connec t ing rod

Ceneral ly,  stanp forSed ste. l  is used for the connect ing
rod connect ing the piston l r i th the crenk vhich corwerts the piston
reciprocet ion into the rotat ional movenent of the cr lnkshaft .  the
p i e t o n  p i n  i s  s u p p o r t e d  b y  a  c y l i n d r i c e l  p i s t o n  p i n  b e e r i n S  n e d e  o f
pho.phor bronze. The crank pin is supported by 6 crrnk pin beering
c o n B i s t i n g  o f  t \ r o - s p l i t  t h i n  p r e c i s i o n  b e e r i n g  n e t a l s  t i S h t e n e d  b y  t h e
connect ing rod bolt .  l l re thin bearina retsl  tnust be f i rs ly ettdched
t. i thin certsin t ightening €nd f i t t ing narEins to the inner surfrce
o f  t h e  c o n n e c t i n g  r o d ' s  1 a r 8 e  e n d ,  I n  s o E e  h i S h  s p e e d  e n g i n e s ,  t h e
c o n n e c t i n g  r o d ' s  l a r g e  e n d  i s  s p l i t  d i a g o n e l l y  t o  f a c i l i t a t e  p i o t o n
e x t r a c t i o n  f r o n  t h e  c y l i n d e r  1 i n e r .  ( F i g . 4 .  l 5 )

The connect ing rod bolt  is one of the [ost inport6rt
b o l t B  i n  t h e  e n g i n e ,  s o  t h e  n u t  a l s o  m u s t  b e  t i g h c e n e d  c o r r e c t l y .
Overt ightening bay crack the scre, thread and cru8e s:r iou8 trouble.
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4.5 Valves snd valve drive oechanisd

(l) Can shaft drive systeo

Ite can shaft dlive oyateo opeD! and clorea the intata
.!d exhauat valves, end regulates thc ti[in8 of foel injcctlo! ao thit
the aogine atroke6 (intale, colprerrioo, co.bustion, end elh!u6t) are
r. int. i ied io good ordet. (Pig. 4.f6)

ll Odv. F lctuld'.ft e )

l, sroF.. dn

lO Siot *t

l2l ti.r. .rd .m.rt nlt.

Fig. 4.16 Velve oovint nechanien
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Ihe stert ing, intake, eiheust, end fuel co[s ere in-
stel led on the csd sheft. (A fuel cam;s instel l ld *hen using a sitrgle
fuel punp). 4-stroke enginee, use. clo shaft ehich rotates at hrlf
the apeed of the cr.nk, ritb one cycle for every tro coDpleta tutns of
the cr€trLshsft. Accordin8lyr the c6n shaft Bear revolves et half the
rpeed of th€ ctankshaft ge.r, sith the ca[ od the c{d gesr opelring eud
clo6ing the inteke end exheust gears in the required pattern.

(2) Intake rnd exheust valve tiDinS

Ihe liEinS for opening end closin8 th€ lnteke and
exhaust velves diffet8 frod oBe cngine trodel to lnother, rnd dbo
by elgine type (i,e,, turbocharSed, end other tuturally erpitated
enginer). The velve timing for teneral, non-turbochrrged Gngioe! 16
lhorrn irt  Fi8. 4,17.

FiS. 4.f,  TiEinS for op.oing ar|d clo. ing l trt .ke .nd erh.u.t.vrlve!
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hn ll .rHhio.f,l tthf, rlr.n tu t .ont td

Fig. 4.18 Fuel systed diegr@

(l) Fuel systsn

the fue1 systen conlr i3ts of e fuel tenk, fuel f i l tet,
fuel injectioa ptrnp and fuel injection velve, eod serves to turo the
fuel lnto a fine nist reedy to be fed into the higft teDpereture high
preedure cdbustioo ch€nber. Either deckel or Bo6ch fuel prhp3 ate
dded. Pintle, thrott le or hole type fuel injection valves ere r$ed
dependirg on tbe engioe type qnd shape of the coobu6tiol chabber.

(2) Fuel injectioo punp

S€perate fuel inj€ction pumps nay either be in6tql led
on the cs ghaft for each cyl inder (f ig. 4.19), or €1se eo integr.t€d
punp can be used for el l  cyl inders. Fuel injectioD t ioidg cell  be
.djusted by the plmp plunger,



Larae fuel pumps control  the fuel  in ject ioo quant i ty by
opening and closing their  spi1l  velves (escape v6lres).  I t rorever,  the
Bosch type fuel  pump (Fig. 4, f9) is roore general ly used, end this puop
hes no epi l l  valve, instesd th€ velve's funct ion is perfomed by the
slant cut groove in the plunger head.

The movement of the fuel  cam oo the cao shaft  causes the
tappet (r i th a rol ler)  to raise the punp plurger.  The plunSer closes
the lef t  intake end r ight block ports,  coopreasee the fuel ,  end forces
the fuel  out through the upper del ivery valve end high pressure pipe
to the fuel  valve. Ihe reBaining fuel  is returned to the blocl  port
lhrouSh the slanled groove on the plunger.

Tre del ivery volhe of Ehe purp c.n be edjul ted by the
.tent cut i .n the plunger head, the pinion f i t ted to the plunger,  lnd
the iack l . i r ich Deshes with the pinion. Ihen the plnion turn! th!
l lun8er by Eoving the reck, i t  rhi f ts the po. i t ion of the plunSer heard
r i th reapect to the block port  on the r ight.  this r l ters the pluoger ' !
ef fect ive cGrpression stroke, end €i ther incree6es or decrer!e! the
f u e l  d e l i v e r y  v o l r n e .  t h i B  i n  t u r n  e d j u s t s  t h e  o u t p u t  o f  t h e  e n g i n e .

ltlllw.y !.1v. rpring .ropo..

a 3
E 3
i l BBB;m

Pinjon lF0.r.di!n ringl

Fig. {-20 Bcl type

{.! ihtr 'b^ {.r4q6

fuel nl4

lf[-rr,,a", quia"
r.iJ -
+/4!hrrsuEe 

noFee ,rs

Fia. l-19 Xccn typ ficl injctior s4
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( 3 )  F u e r  i n j e c t i o n  v a l v e

Tlre fuel  in ject ion valve turns
fron the fuel  punp into fuel  nist  end injects
cheober.  . I t  is connected with the fuel  puop by
p i p € .  ( F i g . 4 . 2 1 )

I

M

the high pressure fuel
i t  into the codbust ion
the fuel  high pressure

5l lpl'dL
a) Sc.lir 9r,r

7l
tl
e)
rot
r t l
r2l

W

r i g .  4 .21  Fue l  i n jec t i on  va l ve

FiA. 4.22 A sho?s the thrott le nozzle, and E ahor. the
pintl€ nozzle. Doth have large nozzle hole. through r,hich the tip of
thc ne€d1e vrlve ir projected. rte circul.r cleerence bete€en thr
valva and the hole ceuses thci fuel to be inj€cted ia a conicel chepe.
Itera notrle. rre Deinly used for pre-combu.tioo chaober engitree.

the Eult i-hole nozzle her 4-lO f ine holes et even inter-
val..  (f ig. 4.22 C, l t  i3 used for direct injection enSines.

Fi,A. 4.22 Types of fuel  in ject ion valve
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( 4 )  F u e l  f i l t e r

If fuel conteminated by seter or dust i3 fed to the fuel
pi tnp or fuel  in ject ion nozzle, i t  accelerales corrosio$ dnd weet of

the eogine perts and cnuses various engin€ troubler. lhe6e Probl€dg
are Ptevented by the eatersePeretor .nd fuel filter, $ttich sre in-

stal led betveen the fuel  tank and the enSine (fuel  pump). ( f ig.  4.23)

Direct in ject ion enginee are especial ly sensit ive to
fuel quel i ty '  end a f ine mesh f i l ter of  about 5-15 ie used.

I, sr'*'..a,

@

A Auto4lEn lyF fu.l filt.r I Filtr lon Plpd ryF lik.r

Fie. 4.23 Firel f i l ler

4.7 Lubriceting systen

Lube oi1 Eccumulated in the botEon of the enSine bed plete

i5 drrcked up thrguSh lhe inlet filter eod fed to the rnain pipe via
the outlet i i l ter aod oi l  cooler. !hen, lube oi l  brenchitS froE the
mrin pipe is force-fed to the b€eri.ngs snd valve rocket aft cs'e'
(Fis,. 4.24)
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Fi"g. 4.24 Lubricet i ry systen diagran

(l)  Lubricat ing oi l  PunP

the punp force_feede lube oi l  to the engine Perts '
di ther gear type ( i ig '  4.25) or t rochoid ptdpa ere uaed. (Fig'  4 '25)

Fie. {-25 Geor type Frp Fic. 4-26 lrahoid F
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(1) Lube

Steel
f i l t e r s  e r e  a l l  i r

o i l  f i I l e r

Deshed, f i l t ret ioo pqper and suto-cleso type fu€l
g e n e r e l  u 6 e ,  ( F i E .  4 , 2 7  A . B .  e n d  C )

o[ htn

l^l Aor6{t-n tyF oil tirlt lBl Fihr.rhn p.gr tv!. oil liht
(Crlride. tvFl

F i g ,  4 . 2 7  L u b e  o i l  f i l t e r

these f i l ler6 r isual ly have 50-150 reshes. ( l lo.  of  Ee6het
per aquare inch) In recent eo8ines, a crr tr idge tyPe lube oi l  f i l t . r
ei th f ine nesh f i l ter peper is nornel ly instal led as {  standerd
f i t t i n g .

A15o, soEe enginee enploy a systed in ihich Part  of  the
circulat ing lube oi l  is retur[ed to the oi l  sudP through a sPeciel
f ine f i l ter.  Ihi3 renoves sludge and thereby extends the lube oi1
replacerd€nt interval .  Fig. 4.27 c ahol 's en exaple of a by-Pa6s f i l tet
in rrhich the du6t in the oil is reroved by the cenlrifuSel force oi
the high speed revolut ions of the drun.

(3) Lube oi l  cooler

Uult i - tubular typ€ coolef i3 8enerel ly used.

The cool ing I teter is pe6ted throuSh [any sns11 tubee'
shi le the lube oi l  f lo*s cross!.ay!,  outside the tubes, guided by the

b u f f e r  p l a t e s .  ( F i g .  4 . 2 8 )



4.8 coolirg sater

2) c@lnq wats Pon cover

4) C@ting wator llbefixinsllarg€
5) C@linswat.r tub€ lixn{, rl.nge

6) Coolirsw5rer tubE

8) Prckins rer,iner

1ll Anti€dolion zi.c

Fig. 4-E 0ir*t c@ling systei

Fig. 4.28 l-ube oi1 coolet

Fie. 1-S Inditet cooli4 sYsi..
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( I )  cool ing vster l ine

Most Earine engines use wster-cool ing, tJ i th the engine
cooled by sea water pumped up thiough the kiogston cock by the cocl ing
water PuoP,

Ihere are tro types of cool ing systen. one is the direct
cool ing Eystem (Fig. 4.29) $here ! 'ater puoped up by the see ceter puap
is fed direct ly to the eater jacket,  cyl inders, etc.  The other is the
i trdirect cool ing systeB (Fig. 4.30) rhere the nater jacket snd cyl io-
der heed, etc.  sre cooled by fresh water sealed in the pipiog. I t r is
saaer ia i tsel f  cooled by see eater purnped fron outboerd. Recent ly,
the indirect cool iog system has becone increesingly popular.  I t  is
superior in terns of near and cool ing wster loss. Indirect cool ing
systeDs ere equipped I ' i th thernoststs to k€ep the cool ing neter iem-
perecure et e constant tevel and so ninimize thernal di6tort ion of the
ecgiBe perts.

(2) Cool ing t ,eter punp

l.  Reciprocat ing cool ing l 'ater puop

As shoon in Fig. 4.31, the punp discherges irater
through the reciprocat ion of the bronze (8un netal)  plunger.  l te
provision of eir space at the pump itrlet neens thet the putrp cen
discharge secer cont inuously,  even durinS the suct ion stroke of the
p1un8er.  I t is is done by tha act ion of the corpressed sir .  Also the
pressure of the discharged eater is tept at  e constrnt level.

F i g .  4 . 3 1  R e c i p r o c a t i n g cool ing rater PuflrP



2. Jabsco purnD

Fig. 4,32 shone the tunct ion of jabsco punp. The
rubbet impel ler chenges i ts shape r l ren contai t ing the c€m plate, rhich
is made.of BC Eater ial ,  thereby discharging the eater.  Ihis sea ueter
purp is the nost sui teble type for hiah speed punps. I t  is the oost

:ooEon choic€ itr light-wei8ht, high speed entines.

Fig. 4.32 Jebsco punp

3. Centri  fugel pump

Ite ceotri fugal puop (shoim in Fi8. 4.33) di.cherS€e
the rotatioo of the cast iron inpeller in the cest iron puop

\

I

rater bY
tube.

Fi8. 4.33 Centri fugal cooling eater puEp
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(3) Bi lge PumP

the bi l8€ pumP discbarges ioboard bi lge outboard'  I t  hes

the sane construct ion es the cool iog sater punP'

ExceP! in lhe 3n411 horsePorer renge, bi lge Punps ul l t ral_

lv coloe complete tith an ungioe, sepsrate frod the cooling sater PudP '

i ia""" .a". l 'b i18e Pudps ar iven by sma11 r 'etors ere avsi lable on lhe

n a r k e t .  ( r i g . 4 . 3 4 )

f ig.  4.34 Electr ic bi lge PurnP

(4) Freeh tater cooler ( I leat exchrnget)

the cool inS I tater eysten in fresheater cooled engines

is cotupletely sealei l  agalnst the open air ,  so the,cool in8.Lete? i3

unl ikeiy to boi l .  A pressure c€rp rsi th a control  valve on the top of

thd tet ;r  cooler ,regulates the Pressure.of the cool ing saler syaletr '

l l te pressure is usual ly €et el  0.9 Kg/cn' .

Ihe fresh l tater cooler coo13 the circulat ing (  f reeh)

eater r i th aea wate. punped from outboard'  end keeps i t  at  the aPPro-

p r i s t e  t e n p e r a t u r e .  ( F i g .  4 . 3 5 )



(st.fr to xrb onkl
llltr tr..n p..i!,. r'..

f ig.  4,35 Fresh r. ter cooler

(5) ( ingston cock, Xingston velv€, Ses reter f i l ter.

Tlre engine cool ing oeter is euppl ied froo outboerd vi !
the Kingston cock instal led on the hul l .

end the see
engine. (Fig.

A 6ee nater f i l ter i6 needed betseen the t inS6ton cock
water pt,llp to prevent dust aod sand froo entering the
4 . 3 5 )

Fi8. 4.36 Kingstor velve

E = t

|J !?-E-r- - \
rffLEFt

lw.lf, r.rur! ro ..ditor
Iroml!b.unr.l



4 . 9  S t a r t i n g  d e v i c e

Outlln€
Th. 3t6rtln0 sy.terlt ot dletel enslne3 tr!
cla$lllsd by th€ heihod ot rotatlnq the u!.d nottlv ld thsr.

crankrtt.L io obtaln compre$lon. cvrlnd& 'ntin'! undd

- ct'nlth'll lurn.d dltdlli - 2ohp:Frtlvtt'd

I I in md h' rnrD"

r- 
M.tult !r'.rine -l

| | c,rnr'h.rr turn.d : Fhcrn.r

|  
-  v l .on  

" t  

-  b . low.ohF.

$t ill.'lrvtl.d -l- Atr .'rtnd - _ Enehd,6 6ohp. I
l l

I f 
t2v6llmoror -Eml..!6dow tooht

+  Ekdr r . { ' ' rnq-

L ZlV."tt.orot --..:loohp - 6oohr.ryln.t

( l )  Manual start ing

Engines under 20I lP cao be sterted by hend. Sode engines
hdve a chsio on the stsrt ing hendle to eid aanurl  start ing. (Fig. 4,37)

When statt ing msnually, pul l  the decotrp. lever and turn
the handle. Release the deconp, lever eted the flyrrtteel haa picked up
no[entum, Release the handle the Donent cornbsstioo is hedrd.

Fig. 4.37 Msnual start ing
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( 2 )  A i r  s t a r t i n g  s y s t e m

r i g .  4 , 3 8  s h o t  s  t h e  a i r  s t a r t i n g  s y s t e n ,  f r o o  t h e  a i r
to the start ing valve, The distr ibut ion ealve at the end of the

slarts the enSine by rout ing the start iog air  to €sch cyl inder via
start ing valve. This is done in the correct f i r ing order.

'  
An air-cornpressor is used to send air  to the stert ing

tank, but in sDal l  enSines the cdpressed air  in the cyl inder ig
to the air  tank via tbe charging eir  valvg.

)

)

Fig. 4.38 Air start ing systen diagram
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30 Rg/crz. I l le rank capaciry musr be suff icient for sir i tartc.

the tank is nacle fron boiler rol led stei l  by electr ic
trelding. (Fig. 4.39)

f lg, +.ff  Air stsrt ing tank pipinS

( 3 )  E t e c t r i c  s t a r t  s y s t e o

the systen con6ists of
ch*ging circui t .  (Fig. 4.40)

the Btart ing circuit rnd tbe

l .  S te r t  i og  c i r cu i t

Ilhen the eeich is turned oo, the current flors !o
the stert ing ootorr the gear projects end oeshea eith the f lydtael
8etr, the mtor revolveo and the enSine i3 dtarted. [ i tb Lngioe
Etart iog the geer retrests auto$aticel ly.

2. Charging circuir

- The Ac charSirg elreroetor is driven by the V-belt,
vlr th€ end of the crenkaheft.

the po$er generated is.cooverted into ditect curreo!
by the r€cti f ier in th€ r l ternstor, and the current is eutooetical ly
chorSed to the battery st a constrnt vdlt.ge through the rutotratlc
volt.ge regulstor.
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'  I h  i s  P r e v e n t s
A C  a l t e r n a t o r ,  b u t  w h e n  a  D C

d i f f e r e n c e  i s  t h a t  n o  r e c t i f i e r

o v e r c u r r e | r E ,  ] l o s t
charg ing generator 1s

Sbrter*- Ch.l9i.q limp

engines use an
used the onlY

n E.tlnr il'-n

f i g .  4 . 4 0  E l e c t r i c  s t a r t i n g  d e v i c e

4.10 Turbocharger

( l )  Pr inciPles of the turbocharger

To rnaxirnize output in l imited engine sPsce, i t  is

necessary !o inject large quaot i t ies of fuel  end a corresPonding eir

volune ir to tbe cyl inder.  lh is r€quireB e lerge volune of eir  at

higher thalr  ambienl atnospheric pressure.

The method used to i$troduce this pressurized air  into

the cyl inder is cal , Ied supercherging, and lhe blol ter *hicb pressurlze8

the eir  is cal led the turbocharger '  Ihe most conmon kidd of lurbo-

cherger is cal led the exhaust turbine turbocharger '  As eholm in

f ig.  4.41, the engine's exhsust gas energy is used to rotete the 8aa

tuiuine et hietr  speea. This is direct ly coupled to the bloser '  $hich

o r e e e u r i z e e  t f i e  a i r  a n d  i n t r o d u c e s  i t  i n t o  t h e  c y l i n d e r '



-  5 l  -

The turbine {heel is exposed to hiSh tenperature ga8 and

revolves et high speed (2O,0OO - I2O,0OO rPEs),  so i t -he'  to be rade

of highl .y heat lresistant nater ial  and tJi th f ine precision'

the turbocharger iocreases engine reight by only !  f€s

per cent,  but ourPut is incieased bv 5O-I502. l l  is therefore. lhought

io be t t re ideal method fot decreasing engine tdeiSht,  end is uaed

reidely in engines in the nediun class and ebove'

(2) Advantages iri cooparison eith non_turbocherged €n8ioe6

TurbocherSed engines heve the fo1losio8 edv'nte8€s:

I .  Engine coopartment space csn be ssved si th s cooP'ct

and I  iaht l , r€i8ht engine.

2. Eicher engine eff ic iency: by rui6ing the Deen eff€c-

t i ie pressure, ef fect ive sork i5 incre'sed si th

ir lent ical  horseponer loas due to fr ict ion and .r

lo lJer fuel  consumPtion Per horsePoeer rat io '

3.  stert ing eir  consurPt ion i3 roal l :  stert ing eir  con-

sunpt ion relates only to the cyl inder volune'  i r res-

peci ive of nhethel e turbocharger i3 used or oot '  -A
snal ler eogine csn therefore be ster led on a sot l l

volume of eir .

Fis. {-41 Eiuust turbiie s@erdurSer

4. l lo shaft  horsepoter i3 required to dr ive the bloserl

i t  i8 dr iven by r tasle energy fron the exhsu6t gas'

5. Coobust ion noise can be reduced.
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(3) Structural  di f ference bet i{een turbocharged and non-
turbocharged engine6

lhe major di f fer€nces in structure are as fol l .o lJs:

l .  Shapes of intake and exheust c€ms

2. Tining of opening and closing of valves

3. Compression rat io:  Shspe of piBton head

4. Exhsust pipe: To enlarge the exhsust puleat ion, end
avoid interference r i th the erheust pressure of eich
cyl inder,  the exheust pipe diereter i3 rede sra1l
snd, in sone cases, lhe exhaust pipes ere divided
into 2-4 groups, this depends oo the nunber of
cyl inders aod the f i r ing order.

5. Othe;s: Increasing the output el3o Eeans correspor-
ding increases in the fuel  in ject ion puop cspscity '
in ject ion oozzle hole dismeter snd anci l l l ry equip-
nent cepscit ies (oi l  puop end sater pump).

(4) Inter-cooler (Air  cooler)

Incer-cooler:  An air  cooler is f i t ted bet?€en the blor€r
6nd the cyl inders. this cools che high teDpersture eir  f ron the turbo-
cherger blorer si lh Feter.  Ihe cool iog decreeaea the voluoe of the
air  end incr€ese3 i ts density,  thereby increasinS the quent i ty of eir
nhich cen be fed to the cyl inder for conbusl ion,

uore fuel  can be coEbusted, and engine output i t  rei ted-

Ihere are naoy cooling tubes in the rectengulrr bor of
lhe i t r ter-cooler.  Copper or atuminum f ins are sound eround the cool inS
tubes to further increase their  aurface area. l te tubeB carry the
iool in!  water,  snd the hot air  pesses outside.

4. l l  l tar ine gear

( l )  uer ine gear

the Earine gear reduce€ the engine speed to th€ proper
epbed for the propel ler by a forrrerd ar ld reverse switching clutch
conbioat ion, the marine gesr l r lso eorks r i th the thrust shaft ,  thrust
sh.f t  beerin8, oi l  cooler,  etc.
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Fie. { 42 lnter-c@ler

Reduct ions is the size and seigh! of  the eogine, higher
crenk shaft  Bpeeds and a propel ler speed ident ical  to the crenkshrf t
s1l .  ieduce the propel ler ef f ic iency, In contrastr  a 1ow propel ler
speed and la.ge disneter general ly reised the propel ler ef f ic iency and
increeseg the bost speed si th the same horsepooer engine. Accordingly,
the engine speed is raised to al los the select ion of the Eo6t eff i -
c ient propel ler speed to natch the boat,  Reduct ion gear i r  required
f o r  r e d u c i n g  t h e  p r o p e l l e r  s p e e d .

( 2 )  C l a s s i f i c a t i o n  o f  c l u t c h

The marine reduct ion reverdinS Seer trsnsr i t ,  the
reduced eogine speed to the propel ler shaft ,  and turns the proPel l€r
shaft  in the chosen direct ion (clocknise or counter clockt ise).  Thir
is the usual systeo for propulsion equipnent for boets. The major
parts of this equipnent are the cluch (the p.r t  thich t .ansnit8 engine
porrer to the propel ler shaft  through the fr ict ion disc),  and tbe geer
parts (gear to reduce the engine speed or reverse the direct lon of
r e v o l u t i o n ) ,

The fol lowing is a l i3t  of  the types of der ine reduct ion
reversing gear used by sorne matine engine maoufacturers,
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ClErs i t icst ion by redocnon revete ing gear tvpes
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Hydrturrc od ptdut! g.uq.

Git Crl
HydrNlic oil oull.l t t.t

(

ruffi-: f\:

ltr
t!

*lt/*'
TITMIi.'_J

f i8, 4.43 Eydraulic reversing gear function

5. 8Ar.tqrrol or EcrxB rtxrEL

5.1 Engine aelection

To eelect the r ight engine, i t  ie neceeeary to ful ly check
the perfornance requlreneots eod operationel conililioua of the end
uaer!, Ihe operational condit ions include:

(l) Propert ises of fuels rnd lube oi ls thlt  lre .vai labL,

(2) Aveilabi l i ty of service qorkshops with technical crp.bi-
1 i t y ,

(3) Technical knoeledge .nd h.odling techniqu€s of eod
uaer! ' ,

Aveilabi l i ty of spare parts,

CliDetic condit ions, and

OtherB

(4 )

(5 )

(5 )



Engine ielection rlow ch.(

$rit bL propul3lon on|t

Chlct ol.nsin. stlt bllhy

to nfid..d ruductlo. Prop.llln

Ch&t oI dstomor reqlk€ment!

."",,f1 "n** "' o'.'i* """*"

Li::-tJ
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5 . 2  E x . x n p t e s  o f  e n g i n e  u r o d e l  s e l e c t i o n

the fol losing shoss examples of actual engine rodel select ion
conducted in accordance with user 's requirernents. Severel  .srudpt ion3
have been nade for the engine sel€ct ion, rhich is actual ptact ice
rould require nore detei led iofomrt ion before an .ccurate choice
rould be Dossible.

- 58 -

&-ple l :  Engine select ion
one r.ith 25 knot speed and
end the othe i th 25 knot
40 esrengera.

for teo high8peed p.aaenSer bolta,
accomodet ioo for 30 pa3s€ngera,
boat eDeed end eccoModation for

Since the boet hul l  spcci f icat ior l r  eere not evai lebl€ . t
the t ine of the6e ioquir ies, f i rat ,  the hul1 length res e!t iErted
rccordinS to dets froE our previoue engine deliveries of hiSh Bpeed
ferryboeta, es fol lord:

p e 3 s e n g e r s  L ' 1 4 6
P e l r s e n g e r s  L - 1 7 n

Second, the boat displ .cedent ?ae cslculated by deciding the
r. t loe of leogth/breadth, dnd len8th/depth of generel  hiSh €pe.d
ferr ier.  theo enSines with the required boat gpeeds eere selected.

30
40
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Ov.ralllmgrh ol boat t

2
a=+xc ,  t c i=1 .26 -L /6o l

3.66 n

lc ,  -  1 .0171. lct - 0.S67)

3 D- +, c, rc, - o.e) l .A6n

oilpbc.nenr A - Lt a, DtOl3
5 Fequn.dbolrsps.d Vrknor

6 Bo.l!p.ed,logrhrario VtL 63t tt.G
^ \rF 38.! 00.3

9.5 6.2
THP ' THP/A v/fr A y'f 292 AP 430 HP

45I HP 664 HP

r l M.x. 0 HP when rho cruisin! iped
5OO HP ?38 HP

6LA,DTE

350 BP/2tm.Dm

Exe[ple 2 :  Uotor izat ion of FRP f ishing boatt  by inboard dieselg

this iaquiry included no engine requirededt spcci f icr t ioar
fr6 the end users. lL proposed sev€ral  loodels,  out l in ios the edvrF.
trges and dissdvanteSes of each. the f inel  selecEion of the engin!
r .3 l lede by the eod user,  f rol I  sronS our l ist  of  recomended node16,

FRP Fishing boat size (given)

overel l  len8th: 9.4 n, Overel l  depth: 0.8 n, overel l  breedtb:

(1i Eetination of boat displaceneirt

9  x  1 .6  x  0 ,3  x  0 .5  a  I . 025  -  2 -2  t on
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Standard boac sPeed d iagran

3.

Engine output  BHP (HP)

( 2 ) P r o p e l l e r  s p e c i f  i c a t i o n s

E N G I N E  M O D E L

ENG INE
M O D E L

Sid. boat
spp€d lknoil

i t  max- output (c/hr l

20M20Y
9.3 11 t \  12

9.3 2 O x 1 g %

t g x 1 3 ) 4 8.3
30M30Y

I 1.0

1',| .0 3.21 2 2 x 1 A h

21L  x  1A
.t3.0

3SME 13.5 2.13

4PHE 14.8 2.Ol 2 0 x  1 8
' t3.0

4CHE r6.0 2.O7 22'20',a 14.8

E x a d p l e  3 :  E n g i n e  s e l e c t i o n  f o r
Approi .  3-ton toving force ie
ioax. dieneter is l id i ted Eo 50

tug boat
required



-  6 r  -

(r) Rough engine
nenta gtated

I .  Standard
: 100 tiP

se Iect ion nas Eade
in the inquiry

conversion value of
i l t o n

besed on the require-

output to toring loace

2. The fol lowing three engine nodels for heevy duty use
r€re selected for further exeBinst ion :  Uode18 6HA-
HTE (240 np), 6HA-DrE (300 ItP), .{ND 6rA-DTE (400 llP)

3. l te best reduct ion rat io for the ueer '6 requir€rent
eae selected (nax. propel l€r dis.  is l io i ted et 50")
referr ing to the propel ler gize l isted in the re8Pec-
t i v e  e n g i n e  c e t a l o g ,  a s  r i g h t : .

(2) t { i th the condit ions givef l  above' detai led calculat ions
rere d:rde to check if the required boet sPeed and torlng
force could be obtained, .s fol lots:

Eos. rrv spd ENG l@m) on n md..0rpu r 0.3 r 1.03

P.oerl?. '.v. *.d n l,rml

vathh) vA, -3L!e:r-4-e!!-!!

+ -{$- eo '*.

PlO

obr:in Ko, &d Kl to6 re du.
6r6@nlii9 6 !r'. J.ds in rhr
prcF|k.,ttiig|.p..'dmdcud'

o t 0 _ n )

.=J : .
roa.5 lk! cr /m! I

tr@[r rh,ui klbnsroa.l r|rql



( 3 )  R e s u l t

Frod the above ca1cu1at iof ls,  the best sPecif icet ions for
obtainiDg a 3 ton towing fo.ce at 3 knots are:

6  H A - D T E ,  i = 3 . 4 8
Prope1ler 47 L/2" x 28t l

6. BOAT SBBD AXD Bf,CII{E B)RSBI)|.N

6. I  Representat ive propulsion systen of boeta

Gelin. oulbdld3 slrh lfl htri'l

som'j||to t.|toU*lhhh'lF'

olBroFd ror slrbo'r 0r. Fo
ruB ld 'rbr.rlon, aq Ind.rh

-t--_-l
, l r t i - ---+lg

r---L---9<Y

f-'--l .*
_ l - . - - 5  l l

I  i t - l  I

+tf"
Sr
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6 . 2  F a c l o r s  r e l e t i n g  t o  b o e t  s p e e d

(l)  Hul l  reight

When lhe engine outPut and the
the boat * i th the l ighter hul l  acbieves the

hul l  shepe e.e idert ical  t
fe6ter speed.

; l

(2) Engine outPut

l{hen the hull shepe and hull seiSht are identicel' the
boat r i th higher €ngine outPut achieves lhe fqster 5Peed. In generelt
engine outpnt decrea6es or i .ncreeses in Prdport ion to the cube of the

boe! speed : HP, (Init isl  engine output) :^EP2 (S'rbsequ€nt engioe out-
pu t )  =  ( vs r )3  ( I n i t i e l  boaE epeed)  :  (Ve2)3  ( sub requen t  boa t  ePeed)

nP l  (  vs1 )  3

HP2  (vs2 )3

(3) t lul l  shape

Boat speed is affected by the hul1 Pidth, rake (th€ bor'
atrd €tern incl ination angles)'  botton shape (since thit effec!s the
weter f los to the propeller), etc.

(4) Propeller

t low the propeller matches with the hull ,  Nuober of
b1ade6, belaoce, eff iciency vibratiotr, di.eneter, Pitch' develoPdent
surface ratio, etc. Aperture to the hu1l.

t  ). ,  uEnera

sea cooali t iods (wind, rein' eaves '  end t ides). cruisinS
neas t  con td ina t i on  o f  hu11 ,  e t c .
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7. TOCEII|EBY AXD T@IPIEIIT

7.1 Type of rnechinery end equipnent

llhe Dechinery €nd equiprcnt used for fidhiag include the
ancil lary equiptlert of hul l  and etgine, and. t ' ide re[8e of f ishinB
8ea ta .

7 .1 .1  c less i f i ce t i on

(l) nre Dechin€ry end equipoent for fishing rre
clessi f ied as fol lol 's r

I niahing rechioert

2 Stero equip'0ent

3 gteering equiFrent

4 Battery

5 Froot clutch

6 Punp

7  F i l t e rs

8 Venti lacor

9 Electrical equipnedt

l0 Wireless nevigation equip0ent

l l  levigetion lanps, safety end 1e8a1ly required
equiPment

12 Tools snd Surgea
l3 Otherg
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(2) By u.es, th€
c la63 i f i ed  a6

rachidery and €quiPoent .re further
fol loer:

. P.@drr IFPP, CPPI, . Int6.d ..oii. ourd r onir, . Hvd@l.i

. Tiri{9 ryr.. . E ek . q!.. . K-r tr.. . oddn6 ry!.

. rr.d.l, . Ad.da, . lr.ru.l+vd.nli.. . HYdalic, . hb

. l\rrnoi, . M.dt..r.i, I BEin., . Hydrrulic, . P..um.tlc.

. Bils. Flidr . rtdralk lqnrp [o. flrdri{ty driEl, . a!d.l|r

. Inb...d pow ,uppry !r. . Fthi.g n

. s'it.vi . ohiibdao. p.nl, . w $,prpr4, . v.d no.

.t mr, . t rB i 6.ri. . Fjthd.r

. fi.r, . A.drne n-hrd, . &uid mdinro.n|m, . tr.h ildrr,

. wnd.tr, . iLvro.ion md.n lcomp-u, rd.rl

. l{d hal.r, . Fro.drahr, . Ftl' ll.dr. . itvlrnon nn tr
idrgiri.',e.L . w.i-

. sid. 6rlr. . |'|d lind!, . FoF d. . t|tri'rbn |ffi l@.
D6, .c.1. . Fi'l rind.r, . wiEr6

. 9' *..d Do'np, . s.. nd h.'dd. . HYdmrlc .fl..

. o-h lid rn' d.,

. sFodlrd i.t E..r i., . h.F. tr.ndrr.c ruh|.., . i.trltr.ro,

. w|{ld., . I'hls&ion in { lcobpdd, dd.r, IOFA , ac.l

. l{.i hal... . F.!. h..drrnr n-hii.. . .vt.rioi ndn ldD.

. Nd hdl.r ll..l. p.s U.d.r. . Rd'qt'nor, . Clb @nt,

. wi^ch. . FDr nnd.r, .llrlnrr., . fLvlrnron dn B l@mp.s,
Ed LoFAI'|,'c l, . hbo.rd b

f t . r u r r l on .qu lpm.n r . .

? U n F ' - . ' - ' ' ' ' ' ' .

G . D D r o r . , . . . . . . . .

O t l ' m , . , , . . . . . . . -

P o k . n d r l *  . .  - . . . . ,

G n d , . . . _ . . . . . .

T n r r i . t d  . . . . . . , .

A a l . d n ! { ' ' . . . . . '

t t r t l r h . n d . . . . , . , ,
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7,1.2 Fishing boat equiFnent end i ts funct ioD

.CoN.yo., . fth pumt

.Sr..rlntd!!1c., . C@p.s, . F.d.r.

.Tr.i..lvd, .ltlr.l.s

. Fic| rlri.r, . Sch;li{ ldL

. R.lrnd.tar, h. m.chld

. P.f .O d.d.. (Front.r{En.t

. Eldtrlql .qulDn. lc6€nto.,

St dlr{.,td cou . d.l.rmlfl.

Communiqrlon wlti othrt

l.h nrd||le md rcundlna

Cold rrar.q. ot qld|; lcG D.ilr'a
nF.ptlon ol *..rnrr to..c.n

S.r.ly di9.tl6 dlrlio nllhr.

For inbo.rd lightln!.rd

.Wl.r.td. . ll.r h.ul.r1 . For. hal.rr.

.Sorti.lh.dllmt . Cl4dr . Pud$

. F.tq.r.b.r . 16 m.di..!

. LOFAN, . Otelior lid.r, . S..rtritrt

. t..nc.l!d, . Wld.$, . l.bo.d t o.d-

.P.T.O. ftvlc. lFrcni cluchlrl

.N.vi!.tlon Inpr .nd liding lop!

. EIElrL.l .qoipn6r lcadrtos, b.trlrtr,

To cl.sily .rd c1... lirl
'Cold tlor.{. ot ..r.ftj L..rn.tlDg
To heer. lh. bo.t..d lhhlng
t .r p6hiod lor .ltlci.nt lltrint

ComDunletlon rlrh othlr bo.i,
md hnd bnd

Fo. el. nnit rion..d ll$lnr

In6o.rd rilhtl.lj ct.rling
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CompGsr HYdrtulrc

I
I

--r---l
l t l

Cr.n. Winch Flshins
!eti

t
t

(Mehanical, .nd hydreuric

li.him !E.E

Engin.

7.1.3 }{arine engines atrd the relativ€ equiFetrt atrtaB

, the Drrioe Dair anal aur, etgire antl the related equip-
nent catr be clasdif ied as fol lot,s:.

u**l'"' 
F,.hrlr-,.

I
c.n.nlo, M..lrsic.r lytr

Llghrillo
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Exampls of lishing g€ar .r6ng€m6!lt

' PTo w/dktom.sndic clurch



< Rot.lance 2 >

ExamplG ot €quiprnent ar-rgpnrnt fo. FRP pleaturlb€i lFZ228 optlonrl .qulprtntl

26

2a
2a

35 a2
33

38

3 l

a2

t1 2

n
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7 . 2  F r o n t

7 . 2 - 1

used to dr ive
hydraul ic and

PTo device

Arrangenent for the front PTO equipment

In addit ioo to boat propulsion, the nai l l  engine is
the generator,  which suppl ies inboard poser,  aod the

f ishing equipment on the deck.

The dr iv ing equipment of the i rboard anci l lary equip-
o f  t h e  d e v i c e s  s h o r n  i n  F i g s .  7 . 2 . 1  a n d  7 . 2 . 2 .

The type and use of anci l lary equipnent i3 deternined
b y  t h e  c a p a c i t y  o [  t h e  f t o n t  P T o .

F Ie ,  7  - 2 .1 F Ie .  7  . 2 .2

Gensral arrangemonr

. cGcoup rns

.un iGsL io i ^ t

coup l i nqpu . v



7.2.2 Selectio$ of front Pm drive equipoenr

the eelection of the coruron froot pTO drive
is a6 fol loy6:

equiPnent

. sr.^d.d Frrph.rl v.lc&r ol v-b.rr

7.3 Stero errengenent

7.3.1 outl ine of atern arranSe[ent

The stern eraaagen€ot conaists of the
irhlch trensmits the engi[e output to the propell .er,
the p.opeller sh.ft (6tern tube), end the propeller.

Propel ler !hl f t
the beerin8 fo!

ad.ilr. ot mrr rhcil- Ityr., or-lryl

lDrrl.: C.L!r.rb. ol '.qottd i, tor. *l.dt

V t w r K
HO ..-

t a r a 0

HOr Wi.i rtMnr ho.tFn't tHtt
v : nop. 'i"dl., .l*lty tn/nr..l

ch.t ol .ne. ,6d tto ar-in

cr-loltorrr.t .rrilp-

cnil or F.i!hr.l rdBiv

!.lErr.n or N., or ha!. rrr.

t . o' @{( ot tr.r[/. itnl



propetler, the bearing for the
(stern tubel, and the properler.

B :
Propsller shaft full length
Stern tube len$h

BrokeGup dlEwlng ot keol tYp€ stern arrango_

msnt lor wooden boals

-"1"',
-s- \,
t.-

13

3

r2



7.3.2 ' IYPg of stern arrsngeEent

(1) clsssi f icat ion bY stern shaPe

Ihe ster[  srrange[ent cao be cla€si f ied into the

keel type, bracke! tyPe, and l i f t  tyPe' I te tyPe varie6 dePending on

the scern shape.

O Kael typo lM6t commonl

r(rrmcdiar;couprin! I r.cm.di16.h!rr

@ Bracket iypo {U!€d for high{P€ed boats)

@ Lift typ6 (Raroly us€d in marke$ wlrore ths co.tering accuracy csn not b€ guartnt€sdl

.Hrdrdlirt.d .letic rirt iv9.3.r dEir.br'
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(2) c lessi f icat ion by stern tube type

the stern tube arrangeroent cen further be c1e!8i-
f ied by the type of lubr icet ion to the stern tube. Ihe netutal  sater
Irbr icat ion type is general ly used for boats outf i t ted l . i th Ydl | [ rr
lDel l  end r€diun diesel eEgines.

disselengines.

O N.tural water lubrication type . Low coni
- Rof.4.3.1. . Easv mrintonance

@ Forcod water feeding typo . Low cosls
. Easv maintonanc€
. Water foeding pr6sur. fiurt 6xce€d 1.5 kq/cmr

@ Seatea-in grease type . Maintonanco of greaio roquirod from rims ro tim6.
. Whit€ meral mun b. u3€d tor ih€ bosring mrt ri6t.

@ oil bdh rypo . Belt perform.nco, bur cosr. rre high.
. Whita metalmusi bo uiod for th€ boarihg m.r.riat,
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(3) c lassi f icat ion by hul1 natei iel

I stern arrangement for oooden, aod FRP boals

2 Steio arrangeoent fot steel boetg



( 4 )  U a t e r i a l s  o I  p r o p e l l e r  s h a f t

ceoeral ly,  the standard propel ler shsft  is sus304
stainless ber (JIS).  Besides this,  that €ngine neker can co|nply ei th
speciet orders for SUS3I6 or BSBM (bress bar) nhich have superior ant i -
corrosioo character ist ica, When using the BSBII 3haft ,  however,  i t
nuet be noted that the shaft  dianeter hes to be enlerged, and that the
sternlube size must be chaoged accordingl.y.  Bss58J (Bri t ish stsndard)
or equivalent stainless bars are aIgo used.

(5) uater ials of stern tube beering

Ite standard eppl icet ioo of soEe engine pert6 i r
ar fol lo$s. Depending on the preferences in the Earket,  di f ferent
coEbinat ions may be used.

i22

I
I

d90

I
dt50
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8 . IXSTAJI-ATIOf,

8 ,  I  X a j o r  c h e c k - p o i n t s  i n  i n s t a l l s t i o n

l lhether or not a smal l-6ized diesel engine for oar ine use
ca$ echieve opt inrh perfornance depeods on i ts instel lst ion in the
boat.  Accordingly,  the instal lat ioo work Bhould be execut€d by expet i
nechenics and carpedters utro er€ fani l isr  l ' i th the boats used in their
r€gion.

lJhen the engine and i ts accessories are al l  instal led eat is-
factor i ly i t  can be sss(ned thet rnost of  the engine troubles at the
ini t ie l  op€rat ioo stage have been preveft ted.

the chart  explains steps to be generel ly taken for inetal l r-
l ion and oejor check-points for instal lat ion. Pleas€ neke u3e of i t
to enaure dppropriate instal lat ioo.



. SIEPS FOA INS.TALLAIION WORK
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BEARING CIEARANCE
TABLE

. STERI! AFBANGEMENT

r  CENTERING OF PFOP€LLER

' ^AE

.  WRONG INSTALLAI ION

Conlnm.lionol Hull, Engine. P.opell€r riz€e

Pur 3lllngat imaqihaiy prop. shalr lin€

lntrdll engi.e bed in 6ordaN.wirh srrinq hne

Final linish or tn!ln. b€d

Alignmenr djultn.ni lon lrnd,

Fi[ins.nd hdnrinq ol rc.$dl6 (coorinq
w .r DlDe, tud oil plF3, .ih.urr qat pipe,

l ro t  P . I  O b i rg .DUmp€lc  )

lrindl check with llortinscondition)

Sopply lobe oil.nd lu.l oil

. EEANING CENTEFING AIIGNMENT ' ST€FN TUBE INSTAII.AIION

(

\vrk
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ENGTNE BED ARAANGEI i€NT (MOdEITD)

r  CENTERING OF
couPllNG {1/2}

TENTERtNG oF GOUPLTNG t2 l21

. GLAND PACKING INSTATLATION

.r@

I  ENGINE BED

r ENGINE INSTALLATION

;^::. " 2424,2- /lt'1.'. a

I
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8.2 Engine- r iggiog

8 ;2 .1  'Fue I  sys ten

.  Afrer the enoine is instal led on the engine nount,  next

the fueL, cooling water arrd exhaust pipiog and the electric airiog nust
all be ldone. Eere tee !d11 exPlain the points and qautions for the
generel  piping of the fuel  sYstem:

( l)  Be sure to provide a drain Port  for the fuel  tatrk '

(2) DirecE inject ion engines have s standard or oP-
t ional oi l / ! .ater l tePsretor.  Instsl l  th is oi1/eatet
separator on the piping between Ehe fuel tank and
the fuel feed punp,

.  (3) Tha fuel outlet in
. about 50 lrtr fron

' i  - I  teep the suction
'. lr i thin a one meter

(4 )

lhe fuet tank €hould be loceted
the drain cock posit ion. Also
head, of the engile feed PuEp
distance, end

I trstal1 the fuel. pump suction side hose Piping
firmly so that oo eir can be sucked in.

To prevent conlaninat ion by sir  and cavi tat ion due to
qhe te[persture l ises, be sure to return lhe fuel  to the fuel  tsnk, and

E o t  t o  t h e  f u e l  f i l t e r .

Depeoding on the enSine fiodel, the overflos quertity of

fuel reaches 30-602 of tbe fuel feed purP's delivery volume. l{hen tiore
,then 2 fuel  tenks are iastel led and the euct ion oide tenk and ovetf lo*

t6ok ere separated, construc! piPinS betreen the respecl ive tanka'
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8.2.2 Exhaust piping

(l) Exhaust piping

ktreoely sharp bends and thrott l ing of
the piping ceuse b:rck-prensure increrses.
E(tre$ely high beck-predsure t ' i11 lead to
mel-combust ion (  ebnonlr l  exhaust cololr  ,
increesed fuel conduopt ioo, etc.) .

Take csre not to apply too ouch of the lreight
of the exhaust piping on the turbocherger end
exhaust nanifold.  (Use stays to support  the
plplng;.  take cere to prevent exhaulr t  ge6
leakage).

To prevent e tenpereture rise in the eogioe
conpertnent,  (due to heat rediat ion fro[  the
exhaust piping),  and burns for the operstor,
provide legging eround the e*haust piping.

l .

Loop typr pipin! (6HAEl Throulh fi.ld typ. pipin! IPHE.CHE, CAEI

+
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The general plptog of the exhaust systen is shown below:

f ihen the engine room tenpereture Bets too high,
air  denoity droF, 6nd the enSine's eir  intake vo1rf te decreases. thia
causes the engin€ epeed to drop, the exheust tedprature to r ise, aod
abnorEl l  er.hsust colour.  To ensure opcirrm engioe perfobsnce, i t  i3
inprtent to vent i late the engine roor properly.  calculate the vent i-
lat ion volrEe required for the engine rodtr,  and instel l  an air  intake
d t r t  r n d  v e n t i l 6 t o r  o n  t h e  b r i d s e .

t .  standard to obtain required vent i let ioo
voluoe (Q)

Non-turbocharged engine : Q (rn3/qtin.) -
0.13 x l lex. output (aP)

Turbochergeal enSine : Q (n3/min.) - 0.15 x
l,Iex. outpu! ( ltP)

No.-rurbenrrs€dono. tlrb@hrrsed..s.
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2. Types of veot i let ion

V€otil.tion i3 .chieved either by forced
veat i l . t ion by a vent i letor (electr ic far) ,  or by d.turel  v€nt i l i t io!
by an air duct, or through e conbio.tion of both.

a) Vedti let ion by vetrt i lator

crpacit ies (Q), one for air

b )

Io3tell tvo ventilatora r.ith ideDtical
intste, tlre other for €xheust.

venti lat ion by air duct

Instsll lno air duct., otre .t the eir
lol€t, the oth€r at the air outlet. Io ao.t caaea, unless the eogioe
roo! ia of sealed cotrstruction, the rir duct ahould b€ instelled only
!t the air inlet since the eqgine rooo door cen be u6ed ss the outlet.

obt.in the required (9) .ir intdke duct
uring the fol loeing forDule:

veoti l . t ing vol(ee required (q) (o3/oin.)
Air iuct area (S) -

Air flor velociry io duct (V) ( doin.)

Fote I U!€ the fol lorir lg values utren d€ternining the air f1o!r velocity
in the duct (V):

Air duct inrtrlled at front of elgine roor . ! . Eort speed
(  o /u i r ' ) .

Alr duct in6t.11ed at r ide of engine toon . v = 300
r/oin. (5nlrec,)

Aar inr.tr '' €rhdat

a
Engin€
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c) Venti lat ion by coobining venti letor atrd
duct instal l  both a venti lator end an eir
duct. U6e the v€nti lator otr the exhaust
ou t l e t .

Duct area (S) ,

Air f loe velocity io duct.

venti l . t ioo voluoe required (q)

Q ([3/nin.) - o. l3 r 165 ...  6f lAE is nod-
turbochar8ed, nax, output 165 HP - 21.45

Resulto : Requirer inst. l let ion of e
ventilator eith a rated cepac-
ity of over 22 E'3/i in.

Inteke air duct.rea required (S)

^.,,s

b )

Q ( D3loi" .  )
I  (n2) -

v ( n/nio.) 308.6

. saEe as b) above.

. sde 6s b ) above .

3. Example

Bngine rooo ventilatioo of lo-knot bost poeered by 6BAE

e )

(D2) .. .  lO knot boat epeed ig
ueed for eit f low
velocity in duct (V):
l 0 : 1852 /60 -30E .6
( a/nin . )

aperture eEee of 2J cn x 30 clr.Reeulta | f,equires sn air duct eith en
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8.2.3 Cooling ,eter syst€o

(l) lxert c.re about the follolfing poiBts for the
coolitr8 r.eter pipiaS.

the rucliotr side of the sea eeter F!!p is
prone to negetive pressure, so ule copper
piping or inlerl ined rubb€r hole.

Uhen using the rotary rubbe! type Jabdco
purp, l(eep lhe delivery side head (Ll) dthio
3o for gnall 6ngines, and 5n for nediuo
eogines. If  the delivery side head ia too
large, the F|[p's d€livery pres.ure rill riee
and the rubber irpellers be daoe8eal. Also
keep the iotake side head (L2) t.ithi! I o.

Boats used in the riverr or places ptrere oo
satisfactory port fecilities .re provided
tend to catch ratrd and dust itr their aer
rater prbps. lhis csuaes dsnaSe to the
iDpellcr. To prevetrt this, i t  i3 neces.rry
to in8ta11 a sea raler f i l ter.

j&La

c&lr@ {rr rdmp .id ih. tdlortdlrdus. r.drba

Cool ing $ater purp and the auct ioo/di lcherSe po! i t ion!
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4 .2 .4

t.ic viriot:

Blectr ic

(l) Ihe

(2) Instel l . t ion of electr ic bi lge pulp

l. the hose should elreys be directed upl.eld (to
coostently retein the pridint seter i.o the
puop). treep the @tor idatellatioo level.
llhen this i6 not possible, instell the ootor
at en engle of les! than 45or brint ing the
prop sid€ !o the bottoE es illustreted.

2. Itrlt.ll th€ pilopitrB unit 50-100 c[ above th€
atraioer.

Bilae puDp inrtal let ion

gyaEe0

folloring points ruat be notcd for tha elec-

ltiewiring ray darsSe lh€ altcrnator regulltoi
etrd other electrical aquiFent. l{aLe correct
viring, cerefully chechitr8 th€ @ , eod O
teroinels,

Include so[e rllovrnce in the len8th of tha
bsttert cablar itr order to Ereveot tehioal
deaSe due lo eogine vibretion!,

Arro id r.irirg the cotlne! rot.lioDrl part! rnd
.reas prone to erginc heat radiatioo.
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(2) Poiotr

Wiring
recoEended are shosn b€low.

for battery crble *irin8

erarplea for betteries sith the capacit ler

12v. t20aH

(3) Selection of battery ceble

llhen the b.ttery c6ble i6 too 1oo8 or
too t[!11, r ir iog re3istance rr i l l  increaoe. ntere yl l l
fel lure of the start ing Dotor or enSine due to a lack
apaed.

It in therefore n€cesr4ry to select a cable of I
,ultrble r ize, sr l .el l  es to ensure the proper instel lat ioo lrr lngereoE
for the b.ttery.

i t .
be
oe

disel.t
.trrt itg
crenkhg

2{V - r2oAtl 2tv.2to rl
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2 a 6 a l o t 2 t 4  1 6
onrory c,bl. lenlih (ml

8.2.5 l | i r ing of renote control  cable

the renote control  devices used in snel l  to nediuo
engined ere nost ly eire type,

c

2

5

a

6

z

!
t

tll Prlsh-pull iype wir€ anangemsnt

Romor. cohrrol st o6e location
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( 2 )  S l i d e r  c a b l e

Ihen a reguLar Push-pulI  cable is used for e

distance exceeding I0 m, a phase 1ag is caused betseen the redote

cotrtrol  stadi l  and the dr iven devices (governor and clutch lever) due

to Ehe expansion of the core wire. When the use of a cable exceediog

l 0  n  i s  r e q u i r e d ,  u s e  t h e  s l i d e r  a s  i l l u s t r a t e d .

< 4==:-=+€::+

zc=4a.8:.=+

l.  Avoid cable bends as far as possible '  and

nake str€ight i t i r i rE,

2, At the bend wir ing of the clutch eide cable'
do not bend the ceble in only one direct ion'
Otherrt ise'  loss ni l I  occur due to becklash'
and the pushing end pul l ing of the cable t ' i l l

be uneven. Ihis dey cause a shortage of

strokes for ei ther foroard or reverse opera-

3. The minirnurn bending radius must be nore then

200 nrn '

4.  Do not bend the cable at the'  cable metel

f i t t ing base. Bend the cable at a distance
of nore than 100 mn f loin the base,

5. I f  the cable is exPosed to heat,  Protect i t
wi th heat insulat ion plat ing or other heat

i n s u l a t i o n  m a t e r i a l ,

5,  KeeD Ehe cable free fron seter '

(3) Poinls for push-pul1 eire instel lat ion and hedd-

1 in8 :
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7 . K e e p  t h e  c a b l e  f r e e  f r o m  o u t s i d e  s t r e s s e s ,

Use a cable oE the proper length, and

D i s t r i b u t e  t h e  s t r o k e €  e q u e l l y  t o  b o t h  s i d e s ,
and include suff ic ient el losance for both

Wro$g llrong Correct-n- -l---\-
- l


