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Evorr;ro 5
Arepyooieq evotrAoyfig oepiov

To xegoloro ouro efero(et rtg 6repyooieq erooyoynq xot efoyoy4q orouq 4xpovouq
Krvnrnp8q, xo96q xor rrg 6repyooieq ononluonq oe 2xpovouq xrv4r4peq. Or orepyooieq
evolloyrlg oepiurv pnopo0v vo Fe,\rroronorneouv 610r rilore vo erooveror n U6vrorn 6uvdn
nooornro o6po orov K0trrv6po oro nlqpeq goprio, xor enopdvoq vo peyroronoteirot 4
ovonruoope4v4 ponrl xot royuq. Onulq go ovolugei otnv svornro 12 unopyet 6uvorornro
noponipo ouEnonq rnq ovonruoooUavnq pon4q pe unepnMporon. Irnv evornro ourrl opotq
eo ooxolneouUe onoxtrerorrxq pe xv4r4peq guorKnq wonvo4q.

5.1 ArEpyooieq erooyoyrgq Kor eEsyr.ryng orov 4xtovo xNnrnpo

:Tov P8v<rvoKrv4r4po 6vo runrK6 o0ornuo eroovovnq onoTeloiTor ono ro gilTpo odpo, ro
xoppnurorip n rouq evxurnpeq Kor r4v nerolou6o rou yxo(tou (entroYXUTR), Kol rnv
nol qnln erooyr,ryrlq. lr4 dtopxero rou eu8ofuoUou atooyoyrlq nopor4po0wot ond)leleq
nieonq Ko0dq ro lliypo nepvoet ro noponovor rpnparo rnq eEoYtlYnq. Ynopyet 6e xot 1.lio

nopondpo m6on nieonq eforriog rou xovo.\toU Kot rnq 9olpi6oq etooyoy4q. To ouor4po
eEoyt rynq ouvngoq onorelairot ono rnv noMon,\4 e{oytly4q, rov xoro,\urrx6 perorpon6o xot
6vov 4 noponovo oryoorflpeq. >To oxnpo 5. 1 flopouoto(owot ot 6tepyooieq etooyoyflq xot

etqvoynq oe dvov ouu8oTtK6 Bev4voxtvnrnpo.

Edd or po6q nopouoro(ouv rolow6oarq e{otrioq Tnq oouvexouq ovopog4o4q xol eEoYoYnq

on6 rouq xutrivbpouq rou euBotrogopou xrvnrnpo. flopolo ouTo nol dq oqetg rov
6repyoordrv ourdv Uropouv vo ovotrueo0v pe rqv unoOeoq olovei povlpnq porlq. Kot ot

nreoerq nou goivowor oro ouor4po etoovoYnq rou oxnporoq 5.1 owlnpooone0ouv ypovlxo
y6oeq rrpdq Vro dvov noluK0\vdpo xv4rr1po.

H nrdlon nieorlq xoro pnKoq Tou ouornporoq etoovovnq efoprorot ono rtq orpoqiq rou
Krvnrnpo, rg owrorooetq po4q rr^rv orotyeiov rou ouor4poroq, rn droroun pdoo ono rnv
onoio pder n yolroon, xot rqv nuxvorrlTo rnq Youoronq. To oxnuo 5.1 d 6eiyvet To ovolvuo
Kor Kleiotpo rov BoIBi6L,v etoovovnq Kot etoYoYRq oov ouvoprnon rnq Vovioq oTpoqolou.
H ouvnenq npoKTrKn eivor vo eneKreivowot ol gooerq ovotKTov Bolli6ttv oe Vulvio
peyotr0rep4 ouTnq rou eppofuopo0 etooytlyrlq rot etoYtlvnq owiorotyo, Ue oT6Xo rn
Balrioo4 rov drepyootr,rv nlnpoonq, Kot eKKivtdonq rov xuliv6pttv Kot rn Bdlrlorn
experotreuo4 rrlq odpovaroq rov oepiurv nou neptaxowol oro ouornporo efoyt ly4g xot
erooyr,ryIq.

:e avo o0ornUo erooyoyng xrvnrnpo Diesel, 6ev unopyet xopUnupordp n o0ornpo ll,eKooUou

ornv etoovovn, oI o o0Te Kor rerqlou6o yxo(ro0. Ot xrv4r4peg Diesel eivol ouxvo
unepn,\4po0pevor. lro oynpo 5.2 QoivsroloxnUortxo ot6tepyooieq erooyury4q xotetqYurynq
08 avqv unepntrqpouprevo rtv4rqpo Diesel. Ko0e popo nou ovoiver n Bolpi6o e{oytty4g, ro
xouooipro o6qyouwor or4v rouppnivo n onoio eKUeToleuOUevn pipog r4q eveolniqq Touq
o6nVai ivo oupnreor4 o onoiog etooyer oupntaopevo oipo pdoo orov KUIv6po (oXnUo 5.2).
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lnlakc and crha$t proc6s6 for four-strokc cyclc spark-iSnition cnginc: (a) inlakc systcm and avcr_

agc prcssur(tt within it: (b) vatvc timing and prcssurc-volume diagrams; (c) cxhaust systcm; (y') cylin_

dc. prcssutc p and valvc lift L, vcrsus 6ant anglc d. Solid lincs arc for wid€_opcn throltlq dashcd

lincs for part lh.ottlc; po, ?;, atmosphcric conditions; Ap.i.: prcssure losscs in air clcancr; Ap. =
intakc loss.s upstream of throtilc; Ap,r = Iosses across throtllc; Ap,.,,. = losscs across the intal.

:Xnpo s.1



tltz

lntakc and cxhaust proccss for turbochargcd fout-strokc cycla cnginc. Tha-turbochargcr comprcssor

c raiscs air pressufc and tempcrat,Jre rom ambicnt po, 4 lo pr, I. Cylinder prcssure durinB inrakc

is less than p,. D,rring exhaust, thc cylindcr Sases llow through lhc exhaust manifold to thc turbo_

chargcr lurbi;c T. Manifol'l Prcssurc p. may vary dunng lhc crhaust proc6s atrd lics bctwccn cylin_

dcr prcssurc and ambiant-

:XnUo 5.2

Eforrioq rou ovoryoxletoiporoq rov BotrBi6ov, Tnq UaroBolnq rou oyrou rou xu,\iv6pou' r4q

obpoveroq rcov oapiulv xol rqq 6ro6ooqq KUpqTov oro ouornUoro erooyt:y4q xot e€oYtlvnq'
or 

'nr6oeri 
or4v etooyr,ryn orov x0trrvdpo Kot orrlv EEoVoYn or4 6topxero qurL,v ru,v

orepyoortiv evoMoyqg oepiujv nopouoto4ouv notron^oKeq dtoKuuovoslq. AvotruTtKoq,

unolovtoudq rov 6tepyoor6v ferpeuyer oflo ro oplo rou ouvKeKplpivoa Uoenporoq. :Tnv
npo[11'or 6repyooieq ourdg ouyyo petrertivrot pe epnetptxo rpono Ue Xpnon oIoKInporlK6v
nopouaTpov onorq o Boopog nlnpooqg, Yro rnv exripnon rnq onoEoonq Tov ouornporov
eroovurVnq xot e[oyttytlg.
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52 BctSUoq nfnpctong

O Bo€Uoq ntrnpoonq Xpnotponot8iTot oov avo Uirpo rnq on66oonq rou 4xpovou xtvrlrrlpo
po(i pe ro ouornporo stoovoYnq xot eEoYtlvnq rou 6oov ogopo r4v owfion rou odpo.
Opi4eror ono Tn oxeon :

zth.

P".oVeN (5.1)

Ir4v wotruo4 nou eo oKolougnoot, Uoq ev6ldqipcl n A€rroupYio rou $ev(MoKvnrnpo pe rnv
nEToloudo rou YKo<loo TsIEioq ovolxln (xoun0ln pdYlornq pornq). ouolKo oE ouvenKeg

UeptKo0 gopriou n pon Uo(oq Tou o,po etooYoYnq nEpropi<Erol on6 rnv owioroon rnq
nerotro06oq.

O Boepoq rtnpoonq ennpeoeerol ono Tlq nopoKoTo poroptrnriq nou oxeri<owol Ue rov
oxe6roopo rrlq, yrlyovnq, ro o4;leio lerroupyioq rnq, Kol ro Xpnolyonoloupevo Kouolpo :

* T0noq xouoiuou,loYoq o6po, nooooro rou Kouoipou nou otospdverol oro ouornUo
erooyory4q, ev€oMio eEorulonq rou Kouoiuou

* eepuoKpooio rou piy;loroq (peroEoorlOappor4roq ono rq rolx6ucro rou xulivdpou)

.' Ix6on nr6oeov ornv notrtron^n eEoYtlYnq Kol elooY0rYnq

. Ixion oupnieorlq

* :Tpogaq KMnrnpo

* :Xs6loopoq no,\,\on^nq xqt xovotrtdv erooyoydq Kql eEoYoYnq

-' faouerpio, piyeOoq, eHBoAlopoq xot ypovropoq BolBi6ov erooytly4q xor e€ovtlYnq

Irnv ovotruon nou oxolouoei Eroyr,rpi(oupe UeToE0 otovei orortxdtv xot ouvolttxtilv

enrdpooeov orrq drepyooieg evotrloyfl q oepittv.

5-2.1 Orovei orcrxf4 ent6Pooetq

Boguoq ntrnpoonq rou t6ovlxo0 xuxtrou me n(l - x,) r.
o": p.rvr: p""ll -(FIAD(r. - D/r

O 8qOpoq nlnpoonq rou t6qvtxo0 x0x,\ou 6iverot ono rn oxdon :

'' 
: (#X*X T), -L--.,, u,{o: - n- tH . " 

-')l} (s.2)

Eni6poon ouoroonq Kouoipou, goonq Kol loyou odpo
Ie 6vo Bev<tvoxrvnrnpo n unopEn orpdlv gev(ivr1q (xor u6portjdv) ornv noMonln etooYovnq

Uerdver rn peprx4 nieo4 Tou oapo :
Pr=PotIPtt*P-.i

onoTe Ue egopuovn rou Nopou rov tEovtxtiv oepiov, noipvoupa

p-,=lr +(yr\(*\.(r=yg)l ' (5.3)p, L- \a,/\Mr/ \n"/\M./)
lro Iy. 5.3 goiverot ouroq o Aoyoq ntsoeov oov ouvopr4on rou owiorpogou tr yto 6logopo
KOUOTUO.
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0.5 t.0 I.5

Ercct of fucl (vapor) on inlct ai. pa.tial pirssurc.

Relio ofair inlet pr.ssurc p..i Io mixtuac inlct prcs-

surc pr vcrsus fucl/air cquivalcnc! ratio d for iso-

octanc vapor, propanc, mcthanc, mathenol vrpoa,
and hydroScn.Equiralcnc€ rrtio d

:XnUo 5.3

l0oopo efoepropivou Kouoipou, e€olnio eEorptonq, Mg

fro pon oroeopnq nisonq, He Etoipoon uYpou Kouoil.lou l(ol Me oflo To rolx;UoTq' n

etiooon evapveroq vto Uovlun pon Yiverql

' ln.h"+(l-x"lmrhr."+x,t\h1.v)r=A+|h.h.+m1h1,)s (5.4)

Kc[ eov npooevvioouu8 Tn UeTogoln sveolnioq ovo povodo Uo(oqKoes ouoTollKoo IoU

Uiyparoq p8 cp AT, Kor 
h1.y _ h1.1= hy.Lv

(eveotrnio etqrutonq), rora n (5.4) Yivsrol

,^_r"=gfffifff (5.5)

Eni6poon loyou mdozuv eEoytlVnq Kor elooYtrYnq, Kol oxionq ouunieonq

Auriq or enrdpooorq vro rov tdouKo K0KAo unoloYicowot Ue !oo4 r4v efiotlon (5.2)' :ro :X.
54 tgoivowor ourdq ot eflt6pooelq Ylo V = 1 .3

Efect of cxhausl to inlet prcssu.c ratio on
idcal{yclc volumcl.ic clliciency.

0.5 l0 r.5 2.o

t t=t'

:Xnpo 5.4
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522:wEuoopdraq orovei orcnx6q xor Ewoprx6g sflt6poo8|q,

Orov 6vo o6pro pder Ue oorogn rpono pdoo ono dvo ouornuo oolnv6oD0rv, €otro1[.rv,
Kovotrrdv Kor golBi6urv nou ovoryoK^oivouv, 4ooxouwor o'ouro Euvoperq rprpov, nrdoarq xol
6uvoperg oopweioq. To oyerrxo pdyeooq rov 6uvopeov our6v E€oproror ono rnv rqx0Tnro
rou oepiou Kor ro Uayseoq Kor oxnpo rov 6r66r.lv xor rov ev6oaiv rouq. E66 nopor4poiwor
Kor oronK6q xor duvoprxiq enr6pooerq. Evd 6E or enr6pooerq yeropoltiv ortq orpogiq rou
xv4rr1po, Ko06q Kor oro oye6roopo rorv noMonkil erooyoyrlq xor e{oyoyflq, Kogdrq Kor rov
BolBidr.rv xor xovotrrrirv nopouoro<ouv Konorq ounlsEoprnon, ewofli<owot snionq Kol
Konoreq pepovop6veq enr6pooerq otrtrr.rv gorvoy6vr,rv.

Anilecq nieoqq

Irq 6ropxeto rou Epgo^ropo0 etoqyovnq, 4otrioq r0Jv rpt8d,v oe ro€e TUnUo rou
ouornporoq arooyoynq, n nieon orov x0hv6po eivor yrxp6rep4 r4q orpoogolplKnq, xcro pto

noo6Tnro ovolovn rou rerpoydvou rov orpogdv. AurR n ouvolKn nrdon nieo4q eivot ro
ooporoyo enr Uipouq Ap oro gitrrpo odpo, xoppnupordp xot nerotrotjEo yxo(to0, noMonM,
Kqvo^r eroovovnC, BolBr6o etooyr,lynq. Koe€ Uto ond)IEto oivol AiYeq eKoroorloieq Povodeq,
Kot UsvoluTepeq eivor ourdq pioo ono rq KovoIo xor rrq poApi6eq etooytlyqq. ho x@e ent

Uipouq eEloprnpo, n nr6on nieo4q Eiveror ffo ox6on rnq popgnq:

Apt = f, puj

onore pe xpRon rnq eEiooonq rnq ouvdxeloq npoxumet n nopoKcrro oxdon Ylo rn ouvotrlKn

orovei-ororrx4 nroron nioonq:

To Iy.S.5 eivor dvq nopodetypo oxertKdv nrd,oeov nieonq rerpox0ltv6p4q FEv<lvoUnxovnq.

Ixnpo 5.5
Engine sp€cd. revlmin

Prcssurc losscs in the intakc syslem of i ft,ur.srroke c!,cle spark-ignirion enStne drlermined under\tcady flow condrlions. Slrok€ - 89 mm. Bore = 84 mm

(6.6)= I apr : I tt puj : pSlL r,(*)'

+
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Awiororyo pe rnv Eroovoryn, axouus nrdloarq nisonq Kot oro orogopo efopr4poro rou
ouorrlporoq s€oyovnq. :ro IX. 5.6 goivowol ypovrxo y6oeq rrp6q nrioeov oTnv noMonln
e{oyt^ly4q oov ouvoprnon rou 04paiou Aerroupyioq ev6q $s.v(rvoxrv4r4po (nou opi<oTor e66
pe Boon rrq orpogeg xor ro xevo r4q noMonAqq eooyoy4$.

:XnUo 5.6

807060:
Inl.i m$ifold tEssutc. kP.
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C.anl mgl., d€g Crant argle, dc8

Inslantaneous pressurcs in lhe inlakc and exhaust manifolds of a four-stroke cycle four-cylinder
spark-ignilion engine, at wide-open thro le. Locations: pr, intake manifold runner 150 mm from
cylinder I: p?, exhausl ntanifold runner 200 mm from cylinder ltpr, exhaust manifold runner
70O mm lrom cylinder l. lO and EO, intake and erhaust valve open pcriods for that cylinder, resp€c-
tively. Stroke = 89 mm. Bore : E4 mm.

Inl.r Nnifold v&urn, tP!
20 30 40 50

48m rcvlnin

:XnLrq 5.7
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Ynopxouv Kor oltro gorvoywo nou en4peo(ouv ro 8ogu6 nlnpoonq, oMd o unolovropoq
rouq fegeUyet on6 rouq oroyouq rnq ouvKeKprpdvrlq nopodoorlg, onoq eivot 4 o6poveto rolv
oepiov ornv nol onln erooyovnq oa upqtriq orpogdq (exper6Meuon rnq onoioq yivoTor pe

opv6repo Kleiorpo Tnq Solpi6oq erooyoynq), n owiororxn ovoorpoqn pon npoq Tnv

noMonln etooyoyrlq oe Xopnl6q orpogiq, pov6pevo ouwovtopo0 rnq eEoyoynq xot
erooyury4q (oya6roopoq oe oyorvrorrxo0q xrv4rrlpeq) rrl.
:To :X. 5.7 goivowor nopooeiyporo 6roxul.tovoeov nieonq oro ouornuo etooyovnq Kol

eEoyoynq.

52.3 Mcro8oliq ffipou nl4pr.ronq Ue flg orpoedq, E|oordoetq xot ycovto;.t6 Bol8idow

'tr' %

o 2 4 6 810 12 14

ZXnUO C.6 Man pisron spccd. m/s

volumctric cmcicncy vcrsus maan piston spccd

for a four-cylindcr automobilc indircct-injcction
dicsclt and a six-cylindcr spark-ignition cnginc.

tTo >X. 5.8 Qoiverol 4 enibpoorl rnq Uiong roy0rrFoq eUBoIou oro BogU6 nlrlpoo4q evdg
gev4rvoKrvnrnpo xot evoq rtv4r4po diesel. H Kopnutrn rou diesel 6ei1ryet pto eni6poo4
ouwovrouoo. H eEnYnon rnq uopgnq rov Kounulov ourlrv HnopEi vo YivEl pe Boo4 ro ly.
5.9.

M.an pisron specd

Efrcct on volumctric clfici.ncy of dif.rcnt phcnorncna which afrcct thc ai. flow ratc as a function of
cr.r{ c^l:, r:--:- 4--r .- '--

:XRUo 5.9
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5.3 Pon pioo ono BoMi6eq,

Ero Iy. 5.10 goivowot KoTooKeuooTlKiq dropopgdroerq rurv BolBi6ov Kql Kovollov
sroovLlvnq xor eEovr^ryng nou enrlpeo(ouv Tn pon yioo ono ourdq.

PararbctcB danning popFa v.lva
Scomctry.

o.2o.o.22D

Minimum protn sior of guidc boss

' krgest po6iiblc rsdils

0.075-O.085D (300 s.{o
0.085{.095D (45o

L l0-1. r2D 001
l.09-r. roD (45.)

(bl

:Xnpq 5.10 Shatc. oropoitions, and critical desiSn areas of typical iol.r (rop) and cxhausr (bollom) valves and

Onulq eEnvn€nxe ornv Evornro 4, or unolovtopoi Tnq ponq Uaoo ono BoIBibEq yivowor UE

Boon flq oxdoerq ono 14 povo6toororn pon oupnleorov peuordtv, pe Xpnon Korol nlov
ouwe,\eorr,rv eKponq (:X. 5.11).

ei
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Dischargc coanicianl a! function of valvc lift for savcral clltaust valvc and port dcsigns..

\at tb)

(a) Cross-scavcnged, (b) looFr-scavcnged, and (c) uniffow-scavenged
rations.

High tin

Floe prttcrn through erhaust valvc at low and higt till

x
6

t

o.2

4

>XnPo 5.11

5.4 A|Epyooisq qnonluonq oe Eiypovouq rlqrflpeq

AvoAoyor eivot xot ot unoloytol.toi qnonluonq rou xuliv6pou oe 6iypovouq xtv4rrlpeq' pe

pon rnq ydHoonq Kot rou Kouooepiou p6oo on6 Bol9i6sq xor 0upi6eq (:X. 5.12)'

two-strokc cycle Row confi8u-

\''l ,'/

,_--t---..-

:Xnpo 5.12
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:ro :X. 5.13 noptorovowot oxnuortKct ol
eEoyoyn oe 6iypovo xrvnrnpo.

:Xnpo 5.13

Koro rnv etooVL,YR Kot6roKutrovoerq niEonq

Cas cxchanga process in two-strokc cyclc uniflow-scavcnScd dicsel enginc: (a) valvc and pori timing
and paessurc-volume diagram; (b) pr€$urc, scav€n8ing port open arca ,{*, and cxhaust valv€ lift L.
a3 functions of crank an8lc.

I

''\._ \\1 -Arr' p1-
(a,

scavanSrnS
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