Mo

EvoTnTa 5
Algpyaacie evalAayng aspiwv

To kepdhato autd eketadel Tig Siepyacieg eiocaywyns Kal eEaywyng oToug 4Xpovoug
KIVNTAPEG, KABWG Kal TIC Siepyaoieg anomiuong og 2ypovouc KivntApeg. O diepyaocieg
EVaMayng aspiwv Pnopouv va BeAtiotononBouv 101 WOTE va EICAyeTal i YEyioTn duvarti
noooTNTa aspa oTov KUAMVOPO OTO MANPES QOPTIO, KAl EMOUEVWG VA HEYIOTOMOLEITAl N
avanTuoopenvn poni Kal 10xUc. Onwg Ba avaiuBsi ornv evotnTa 12 undpyet duvarétnra
napan£pa augnong TnNg avanTucgoleEVNS PONNG HE UNIERIARPWON. ZTNV EVOTNTA AUTA GRWG
8d acyoAnBouye AMOKAEIOTIKA HE KIVNTAPEG YUOIKAG avanvong.

51 Algpyaoiec el0aywyng Kal eEEaywynsg oTov 4Ypovo KvnTipa

Zrov BEvQIVOKIVNTARG €va TUMKO aloTnUa E1I0AYWYRC AMOTEAEITAl ané To GIATPO Qgpa, To
KQPUNUTATER A TOUG EYYUTAPES Kai Tnv Meraiouda Tou ykadlol (emrayyurn), Kai tnv
noManin €i0aywyng. XTn Sidpkeia Tou sPBONOUOU Ei0aywyng napatnpouvVTal anwiEIeg
nisong KaBwe To HivHa nepvael Ta napandve TUAMATa Tng sEaywync. Yndpyel de Kal pia
napanépa NTWon nieong eSarmriag Tou kavalou Kat Tng BaiBidag eicaywyng. To ouatnpa
££aywynC oUVABWG aNoTEAEITAI ané TNV NOAAGNAN E5AYWYNE, TOV KATAAMUTIKO UETATPONED KA
gvav N napanav olyasTipeg. ZTo oxAua 5.1 napouciaZovial o1 SIEpYAcies EI0QYWYNG Kai
efaywyng o¢ évav oupBarike BevgivokivnTnpd.

ESt 01 poéc¢ NApouaiadouy TaAQVTLICEIG EEQITIAG TNG AOUVEXOUC avapopnang Kal E5aywyng
anod Touc KUAIVBpOUG Tou euBoiogopou Kivithpd. Mapola autd TIOMEC OYEIG Twv
SIEPYACIHV QUTGV WMOPOoLY va avaiuBouv We Tnv umoBeon olovei poviung pong. Kai ol
MECEIC MOU paivovTal 6TO GUCTNHA EI0AYWYAG TOU OXNKATOG 5.1 QvTFIpOCWNEUOUV XPOVIKA
HECEG TIUEG Yia £€vav MOAUKUMVEPO KivATnpa.

H nTwon nigane Kartd PAKOG ToU CUCTAATOG eI0aywyne e5apraral and Tig oTPOYES Tou
KIVNTAPQ, TIC QVTICTACEIC PONG TWV OTOIXEIWV TOU GUATAUATOG, TN Slatopn Yeoa amnd Tnv
ornoia pEel N YOpWon, KAl TNV NUKvOTNTA Tng yopwong. To oxnua 5.1 d Seiyvel To avolyua
Kal KAgioo Twv BaABidwy eioaywyng Kal eEaywyng oav ouvaptnon g ywviag oTPoeaou.
H ouvABng npakTika sival vd SneKTEivovTal o QAcEIg avolkTwv BaiBidwv og ywvia
HEYAAUTEPN QUTAG TOU EUBONICHOU Eloaywyng kai eEaywyng avriotoixa, HE OTOXO TN
BEATIWON TWV BIEPYACKIV MAAPWONG KAl EKKEVWONG Twv KUNivOpwv Kar Tn BEATIOTN
EKPETAAELUON TNG aBPAVEIQS TwV depiwv NMOU MEPIEXOVTAl 0Td cuoTApAaTa eEaywyng Kai

EI0AYWYNC.

T¢ éva oUOTNUA S1I0ayWYRG KIvnThpa Diesel, Sev undpyel Kapunuparép N cUSTNHA WEKATHOU
otV £loaywyn, alMda olUte kai negraiouda ykagiou. O1 xkivntnpeg Diesel eival ouyvd
UnePmANEOUMEVOL. STO OYNHA 5.2 gpaiveTal oYNUaTIKA of Siepyacieg sigaywync Kal e£aywyng
o¢ £vav unepninpoupevo KivntApa Diesel. KABe gopd nou avoiyel n BarBida eaywyng, 1a
KaQuoagpia oSnyouvTal gty TOUpHNiva n ornoid EKUETANEUONEVN HEPOG TNG EVOAANIAG TOUG
obnyei £va CUMMIECTNA O 0M0IOG EI0AYEI CUHMNIECHEVO AEPd PEGA aTov KUAVSpO (oxXhpa 5.2).
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Intake and exhaust processes for four-stroke cycle spark-ignition engine: (a) intake system and aver-
age pressures within it; (b) valve timing and pressure-volume diagrams; (c) cxhaust system; (d) cylin-
der pressure p and valve lift L, versus crank angle 8. Solid lines are for wide-open throttle, dashed
lines for part throttle; p,, T,, atmospheric conditions; Ap,,, = pressure losses in air cleaner; Ap, =
intake losses upstream of throttle; Ap,,, = losses across throttle; Ap,,,,, = losses across the intake

valve.

Iynua 5.1
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Intake and exhaust process for turbocharged four-stroke cycle engine. The turbocharger compressor
€ raises air pressure and temperature from ambient pg, T, to p;, T,. Cylinder pressure during intake
is less than p,. During exhaust, the cylinder gases flow through the exhaust manifold to the turbo-
charger turbine T. Manifold pressure p, may vary during the exhaust process and lies between cylin-

der pressure and ambient.

ynpa 5.2

EEal_Tiac; TOU QVOIYOKASIOIATOC, Twv BaABiBwv, TNG HETABOAAG TOU GYKOU TOU KUAivEpou, TNG
aﬁpcystag TWv agpiwv kai TG SiaSoong KUparwv oTa CUCTANATA EI0aywyNng Kal eEaywyng,
Ol TECEIG OTNY gI0aywyn oTov KUMVEpOo Kal otnv gSaywyn otn SIGpKeid aQutwy Twy
SiEpyaciv  eVaMayns depiwv Napoudialouv NOAIMAOKEG BIaKUUAVOEIG. AvaluTIKOG
unngvlouog Twv Siepyaciov EEQEUyel and 1a Opia TOU GUYKEKPIUEVOU UaBAUATog. ZTnv
npagn ol SIEPYACIEC, GUTEG CUXVA HEASTMVTAI PE EUNEIPIKO TPONO HE XPNTT OAOKANPWTIKWY
NAPAUETPWY OMWCE © BABHOC MARPWONG, YIA TNV EKTIUNGN TNG anodoong Twv OUCTNHATWY
£I0QyWyNg Kal eEaywyns.
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52  BaBuog nipwong

0O BaBpoC MAAPWONG XeNoIBonoleiTal oav éva HETPO TG anoedoang ToU 4YPovou Kivntnpa

HQZi JE TQ CUOTAUATA £I0AYWYAS Kal EEAYWYAG TOu 600V Qypopd TNV AvTAnan Tou agpa.

Opideral and Tn ayéon : .
mﬂ

" peo Vil (5.1)

SNV avaiuon nou 8a axkoAOUBAROEL, Hac evBIAPEPE! N ASITOUPYia TOU BEVEIVOKIVATAPA HE TNV
neTarouda Tou yKagiol TEAEIWG avoiyTn (Kapnuin PEYIOTNG POMNG). PUCIKA OE CUVBNKEG
HEPIKOU QOpPTiOU n pof HAZag Tou GEpa EI0AYWYNG NEPIOPIZETAl QNG TNV avrioTacn Tng
neraioudag.

O BaBudg NApWwonG eNnNPedaeTal ano TiG NAPaKATw YETABANTEG MOU OXETiovial UE Tov
oxeSIaoud TRG HNYAVAG, TO GNUEIC AEIToUPYIag TNG KA TO XPNOIHOMOIOUUEVO KAUOIUO :

+ TUNoG KAugipou, AOYog dépd, MOCOCTES TOU KaUilou Mou eEaepwveTal oTo cuoTnua
£loaywyne, evlaimia e£Aaryiong Tou Kauoipou

- SeploKpAcia Tou Piyuarog (UETaSoan SEpPOTNTAG aNo TA TOIXWHATA TOU KUAVGPOU)

- TYE0N MEOCSWV aTNV MOANAMAN eEaywyng Kar s1I0aywyne

+ ZYEOR CUUNiEoNG

- ZTPOYEG KIvRThpda

- SYeSIa0NOC MOAMANAAG KAl KAVAAV EICAYWYRG Kal EEQYWYnG

- FewHETPia, PEYEBOG, EHBONOUOG Kal Xpoviopog BaABidwy EI0AYWYNG xal eEaywyng

IV avalon Tou axkohouBei Siaywpidoupe HETGEU OIOVEI OTATIKWY Kai Suvapikwy
EMdPAoEwWV OTIC SIEpYAoiEs EVAAAYAG AEPIWV.

5.2.1 Owovei orarnikég embpdoeig

BaBuog NANPWONG Tou 1I5aVIKOU KUKAOU m m(l — x) ,
e peaVs paoll +(F/A)] r.— DV,
O BaBuog MAAPWoNG Tou 1I5avikol KUKAoU Sivetal ano oygon :

_ ﬂ Pi \ Tao 1 . ! l:(_g) _ ]}
= (Ma)(P...o)( T ) [1 + (F/A)} {"c -1 e =D L\K to-b 5.2

EniSpaon aloTracng Kauagipou, ¢acng Kal Adyou agpa
Y& éva BevdIvokivnTApa n unapEn arpav Bevgivng (kai uSpaTpwy) oTAV MOAAMAN £I0AYWYNG
HEIGVE! TN UEPIKA MECH TOU AERA :

Pi = Pag + Pri t Pua
ONOTE HE EPAPUOYA TOU NOHOU TWV IBAVIKWY depiwy, MaipvoUpE

o[- ] e

$70 IX. 5.3 paiveTal auTOg O AOYOG MIECEWV 0av GUVAPTNON TOU avTigTpogou A yia Siagopa
KAUaIa.
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2¥npa 5.3

Khaopa eEqepiupévou Kauoipou, evBainia sEarpang, MO

Ma pon oTaBepng misong, HE e5agpwan uypou Kauciuou kal M8 ano Ta TOIWHATA, N
efiowon evEPYEIOg yia HOVIUN por Yiveral

[ by + (1 — x i by + X hy y]0=Q + (itghy +nchy 1)g (5.4)

Kal £Gv TIPOCEYYIoOUME Tn UETaBOAR evBaAniag ava povaba pagackade gugTaTIKoU Tou
HiypaTog pe Sy AT, kal Wy — Ry =hyoy
(evearnia eEarpiong), T1o1E N (5.4) yivetai

_(Q/img) — xAF/AYhy v

T, —Ty= e, + (FIAY, 1 (5.5)

EniSpaon Adyou migoswv eEaywync Kar EICAyWyngG, Kal OYEong oupnicong

AuTEG o1 emiBpdoelg yia Tov I5aVIKO KUKAO uroloyigovTar pe Baon Tnv ekiowon (5.2). 10 2.
5.4 paivovral autég o1 emdpaceig yia y=1.3

1.1

2xnua 5.4

0.9

0 0.5 1.0 1.5 0 - . ;
Pe Effect of exhaust to inlet pressure ratio on

I ideal-cycle volumetric efficiency.
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5.2 2 JUVOUQOHEVEG OIOVEI OTATIKEG KAl SUVAUIKEG ENIGPAOEIC

Orav éva dEplo pEel Ye aaTadn TPOMo WECA anod £€va JudTnUd CWANVWOEWY, Baidpwv,
KavaMWV Kai BarBiSwv nou avolyokAgivouy, eEackouvTar o’autd SuvAapeig TpiBlv, MECEIG Kal
Suvapeig abpaveiag. To oXeTikd PEYE00S Twv SuVANEwWwY QuTWV EEapTaral anod Tnv rayurnTa
TOU ERIOU KaI TO UEYEBOG KAl OXAHA Twy S108WV KaI Ty EVWoEWY Touc. ESW naparnpouvral
Kal OTATIKEG KAl duvapikeg endpaoeig. Evw 8 01 emOpAceIg HETABOAMIV OTIC OTPOYEG TOU
KIVNTAPA, KaBWGE KAl aTo GYEDIaTUO Twv MOMANAV £10aYWYHAG Kal E§aywyng, KaBwe Kal Twv
BaABidWV Kal Kavaliwv NApOUCIGJouv KAnolad aanAsidptnaon, eviomnifovral eniong Kai
KAMOIEG HEHOVWHEVES EMDPACEIC AMWY PAIVOUEVWV.

AnWAsIEG NisonNg

Z1n didpkeld ToU gpBONCUOU eloaywyng, eEaimiac Twv TPIBWV O KABe TUAKA Tou
CUOTANATOG EITAYWYRS, N MEON OTOV KUAVDPO £ival YIKPOTEPN TNG ATHOGYAIPIKAG, KATQA JIA
noooTNTA QvaAoyn TOU TETPAYWVOU TWV OTPOPWY. AUTH N GUVOMKNA NTWoN TMEONG Eival TO
Gepoloua em HEPOUG Ap OTO $IATPO agpa, Kapunuparep Kal NETaroUuda yKagiou, moAanain,
KavaM SI0aywyne, BaiBida sioaywyng. KGds mia anwieia eival Aiyeg EKQroaTidieg Hovadeg,
Kal UEYAAUTENEC Eival QUTEG HEOa and ra kavakia Kai Tig BaABideg eioaywyng. MNa kade em
Hépoug eEAapTNUY, N NTLON nigong Sivetal and oyEon TNG HOPPRG!

Ap; = {;pv}

onoTe Pe XpAaN TnG £EiCWaNG TNG CUVEYEIQS TPOKUNTE! N NAPAKATW OYXECN YIA TN CUVONKN
OIOVEI-OTATIKA NTWSN Nigong:

_ AN
Pum =P =2 Ap; =3 &0} = pS} ¥ ﬁf(]f) (6.6)
To Zy.5.5 sival £va Napadelyud OYETIKGY MTROEWY MEONG TETPAKGAVEPNG BEvdivounXavig.

120

Throttle
Air clesner

Atmosphere

Pam

80 -

4p, mmHg
g

FM DR g
20
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L [ | m, gls
1 ) 1200
Zynya 5.5 2400 3600 4800

Engine speed, rev/min

Pressure losses in the infake system of a our-stroke cvcle s alk-lgllllloll €ngine dete!mmed under
stcady flow CO“dl“OHS. Stroke = 89 mm. Bore = 84 mm.
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AvtigToiYa We Tnv egigaywyn, €XOUUE NTWOEIC mieong kKal gta Siagopa £5apTANATA TOU
ouoTAHATog eEaywyns. Z1o Z¥. 5.6 gaivovTal XpovIKa PECEG TIMES MECEWV GTNV TOAANAA
eLaywyng oav cuvapTNar Tou onpEiou AEITOUPYIAE Evog BevdivokivnTApa (Mou opideTal 5w
HE BAON TIC OTPOYES KAl TO KEVO TNG MOAAANANG £10QYWYAG).

Infet manifold vacuum, kPa
g 10 20 30 40 50 60 70

25

s

Exhaust manifold pressure as a function of load (defined by inlet manifold vacuum) and speed, four-
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Zxnua 5.6
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Inslantanecus pressures in the intake and exhaust manifolds of a four-stroke cycle lour-cylinder
spark-ignition engine, at wide-open throttle. Locations: p,, intake manifold runner 150 mm from
cylinder 1. p;, exhaust manifold ruener 200 mm from cylinder 1; p,, exhaust manifold runner
700 mm [rom cylinder 1. fO and EO, intake and exhaust valve open periods for that cylinder, respec-
tively. Stroke = 89 mm. Bore = 84 mm.
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Yndapyouv Kol Gia gavopeva flou ennpeadouv To Badud nAnpwong, AAAd O UMOAOYIOHOG
Toug Eepeuyel and ToUug OTOYOUG TNG CUYKEKPINEVNG Napadoang, onwge gival n adpaveid Twv
Acepiwv TNV NMOAANTAN EI0AYWYNG 08 UYPNAEG OTPOYES (EKUETAMEUAN TNG ONOIAG YIVETA!l HE
apyoTepo KAsioo TNG BaABidag eicaywync), n avrioToi¥n avaoTpogn pon npog Tnv
noAANAR EICAYWYNAC OF YAUNAEG OTPOYEG, QaIvVOUeva CuvTovicuoUu Tng efaywyng Kal
cioaywyng {oxedIaoUOG aE QywvIoTIKOUG KIVITARES) KTA.

Z10 Zy. 5.7 ¢aivovrar napadeiypara SIaKUPGVoEwWY MiECNE OTO oUSTNHA EI0aywyng Kal

eEaywyng.
5.2.3 MeTaBolsg Badpol NAPWONG HE TIG CTPOYPES, SiIaoTAoEIg Kal Ypoviopo BaiBiduwv

100
7. %
90 Diesel
80 Spark-ignition
{ Volumetric cfficiency versus mean piston speed
1 1 1 1 | | . PR s
i 0 2 ] 3 3 10 12 14 for a fourcylinder automobile indircct-injection
Z)(f]IJQ 5.8 Mean piston speed, m/s diesel® and a six-cylinder spark-ignition engine.

T1o Sy. 5.8 gaivetal n enidpaon Tng Péang TaxuTnTag epBoiou 670 BABUG MANPWONG EVOG
BevZIvokivnTApa Kal evog KivnTApa diesel. H kaunUAn Tou diesel Seixvel Wia eniGpaon
cuvToviopoU. H eEAynan TG HoPeNG TWv KaUMUAWY QuUTWV Hnopei va yivel ue Baon 1o .
5.9.

100%
A Quasi-static effects
Charge heating - - — —
_ o —————
o s e Flow friction
)
-3
[*]
7]
£
g
£

Mean piston speed

Effect on volumetric efficiency of different phenomena which affect the air flow rate as a function of
crmad Calid tima fn S=nl o oo .

Zxnua 5.9
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5.3 Pon pgoa and BaiBideg

2to IZy. 5.10 ¢Qivovial KATAOKEUAOTIKEG 6lauog¢wcalg Twv BaBIBWV KAl KAVANWY
Ei0aywyng Kai efaywyng mou ennpedgouv Tn pon PECA anod duTeg.

! fe—— | Stem diameter D,

Inner scat diameter D

Seat width w | Parameters defining poppet valve
] seat angle 8 grometry.
Lik L, i] l“—; : \/
& ' S

1
1

(
!

’ Head diameter, D, !

I 1

"

0.20-0.220 | '— - ,, 0.80-0.85D
N = 20°-40° \
—
7 /’ . ,/
o P
0.88-0.930 -\ Minimum protrusion of guide boss
D jem‘e -
r AR 11 " Largest possible radius
15° '
0.075-0.085D (30° seat) ‘I¥
0.085-0.095D (45° seat)
1.10-1.120 (30°)
1.09-1.10D (45°)
(a)
Core closc to bottom of valve guide
0230250 _, /
Minimum or no
guide protrusion
| 0.90-1.00
z
IS
v .
Section Z-Z
Area > 0.75 area at 'D’
0.095-0.105D ™ Core close to seat

1.10-1.11D

(b}

zxnua 5.10 Shape. vroportions, and critical design areas of typical inlet {top) and exhaust (bottom) valves and
poris.

Onwg eENYABNKE oTnv gvoTnTa 4, Of UMOAOYIGHOI TNG pong HETA ano BaAB_iSsg yiqurcl He
Baon TIC oYEoLig and Tn povodIaoTarn Pon CUUMIECTWY PEUCTWY, HE XPNOn KATaAANAV

CUVTEAEOTWV EKPONG (ZX. 5.11).



Discharge coefficient as function of valve lift for several exhaust valve and port designs. -

Discharge coefficient Cp,
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Flow pattern through exhaust valve at low and high lift -
Zynua 5.11

5.4 Algpyaagieg anomiiong ot diYpovoug KIVITTNPEG

i i anc AvSpou og diypovoug KIVNTAPEG, HE
o | Kai Ol UTIOAOYIOHOI anomAUCNG TOU KUA i
:;g)\?nvg Ivg:ﬁcnc; Ka! TOU Kauoagpiou PEca and Balgideg kal Qupideg (ZX. 5.12).

(a) (b) (9]

(a} Cross-scavenged, {b) loop-scavenged, and (c) uniflow-scavenged (wo-stroke cycle fow configu-
rations.

Iyfipa 5.12
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10 Z¥. 5.13 napiotavovral oxnUarika ol 5|aKupavoe|q nisonc Kard Tnv £10aywyn Kat
eLaywyn gg diypovo KivnThpa.

Scavenging

Po

L

il

Exhaust
scavenging

i

__i

—
~—Air from compressor

Pc
(a) (b)

(Gas exchange process in (wo-stroke cycle uniflow-scavenged diesel engine: (a) vaive and port timing
and pressure-volume diagram; (b) pressure, scavenging port open area A,,, and exhaust valve lift L,
as functions of crank angle.

Zyhpa 5.13
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