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Preface

flhe present leference book
dl,esel englnes anil answers given ro
rn Lnstluctor of ltlarine Elgineerrng
from 19?9 to 1982.

is e conpLlatlon of questlons on
thea€ probleorg tluring ny tefln as
at the Tralning Depattalent, SEAFbFIC,

the nr$ber of traineeE over that perlod reached alrnost one
hundred both ln the Joint alshLng and Ma:.lne Englneetind Course afld
tbe Iteglonal courses for Flsherles ExtenElon Offlcers. A gleat n ny
engLnoering questlons were alealt l,lth, ranglng fron refatlvely easy to
eophiatlcated probletns. Flon anonq these plobI€ds I have selected only
thoae relatlng to the fundanentel prlnclpleB of.the diesel engine and
concentlateal on the Dae l-rnporatarnt aspects 60 that these lray be fuUy
undetstooil. Easier problas {hose solutlon can be founa nathematlcal}y
accortutrg to folrnulae have also been lncludeil.

I have not, however, lncludleal ploblens concernlng op€ratlon,
nalntenance andl tlouble-6hoating of allesel englne, as these are alealt
with Ln SEAITDEC publicatlons TIrB/No.lO and 19.

Although e[rphasls durlng practlcal trainlng was placed on
handung of the allesel engine lather than on theory of therrnoallmsrnlcs,
cotribustlon etc., I hope that the questions, lrnawers anil explanatlons
given hele wlll contrlbute to a better underBtanallnq of the subiect.
anii b6 thought-provoking aq $ell as conaluclve to fu;tler stuay ot tfre
tllesel technologry,

Bangkok
,June 19€2
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1, Haln is the b"ake horeepoaet meaeuyed ?

A dynanoneter is used for neasuling brake horsepor,er in the
following ways: by absorblng the engine power, by hydraulic brake
through th€ friction of water, by Prony brake (friction betFeen the
brake-shoe and the friction eheel), through the friction of air-fan
brake anal an electric etldy curient brake (naqnetic lines). In alt
cases the plinciple of the dynanoneter ls the sane.

Note I

The a.bsorbing power of the hydraulic alynamoneter: is sinilar to
the propeLler resi6tance. Ihe horseponer absorbed by a water br:ake
is a function of the revolution n and the atiameter D of the blade:

C . . . .  -  .  .  ,  .  .  .  .  .  c o n s t a n t

Ihe absorbed po*r is tr-ansformed into heat and is carried by a
constant f lo i ,  of  pressured lrater.

Note 2

Theoretically the error of dynandnete! cones flon the revotution
measurenent and the weiqht measurenent by sprlng balance.

2. ou is the ho"sepolne? neasw.ed by dqnotnonete? ?
(Vhat ie the princi.ple of dy7r@noipte" ?)

4 . . .

N . . ,

w., .

friction $hee1 directly
connecteal to engine's driving shaft

the rpn of friction wheel shaft

brake band shoe (fricti.on)

radius of friction sheef

friction forces

spring balance weight (kq)

Ienqlh of arn leverrrg. r
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wxN !, x 211

Plessured

F i g . 2

If by tlghtentng the screlr (P)
contact pleEsrre of the brake band is
resl€tance force will be balanced by

Thi6 nea!|s L x W  =  f  x r

f x 2 ' I x r x l f
? 5 : . 6 0

l l x l , x 2 T r < l {
4500

th€ band is pressed, the slrface
lnclaaaed, then the total

the rnornent of the lever (L x vt).

BHP

(nd|ent balancetl)

L
w  f  x 2 T r x l l

4500

l f x N x L x 2 T
4500

C = constant4500

Not€ I The shaft and brake llP of any k1!d of, intelna1 cdibustion
engine do not inalicate the actual, po$er in accoralance irlth the
outet resistance' or act wlthout adding the resistance. Th€'y
only intllcate the power at Load contlitlon.

Dl|naDcnEte! does not neasure the holaepcirer diri:ctly; lt
neasures tolqtre and revolution sepalately.

fote 2

The answe! to the above questlon can be obtaineal h,y a Einpfe
methoal, aa aleEcllbeil below.

Measur€ the vretght (k9) and revolutlon of dynamo[r€ter (rpn)
slr.dlltaneoualy anil calculate by uBlng this foreula:

rl9 x I (r.tn)
(l) (Dynarl@ete! at SEAI'DEC

i r o l k s h o p . . C = 1 1 0 0 )

Be caleful about the allmalEoeteE I a capacity curve. Every
dynanouete! has a naxidrn horaepowe! Ilhit related to Lts
capact-ty.

llote 3
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F19. 3 shows the hydrauLlc tlyEmtneter capaclty diagran.

p8

maxinuh eb6gbl.nq torque

---t rtrn
n (4!)

A ilrnia@6|eter can neasure
wtthin th6 ij|ner zone shqvn
ln r'19. 3. Th6 outside 6f
thLs zone is beyond ita
capraity.

ttlthout rater

lraxlrtrID levolutiqr
of tlyru$(&etet

F19. 3

rf the ned.et8anenta f,ot a diesel engi.te ho?sepate" ind.ieated
by the wrkahop dynononeten ate :

tpight 20 kS
,etolution opeed, 550 

",p.n.,
cdloul,ate the lovoepdte".
(The funanvnef,et const@rt is 1,100)

'oTifouto = ro PsBEp - r (ksl =ll (rln]

fahul,ate the ki.tde of ho"oepdrer reldted to tlp t@l"ine engine
oitput a1d, explain each brief'Lg.



rHP (10Oi) Decrease Ln IIIP alue to friction
ln engine anal punp

BHP (85r apploxinately)
Deczease in BHP alue to friction in
narlne gear

SHP (82t approximately) Decrease in EEP due to friction iI
bearings anal steln tube of, propelle! shaft

DHP (78t approximately)
Ipss of g,ork done
reElstance, etc.

by propeller

lltP

Pone! available for plopul61on of a vessel

Wolk requireal to overcone increase in resistance

cain fo! wotk of propelle! given by follor,ring

EIIP
work required to plopel a vessel at a given speed

Renainde! to be fed back in the f,orn of fofloring $ake

Inalicated holsepower (IlP)

The pciwer developeal in the engine cylinder is the inalicated
horsepower. The term is derlved flcrn the fact that the cylinde!'s nean
inilicateal pressure lequired for cornputation of thls horsepovrer is
neasured by an indlcato!.

Brake horsepower (BHP)

Being the nost i-l\)orlant f,actor in engi$e perf,ornance, this
pdrer is tfre actual output available at the end (ftlftrheel) of the
c:iankshaft. The brake horsepower is so calleal because it was originally
measured on a "brake". Today, several t!'p€s of brakes or dynamoneters
are used.

Shaft holsepower (SHP)

A part of brake horsepo\rer is expended in overcoming nechanical
frlctions ln the nallne gear. The renal.nder j.s the shaf,t horsepolre!
available at the plopeller 6haft. Th16 powe! L6 measureal at the output
end of nal.lne gear output shaft by ustng a brake or dynanoneter.
Genera1ly,  Sl tP is shown in the engine bui lder 's catafogue together oi th
engine speeal,
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belivered horsepower (DHP)

The polver (shaft holsepowe!) availabJ-e from the propeller shaft
again encounters fliction in the bealing ahd the sterh tube. A
decraease in the shaft holsepowe:a alue to frictlon xeplesents the
delivered horsepone!, The ratio of the delivered horsepower to the
shaft horsepowei is caUed "nechanical efficlency" (rl!) or "transnission
efficienq"' (1t) .

Thrust horsepcilre! (THp)

The power alelivereal to the propelle! shaft to devefop "th!ust.'
(propulsive force) wlth shich a vessel rnoves is the th-rust horsepolrer.
The fornula for TllP is conuronly given as

75

lrhere T = tbrust (kilograh)

va = advance speeal of, propelle! (n/sec)

Effective horseporer (EIIP)

This horsepo(er is the actual net power required to propel
vessel antt nay be conputeai as

T x V a

R x v
EHP =

75

total resistance of a vessel (kilogram)

velocity of a vessel (n/sec)

Figule below indicates diffelent kinds of horsepolrer retevant
to nrrine encrine.

Propetl.er shaf

DHP TTIP

l ler
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5. Ean is the ho"oepoder of, an eng:i.te cd.Lcllated ?

Erplanation

A unit of work aloea not take {nto consi(lelation the tine
lequlrod to carry lt out. Itdk is the product of, the f,orce and th6
diatance, so whetber the lrork ls doae Ln a minute o! Ln a alay, the
reeult is the sa[e.

lfork = force ,a dlstance

n =  F x S  ( u n i t  t s  k g . n )

llqteve!. poner is the late of doing work vlthin a certain tl,ne.
The fornula fo! pcrrer ls as fo1lo\ds:

Pq,rer = 4!L = !_r€ = Fxv ... I = v

In the lletrlc aystem L horseponer (Ps) = 75 kg.m/sec
Ore loetrlc PS 1.6 equal to 0.9860 ltP. Thus on€ British holsepore! (EP)
leaa 1.4t ts one hetrLc Ps, Ihere are several kinds of engihe
holsepdei (see the pleceeallng No. 4), such as inallcateat horsepoweE
(IPS or IHP), brake holsepowei (BHP), shaf,t holsepc ier (sgP) etc.

4499a: The lndicated holEepower of a 4-at!oke erqine can be cal.culateat
in the folloirLrg ray:

h d x A x L x N

P m l  x  A  x  l O O  x  J ,  x  N  x  z  P n l x c x N= ff i30: = --oo- """" '(2)

Pmt.. , , , .  r rdicat€d nean effect lve pressure (kglcn2)

A . . . . . . .  sect lon area of cyl inaler (c!r2)

.  t  . .  . .  . . .  ? lston stroke (nette)

N ,, ,.. .. Nunber of revolution of englne p€r ninute (!pn)

z . . . . . , .  Ntrde!.  of  cyl inders

C ....... total dlLsplacetrtent VoIDne of enElne (Iiter)

(r)
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ttte indicated horsepower of a 2-sb.oke englne ls calculeiteal as follows !

P m i x A x L x N  _  P l r l x C x N
75 x 60 45o

In practice the value of Hni roughly corresponds to [xre brake nean
effectlve pressure consialerlng rnechanical loss, aiso rPs atrproxlnates
the value of the brake hors€po$r.

Diesel engine Pne 5.5 -  6.5 kg/cm2

caso-Line engine line 6, - s kg/cn2

Note

Fornula (2) is very u6eful for calculating horsepo$er oi a
motorcar enginer the tdtal piston displac€nent or cylLnder vofune is
indicated by e.s.  :  J.6O0 , .  -  " . ,  2OO0 ,-  " . ,  etc._  c c t r . b  L t  c c l z  t , t

Exafltr)le,

The Daximum horseporre! of a 4-stroke trptorcar engine, whose
P^e - 9 kg/c!l.", revolution - 5ooo !.p.m., cylinde! vol"ume - 1600 cc,
i s :

v x l . b x 5 u u u
900 a0 PS

1600 cubic centirnetles = 1.6 UterE.

6, calculdte the btul<e hotaepot'ter Di'rh *e folTooi.ng eotrdi.ti'one:

(1 )  I n te?u l  d i@ne te?  o f  ay l i . nde r  . . , . , , . , , . . , . . . . .  145  (dn )

(2 )  P ie ton  o t "oke  . . . . . . . . . . . . . . .  200  ( i t n )

(3) Engine veoolution 850 ("W)

(4 )  Nwbe !  o f  cA l i rde rs  .  .  . ; ' .  . . .  .  . . . .  .  . .  . . .  .  . .  .  .  .  .  .  5

(5) fndicqted, ne@ effect; le p?eaatse ... . . . . . . , . . . .  6.5 (kq/enz )

(6). I , lechatical eff iaiercA .., . . , .  80,

(?) CAcLe , . . . , . . .  -st"okp oi.rqle-acting engi e



Di€placement volune

floo forrNla (2)
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(v .e)  = I  x  ( r4.s)2

= 16,504 l i ters

x2o.oxsx- fhd

BHP = hd r( vcc x lf x o.8
900

=  4 1 . 0 5  P S

6 .5  x  16 ,504 : .  a5O x  O .8
900

Note Pni. x nechanical efflciency = Pme = nean effectlve pressure
t

6 . 5  x  o . 8  =  5 . 2  l k s / c ! l . - l  . . . . . . . . . . . .  P n e

Cd.Le Late the hotsepoue" of, a 4-Et"oke di.eeel ettgi,ne, if:
Ihere qe eia (6) cgli:tdew, one egLindert e displ,acaaent i.g
1.5 literq, the Bpeed, of, ?evol-ution is 7,000 ,pn, the neat
effectioe pneeeure i,s 5 k4/anz.

Use fornula (2) :

5x1 .5x6x lo0o
900

7 .

8. Cdrr the lttwrrsnritted. hoteepater be neaeuted uher the boat i,B
atal:ging ?

lltreoletically, the brate horsepder cannot be neasu:.ed \rithout
a dynamolreter but in crul€ing conalltion, i.e. when there \is a loaal to
offer lesistance, sonre method6 for measrrridg BHP do exist.

(I) lb estitnat€ the horseposer corpare the exhaust terperatures
provided in the engine builder's testing drta.

If the propeller is a
auitable one for the vessel
the load conalltlon (holsepowe! )
can be estinatetl approxj.nately
froto the exhaust tenp€rature.

It
Io

! 2  3  4
4TZ7

(ps)ps _+ --+ foad
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By shaft horsepower: meter (torque beter)
- , 4 ^ ^(Pr inc jp le )  t  -  . . i t j -  =* .

€ -

T . . .

BHP

rneasured electrically

torque (kg n)

torsional angle of shaft

2 ? T T N
6 0 x 7 5 ( 1 )

( 3 ) By using an indicator diagram

First an inalicator diagran nust be nade. Then calculate
tlre indicated rnean pr.essure and at the sane tine neasure revotution.
Then the foltowing fornuta should be apDlied:

P n i x C x N x n
""t  

= 
90,1 

-

I  . . . , . . .  rnechanical  ef f ic iency obtained experinental ly.

9. Eov is the fuel cansLunption latia of dn engLne measuted ?

While neasurlng horsepo\rer by dynanorneter we can neasure the
fuel consunpt ion rat io ( f .c.)  by the fol lovr ing nethod:

for: nethoal of

F : fuel consunption (liter^ouI)

A : voh]Ine (cc) between a-b Ieve1
(correct standard vofune; such as 3OO cc)
SEAFDEC workshop: A - 300 cc

t : tine required f,or consumptlon of A
anount of fuel (sec)

Y : specific gravity of the fuel

p O : brake horsepovrer calcufateat by
dynamometer

_  6 0 x 6 0 x A  3 . 6 x A  , . -' = -T;-iooo = ---- (vnou4

= $*rooot. . t  *r

neasurin! horsepower.@  s e e Q  N o . 2

(srms/ps. hour)
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1.0. Ca1.culate the 
"equi,!ed. E@tit! of, fwl f,or a dieeeL engine, if :

Eo"6epouer, 100 pe

f,uel conswption ?dtio 210 g/pa,h,
opezal;Lng thne 10 hre.
opeeific glvoitV of f,LeL 0.88

^ 100 (pS) x 2Io (qr, /ps. x f0 (hour)
'  o . 8 8  ( s . c )  x  l o o o c c ( I i t e r )

A n s r e r :  2 3 8 . 6  l i t e r s .

11. ehich ore the nethods to lode" the conguirpl;ion/co't of fiiel
fo" a naai.ne engine ?

(I) Improve&ent in the heat efficiency of enqine

Theoretically, according to the Ialrs of thernodynanics, the

naxirnun thernal efficiency is (\) - -:Ti--:

n  =  l -'  2460: 
= 54t -  82s

T2 . . .  HiSh heat soulce

TI . . .  Loir  heat soulce

In practj"ce, there is nuch scope f,or irnproveront in therhal
efficiency of an englne. A nodern aliesel etrdine has rLof
only 42 petcent, other kiDds of engine have even smalle!
vafues. Some of the posslble i,rays of lnproving marine
aliesel engine are: to intrc'duce a constant-pressrire tulbo-
chalging aysten which aflc'lls more efficient cohbustiobi
mLninize the foss of heat by uslng heat-resistant naterials
such as ceramlc, etc.

(2) Inprovenent in the hull .forrl of the vessel in oraler to
reduce the effectlve horsepower., irnploving plopulsive
efficiency by using low speed with large diatnete! propeller,

(3) Fuet cost saving by using or blendilg a low graale fuel oil,
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(4) Reductlon of boat speed or binlllztng the op€ratlonal
coat by eoononical sp€ed. It ple6ent thls tr!€thod iB the
most ef,fect1ve r,ray to Eave fuel.

(5) In future l-t nay be possi.blo to raduce the cost by
introalucl,irg othe! sonrces of energry, such aa lrydrogen
fuel.

Daily fuel conauEption can be calculataal fr.in the foEnul. of
fuel coefficlent antl atllriralty congtant

2

-  D r x v rE  E  -  ' . .  . . . . .  . . . .  ( r )

r = &{65ffift31 ttone)

whele r' : fueL qurntlty per 24 houls (tons)

c : fuel coefflclent (cqr6tant)

D : dlsplacerent tonnage of veesel

V : speed of vessel (knots)

N : 6ngine revolution (4n)

CA : aahdralty constant

SEP : shaft hoEsep('i'et

f.c.r fuel conauhptlon ratio g!.!,/p6,h

F C S H P

sHE ( v3

SHP ' N3

r eN3

Bfi mrcb fuel can be savcal by r€ducing the speeit of the vesael ?

rf the ape€d ls realuceal by lot f,ra codtllrroua ratl.trg, the fu€1
consrhption wlU be 0.9 x O.9 x O.9 = 0.729 ot ?2.9i of thc o'.iglnll
consu.q)tion. Thus ' ln theo!.!r, the fuel conautqrtLor decleaa€a by 27 pelcent.

D J X V -

SEP



Hotdeve!, lrhen the cluising alistance ia constant thls leduced speed
\t111 result in aD increase in cruLsing tlhef consequently, the fuel
c(xlsumption night becorne O.9 L 0.9 = O.81--+ 81 percent of the orlginal
anount. Tbelefore, ln practice, the savi.Ilg rate is about 20 pelcent.

Note 2 Econcmical- speeal

-  1 2 -

2 4 x V x D w
should be
nlininize il

2

v2

I t  is di f f icul t
vessel but In the case
calculated as follcrrs:

Cruising cost/Drt

to calculate the economlcal speed of a fishing
of a cargo vessel the optinun speeal Ve can be

f,txed cost per alay (interest, alepreciation cost,
lnsurance, wages etc. )

cost of fuel oif

speed of boat

loading weiqht

crulsing oost per unit Elw

kv3

tf, * xv2y

," =rE

B :

D d :

C n :

B :

- .  __3

" "  - 2 4 D w x v

cn .-----r tnlnimize

24D{,

d(cn)
dv

At the ecotonical speeal Ve, the cost of fuel Be is the lo!0est.

3 f ,
2
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12, I fishittg boat coneunes 12 tona of fuel. Wy dav aith the
c"uaeirg Bpeed of B krats. If, the speed ie re&tced to ?.5 kt"
hoo nntry tots of f,uel diLZ it conslrtp per dag ?

v3 \,rhe!e Q . .. . quantity of, fuel

1 2  =  k x  ( e ) 3 ,  r  = f ? -  
k  " "  c o n s t a n t

(8)3 V "" sPeed of boat

c  =  k x 7 . 5 3

= *; * ( ' l .st 3 = 9.as tons/alay
(8 ) r

13. A fishing boat B@iLi.ng at the speed of 12 krrots frdn the fi.shing
pott to a fiehing gz,outul cohaltnea 500 Lite"s of, fuel. If, the
s@ne ilistar@e ie couered at the speed of, 10 klote hou ntuch f,wL
eqn be s@)ed ? '

If the cruising distarlce is constant

a ; Y2 o .. . .  fuef consrrrreat

k  . , . .  cons tan t

V ... . speeal of boat

rhen  5o  =  kx122  k  =  - : g=
722

r = A9 x ro2 = f,4.7 rrt 'es
12'

50 - 34.7 = 15.3 litersr (3O percent of fuel is econoBf-zed)

14. Hott ote diesel engLnea *tted in terns of l,odd ?

The definition of riated load vaxies from countly to country.
In general, there are three for:ms df rating:

\r ,  r 'ne oasac tu-Ll  load.

(2) The overload or interrnittent toad in a lindted peltod
such as f hour or 15 trdnutes.



(3) The continuous ratins ( lower than (1) r rnore than 24 hours
continuous operatinq pernitted)

-  L 4 -

Dif fe.ent industr ial  standa.rds (DIN, sAE, BS, JIs) are
compared in the table below.

comparison of Lndustr j  a1 sLandards

DrN 6270 - 1970 sAE J816b - 1973

s cope rnalustrlal use
ship propulsion
Rai l  cars,  locomot ives

4-stroke cycle diesel engines

Output
definitions

1 .

2 .

NA: Continuous output
rr'ith overload margin
(code designat ion:
continuous output A)'
is the naximn output
developed with over:load
margin for a given
apptication under
continuous duty con-
di t ions.

NB: Output without
overload narsin (code
designat ion: output B)
is the naximun output
developed lrithout over-
foad nargin for a given
I  Q n ^ + h  ^ f  + i n -  i n :

given application.
Adjustrnents shall be
nade aiuring the test so
that lhe output B is not
exceealed. In cases
\rher:e no application or
load to be dr iven is
specified by the manu-
facturer, the output B
shal l  be a cont inuous
one-hour output in the
course of 6-hour alter-

Maxirn'.rn brake power is
the highest po\rer deve-
loped at a given speed.

Peak brake power is the
highest power developed
within the ensine speed

Internittent brake polr€r:
is the highest porer
reconmended by tne nanu-
factu.rer for satisfactory

nanuf acturer 's specif ied
condit ions of load, speed,
and duty cycle.

Continuous brake powen is
the poeer recomnended by
the manufacturer for
satisfactory operatlon
under the manufaclurer 's

specif ied continuous duty

Rated brake power ls the
power specified by the nanu-
facturer for a given appli-
cation at a given (r.ated)
speed.
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DrN 6270 - 1970 sAE J816b - 1973

NU: MargiDa1 output ls
the maxinun output con-
tinuously or inter-
nittently developed fot
a total of one hour in
the course of l2-hour
operation. Unless other-
wise specified, the Nu
sha1l be 1t0* of the !{A.

NH: Maxillun output is
the maxlnuln output

'developed for 15 minutes
rdithout excessive
mechanical and thennal

Gross po\ter is the
power output of a
"basic" eDgine - an
engine equilDed with
the built-in acces_
sories essential to
its operation: fuel
putrrp, oi1 punp,
cool,ant punp, and
built-in emission
control equig[ent.
A genelato! or alter-
nator ls to be .
included only if some
accessories (such as
a fuet pump) are
electrically alriven.

Net polve! ls ttle polter
output of a "fulfy
equippedrr engine - an
engine equilDed ltitli
all the accessories
necessary to peiform
its intentleal functions
unaialeal. This
lncfudes, but is rpt
restr icted to,  the
basic elrgine.

7 .
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85649 - 1958 (1960) JIS FO4O1

Scope Reciprocatlng conpression -

ignltion (diesel) engine,
for general purpose

t'tarine propulsion engines

outPut
definition

Rated po!,rer output

1 gritish standaral

output (in brake
horseporer) con-
tinuously developed
unde! the hanufac-
turer 's specif ied
standaral conalitio[s.

2. overload rating ls
the rat ing of 10t
overload of British
standard ratlng an
enqine is capabl-e
of for one honr 1rI
the course of l2-hou!
operation at the sane
speed (in revolutions
per minute) as for
British standalal
rat lng.

NorrEl output ls the
output developeal to
propel a vessel at the
specified cluising
spe€il anal is economlcal
f^7 h^+h ohdi na

efficienci and rnain-
Eenance.

l4axlhum continuous
o\rtput is the llaxinun
output developed safely
and continuously. The
calculation of strength
of an englne is based
on the naxinum continuous
output at the stage of
design. This output
value j-s used to indicate
not only a tlc)trlinal output
but a ninute rating
output.

Overload output 1s the
ovetload rating an englne
is capable of beyond the
rnaxinurn continuous latlng
for a short period of time
and is 105s to 110s of the
nai(inun continuous lating.

Astern output iE the
output developed to back
a vessel astern anal ia
40r to 60t of the rnaxinl.u'
continuous output.

1 .

2 ,

3 .

(Note) The normal output is
usually Aot to 959 of the
naxlnum contlnuous output.



DrN 62?0 - 1970 sEA J8I6B - 1973

Stendaral
opelatrng
condltions

Balonetric presaure:
736 Torr (mngg)

Air tenperature at
inlet: 20 Huntdltyl
60i (relative alr
hurnidity)

o Intake air I depellde
deDression :l on indl-_ l

I VrCrUar
o E haust back| englne

pressEe : .l set.

Balonatlic pressr:re!
29.38 ingg (99 kPa)
(746.2 mrltg)

Alt temD€ratu.e at
lnlet !  ;5or '  (  29.4oc)

o Hurddlty! 0.38 inHg
( 1.3 kPa) (  5o+J

BS 649 - 1958 (1960) .rrsa 040r

s t a n d a l d ,
operatlng
conditions

Barometric Fressule:
29.5 inEg (749 mrtrq)
500 f t  at  sea levef.

Air tenperature at
i n l e t :  A 5 o F  ( 2 9 , 4 o c )  .

wat€r vapour pEessul.er
0.6 inHg (15 nrr'Hg) .

Terperature of coollng
wate{ at inlet to
charqe ait cooletr
7 5 o F - ( 2 3 . 9 o c ) .

Equipped uitn air

Eq[ipped lrith e*rau8t
systen recomrended by
the engine manufac-

Batonetric pressure:
760 nrnHg

Alr tenpelature at
inlet :  20-c

Hunldity: 65+
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15, ExpLain the na;jo! aduanta.ges and dieaduantagea of 4-et?oke
and 2-st?oke enginee,

Advantaqes of 4-stroke engines

( t )  Higher tnernal ef f ic iency

the 4-stroke engj.de combustion stroke is a half of t}le
2-st!oke engine at the same revohrtion Bpeeal. lterefore the effects of
coolidg and scavenging are nuch better in suction stroke and the
quantity of chargingr air is also increased which xesults in better
conbustion anal lower fuel cornsEnptj-on.

Note: l,arge marlne diesel engines such as 1O,O0O PS anil ove! are
z-stroke engines in order to get better thetnal efficiency by
Iower levolution. In additior, they carl use 1o!r qualj.ty aliesel
fue1.

(2) The efficiency of supercharging effect is better than fot
2-stroke engines anal al6o scavenging action is alone perfectfy.

(3).  The l i fe of cyl inder l iner is longer,

(4) Higher revolution can be attained than with 2-stroke engine.

(5)' The consunption of lubricating oil is nuch srlaller,

Disaalvantaqe of 4-stroke engines

(f) The structule j.s lrore conpll.cated because of the necessity
for a valve mecha.[isn. It is therefore less conpact than
the 2-stroke engine.

{2) The flwheel- is bigger than for the 2-stroke. engine, because
the fluctuations of rotative forces are larger than in the
2-stroke engine. A 1ar9e fljmheel absorbs these fluctuations
anal nales the operation s|ooth.

Aalvantaqes of 2-stroke eiqines

(1) It ls nore powerful than the 4-sttoke engine. theoreti.catly
the horsepowe! shouLd be alouble conpareal wlth a 4-st!oke
engine because the cobbustj.on stroke takes place with each
revofution but actually 1.5 - 1.7 tl$es the horseporer: can
be attaineal with the same size of engine.

(2) cenerally the vaLve nechanisn is unnecessary because the
stluctule is nuch simplex than fo! the 4-stroke engine.
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(3) The fl].wheet is snaller because, as conibustion strokes
take place with every turn of the crankshaft, the fluctu-
at ion of rotat ive folces is $nalfer,

(4) Reverse rotat ion is easier than \r i th the 4-stroke enqrne.

Disadvdntages of 2-stroke engines

(1) The mean effective pressure is looer because early openrng
of exhaust valve is inevi table.

(2) Scavenging function is not sufficiently worked anit the
Ioss of scavenging punp teaches 5 - 10 percent of total
horsepower.

(3) Conbustion is inconplete and the fuel consurnption ratio
is no! as good as for the  -stroke engine.

16, Ilhg the hotsepouet of d z-stloke engine ie not htice that of d
4-st"oke engine di,th the s@ne piston disp1,acementt cnd yeualution ?

Theoretlcally, a 2-stroke engine horsepower should be double
that of a  -stroke engine hor:sepower for the same piston displacenent
anal the same revol-ution.

Holreve!, experllents sholr that a 2-stroke engine can attain at
the most 1,7 tines the horseporer of a 4-stroke engine. One of the
reasons for this is that scavenging (yenoval of burnt gas) does not
take place perfectly. Furthermore exhaust bto$r-down toss is increased
nhich ln tuEn induces a loss of tnean effective Dressure.

17, Expldin the nain dif,f,etenees beAteen the gaeoline engine and
the diesel en4ine.

the nain differences can be tabulated as follows:
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Items casoline engine Diesel englne

Theoretical cycle Otto cycle Diesel (SABATI) cycle

Ignition equipnent Spark by
electricity

Conpression ignition
(spontaneously)

Compression ratio 6 - 8 - ( 1 0 ) (13) -1s-21

Thermal eff ic iency 24-2A ' 32-34 \

Mean ef fect ive 6-9 . 2 6.5 kg,/cm2 (I5 k9
supercharged)

Puel consunption 260-300 g/PS.h 180-220 gr lPs.h

Exhaust tenperature

(480 - s4ooc)

650 - 76ooc

(350 - 4oooc)

450 - 54ooc

weight/Ps f.5 -  3 kglPs 6 ks/PS - 20 ks^s - (30
kglPs )

Idling rpn hish

Vibrat ion noise slnaU Iarge

Torque s(nau large

Structure simple complex



18, calculd.te the the"w.l, effici.eflc! of oltta clele and af d,i.eseL
cuel,e.

-  2 ! -

ne)otto cycle (gasolih engt

v3VI
Y2

Piston alisplacenent

Diesel Fycle (Diese

I
V l  ' u2 v3

Piston displacenent

engln€)

Otto cycle

l. Constant volune heat adalitior.
(process (1) -  (2) )

2. Isentropic expansion
(Process (2) -  (3) )

3. Constant volune heat rejection
(process (3) -  (4) )

4. Isentropic compreasion
( p r o c e s s  ( 4 )  -  ( 1 ) )

DieseI cycle

constant pressure heat addition

Isetrtroplc elpansion

Constant volwrc heat rejection

Isentropic conpression



I tr = Qt,z = cv(T2- Tr) Q i. = 9t,z = cp(T2- Tt)

0 out = Qg,4 = cv(T4- T3) Q o"l = 9:,a = cv(r4- T3)

F net cv(r2- Tt) - cv(T3- T4)
,r cn" = 

[.Tf,- 
---%G;lJ-

- - 3 -4= r - ;:;-' 2 ' l

T', T, I
\ t hd  =1 - ; :  = I - ; :  =  1 - ; - * - r' 2  ' r

'- riE-E-r

Slnce process (2) + (3) antt  (4) + (1) ale (4) + (1),  (2) -  (3) ale
isentloplc ieentropic

' 3  
. ' 2 . K - 1  I . K - 1

- 2  ' 3  r v

' 4  ' 1  .  K - r
' l  "  4

but v, = v, , v. = v, thus ;: = ;a ;: - ;: 1-=---.:' 1r-r'12 r t  ra r I  v l /v4

-3  , - t .K - I
tr 'v4 '

- 3  
. ' 2  .  K - l

F -  E  ( r - '

Tz u2  , .
;- = ;- (near aoo!'tlon !'E
_1 'I 

corr€ tant-pt es s rE e)

where = ! = 
"*n.."" lon 

ratio v3= V4

K-I

\ thd  =  r  -
Y\rK-r x(l--l)

v.
nheje y_ = ;;- is kno$n as the

cut-off ratio.



19. ,rhich has highet' thenal effi,ci,encg: gasoline engine ot dieeel,
eng'h@ ?

casollne engi[e cycl€ is teplesent€d by Olto cyc1e.

The th€r$al efficlency of otto cycle is given as follops:

n t to = I  - :+-r  . . . , . .  ( I )  k = polyt lct) ic constant
t E k--L

e = cornpleasion ratlo

Fo nethcils of catculating thernal efficiency of both Otto antt diesel
cycles refer to O 18.

Diesel engine cycle is replesent€al by dleEel cycle:

I  r e -  r \
q  a l i e s e l -  =  I  - : i - - =  j ; - . . . = i .  . . . . . . . .  ( Z )
!  L r(-r  Kto -  r ,

, = cut-off latio

. ' .  n Otto > n diesel

Efficienc"y of altesel cycle is afways Loier than tha! of Otto cycle
having the- s€me conpression ratio.

Edever, engine using diesel cycle usually operates at a higher con-
ptession ratlo than englne using otto cl|cle. A alieael. engine has a
higher thesral ef,ficy than a gasollne engine accoldj.ng to the fo1lolring
values obtained experimentally.

e = 20 (diesel cycfe)

e = 6 (otto cycfe)

Thd.nal efficiency of Otto cycle = O.5U
' al iesel cyc1e = 0.656

Then, a diesel engine has approxihately 28 percent hiEhet the.nal
efficienc:' than a gasoline engine.



20.
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A dieeel eng'ine lag tlv top aleotance I rn, the etgine boft
275 tm @d. tle etpoke 420 ,rn @d. aqpreeei.on 

"ltio 
15. ,llat

vill be t:he cqpteeei.ott 
"atio 

of, this eng'i& uherr tlre top
oleatw@e oh@qes to 10 ren ?

cdpnesslon ratio

v2
vl

eteton area f; o2

Coqrlession ratio

€ngine's alLaplacenant volume

clealance volrDe

I tzts12 = 75525

vl + 75625 r 420 (stroke)=_-_--r-

15 Vl = V1 + 75625 x 42O

--- 75625 x 42O 31762500
"' = -----Tt-- = --Ta-

clealance volun€
lop clealance (T.c) I lul -----+ 226a7O

clealance vohthe
Top clealance (changed l0 mn -{ X

(1.C. and clearance volune shoulil be propoltional)

226e10 -. 225470 x lOI
16' =

2435937.5 + 3U62500
e changed =

Eqgc, (1) Fr@ thLs exanple lt is c0rvlous that top cl€arance has a
gteat effect on the coqtr€aslon r.atio.

(2) nre tolerance of top clealance fot slall engines is very
srnafl, 3 O.t Dn.
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21. E@t narch ai." i,s rcqii,red to eonbust 1 kg of &)esel fipl.. ?

DieseJ. fuel is a hltbocarbon nixtnle' such as:

cnH2r, * 2 (gasollne cZgte) crsHSZ

The cheDical reaction equation:

ctfln* 23Oz = Co2 + 9 H2O

Molecular weight:

( f 2  x  1 5  +  t  x  3 2 ) , - .  +  1 2 3  x  3 2 l t - =  l 5 ( I 2  +  3 2 )  +  1 6 ( 2  +  1 . 6 ) kxg xg

( 1 8 0 +  3 2 )  +  7 3 6  =  6 6 0  +  2 a a

CodlI'lete colibustion of 1 kg of C15H3Z ,

' 
;I; 

- 3'47 ks of oxygen i5 necessary

lod kg. of air contains 23 kg of onygen

l n n
736/2t2 s. t = tt.t

A!Eqc!: 15.f kg of al! is necessary to cotrbust 1 kg of allesel fuel.

!gLg: The above quantity of a1! can be er.pressed tn teqrs of vaturne ratio:

d e n s i t y  o f  a i r  . . . . . . . . . . . . .  f . 2 9 3  k g / n 3

t5.I  kg of air  volume tr , tTt.rSZ - 11.83 rn3

I kg of fuel volure 1/0.85 = I.176 llttes (speciflc
gtavlty of, fuel: O.85)

volume of al !  11,83 rn3 = 1l .g:  x 103 l i t res = l i ,a. :o r i t res

then I f ,a3O * r ,r .16 = ] 'O,OoU

Volur€ of alr shdrld be IO,OO0 times gleater than t}le volune
of fuel .



22. calaulate tl14 cdlo?ie pnet (U) of dietel' fpL t'hieh eofiains
the folla,riry c@eownte:

Ca;boa (C)
Hgdrcgen (H)
su|phw (s)
Oqgen (O)

fotal Ldter @l,oric pdet BL

Er, = 8700 C + 2s000 u - $ I + 2500 s \batkg)

8100 ,. o,a6 + 29ooo (0.12.5 - g*lr. + 2soo x o.or5)

= 10541 KcalAg

75x60x60 = 270'000 ks.n

If I Kcal of heat = 427 kg.n (flgnrre arriveit at e4)erinentally)

then 1 PS for t hourrs work can be converted into Kcal of power:

27o,OOO kg.^/427 k9.n -  632.3 Kcal/h

fhus, I kg of diesel. fuel rrhich ls l058l Kcal^g converted
into irork during I hout heans

lo58l KcaI -  632.3 Kcal = 16.73 PS

Answer: _16.?3 PS

Note: Ihls engin€'s fuel conouq)tion ratio ls:

59.7 grlPs.h

86, (of rEi.ght)
12,57 bf aeight)
1.51 bf aeisht)
1.31 bf deight)

An6we!:

If 1 kg of dieoel fueL is cottel,etel,g eonblEteil in juot one hour
qnd. its heat aonoerted into uo"k uithout Loss, hor,t mnh horeepo\et
uiLL be gene"ated, ?

I Pi of f hour's r.ork ls equal to

lO0O s -
16 :73



The actual rninirnun fuel consraption :aatlo trcr' attEltretl ls ar
the nost 160 gr^S.h even nith the aAvsnced techDology in 1982.

Then 59.7/L6O = 374

The otbei 63 percent of €nergy ls 1ost.

!glEe;?: The fo11ow1n9 table provlde6 data on heat lo5s (heet balancer.

Beat balance and e-xhau-st data (full load):

Itetrl

Heat
bal,ance

Tota] heat input 1O0t

Kcal/h!
G)

-'

Coolant loss 10.41

Ai! coole! loas 6.1*

Lublication loss 2.'lt

FrictLon loss 6.91

Erahaust gaa loss 31.4$

Others 4.8t

Brake horasepclvre! as 37. ?t
effeqtive heat output

f. Ihe mechanicaf equivrlent of this caloric power: is
10,000 x 0.18 x 427 (kg.m)

2. I,he work of I hor.sepoirer in I hour ls catculateal as :
75 x 60 x 60 (kg.n)

therefore, themal efficiency = eork
theoretical work

I O O O O  x  O l 8  x  4 , 7  
=  o . 3 5  =  3 5  x

24, CaLeulq.te thJ lhe:ndL ef,fiaiencA of a diesel, an4:irM uhich aneunes
180 g"@ns of fuel pez, horeepaer per lbu, (180 

-a?/pS.D. 
uhen

tthe caloric poue! of the fuet is,70,000 Kcat/kg-.
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25. A Ai.eoel engire conatttBs 78 kg of, ff.el in ot how. Calculdte
the folla,ring:

1) Eonepaet ( tic)

D ltdicated horcepanet (Iti.)

3) Ftael, coostt|tiott tatio (be)

uhe"e, thenal effi,cLenog (W) is 31f

neehotiaal effici.encg (rV) is 821

calorLc paer of fuel (H) ia 10500 Koal,lkg

A[sf,er:

1) Nc =;g+ = lr!gs**+€ = e2.6Ps

2) Nl -  Nc/Ixt l  = 92.6/0.A2 = U2.9 PS

. -  - ^ 3
3) bc = I94 grlps.h

26. cofipave diffe"ent t\peo of dieeel cottibusti'on ehanber:

Di?ect i4iecti.ort charibe? (D.I. )

Fue-cqh ation chanbe" (P,c. )

Svirl ot Vo"tea cdbuation ch@\be" (5. o" V.C-)

The nain characteristlcs of dlfferent tl4)es of diesel coiibus-
tion chanber are ta.bulated trelow.



Iten S .  o r  V , C .

Structure of charber sinple cdE lex Internedi ately
conplex

Volune of chanibet/
tota] cdibustlon 0 .15  -  0 .4 0 . 5

Cross section area/
piston aiea O . 2  -  0 . 5  | 2  -  3 . 5  t

CcaFression ratio !-3 ' 16 15 - t7

hJection pressule
of nozzle 170-3OOk9/cn2 lIO-150kg/crn2 lOO-f4Okg,/cn2

Maxlrnum gas pressule
of cylinater Ioo kglcrn2 5 5 Kglcn 5 5 kg/cn2

Fuel- consutl|tr)tlon
ratio grilPs. h

165 - 200 I90 - 2I0 200 - 220

start litt1e halder

type of injection
^ozzle

mrlti-ho1e throttfe or

Atorni zati. on by nozzle c@ibustion
chalober

by nozzle

Loss of heat snal l large nedl!n

Mean effective Iord hish neililfil
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27, What eo"t of 
"elationship 

etisti
coLolt! af esh@)st gaa ?

There are three Dossible cases:

behteen conbuetion and. the

( r )

\ 2 )

The black colour of exhauFt gas signals overload of, engine
or naladjusted fuef enjection systen of 6one cylinalers
which causes load share to be unequaffv distributed-

Blue snoke nixed lrith e)ahaust gas lndicates that too much
lubricating oil has been sucked into the cylindels anal
conbusteal.

(3) white exhaust gas inilicates trdsfiring alue to insufficient
cory,ression tr)'essure.

lack of (ventilating)
air

overloaaling

black snoke inconplete
conbustion

poor atordzation

no colou! or
greyish colour

lubrlcatlng oil
s\rcked into cylinderblue colour

nisf i ! ing low conpr:ession

Iight }oad
(idl ins)
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28. hhat ie the cau6e af abnannal increaee in the tenpe|akme of
erhaust gas ?

The stanalard exhaust gas tenperature varies for different enqines;
the operator should check that it corresponds witsh the leveL of the lotrer
ternperalure given in the engine specifications in the instruction nanuaf.

In general, exhaust gas tenperature rises for the following

I.  Increasing the load (overloaal) ;

- _  J - _ - ' _ _ _  - - n l n g ;

3. lnject ion nozzle dr ipping (bad atonizat ion);

4. Prenature openj.ng of the exhaust va1ve,

5. Low qual i ty of fuel  oi l .

29, Vhat io the relatiowhip beaneen the tenperature of exhadst gas
and. the cyLinder pressw,e i.n a dieeeL engine ?

Ahere is a close connection betr,reen the tenperature of exhaust
gas and the cylinder plessure. The tenperature of exhaust gas is one
of the most important factors to judge the opelational conditions of
the engine- When the exhaust gas tenperature of aII cytinders is higher
than the standard this indicates overloadlng, and if only one cyLinder
is effected this inalicates that there is sone trouble uith this cvlinder
i t s e l f .

A high exhaust tenperature inalicates loss of heat lrhich decreases
engine efficiency (horsepowe!) and causes seizure of the valve, cracking
the cylinder head and accelerates lhe lrear of the llner: and rings.

The relation between the exhaust gas tenperature and the cylinder
Dressure is labulated below-
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Cylinder Exhaust teq). Engine condition

loi,, conpression

clearance of piston liner larget
sna1l conpression ratio

clogging of intake Passage;
shortage of blower Pressure

high leakage of gas frorn valves anal
rings; shortage of intake ait

high conpression clearance of piston tiner snal1,
cornpression ratio too high

16r combustion

low injection period sholt;

insufficient fuef quantity

nornal low cetane nuhber fueli shortage

of  a i r

high detay of ignition; malfunction
of ^ozzLei higher back Pressure

normal

light Ioad

normal load

high overloaal;  higher back Pressure

high combustion

low aalvanced lnjection tining

nornal nozzfe opening danaded

high duratton of injection too long
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30, tftq do c"dcke ocqE behteen the brid4e of, the intake oa.|ve
akd. the e.ulr@tet oalte of the conbusti,ot e@face of cglinder
heol, ?

A possible caus€ of such trqrble nay be the repeateal theflnal
sttess betrreen the inlet valve po(t (relatlvely loe telDerature) and
the erihauEt valve port (higher teq)erature) whlch induces thernal
fatigue and cracking of laterials.

Pleventiorr Dethoal

(I) avotd overloaal (covelheetingl o! operating j.n conditions
of inconpl.ete coribustion (i.e. when there is black etdaust
g a s ) ;

(2) avoid overheatlng of englnet

(3) avoid excessively high teq)erature of drhaust gas;

(4) clea! the Hate! trE€gage of cylinder heait and reDove the
scale;

(5) clean the er{hauBt pa6sage;

(6-) check the cooltng wate! paBsag€ and renove the scaLe o!
oCber tnatter whlch clogs the paesaget

(7) check the water punp Ferforhancei

(8) apply proper tlghteniDg foace to the cylinde! head,
accoraling to the standard torque reconrcnd€d by the
inanufacturer. Tight€nlng of bolts shoulal be done evenLy
and in proper oralei.

31, Ithat is the plrrpi.ng Lose of afl engi'ne ?

I'he pumping loss is the negrtive ltork ll'hlch is lost by suction

anal exhaust nork. In Fiq. I the Prnping loss i5 shown by w2 and the

effective work is sholjrl by W1.
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I
I
I

Fig. I

When the piston goes tlown\dard for the suctlon stroke, the
pressure in the cyllnaler ls 1('re! than the atnospheric pressure and
sctne work is requiredl. During the erahaust stloke the pressure in the
cylinder is higher than the atmospheric pressure, atld solbe irork j-s
requ,ired for uplrdrd moverent of the piston. h both cases this is
regarded as negative vrork (W2) or plrnpinE 1oss.

Note: r'6e net effective nechanical work is qiven bv nl - W2.

Holn daes a aupenehotgen iflc?ease the polne? of an eflgitue ?

An increase in the anountof lfltake air proviales more oxygen for
combustion of a targer amount.of fuet. Thereby there is an increase
in horsepower for the folloi,ting reasons:

From the formula (2) in I (5) horsepower (Ps) is indicated

P s  <  P n e  . N . V

tn"Yzn
P
i

N V :

w2 Suction

( 1 )
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Ps ..... engine hoEaep('te!

Pee .... effective Dearn Itessute

N . .  , . .  .  e irglne revolut i .on

v .. .... engine total diapleceDent voLree

lv . . . . .  intake eff lcLency

rLI ,.,.. theanal efficiency

P . . . . . .  intake plaasute

T , ...,. tetnpelatule of intlike air

Y2 . . . . .  den8lty of alr

Fornuta (1) shows hqr the eoglne hors€porer ls lncrers€al by
rtraki.ng the intake pressr:iae higher and inteke a1r tenperatule Low€tr.
Intake pressuie is increasetl by superchalger antl tetnf'erature 16 decreaged
by neans of aL!-cooler.

The abone is the fundalEntal Finclple of supercharglng (witl
alr-cooler). Burthelnore, the sup€rcharger LhclaaEe6 th€ power in the
folld'ri!g ways !

1) 
-Increaging 

the rean effectlve plesaure,

2) lncreasing the volunetric efflciency or chalglng ef,ficlency
by eir boostingt

3) Reducing the puq)lng toss (Refer to Flg. 1). If the intake
pressure ls higher tban atDosFtreElc pra€suro in auctioD
stloke, the pueping losa aloes not occur as ih a natulally
aspirateil etrglne. In a supeEchalg€tl eDglne the puugrilg iose
ls positive wherea€ in a naturalLy aaplleteal .engtne tt ls
negatl"ve,

4) Mardnurl cdibugtlon pressule La lncleaseil.
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Naturally aspirateal engilre

W  =  A - B

W  =  A + B

supercharged engine

Fig. t

33. Ia it eda! to no&ifu d. natwd.l,LV aepiruted. diesel eng:Lne into
a Btee"cha"ged eng:ine ?

to hodify a natulally aapirated engine lnto a superchalged
englne Is not an easy process, anal it varles accordlng to englne
specLficatlons. The follovdng basic changes are requireal:

L) Canshaft (cam proftles): to inclease the overLapping
peiiod of intake anal exhaust valve tining;

2) Injection punps. to lnc!€ase the fuel quantityt

3) Doausting nallj"folds for tulbochatglng anal intake nanif,olakt

4) Cylinder head including intake valve ana e:*raust vafve,
pistons, stronger crankshaft, bearinga' anal tightening bolts
of connecting rod if necesgaly. (These changes are necesaEEy
because of the increased air. intake and incaeased naxirllll
codnbustion pressure (Pnat() )

5) Addltional accessorieg

1, turbocharger, lntetcooler, intake tEnifo1d, plpe etc.

Ng!e! See guestion 32.



- 3 7 -

34, l,lhat a?e the 
.ad1)arlta4es 

and dleadoottagee of supevcha"giflg ?

Advantages:

t) lncreased horsepower by 50-100 percent, codpared to the
naturally aspirateal engine. The addittonal weight is onty
3-5 pelcentt

2) The engine weight per holsepower is realuceil by 3o_5o pexcentt

3) space is econonized,

4) Fuel consumption ratio is flecreaseil by 3-5 percentt

5) Mechanical efficiency is lncreaseil by 7-8 percenti

z 6) conbustion noise is realuceil ahtl a sinplex silencer can be
used.

I) l,laxtnun conibustioD pressure (lnax) is incteaseflt

2) Star:ttnq performance is decreaseal a llttle by incr:easing
Lhe conpression rat iot

3) Conbust ion aL l iqht load is not so good;
\ -

4) hitial cost anil naintenance cost are increaseali

5) surging phenonenon niqhE occur (see Ouest ion 35).

35. Erplain the taloe tinihB diag"@n of a stpereharg)d engine.
Erplain hod the titting of a stpereharged engine differc frcn
that of a conucntional engine,

(1) The opening time of lntake valve is earlier anal closing
time of exhaust valve is later than for naturally aspirated
engine. l t le per iod of valve overlap is tonger (see f igure
belolr) .
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Fig.  1

A 1a.rge valve overlap irnproves scavenging and as a result larger anount
of conibustion gas increases horsepower.

\ 2 j To control the excessive increase in naxirnrh conbustion
pressure the fuet injection tirninq (FIT) is later than for
the conventionaf engine. Afso, the top clearance is larger
than for conventional englnes,

36 . one af the Liiritations af the dieseL engine i.s suxgi,ng,
slu.ging and ohat causes it ?

hat is

ti."-;==---Y* SC NA

I Intqle openins
angle

zzo"

2 Exhaust opening
angle

gooo z:oo

3 Valve overlap t:o-tsoo 26o- 45o

4 Fuel Injection
t i tning (F.I .T)

rgoatoc zso gtoc

In a superchargeal engine sornetines the phenoneDon of surging
(also caUed b,l-oweir surging) can be seen. surging phenonenon is a
kind of seu-exciting vibr.ation caused by unstable pressure, breakdowr
of aii delivery, acconpanying pulsation of air pressure, back blolr of
air and big noise which occur in operation of bloirei, or axial flow
turbine conpressor.

\

low revolution

------+ air intat<e volune (m3lrnin)

\ \
\ \

I
I
I

.I
Po

r rg .  . r
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Causes of surging:

f. Mis{ratching of tulbocharger and enginet

2. At$ospheric teeperature, especially high teinperaturei

3. Increasetl resl-stance ilue to tlirt. aalhered to bloe,e! blaales
o! clogged duct anal air-coole! passag€.

4. operation of engine

(1) Increasing.of loaal, especially torque rich conditron.

(2) sudden change fron heavy load to light load.

5. Itlalfunctioning of engine

(1) misf i re of a cyf int te4

(2) xnalfunction of lnjectlon tiningt

(3) nalfunction of intake valve anil er.haust vaLve sheet
fitting (gas leakage) t

(4) nalfunction of turbine nozzlet

(5) others.

Note: Countermeasures in case of surging

f. redluce the revolution of engine,

2. change the diffuser.

Consult the manufacturer if necessary.

The chalacteristics of tbe loi,r, neiliub .nd high-speeal engines
aie tabulated beloh'.

37. Conpare the chalacte?i,stics of the to't, nediun and hiqh_speed
dieeel engines ,,thich have conti nuo a rvting 500 hotseiouer..



ltem Loi^' speeal Medirfi speeal Iiigh speed

Revolution (rpn) <  5 0 0 500-900 1000 <

Piston speeal
(meter/second)

6 . 0  - 4 .  o o 8 <

1 . 5 - 1 . 7 1 . 2  - I . 3 r .  1 -1 .2

weiqhtthorse- > 20 (ks/ps) ro-20 ( r ) < to ( ' )
cl.utch

direct
lnject ion

di!ect
in ject ion

direct injection
or pleconbustion

Start ing systen cotnpressed air conpressed air ccnnpiessed air

stalting notor

Lubricating forced tub
<t_-

cool ing systen at jrect (sea water)

(fresh uater)

l,tain metal
support

fixeal in bed
plate

hanger bearing
type tfron
cylinder block)

connecting rod hoxizontaf level
spl i t

<.--or
angular split

angular split **

of beating
by la-rger
big end of

l,laln metal and
crank pin

bi-lnetal (\rhite
netal Layer)

bi-netal or.
tri-metal (h'hite)

tri-netal
(kefmet)

crankshaft $lid forging

Clank j ournal non-haralening non-hardening hardening

Piston cast lron or cast
tight aLloy

cast light aUoy

Piston pin fixed f,Loating ty5re floating type
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I tean Medium speed High speed

htake and exhaust
(di$nount fron
head) or vafve

cylinder head
and valve seat:

In ject ion nozzle nutti-hole mult i -hole or
single hole for

Lubricating pump plunger gea!ed

Cooling pump plunger plunger or
centr:ifugal

cent.rifugal

Uietz and Weiss reduction gear
(duplex disc)

clutch nultiple fric-

Posi t ion of opposite side
of clutch

bui lder)

clutch side
(output side

38. h1nt is the geneyaL nethad af co|,?ectiltg the oa.loe'tifting af anengin z unde! the follouing conalxl,ona :

(1) If the taLte opens ea?l! and closes Late ?
(2) If the pal.te opens Ldte and cLoses e@,L! ?
(3) If the Dalte apens ea?LA and closea earl.! ?
(4) If the tal'e opens Late and close| Late ?

Refer to Figs. I - 4 belor/r.

{1) The valve clearance shoutd be aatjusteal ro larqe by the
adjusting screw. Another possible answer: is tfrat_ tt e
length of rhe push roal should be shortened.



(2 ,

(3 )

Th6 valv€ cl€alance should b€ lauust€d to dall by tbe
aatjustlng screw. or the length of the push rod Bhould be
lncleaaed.

The crankshaft (pinlon) Bhould be rotat€d (advanc€d)
accoldlng to the englne rotatlng direction agalnat
crishaft gcaE (or calEhaft g€al shouf,d be d€layeal by
one or trro t€€th). Il|a probleD arisea fr@ ld.sass€dly
of the g€.ts of cansbaft atd cranksllaft pinlon 9e.!,
Fhen th6 counter rarLs of 9ea!6 do not coincltlc.

The crankahaft f'tnion ehoult be lotateil in reverse
alireetlot of engin€s totatlotr against callahaft g6rE.

-42 -

\.."*" !1"ro."

(4 )

oPen
\,. @

close .ropen \ ,cl,ose',L{i'
\\ 1,,
V,

close

Flg. I E1g. 2



39. Deset:ibe briefLg the effects of oaLoe tiitiflg.
hhat ole the keg pointe to dljust ?

(*) Key potnt to adjust : close tining should be accurate for
i"ntake valve.

Open

early fate early

Intake vaf,ve No crucial effect on
horsepoi.rer within 50
degtees tolerance

Reduces the conpression
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Open ( . ) Close

early late e.!ly late

Exhaust
valve

_ 1o6s of
ho!6eporei

- alanage to

- hlgh
etdaust
tenPerature

- €uction of
ne$ a1r
reduced

- loss of

No cruclal effect
horsepo$etr within
aegre€s tolelance

5o

(i) Key polnt to adjust : open tidng shoulil be acourate fc'r:
exhaust valve.

40. Ihe r,abLe elwae a tgpia.L ualoe diagat of a  -st"oke eng'ine.

A4auer the folloring queetions,

fntake ,aZoe Ethaust ta,Lte vaLue cle@ance

Opetu Clo\e

BTDC ABDC

7so 3oo

Operr Close

BBDC ATDC

4so tuo

0 .4  nm

7. floo nwry degz,ees i,e the angle of openit tg of i.rtol<e valoe ?

2. Hou nwry degreee ia the angle of openhrg of, e*haust 1)d1,r)e ?

3. Eoo na g degteee ie tle angl,e of, ooe"14 uhan oaloes @e
open oinwltaneousl! ?

4. Ean n@n! deg"ees io the argle ahet both laloes @a cloeed. ?



l .

2 .

Angle of openlng (rntake) tso

Argle of opening (Exhaust) -

overlap 15o + too = 25o

a) No.

b)  No,

cylinaler conpre6sion mC,

cylinder suction rDC.

+ lSOo

2350

30o - 2250

4- Both varves closeil 600 + taoo + 45o = 2850

47, In a 6-cV7,i.nle!, 4-st?oke enBi,fle, ae aaitue that both the
intake oaloe dtd the eahaust oal,ue of llo. 6 cyli.nde" a.!e apen at
the ̂ s@@ ti.ne. dif thie englne b!@tkshaf tu"ns d. f,lotlret
120", dhi.ch cvlinde? ie the eareet to the cotnpreeaion top dead
ceLter ? b) Both intake and, eslbllat lnloe of dhich cfli.nde"
open togethe? ?

Ihe cotbueti.on o?d.er. of this elgline iB 1-4^2-6-3.5.

Co bustion order I-4-2-6-3-5
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In a 6-c!Linder, 4-sttoke engi.ne Io. 4 cllinAe" itutake oa,Loe io
open at the tAne Dhen No, 2 cgli,nder irtake oal,oe ie juet
begiftling ta open. tlhdt ia the cotnbuetion ozd.et of, thio engi,ne ?

1-4-2-6-3-5

0 120 240 360 480 600 120
t t t r t t l

r l  cone?** |  Ex + Ex qs". I  suc Intotttll l
4 *. *suc $ c*ni.* | "* + * 4)
ltttttl' l * f r'. Q s". | "**c*'r I c"'l I

" lo |  |  |  |  |  |
a(p s". I c*'n Q c"",u I r* 

f 
n* 

| 
*" 

Qllllrrl
sQ co".u I e' _| e* Q suc { su" I .-'n I
ttttttl

el E( Q suc I sue | "*,n ?.* I Ex 
I

T-.-r--;;;lNG r-3-5-6-2-4

" l'3-2-6'4'5 
NG r-5-3-6-2-4

" L-5-2-6-4-3

This problem iB a 1itt16 haralet than the preceding one, The
best way to finil the conbustion older is as follons:

(1) Turn the flyrfteet anal obselve the lnjectiqr plunger noverrent
oraler which indicates the flring orde!;

(2) s€e the engine name plate or instruction book nhele cambustion
older shoulal be indlcated.

No.

I

No.

No.

I

No.

No.

No.

Note !

l-4-2-6-3-5



Itu a 4-culikder'  -stroke engina' both the intake value atd the
exhanst iaLoe opetu @t No. 4 eglinder: ahich cglinlerc' oaloee
are open ?

lhe eonbueti.on o"de" is 1-2-4-3-

AnS!.rer I

i2oo + 4 = fSoo interval of cofirbustion

rSoo 360o

civen conilition

oo

N o .  f ;r(I Cdnb EX ) Suc
"*,

In
Ex

o
c e\ t"," E su6

N o . 3
I n
EX

c
o

EX

+-M-
Suc / " *

N o . 4
t n (
Ex )

Io Suc
""",n )

rt",* Ex

54oo ?zoo

rntake valve @p"r) +M stt*t"

Exhaust valve l]pe^) <W sho,ts

2

3

Q suction top

O conpression top

c  . .

o . .

fn a 6-eylindet' 4-stioke engihe, a6s1r e that No. 2 c\Linde" is

at su-t ibn of top dqod eonLev. Tf this en4ine (erankshofL)

turas a {u?ther 120", uhi.h eyl Lndcr is lhe 4eaPeaL ta Lhe
.or*nn""io, tap dead cente! ? Both inlet oaltes and eihauet
oaloes of Dhi;h calindefi (0) open tagethe" ?

The conbusti.on order is 1'5-3-6-2-4.

4 4 .



45 ,

q

Ans .  
1 I .  

No .

[ 2 .  no .

3

4

- 4a -

cylinde!

cylinder

compression top

suction top

In a 4-evli,ndpr, 4-stroke engine, assune that No, 2 cvlinde" is
at suction of top dead centeL If thie engine (ercnkehaft)
tums 1BA" nore, u+at ;,s the stdte of No, 1 cyLinder's taLues ?

The conbuetio/t orde? 'i,6 1-3-4-2.

0 3 5 2A

No- I
IN

EX

c

o
8xs I f

o
Suc

{*

N o . 2
EX

o

o
Suc '*) y'r*'n F-x I

No. 3
I n

I
Ex

c
)-c. Con Ex ( t Suc olp )

N o . 4
I N

Ex

o
c

.-')l (  . ,n Ex suc

Qsuction top

Oconpression top

TDC 720 240 360 600 20

N o .  I EX EX Suc co.o I I c",n"

No. 2 ( ) suc _suc ."*tcofirb EX E x (

I corb "*l ) , . ' J  Suc . SucN o . 3
"** )

N o . 4 /sI suc */ c*p \ / ""* Ex

uo.s l {"4
" \

-t( , strc suc c"np (

no. t/ Suc comp I / " * Ex D ( ( suc

2
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46. lhe e@t ge4" of, d 4-Etrcke eng.ne hq' 36 teetht the edral.Bt
tnloe oloaee 2f eelg @rd. opens 20u e@Ly: lwa oor tlu
tini g be oonvateil ?

one ievolutlon of can gerr (3601 corrosponils to 36 teeth (cogs)

I tooth (cog) ' J9l = 19o

I'heref,or€, 2oo corrcalnnila to 2 teoth of the can gear.

In oral€r to correct ! 2oo nis-tinlng, tlte car| g,ear shoultt b€
dalayed by 2 teeth (or the cranksluft shoulit be turned in reverse
direction by 2 te€th of lta gear),

Note:

This ls e concrete exanrple of Q. 35.

The eehaugt tal.te of d. 4-etroke engi,ne u;.th o, 32 ern f,Lguheel,
opena 50,8 nn as neagured, on tle flwheel befo"e the bottdn
dead. centp?, @rd cloaei 12,7 in ditet the top ilead. cente+
Horo nany degreee ie the mgle of opening 7

lte angla of 9L (open erdraust valv6 befoEe BDc)

0 l  5 .08  ^  s .08  x  360
r#=ff i  .r- i t ; t : i .  = ls'2o

- I2.7 ,r .360e2 -:t-=:fi:- = 4.s5

e2 (clo6e exhlust valve after TDc,

Total angle of axhaust opehlng

lA.2O + l8O+ i! .55 - 202.80

47 .

cLoae

lDc
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48. a) Holt i,s in;jection tining checked ?

b) hhat are the effeete of ineor"ect thnitug ?

a) The methods of checking anal atljusting lrill differ eith the
engine type. Consult the instruction nanual accordingly.

A general nethod for: Bosh tt'pe engine is as follows:

(1) ltle contlo1 rack or operation leve! shouLal be positioned to
neally naximun porret anal lhe screr, holder should be
disassenbledi

(2) Take off Lhe delivery valve and jts spring;

(3) Reassenible the scre!, holaler;

(a) @en the fuel cocki

(5) l\rln the ftywheel until the fuet just stops flowing
(LIrs l@srLLon rs Ene nonihal fuel  ih ject ion posit ion;

(6) Check that this position coincides with the nark of fuel
injection on the ftwheel exactly.

b) Effect of inadequate injecrion timing

/ l  I  r f  + h a is too ear.ly the engine loses power
anal sonetj_rnes induces aliesel knocking,

(2) If the fuel injection is delayeat the engine afso toses
holseponer causing incohplete cohbustion anal the appearance
of black snoke.

Note: Generally, the tolerance of fuet injection tininq is + 1 ategree

49. Hod nu.<th toXelance ie peTrni,'sible fo" the folLotrLng na;jor adjuet-
mentg in an engiie:

1. Injection tining,

2. Value ti.fting,

3. Diffezenae of echau€t tenpelatw.e bet een cllihde?s at
lated ho!€epobe?,

4, Clearahee of, era\lcpih dkl. its beaz"t g,

5, Def,lecti.on of a:ankehaft.



fhe value8 aliffer sdewhat at€p€ndlng otr the hake of the eDglne
but ln g6neral they are as follons:

1. Rrel injectlorl tiBing tolerance ls ! lo

2. valve tLning t to- 50
end valve clearance - 0.1, Im

3. DlEferences of exhaust tengGratules betceen cylinalerE wlth
englne type (the in6truc!1on lrrnual shouldl be consulted, but
generally a 15 - 20- c w1II be p€rtdsstbl€)

4. Clealance of crankpin and lts b€arlng (ln general):

at - stanilalil dirrlcter of pln

Itl€ [aterial of beating ..... . *hLte rEtal

.3 r0' 10000 roooo ', -

,  l 0  l 4 . d( 
166* 

- 
liboo ,- k.la.t lEtel

tepalrlng tinit appr.oxlnatcly 0.13 + 0.O01d

5. Deflectlon of crankshaft

I

i6;66' * r 3 .. ... atloke of, engine (mr,

Repairlns ti.I'it is i6ft6'x s

60, ,lhat is the. irpo?tturt poi.ttt i.rr convetting a tpad oehielc tlt eeeL
eng'itle ittto a rwrine eng:ine ?

. Genelally speaking the engin€ trhlch 18 used for roaal vehlcles
should have Lts lnaxlnrm ho!6epon€! roducod by et 1€ast 20 p€rceDt by
reattalnlng the maxlnum tnjectlon quantlty o! lnjectlon pump, othe:.wlEe
engine tloubles n19ht occur because of heavy load. Alternatively, a
Iighter pl.opeller ghould be usedl for tha Eane reason.

And clutch capaclty €hq tl b€ ce.r€fully d(dlneal. See alEo
guestion 51 on clutch capaciti.
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57. Wt ie the cllttch ca4cit! ard hod is it caLculated ?

Nslej

See also 0 50 on hov to convert a road vehicle diesel engine
into a rnarille engine.

fn qeneral, the clutch calEcity i5 tndlcaCed by the nard[tun
torque (kg.m).

If the clutch capacity is snallel than the lraxihum torque,
slipping r,i1l occur and the clutch will not be able to transrnit the
horsepo,ver of the engine.

Therefole the capacity of clutch should be 25-35 pelcent large!
than the rnaxinun torque of lhe engine.

The principle of clutch

The figu!€ aholrs a friction plate
urhoae dian€ter is 2R with the
hole dianeter 2!

$naf,1 a:iea .... A at x (raalir.rs
= 2 1 I x . a l x

TA . . . . .  lorque of cenue 0 around

tA  =  Axx

Total- tolque of friction plate A x R

(n 
": -z

l xn -  I  2n r . . l x . x  =  21r t ; -  i  1

s f i p  t o l q u e  . . . . .  T c  ( k 9 . @ )  =  A R x ! x q x z

friction plate
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fr ict ion coeff ic ient 0.1 -

contact pressure t<g/c* z -

numbex of friction surfaces

0.3 var les accodl ing to

- _  2

c  
=  A R x u x q x z (1 )

E t  , . . .  E n g i n e  m a x i m u m  t o r q u e  ( k g .  . l  =  - E ! ! -  x  7 1 6 , 2  . . . , .  1 2 )

. . . .  ens ine  ( r t rn )

E, :  T-  there is  no s l ipp ingi f

T
_9 I . 4  =  e . . . . . . - .  s a f e t y  f a c t o r

F r o m  f o n n u l a s  ( r )  a n d  ( 2 )  A R x z x 0 . l  x 3 . 5  :  
i x  

1 1 6 . 2

final AR by enpirical nethod by tr:ial and error.

assutdng z = 12, A, 6,  (nunbe! of f r ict ion plate x z)

(1) Request the clutch manufacturer to proviale a catalog
with the clutch capacity diasram (r ' ig.  I ) .

choose the nost suitable type
accoialing to the aliagram.

BEP .. .  -  engine output horsepower

input ----> (rpln)

clutch capacity diagraln
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(2) Ib 861ect a clutch Lt La not suff,icLent io exald.ne only
torqu6. The fol,lorrlog ltens ahoulit be exanired.

!. lorque anal totaL connecting toount of eork.

2. Initial Frioit (l.n aecoiasl bofore ful1 operation ls
attalneal.

3. Digposal of genent€d f,rlctLon heat.

4. rhe tife of frlctlon Dlate.

62. tlhat l€ the cause of eaoeeeive engine &bwtion ?

Exceaa:ve vibration nay be cruaed by any of the folLdLng
Lctorat

(l) Engine bed r|ot haril €rbugh or ttghting bolts a?6 iL.fieg€tlt

(2) qreration at crLtlcal qreed ir tch cdes flom tor.slonal
vllration (rnanlfested eapeclally as gear noise) t

(3) Overloadingt

(4) Ehqlne knocklngt

(5) VarLation of naxlnun colbuqtloh pressure betrreen cylinders,

(6) Increased clearance of bearlngs, of, tlanageal boltst

(7) cfturders Frn outt

(g) Incoq)lete coabustlon ln cyll$der€.

llot6! ltre alpunt of crank alefl€ctlon shoulil b€ checketl.

53. Hdt is the torai.onal vibtation etueBe of, the tarhv engine
oqloulated ?



DroDeller shaft

iate s

crankshaft

The cafculation is
indicated by (r)

Equivalent

327

shoen by the flo chart. stress is

crank

clutch

Equilibrtutn anplitude (ost)

57 .3xAxRxc i xB  , ---- ,o"n,
o2 x [ lB 2

i , . . .  1

I .

2 .

3 .

o r 2

Vibration stress (t) 25o kg/cm2- 3oo kg,tcn2. Maxinun vibration
stress occurs near the node.

Twisting naximrn angle shorld not exceed t 0,3o.

calculation of,
equivalent shaft

( [ )

cafculation of
rnonent of pol,ar
inert ia ( I)

G = lrodulus of

Phase d iagra ln calculation of natutaf,
frequency of vibration
(by HOLZER nethod)
(!r (one node), llJ2 (two node
(lri) : angular velocity

(radlsec)
Angul.ar ahplitude (B)
torque (t lor 'B) ,  A

t rB,

cr i t ical
frequency (f)
( c . p . r n .  )

order nunbe! (n)

!esuLtant

( rB)

anal is is
(c i )

Bore of
engine

vibrat ion stress (r) Fesonance factor ( I )
( 2 0  5 0 )

i  -  \ i , t  -  l ( t l o ? B )  n a x  x  e : - ( k s l c n 2 )st
i ;  x  s7.3

usual ly calculated by a prograheal electronic corFuter.
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54, Holn is the criticaL speed
obserued in W,actice ?

of lhe nain engine ealculaLed and

where .. . . . .. natural frequency of shaft system

c.p.m, = cycles per ninute

Elilgb: Refei to the table of one-node anal two-noile vibration of
6_cylinder 4-stroke aliesef engine of loo ps,/L4oo rpn'

normal (revolution) neutral- ( " )

( c .  p . n .  )
r0t7 4234 r019

3948 1 2 7 5 A 5 5 3 6

(these f igures were obtaineal by Holzer method, using an
electronic computel)

cr i t ical  speed (rgn)

3948

This means the critical speed
nonnal operat ion ( I40O r l 'n).  I t

f lywheet

For a 6-cy l inder ,  4-st loke engine,
order nunbe! is as foUovrs:

naturaf flequency (c!)ln)
critical speed order nuliber (n)

criticaf speeal = 1,316 r l 'n

of
arounal 1,316 rpm is
shoulal be carefully

prope11er o
T

the nost dangerous cr i t ical  speed

3 ordet

7.5 order



-  5 7  -

cenelally speaking the critical speed is indicated on the
tachonetex by a red line, and if the engine revolution reaches this
red line abnonnal noise of gear nay occu! because of resonarce.
(Bevolution should be quickly increased or decr:eased. below or above
the red l ine on the tachometer).

there anA neasure s to aooid torsianal Dib"ation ?

By dynamic alamper( 1 )

By adding a nel' vibration
node locat ion (Rl ,  I1) .  I f  l re  choose

coincide lrith ur the anplitude of RI' I
equal  force but  of  reverse d i rect lon.
dynanic danper.

(2) By frictlon darnper

Resonance energy is absorbed by th€ cohesive fesistance of

s i l icon o i l .

(3) By rnovj ng the critical sPeeds far:ther a'av from the engine

speed for ordinary use, by chanqing the dinension of its
system estinateal frequency by originat fornn.rla {a)

systeg_Rd, Id against  the in i t ia l

d =J# f" ' . .  of rosin ( lJt to

becones zero anal Rd, Id becomes
such addi t ion of  Rd,  Id is  ca l led

Si l icon
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fac:Jfu (a) .... inoalulaa of elaBttctty
of shaft

. . . .  weight of fLlr l rhee1

.... illameter, of ahaft

.. . , length of shaft

. . . ,  radiu5 of welght

w

L

56 .

see Flg. 1 below

To lncrease crltical r€volutlon:

(I) Ineeasilrg the dlaneter of the shaft

(2) Decreasing the length of t-be slFft

(3) hcleaslng the rlgldity of, the stEft (G) by changtnq
naterial

(4) Decreaaing the \d€lght of the fllwrheer and counterseight
of the crankshaft.

Ftg. I

l,lhat h the eauoe of pi,stofl etp@toiorr t"olble ?

ttle cause of troubLe nay be a€ follows!

1. Defomation of cyllnder or piston ehen cylintleli llner is
nounteal,/overhauled or r-ep1aced. the difference of inside
alianeter should be r,rlthin a certaln titnit such es O.O2 rnn
at the top, niddle and botton posttion, neasurett l,t' cylinale!
gauge.

2. Overloaaing for a Long perlod or abnornaL cohbustlon such
as high cqibustion plesaure or high tedperature.
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3, A wlong combin tlon of plston anal llner, causing the
cle.Eanc€ of line! andl cylibaer to becc'ne 5na11er than
lecoftnenaledl by the rnanufactuteli thlE occurs espocially
when the liner or piston ar€ replaced.

4. Gferheating or lack of cooling uater, especially when
slowlng down suildenly aftef, a long pelioil of ov€rloadlng.

5. Too nuch carbon deposit from Low qualitt' fuel ot lubricating
o i I .

!9!gi In general, the clea:.ance of piston andl llner (D) should b€
aPProx imate ly t

D +  o .o3m+D(BAr  -gA )
P  P  c t c

67, d hhat a?e the edte"rral oigns tLtat d c!|inde" l,i,nen ie aortt
out ?

b) When ntust d cllinder llnet be repXaced. ?

a) I. ltre conpression pressure and horsepower ilecrease anal there
is an increase ln leakage of conbustion gas fyon the piston
ring.

2. Lubticating oil deteriorates fast€r anal its consuption is
increased.

3. Cornbustion of fuel becones bad and consuiDtion lncreases-

4. T\rrnlng of flfllrtteel by a turnLng bei becones eagier because
of lack of corrpreBsion pressure. For rmder 250 rm bore of
engine, the cyliniler liners nust be repllced when approxinately
I/IO0 of dianeter is r,rorn out.



b) For a lalger ilianeter bore the lbd.t is slren realing otrf
reaches 8/1OOO of the orlglnal boae. ff tl|e ltne! is chr@e-
plated the limit ts when thi6 plated €rrface ls woln out or
paltially strippi:d off.

58. Ildt nrach of gap i,s necesearg fo| the pi,storr dng tith 30^0 nvn
bo"e if the z"ing tempe"oA8e ia euppoeed to ?ioe bV 12fC ain
the erp@tsi.o4 coefficient of the 

"iflg 
i,o 11 t 10-"?

The clrcumference of the ling's oute! surface i6

T x D  =  3 O O  x  3 . 1 4 1 6

- - - oolMrence ot tenperatute : J-zu ,

Ihe totaf anount of expansion of ring

300x3 . t4 t6x1 Ix t20
r,ooo,ooo 

- = r'zs'r tml,

Then, the lniniftrs iinq gap ls 1,244 !rn.

59, d what is the etafid@d, Ei.de cleuarwe beaneen tLe piiton ?Lhg
atd. pi.ston gzoovee ?

b) ,Ihat is the stanlttd, pi'ton ying gdp ?

ahe reccnmendeal side clearance cln b€ found tn t}la enqine builaler'g
lepairing manual. rn general it shouLd be aa follolrs:

(a) side clearance for snall englnes (bore size unaler 35o m0
is approxjnately 0.05 l.

aor engines whose bore size is ovel 35O m it is apploxinately
as follcirs:

lst antl 2nal ling

3ral anal over

0 .08  -  0 . lO  m

0 .o5  -  0 .06  mr .
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(b) The ring gap should be dectded accordlng to differences
of tenperature betlreen rj-ng anal liner. Sectionaf view of
cottunon types of ring gaps are iflustrated in A, B and C:

x Bore (rm) (straight jotnr)
(steP

x Bore {nnn) (Ang1e

60. Emne?ate the nain eharaeteristLcs of a gooermora tlnt det"nrrne
rne ap?r1ee oJ 

"ont?oL 
oJ lne e4q14e.

N o - N r
p = _-fii- x 100

(2) Isochronous qovexnlng: the speed of engine ls truly
constant at a1l 1oads, l.e. there is a p€rfect speed
requlation with zero speed dloop.

A 
----n Drml b7-

--i s l.-
B 

----%*w/78-

.----wwnqswil-
-/"L

( 0 . 0 0 2 5  -  0 . 0 0 3 5 )

( 0 . 0 3 5  -  0 . 0 0 4 5 )

Diesel-engine governor nust have certain character ist i  cs to f i t
the type of load of a particula! engine.

(1) Speed drooo: a decrease in the speed of engine fron no
loaal to full foad, usually expressed as a percentage of
normal speeal or sornetines of average speed. If the speed
of droop is alesignateal by p, NO i.s no-J.oad speetl Nl is fuII
load o! rateal speedl.
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(3) Sensibility: the change in speeal necessary befoxe the
governor will make a correcti.ve novenent in the fuel
supply. It is genela1ly expressed as a percentage of
the nornal ot mean engine speed r the snaller the vatue
the better.

(4) sEabi l i tv or abj l i ty of  the govelnoy to naintain the
required speed lrit-hout fluctuations or I'huntingr'.

{5) Minimal Huntinq. Hunting is the continual fluctuation of
the engine from the lequired speed, even when the load
does not change.

(6) Pronptness! the speed of action df the govelnor, usually
expressed as the til|e in seconals required for the governor
to move the fuef control mechanisn.

( ?) 3g9I_91_j!9-9999:: the f orce with which the sovernor can
overcone the iesistance in the fuel control nechanisr,,.

Ig€! Thexe is a kind of speed droop which is indicated by the
instantaneous speed change (6)

d = ----:------: x 100
r

where Nr .... naximuh speed at the nonent of no-load speeal from rated
speeo

Nr . . . .  rateal speed ( loaded)

this 6 sbould be within 2Ot for the nain narine engine and after
setting of no-load speeal. the percentage of increaseil spe6d should be
within lot (Japanese governnent safety tufes). For auxiliary engine
the vaLues aie l0g and 5t respectj.vely.

61. hat is the eas! &ty ta detetmine the qualit\ of, dtesel fuel oi.L ?

(1) The analysis of dieseJ- fuel oil is not easy to carry out,
insteaal, we should conpare the component tables provided by
oif cornpanies.

(2) Specific gravity is an essentiaJ- factor in judging the
qualj.ty of fuel o - it should be as snall as possible
( 0 . 8 8  -  0 . 9 4  a r  1 5 O o C ) .
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(3) lit|e prasaitce of eci.tls d clultIc subatenc€s cam elally
b€ at€taotail ul.tlt lt tluB lrpc!. An Lnaltcatl.on of, acld
lnorna that the fuel coDtalna Eulthu! sbldh acc6larat6a
the w€a! of, cylinder llnrr6. If, a ceuatlc lnaucetLon lE
obtaLn€d, lt Elgnals ash cont€nt llr the fuel,

(4) Tlte satar c(rrt4nt can be chEck€d by preclpttatl.dr l,n e
ghsa tast tubc.

lhe table baldr shos6 tbe Lfudttrg laqitlrerents foa dlesel fuel
olls acco[dLng to ASTI,i (lrrtcan Society fG festing uatedals).
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62. Eoln do ae choose Ehe opp"apr"i.ate Lub?icaLi.ng aiL ?

ltre engine builder's instructlon nanual usually gives the
API service classification anal SAE viscosity nl[ibe!. Refer to the
tabl.es b€low for selvice classification nuhber anal SAE vi€cosity
nuniber. Note that SAE Nos. 30 a$d 40 are recdErendeCl for troDical

Selvice classification

I€ttet
designation API engine servlce alescription

Light duty diesel engine service

service of aliesel engines operated in nlld
rnoderate aluty with high quality fuels.

CB

Mdelate aluty diesel engine service

selvice of aliesel- englnes operated in tdld
noderate duty, but trith lower quality fueLs
r4rhich Decessitate nore protection fron wea!
and deDosits.

cc
Moderate duty aliesel englne serwice

service of lightly superchargeal diesel engines
op€rateil in qderate to sevele duty,

CD

neavy duty aliesel engine service

Service of supercltarged aliesel engines in
slEed, high output duty requiring highly
effective control of ljear anal aleposits.

high
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sAE vlecosity Nunbers for Crankcase Lubricating O11s

Tle ptgosw,e g@tge shoDa tlat the alt preeaure in frie tank is
14k/an' at 6t@tAard abnogphele. vhat LriLL the gauge ptessuxe
be if the uol*ne of the tank ie datbled G,.e, if, tle ta.nk ie
corutecteil to qDthe" tdrk of tlp s@ne capo,cit!) ?

An3ger: PV _ P'V'
t  r '

( I 4+  1 .033 )  xv  =  P rxx2v

p ,x  =  l ( 14 .  +  r . o33 )  =  7 .517

gauge pressure = 7.5I ' l  -  1."033 = 6.5 (kg,/crn2 )

83 .

caT.culate the tenperutwe ("c) i'f^the p"essu"e i's increaaed fron
notrnal p"ee6u"e, at tenpe"al ."e 0-C to 35 kg/cn", (fhe e@nptession

SAE
viscoslty

nuriber

viscosity ratlng (Centlstokes)

At ooF (- 18oc) At 21OoE (99oc)

Min lla* l,|ln !!lax

1 .3

IOW 1 . 3 2 . 6

20!l 2 . 6 ro.5

20 5 . 7

30 9 . 6 12.9

40 1 2 . 9 f 6 . 8

5 0 16 .  a 2 2 . 7

84.

P4XLO L0 r /  t6 / .
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Ansrter:

P - l ' .O33

T = 273ox

P =  35  +  1 .033
PV P IV '

T  T '

I .O3 x l3k _ (35 + 1.033) ,.  1k T,x _ 732.50 K
273 rx 

,"tx = i32.s - 213

- 459,5oc

65. A dnn of dieeel fueL dtose irtg! tohnw (eqocitl ,ie 0
Litere e-ontains lbo Lite"s of fuel dt 1oc and nonnal
atftosphe?ic pteeeure.

k) Calanlate the pre86l&e insile the &utn dt 30oc.

(b) Caleulate^ the pPessute i'f esp@tliorr coefficient of fuel i6
- 

0.000?,Fc.

Apply the Boyle's attal Charles's 1a$a:

( a )

P V  _  P ' V l
T  T '

].s++Zg.! = ;;5.;,3f

p,=3f l - l - !9 -1 .1se

cauge plessure = absolute P - Iat [  = I . IO9 - 1.033

= 0.076 ? Ot *g/a2
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(b)

x Ir  . . . . . . ,  expanded volure

^ l
x "  =  180*xo .oo075Ax30"c  -  4 .o5 -

P V  _  P , V '
T  T '

f  i .  20 _ (2o - 4.05) P' ix
2 7 3  +  3 0

!.39 kg /cur2

2 7 3

- _ _  2E U. J5 kqlcrtr .

66. At 2goc the pzesewe in a tolk i,6^ indi.cated os 26 k4/cmz. If
the tenryvatttze is reduced to 18"c' dhat ttill be the p"esaure
in the tartk?

27 .033  xv  P ' xv '- f f i  =7 '3 iu-  i=o-

p = 2' t .O33 x 29! = 26.05 kg,/cn'  abs

gauge pressule = 26.05 - 1.O3

gauge pressure = absolute p - 1.033 kgl
2

ooc
standlard cdrilltlon I at 3O'c

voluln€ 2 0 0 ! - 1 8 0 L 2 0 l - x t

P = f , a t h P ' x

Absolute temp 273 + oo(t) 273 + 30 (oK)
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8?. It td*ea 40 minutea to fullu choqe tle ai" t@rk uhoee ooLtap
ie 10 nf at 30 kg/anz Titeeeitre, big o4"dfi g c@ttpraoEdl
dt"iven bg a dip*L engiae. Calaulate the aqaciQ of &i.e
oonp?ea6a? ha/H wdet the foLToDi.rlg cqtditione:

(i) NorctML ahnoapheric p"eeawe (1.033 kg/dnz );

G'i,) Ef,fici,ettcy of caip"eeoo" i,s ?07i

(i,i fedrperctre of ai? auaked in bg catpteeeot ia 75oC;

Gd fenperabre of i47et port of, ai" t@rk i.B 21oC,

Anaw6!:

PI = I .O33

TI = 15 + 2?3 - 28goK

vl. - al! volrnne (accuDulated ln 40 ninute6)n3

P2 = tank frressure ! 30 + t,o33 = 31033 tcSilc:tl2

T2 = te$IErature of eir tant = 2L + 273 = 2g4oK

v2 = volurne of air tank - IOm3

PlVl PZv2

Tr T2

.. 
'2 * !242 3r.033 x lovt = :Fjl3 = 2s4.2s,3 tn !|inl

2sa.2s s. * 
= 441. il3 (n371,)

4{1. {3capacrEy or .lr c@Irra33ot --n:t- = e:o.e 
"lrr,

68. C;?leul4!a the -pteoeu',e @d tenwvt$e ndet, the condittone (a),
t Dt -@1d (o) glitet beldn, if the ititial coad.itiona @e as
JOL LAna:

U) Initiat volwv of ant (vl ..,,...,.. B0 Liteno

( i ,  .  In i t ia l  tenpe"qaue @l , , . . , , . . . . . .  l fc



Gi . i )  Cary tees io t  tq t io  (  E)  , . . , . , - . . . . . .20

h) foothenu.L chotge
(b) Adiabatio chotge
(c) PolyttoVic clrozge

vr
(a) erco e = J vr = 3ol = o.o3 n3

_. 300
v- = I = +9S = o.oor.5 n3
" 'z

IsothernaL change PlVl = E2V-

presaure: 
", 

= +9i56i#g - 20.66 (ks/ca2,

Teqbrature: There is no lempergture change because of LBotherEaL
change

- - - - t ^ o -

(b) Adiabatlc change

v. -
P. = P, (- ; l  )K lvhere k of air  is 1.4

k = *

=  f . 0 3 3 2  x  2 o 1 ' {  - : . . o l t z  x  6 6 . 2 8 9 0 g

(spectf,ic heat at constant
preagu!e,

Presgure: P2 - 68.48 (kg'lcr[")

* Uae an fx - nodel scLentlf,ic calculator.



Temperature after adiabat ic complession . . . . . . . . . . .  T2

v, -
r? = r,(+ )k-1 = (ro + zlsl x za!'A-r = 93e.ok

tZ = tZ - 2'73 = 665oC

(c) Polytropic change

P r e s s u r e  a f t e !  c o r n p r e s s i o n  . .  . . . .  . .  . .  , .  . . . .  p 2

v.
P"=P, (+)nn- r .3-  -  v 2

pz = I.olzz * zgf'3 - 50.16 lkg/c^2, (n = value of, the e:{ponenr
of polytropic change)

Tenperature after conpression T2

v-_
r" - r,(-+ )n-t = (to + 2i3) x zoL'3-L = e9s.z

rz- 695.2 - 273 = 422.2oc

The sumnaly of tlle above resuLt can b€ tabulat€d as foffows:

Isothermal change Miabatic change Polytloplc chang€

Ccepre.ssed pressure 20.66 kg/cb2 6a.4a xg/a2 - ^ - , -  2

Tehp€lature after
looc 665oc 422.2oc

Polytropic change ls slmilar to the actual cycle conditlon of
an oralinary diesel engine.



69 . Ea doee a chdqe in the diarptet otd tle pitoh of a p"opeller
affect the eng:ine teooT'ution ?

D H P  a  n 3 ( D  +  P ) 5 * (1 )

D H P . . . . . . .

n . . . . . . . . .

D . . . . . , . . .

P . . . . . . . . .

alellveleal holEeponer

propeuer revolutiolr (!p0)

aliameter of propoUer

Pltch of propeue!

chahgeal atianete! aDd pitch

* Note

DllP =

f lob ( l )

thrust xY . n2D

i r3 (o+p )5=n3 '

approtdnat€ ly ' if engiDe
horgepoue! is the same

thrust a 
' w2s * (no)2 x D2 . n2tj4

4 " o D  =  , r 3 D 5

(o '+  r ' )  5

3 '  3  ,  D  +  P ,5-  "  'D '+  P r '

El.anp1e:

A srnall FR? boat ls eguipPeil wlth a propellei whoie dianetet ls
560 @ anil pitch 16 57o, anal an englno wlth the Dati[u! !€volution of
22OO rla. rhe plolalle! {s tlaDagetl atd lrrs to be rePlaced Lt' a new one
rho6e dianeter tg 640 @ end ure pltch 57o. nhat 15 the exPectetl
levolutldr of tlle englne wiur tle new PloPeller if the bcsefbttet xci.Lns
th€ sare ?

,L' - 2220,. ilm = 22oo x(##); = 22oo x ','7o

D +  P  . 5
D r +  P I

Anawer!

(tie actual obaerveal 4)m r'as 2550 rpn).


