
Evorqro 2 6s

I1e6roo1.roq Kqr XqpqKrrlpronKcr trerroupioq

2-7 Xqpqrrnprofl Kq rou KNnrnpo

Iro xegotroro ouro eq ovonruX€ouv or n16 oqpowrxiq oydostq nou exrppo(ouv rq yEuJpETpio
Tou KtvnrRpo, xogtiq xor or nopoperpot nou Xpnorpoflotouwot Vtq rov yopoxrrlpropo r4g
tretroupyioq rou Krvnrnpo. Or nopoxoro nopoyoweq eivor o4lrowrxoi yro rov Xpnorn rnq
UNXOVRq :

ano6oon rnE pnyavnE oro ne6io Aetrcupyiag qE
KordvaAuon KauoilJou r4E p4yav4E oro nedio Mtroupyiag rne, Kae(ie Kq ro

Kdoroe rou ouyKeKppivou xouoiltou nou Kdiet+ ot eKnoUnEg punuv rou xauooepiou Kd o edpu\oe r4E p4yavr1q, oro ne6io
Aetroupyiae rng'+ ro K6ofog npop1genE Kot eyKaraordoqE r?E 1t4yav4q,

a{ronrcia xat r7 5npxen (u1E r4q, pqyav1q,, ot anotr1oetg ouvripqon€ KdebE
Kat o rponog nou enr\pea(ouv qurd rn 6n6eotpoqra Kot ro Kooroe Aerrouryioq,
fnE unxctvne

H ono6oo4 r4q prqyovrlq ro0opi(eror oxpr!6orapo ono :

peyorl ponq nou eivdt 6n06otpr7 odv ouvdprnon rou dp6ou orpo(p6v ne
ltnxovig. (ltupnuAn Ueyiorne ponie i neptBoA)ouoa rou nv4r4pa)

H nopoxoro 6eixreq onoooonq Xpnotuonotouwo ouvngoq :

', Miyorn oyug : 11 ulpn^dTEpn royug nou entrponerot vo ovqnru€Et n Unxovn (Vro
Urr(po XpovtKo 6roor4poro)

- Ovoltoonxq oyiq, j n pdvtoron royuq nou enrrpeneror vo ovonr0fer n pnxovn oe
ouveXR 

^Etroupyio.- Miyoreq orpogiq, .' o opteuoq oTpoq6v orov onoio enrruyyoveror 11 ovopoorrx4
toxuq.

2-2 FertperprxoX(tpoKrnptor (dcp8oto?6pcwpnxovriy

Ornopoxoro nopoperpot opi<ouvrn BqotKn yeoperpio proq eppologopou pnXovnq (:y.2.1):
:Xeon ouunteonq

maximum cylinder volume Vn + V,

' minimum cylinder volume 4 e.,)
9n9, VO eivor o oyxoq elBoltopou Kot Vz oivqt o etroyroroq oyxoq rou eolopou xouorlq.
fyeoq droperpou Kulivdpou npoq 6ro6p6p4 eppotrou :

o -B..ls _ 
L

:Xion pnKouq 6rotorqpo npoq oKravo orpogotrou :

^:l
OuorKo n 6ro6pop4 rou epBolou sivol 6tntroolo r4g oxrivog rou orpogotrou.

(2.2)

(2 3l
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O oyxoq rou Kuliv6pou oov ouvoprnon rnq vovioq oTpogolou npoK0nrer eov orn oxdon:

v=v.+{r,*,-g (2.4)

owrKorooroeoi n on6oroon s perotu rou ofovo rou orpogoloqopou xor rou ofovo rou
Koupnro0 rou 6toorrlpo oro nror6vr :

s: a cos e + (12 - a2 sin2 g;U:

onore:

(2.s)

L=t*t(r.-l)[R+l-cos 0 - (R2 - sin2 0)tt2f (2.6)

H enrgovero rou eolopou xo0onq oov ouvoprnon rnq yurvioq orpogolou npox0nrer on6 14
oxaon :

A=A"stAr+nB(l+a-sl
(2.7)

oov ro oopotoljo r4q enrgovelog r4q xutrrv6poxetpotr4q, rnq Kopdvoq rou nrorovrou xor rou
rpnporoq rou yrroviou nou onoKolunret ro ntorovt, onore pe Xpnon rnq oydo4q 2.5
nooK0nra :

tRI
A= A.n1 Ar+; [R + I -cos 0-(R2 -sin:9yvz1 e.gl

FIGURE 2.I
Gcomctry of cylindcr, pirton' conncccrg tod'
and cranlihalt vhcrc I = borc' I' - stlokc'
| = conaccting road lcnSitb, o " trenk radiu$ d =
craak anglc-

:Xnpo 2.1 l-eorperpio Kuliv6pou, appotrou, 6roorqpo xor orpogo,\ou.

:npovrKo pdveeoq sivot Kot n pdon roxuTnro epB6lou :

So:2tN (2.e)

onou N o oprepdq orpoqdv rou orpogologopou. H Udon rqxurnro eppolou eivot ouxvo nto
KqroMn^o pdveeoq ono rov opr0po orpoQr.iv oov nopopETpoq ouoydrro4q yopcrKTnptoTtKuJV
Ierroupvioq rnq Unxovnq pe q orpoqsq rnq.

I
L

_l
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Fto nopo6erypo, or rox0Tnrsq rov oepiurv or4v erooyury4 ror rov x0trrv6po ouoxeri<owql
opeoo pe r4v pdo4 royurrlro rou appotrou. H oflvutoio roxuTnro rou eligotrou diveror ono
Tn oxeon :

* =d"-P dt (2.10)

Eov nopoyojviooupe rn oxaon 2.5 Kor rnv owrKoroornoouue ornv 2.10, noipvoupe rn oxdon

,u=;,'"r[t.6r$961 (2.11)

To IyrlUo 2.2 6eiXVer rn !eroBo)\n rnq oflyproioq roxurnroq eUBotrou Ue rn yurvio orpogotrou
yto R=3.5

"lo2i
0,8

0.6

0.4

R=l/a-3.5

090 lm
Tc crsrt.n8l., , Bc

FIGUNE 2.2
Idstaotancou! piltotr spacd/e€a pilao! spccq
r! a furc'tion of cr.r* rlglc for R : 3.5,

0.2

0

Zyt1lo 2.2 MeToBoIn r4q olyproioq royur4roq EUBoIou pe Tn yovio orpogolou.

Ot ovflorooarq rnq ponq U,oo ono nq go^Bideq etoovovnq xor efoyury4q Koeoq Kot ol
obpovaroxeq 6uvoperg nou 6r;ploupyouwot ono rrg no,\lv6popouoeq po(eg, nepropi(ouv r4
p6o4 roy0r4ro eppotrou KAT{,: on6 ro 8 m/s (ylo pey6louq vounKouq xrv4rqpeg Diesel),
pexpr r(or xoro ono ro 15 m/s (yro roug pev(rvoxrvrlr4peq ouroxrv4rov).

2-3 Porrt orp€ynq xor roy0q rnq pnxavqq

H ovonruooopevn ponn orpeg4q ono ivov Ktvnrnpo Unopei vo lerpneei pe Tn
buvcltoperprx4 nd6n (IX. 2.3). Tto ro oKono ouro 4 irqyovr; oTnpi<rrot oe ivo xpeporr xot
o o{ovoq rnq ouv6earot ;.le ro poropo rrlq nd64q.
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FIGURE 2.3
Schcoatic of priaciplc of oFretio[ ofdyosDomctcr.

2x.2.3 ApXn trerroupvioq 6uvopoperprKnq ni6nq.

O p6ropoq r4q nd64g eivor xopn,\oprop6vog 4,\exrpopoyv4rrxo, u6poultKo, n Ue pnxovrxn
TprBR pe ,vo ororn o onoioq e6po<ETot oE iEpovo Xopnkiv rptp6v. O ororqq (uyi(eror pe
ro pdropo oe npepio. H pon4 nou eEooKeirot orov ororn 6Tov neplorpigeror o poropoq,
lnopei vo Uerpneei pe oroeLto, etrorqpro, nveuponKR nieon n pa perpnon rnq
nopop6pgcronq rou oEovq (f4nrsq pon4Q.

Xpnotponordwoq Touq oupBolroUotq rou :y.2.3 eov n ponn nou ooKeiTot ono rr1 p4yov4
sivor :

T=Fb (2.12)

H royuq nou ovonruoer n pnxqvn eivor ion lie To ytvotlovo rnq pon4q enr r4v yovror4
roxuTnTo.

P = 2tzNT
(2.13)

P(k!9 : 2z1V(rcvls)T(N.m) x lQ-3

2-1 Ev6errv0pwo 6pyo r|jxlou-

H Udrpnon rnq nieonq Tou KUIivEpou oov ouvoprno4 r4g yt^rvioq orpogolou
(6uvoyoderxrrxo 6roypoppo) Unopsi vo XpnotUonotngei vto rov unotroVtopo Tou 6pVou nou
npoyuoronorgiTor ono To oepto oTo ntorovl. H nieon Tou xutrivdpou pnopei vo nopooloori
oov ouvoprnon rou oyxou rou xu,\iv6pou oro Etoypoppo PV rou :Xnuoroq 2.4.

Vol. BC

FIGURE 2.4
Examplcs of Atl diagrams for (a) a two-strokc cyclc cnginq (D) a four_srok. cyclc cnghc; (c) a
four-st.okc cycle spdrt-ignition cnginc crhau.rt and ittakc srokcs (pumping loop) ar pan load.

nqpq6eiyporo 6rovpopporov PV (a) 2-Xpovnq pnXovRq (b) 4-Xpovnq UnXovRq
(c) a.ypov4g pnxqvnq (6roypolllo XoUnInq nieonq, yto petrer4 rou opvnlKoa
BpoVXou).

TC Comprcstioo Vol. BC

(b)

,t-$mlc

:XRpo 2.4



To evdetxv0pevo rpvo Tou
o^oKtrnpopo:
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xux,\ou (ovo KaArvbpo) npoKlnrer on6 To entxopn0trto

.f
w.. : Qp dvJ (2'141

H Onqptn rou opvnTrKo0 FpoVXou oro 4-Xpovo x0rlo (Iy4po 2.4c) ogeileror orrq drogopiq
nreos{.Jv on6 Tnv orpoogorpo nou onorTo0wor yro vo yiver n etoovovR odpo Kot E€qvoyn
Kouooepiov oa 6vov Krvnrnpcr guorKnq ovonvonq. Awio8ro oe dvo unepnlnpouuevo
KrvnrRpo ro dpyo owlnonq eivot ouvneoq gsflK6, VtoTt n nieon ornv KoToe^tqjn rou
oupnreorR Eivor levoluTepn ono Tnv owio^tvn rrlq rouppnivoq.

H ovonruooopevn roxuq ovo xutrrv6po divaror ono rn ox6on :

Pt-Ud
tlR

Onou n^ eivor o opr0poq nEptorpoeov rou orpogo,\ou nou crwtoTotxouv oe dvo xlvqrqpro
euBolropo. (Auo yro rov 4-Xpovo xor dvo yro rov 2-Xpovo xrvqrrlpo).

2-5 M4xqux6q Boepdq on66oonq-

Evo pdpog rrlq ev6erxvupev4q roX0oq rou xrv4r4po 6onovoror yro vo unepvtx46ouv or rprB6q
oro d6povo, oro e,\orrlpro rov ep!6lov xol oa oMo pnxovtKo efopr4poro rou xrv4rrlpo
Koe6q Kor yro rrlv xivqorl rov gonenlKdv stoprnporov rou xrv4rr;po (ovrtrio lo6rou, owtrio
vepou, Er(owpogopoq, 6uvop6, grep0jTn, Kounpeoap, r(.^.n.). To ouvolo rov onotrrloeLjv
crurdjv ouodonoroovTot uno rov opo tox0q rptBdv. Onore toxuet:

' P,r= P, + Pt (2.16)

(2.1s)

(2.17)

O qxprBnq npooEtoptop6q rnq toxuoq rptBdv sivor duoXeprlq. Mio ouv404q pd0o6oq yro
roxaorpogeq pnxovdq eivor vo pu;.routrKnooupa rov Kvnrnpq Ue dvov 4lexrpoxrvqrqpo xor
vo perpnooupe r4v 4lexrprx4 loyu nou onorreiror ytq rnv unepviKnon r{JV noonq guonq
Tpto{iv. Opoq 0o npdner vo btornpnooupr flq orpogdq, 14 yurvio rqq nerotroudog rou
YKo<rou Kor Trg eeppoKpooieq vepoa rlutnq Kot tro6rou o q i6req rrpdg nou 0o eiyov eov
ytvorov rouo4 oTov t(vnlnpo. rDuorxo oxopn Kot oe ctuTnv Tnv nepinToon,4 nieo4 rov
o8piov rnq Koionq oro dpBo,\o xor oro etrorrlplo eivot Xounlorspeq ornv flepinrLjon rou
puuolKoupevou r(rvnTnpo.

To nnliKo rrlq roy0oq orov ofovo rou KtvnrRpo npoq rnv ev6erxv0;.lev4 roy0 ovopo(aror
UnxovrKoq po€poq onoSoo4q :

P, P,4^=;= | -f
'it 'lt
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2-G toprio 6p6pou

Koro rov oye6roopo rou xrporiou royur4rurv evoq ouroxrvnrou Xpnotponoteirot l.tio Kounu^n
roXUoq ovogopoq nou ovfloTorXei oTo qoprio nou onorreiror yro rqv o64yr1o4 rou oy4poroq
pe orooepaq roxaTnreq oe enineEo 6pouo. H royoq our4 unoloyi(eror pE Boon rnv rprFn
r(ulioourq oro e^oonKo Kor rnv owioroon rou oapo pe Boon 14 oyeo4 :

P, = (C 
^M,s 

+ !p"CrA,Sl)5,
wherc Cx = cocfficient of rolling rcsistance (0.012 < Ci < 0.015)l

M, - mass of vehicle ftor passengcr cars: curb mass plus passenger load of
68kg(150 lbm); in U.S. units ty, = vehicle weighr in lbfl

g = acceleration due to gravity
p. = ambient air densiry

Co : drag coellicicnt (for cars: 0.3 < Co S 0.5)r
z{" = frontal arca ofvehicle
S" = vehicle spccd

With the quantities in the units indicated:

plkw) = 12.73c 
^ 

M,(kg) + 0.0126C o Aln2)S,(kmih)rls,(km/b) x l0- I

(2.18)

P,(hP) =

(2.1s)

Ei6oq ru4rnpo Mayror4 mep Elox|orq mep

Bev<rvoKrvnrRpsq guotKnq qvqnvonq ln tr

Bev(rvoxrvqr4peq unepnlnpoupsvol 17 I z.a

nerpaloroKrvnrnpeq quotKnq
ovorNonq

t 7

flerpetroroxrvrlrllpeq unepnlnpouUevol 17 10

2-7 U6o4 rpaylronK4 niEo4

H obtoororonoi4o4 r4q ponnq entruvxov6ror pe rnv etoovovn rnq awotoq rnq Uaonq
npovtloflKRq nieonq, nou npoKUnra ue 6toipson rou dpvou nou nopaveTot ovo K0r<Io ue Tov
oyxo epBotrropou :

pn"
m€D:+' VlN

FfkW)n " x l0l
mep(kPa) = /ld;t,G*/.)

H pdvroTn !6on npovuoflKn nieon KoIo oxedtoopevov xrv4r4potv eivot 6e6opavn Koro
KoTnvopio l(vnTRpo Kor oX6 Ko qvetoprnrn ono rov oVKo spBoltouou.

Tunrrdq flUaq pdonq npoypoflKnq ntaoeoq
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2-a E6rrn rqrovaloon rcuoalou

Irrg borrpiq rov Krvnrnpujv 4 xorovokro4 Kouoiuou Uerporor oe kg/s. nro Xpnorpoq 6poq
eivor o ouoxeflopoq pe r4v og6trrun roxo :

- ,nr

P (2.21)

(2.23)

uo<oq odpo Kol

xopoKTnproTrKd,v

(2.25)

Koro rrq boKrpaq Krvnrnpov
r(ouoipou. To nntriKo rouq,
lerroupyioq rou KrVnrnpo :

Evo ouo piyeeoq eKTipnonq r4q onobooqq Tnq Unxovnq sivor o gepprK6q Boepog
ono600nq.

--_ W" _ (Pnr/N _ P
'' mlQxv futnflN)Qsy thlQuv

nou oxeTi<8Tor ue rnv er6rKn KolovotrLjon pE Tn oxaon :

I
4r = {"-e^, (2.24)

TunrKdq flUdq vro r4v xordrap4 eeppovovo 60vop4 rurv UryuorLrv u6povovov€pqKu,v nou
xpnoruonoro0wor oov KooorHo oe pnxovdq Eivot 42 doq aa MglKg.

2_9 A6yoq o6pc rouoiyou

YivETor rquroxpovn UaTpnon TLJV podv
eivor Xpnoruo orov npoobropropo rov

*
Airfuel ratio (A/F) = jm!

th.
Fuel/air ratio (F/A\ = +

mr (2.26)

Or nep'oxdq 
^ovou 

oripo Kouoipou eivot Vtq rov Bev<tvoKtvnrnpo HEToE0 12 Kot 18 yto 6e rov
neTpetroroKrvnrnpo pero{u 18 Kot 70 Kg odpo ovo Kg Kouoiuou. Av drorpiooupe ro loyo
odpo xouoipou pe Tov ororxetoperprxo onolroupevo nepvoups rov orotxEtopsrprxo troyo
odpo l o oloioq noipver Tnv npn I vto orotxelopeTptK6 tlivUo, > 1 yto gToxo pivpo Kot < l
Vro flIo0oro UiVUo.

2-1O Bo0pdq nlnpoonq

To ouor4po eroovovnq (gilrpo odpo, KoppnupoTap, nerolou6o yKo4to0, nollonln
eroovoynq, ouloq aooVoynq, BoIFAi60 stoovovnq oro nopAdetypo rou pev(rvoxrv4rIpo)
nepropi(ar r4v nooor4ro odpo nou pnopai vo etoipeet orov xuArv6po Koro rnv Qoon rnq
eroqyoynq aEorrioq rov ovnorqoeov rou. H nopopsrpoq nou XpnorponoteiTqt Vto rnv
pdrpnon rnq ono6onKornroq rnq 6repyooioq stoqVoVnq rnq Vopoonq orov xutrrvSo trdyeror
lo8poq ntrr;poo4q :

4n-
. 4"=;;r,- (2.27)

TuflrK,q lleyroreq prq rou Boopou n,\i1pr,to4g ppioxowot oTnv neproxn lrToEu 0.8 Kot 0.9
(uqJn.\6Tepeq npig yto rouq neTpelorot(vnTnpsq, eEotrioq Tnq onouoioq r4q nerotroudog
VKo<rou Kor Tou Koppnuporep).
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2-71 :X€ostq rou ouvbEouy rtq rtipcq nopolrdrpouq on66oo4q MEK

Me Boon ro ooo ovonruyonKov ornv evornro ouTn pnopouv vo ono6ely0ouv ot nopoKoT0j
oxaoorq :

I-ro rlv royo, 
^ 4rn.NQ*lF/Al

(2.38)

fro 4-Xpovsq Unxovdq pnopouHe vcr erooyouu8 To Boeuo ntrnpoonq oTnv roponovo ox,on:

, _ nr4,Nhelv p..dF/Al 
(2.g9)

l-ro 14 pon4 toxuet n nopoxoro oy6o4 :

7 -4r4.%Qryp..tF/A) e.4o)-4n
l-ro 14 pdo4 npovpolKn nieo4 royuer 4 nopoxoro oydorl :

mep = 4r1.Qnv p",lF/A) (2.4.1\

H roXuq ovo;.rovo6o entgqveioq eUBoAou divrrot ono rrq oyeoerq:
P _ n , n, N LQ"" p..lF /A)
4- 2 e'421

sire Ue eroovu.rvn rnq pdonq royOr4roq apBo,\ou :

P _ q,4"S,Q* p..lF/A)
Ae- 4 e.$)

or noponovur oydoerq 6eiyvouv 14 u8vo,\n onuooio nou axouv yro rnv qnodoon Tou r(vnTnpo
ro noxoro :

* YqrnA6e grypxog Bo0p6q, ono6oo4g

- YVrnAo€ BoOlt6E n\npuonE

* At€non ne EXuo€ r<tv4r4pa pE 6e6opivo oyKo ep\o^tottou, UE ai€non rnE
nuKv6rnroe rou d6pa epdyuynE.

t E)oytoroe AoyoE d'pa KduoilJou nou lJnopei va Koei or4 pqyov4 6nr4p6vraE
uqrnA. Boepo Kduone.

. YVn^n p,on ruXurnrd ep1oAou.
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2-12 Ae6opiyo oyedlcopori rot arrt66oacrv 6lcg6pr.lv rcr4yoptiv rlv4r4pov

Iuv40oq or KoTooKeuooTaq deixyouv r4v ono6oo4 Tov KlvnTnpov rouq Ue 6uo Ce0Vn
yopoxr4prorrrdv p€Vreov, nou onerxovi(ouv 6uo orlpeio r4g xoyn0tr4q p6ylor4q ponrlq.

- Tnv .ovol.toonKi toyu xar rov opr01t6 orpogt)v o g onoieE eo npinet vo
ano6i6eror. Orav 6ev {enepwouvrat ot 6uo dutie npii, r6re o'xoruoxeuaorrTg
awudrot rr1v oQonoria, r4 peyo)r1 5npxen luiE xot r4v otxovolttxty Aetroupyio
rou Ktvnripa.. Tq peyon ponn Kot rov dp@It1 orpoebv nou our4 ennuyyoverat. (To u4t4)orepo
o npeio r n€ nep BaMouoa€)

Ener64 ro 60o noponovur xopoKrnpronKo eEopr6wor npogovdq on6 Tov oyKo epgotuouo0
TOU KrvnT.npo or ouyxpioerg paro{u xrv4rrlpurv 6rogoperrxo0 peydo0uq nou qvnKouv orrlv i6ro
xor4yopio yivowor Ue Xpnon et6tK6v pevee6v onoq goivorot orov nivoKo 2.1

TABLO 2.I

Typical design rnd opcmaing dsar for intcrnsl combustion cngines

nrfd !|.i|nttru

Opnti4 Comprtdoo
cycle nlio

fo.p,
tam

Borq
m

S.'ot./
borc

SF.d,
rtr/mlo

Poraa lat
oit vdma
tW/dm'

WciSt /
POrCr
aatio,
kS/t W

AP?TOL
b..a
Lfc'
t/Lw.h

S pa, k igniaion engines :
Srnall (c.9., rDolorcyclcsl
Passcngcr cars
Trucks
Largc gas cngincs
Wankcl cngincs

0.05{.085 1.2-0.9
007{.1 1.1-0.9
0.09-{. I 3 1.24.7
0.22435 Ll-1.4
0,57 dm, pcr chsmbcr

45m-7J00 ,+-10

450G5500 7-10
360(l5m 5.5-7
300-9m 5.8-12

6000-8000 9.tto5

350
270
3@
200
300

2S,,fS

,45
4S

25lS
4S

6_ll
8- l0
7-9
E- l2
-9

m-{o
2(F50
2rn
35_45

5.l-L'
4-2

6.r2.5
2r3s
t.6-0.9

Diesal enginas :
Passangcr cars
Trucks (NA)
Trucks (TC)
Locomotivc,

industrial, marinc
Largc cngincs,

mannc and
stalionary

o075{.1
0.1-o.15
o l-0.15

0.15-{.4

o,f t

It-22 5-L5
t5-22 14
t&26 7-t.5
5-20 Gl8

2-8 12-50

45
4S
4S

45,25

2S

t7-23
t6-22
t4-20
l2-tE

l0-12

,7.5
6-9

l2-lt

9-t7

1.2-0.9 ,(no-ym
1.3-{.8 2l(X!{m
1.3-o.t 21004&0
l.l-r.3 425-l E00

1.2-3 lto-400

250
2t0
2m
190

It0
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