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LL)

nPoAoro:

To po64;ro Tov Mnxqvorv Eooreprxilq Kouonq, onorelEi iooq rqv xol0rapq euKorpio Vro vo
ouvduooer o gorrnrnq, - MnxovoAoyoq rq Vv6oetq rou novo oe 610 ro Kupro ovnKetpsvo rnq
evepyeroKnq nrproxnq (oeppobuvoyrxrl - Ko0on, Peuorounxqvrxn Kor :Tpo9rtropnxoveq
Msro6oon eepp6rnroq), oMo xor rnq KqrooKeuoonKnq neproxnq (:rorx8io Mnxovov
ToAowrloerq kor Auvolrrxn Tov MnXovOv, M4yovro1.roi, YhKo Kor Korepvooieq).

O ouv6uooyoq TLJV noponovo owrxer;revorv oq npoonotroupevov Vro rnv Korovonon rov
prlyovrirv eo!,TeprKnq Kouonq, eq nsprpeve Koveiq or Kogroro eforperKo 6uoxo,\q r4v
nqpoKolouenon rou on6 Qorrnrdq pe Kevo ornv nopoKolouenon rou npdrou Tpterouq
x0r,\ou loorxrirv onou66v. Irnv npof4 dyer onoEsr;€ei orr r1 xorooroo4 6ev eivor rooo
6iorotr4 aforrioq rnq Vonrsroq nou ooKo0oe KorooKEi orouq gorrnreq Uoq ro ouVKeKprpivo
Uoenpo eEorrioq rnq nlnedpoq npoKflKdv epnerprtiv ond Tnv Koenueprvn <on. Aurdq ol
reAeuroieq onoreAo0oov nowo ogoplr4 yro eypoOuvoq oro enrpdpouq owtKerpevo rulv
M.E.K., tr8 ouvdnslo rqv xolurpn Konoruv (ivov elni<ouu8) Ksv6v ornv Korovdnon rLrv

Bqorxdv Uoenporov.

H nolueTnq epnerpio ono rnv 6t6ooxo,\io, dpeuvo xot ovonru€n or4v neproyrj T!,v UnXcwdv
eooreprKnq Kouonq, oEronoiertot pr6oo ono pio ewek^lq vdq pc€odoAoyiq 6r6qoKolioq Tov
M.E.K. orov ovo yeipoq o64yo, nou egoppo(eror, yro npdTn gopo oro veooOororo rpn;ro
Mqyovo,\oyr,tv MnxovrK6v Btopqyoviog. To ouyxexprp6vo oxnpo o{ronorei nArlpoq rtg
eEorpeTrK,q 6uvorornTeq rov npooonrK6v UrKpounoloyrortiv or4 povretronoinon rov Boorxtiv
Etepyoottiv Uaoo rov onoit:v utronoro[vror or 0eppo6uvo;.rrxoi xuxtror rov rppologopov
pnxqvdv eooTeprKnq Ko0onq.

H noponovt^r grlooogio owovoKlqror orn 6oun rou nopowoq odnvou, nou qnorelsiror ono
6exorpeiq svornrsq nou ewoooowor orrg elrlq raoosprq neploydg :

(i) KorooxeuoonKR 6to;topgoorl ror oye6roop6q rorv M,E.K. (Evorqreq 1,2,10,11,12,
(iD Ko0on Kor evapyaroxn oupneprgopo rov MEK (Evornreq 3,5,6,7,8)
(iii) Exnopndq punov Kor owrppunovo4 MEK (Evornrrq 7,8,9,13)
(iv) Mowelonpouno,\oyto;rou Lrovrp4q & UeroBoflKnq 

^erroupvioq 
MEK (Ev.4,5,6,7,8,9,10)

H otpolroir,lo4 ono rouq gorr4rdq rou Tp4poroq M4yovotroyr,tv MnxovtKdv Brop4yovioq flO
Tnq alnq rou ouVKsKprpdvou poeRUoroq oe ivo Axo64proi x6 E[opr1vo, onorei eB6opo6toio
onoox6^non 5 ujpdv Enr nldov rnq Sulpqq bropxeroq rov nopo66oeov, Vto lsl6Tn rnq
eeopioq xor ane{epyooio rov ooKnoeov. Eni n}6ov, onotrei ivo e,\oyroro 20 ujpdv
onooxolnonq oe npooonrro unolovrorn, xor otr\r^tv 20 opdJv oro Epyoornpto. H enrruy4g
enouavoq eEdlrtn Tou Uoenporoq onorrei rnv evepyo Kot ouver64r4 oupueToxn Kol
ouvepvooio rov gorTnTov pog, npoylro nou eeulpr,J unoypdoo4 Uou vo Tovioul yro pro oro;ln
gopo. H spnerpio pou oro AflO 6yer 6ei{er orr xoro 14 6r6ooxolio Kot epeuvo ornv neproxn
rLJV MEK ovo6eixenKov pero{u rov QorrnToJV ol xol0repor ouvepvoreq Uqq.

Euyoptorci rrlv ou(uyo l.lou Olupniq Z6you, dlntroporo0xo Mnxovoloyo Mrlyovrxo, yro rr;v
nol qntrn BoResro Kor oul.rnopooroon Tnq, orn ouvvpogn rou nopowoq obqyou, Koe0jq Kol
rov ouvspVorn pou oro AnO, 6rnloporouXo MnXovo^Oyo MnXovtKo K. Kovorqvrivo KouVtovo
yro rnv enrpdtrero rnq, outr\ovnq rurv ooxnoeov.

Boloq QeBpouoproq 1994

A.M.Iroporitr\og
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NINAKA' :YIIBOAON, AEIKTON KAI :YNTOMOTPAOION

(Me Boon ro 6oKtlto ouwpottUa rou Kdent/nrctt John B. Hewood:
lntenal Combustion Engine Fundamental$)

:YilBOAA

a

A

^c

Ai

B

Crank radius
Sound speed
Specific avail4bility
Accclcration
Area
Valve curtain area
Cylinder.head area
Exhaust port area
ElTective area of flow restriction
Inlet port area
Piston crown area
Cylinder bore
Steady-flow availability
Specific heat
Specific heat at constant pressure
Soot conc€ntration (mass/volume)
Specific heat at constant volume
Absolutc gas vclocity

Swirl cocmcicnt
Dischrrgc cocfficient
Vchicle drag coemcicnt
Dianrcter
Fuel-injcction-nozzle ori6ce diameter
Diamctcr
Di[Tusion coe(ficicnt
Droplct diamcter
Sau(er mcan droplct diameter
Valvc diametc.
Radiative emissive power
Spccific cnergy
Activation energy
Cocfficicnt of friction
Fucl rnass fraction
Forcc
Cravitational lccclcration
Spccilic Cibbs frec cncrgY

Cibbs frcc cncrgy
Clcrrance height
Oil filrn thickness
Spccific cnthalpy
Hcfi t-transfcr cocffi cicnt
Port oncn hciSht
Scnsiblc spccifi c enthalpy
Ent halpy
I,tomcot of incrtia

Flux
Thcrmrrl cond uctivily
Turbulcnt kinctic encrgy
Forward. backward. rate constants for ith reaction
Constiln t

I:quilihriunr constirnt exPressc(i in concentrations
trquilibrium constant expressed in partial prcssures

Chilritctcristic lcngth scale
Con nccting rod lcogth

AKrivo orpogo,\ou
Tox0rnro rou nxou
Er6rxrl ef6pyero
Enroyuvorl
Enroovero
Aroropn ponq BoABi6oq
Enrgovero r(u,\tv6poKegolRq
Enrgov8rq Kovolrou eEovGlynq
EvEpy6q 6toropn ponq
Enrgqvero K(rvc rot etooyuJvnq
Enreovelq Kopdvoq EpBotrou
Aroperpoq KUNv6pou
Sdpyero U6vrpnq pong
E6trn €epUoxl^lpnnK6rnro
Er6rKn Osppox,lpnnKdrnro uno orqgspn nison
:uVK6wpulon oreoMq (p64ol6vKo)
E6txn oeppoxr^lpnnK6Tnro uno orqgepn nieon
An6 urn rowrnro oepiou
Euweleor4q orpoBtltopou
Euwetreorrlq expo4q
:uwetr€ornq oepobuvoptKnq owtorooeoq oxnporoq
Arotlsrpoq
Aroperpoq onnq evxurnpo
AroUerpoq
Euwetreor4g 6toXUonq
Aroperpoq oroVovtdiou
M6on 6ropeTpoq oroyovt6iou r(oro Sauter
Aroperpoq Fo.r9;6oa
Oeppoppo4 I6Vt,t oKflvoBolioq
Er6rKn evapysto
EvdpVeto evepVonoinonq
:uwd\eorRq rprBnq
K.\oogro po(oq Kouoipou
AUvoUn
EnrroXUvon BopurnToq
Et6rKn €Ieueepn rv6pveto Gibbs
Elsueepn ev,pvero Gibbs
Xoprq KoS'uUoq
noxoq qilp lo6ro0
Er6tKn eveotrnio
:uw€,\eornq UeTo6oonq 0eppor4roq
Yq,oq ovoiypoToq gupi6oq
Aro8nrn er6rxn ev€o^nio
Eveo^nio
Ponn 06pqveioq
Pon
OepprKn ovoyrUornro
KrvnTrKn rvdpyao TUpBnq
oroe€peq owi6poonq un'oPrePov i

:roeeoo
:roe€po roopponioq eKQpoopevn oe ouYKewpooelq
:Tog€pq roopponioq EKepoopevn oe peplKdq nreoetq
Xoporr4prorrxrl KIipoKo pnKouq
MnKoq 6toJornpq
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L
L^
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p

4

o
o
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R

(
s,
t
T

u'

u-f

U

V

Charactcristic length scale of turbulent llame
Piston stroke
Fucl-injcction-nozzle orifi ce lcngth
Valvc lift
l\{ rss
M:rss florv rate
N'lass of rcsidurl gas

lr,llrch num hcr
I\4olccular lvcight

Number of mbles
Polytropic exponent
Numbcr of crank revolutions !r€r power stroke
Crankshaft rotational speed
Soot particle numbe' density
Turbocharger shaft speed
Cylinder pressure

Pressure
Power
Heat-transfer rate per unit arca
Heat-transfer rat€ p€r unit mass of IIuid
Heat transfer
Heat-transfer rate
Fuel chemical energy release or gross heat release
Fuel heating value
Net heat release
Radius
Compression ratio
Connecting rod length/crank radius
Gas constant
Radius
One-way reaction rates
Swirl ralio
Crank axis to piston pin distance
Specific entropy
Entropy
Spray penetration
Turbulent burning speed
Laminar flame spccd
Piston speed
Time
Temperature
Torque
Spccific internal energy
Vclocity
Turbulcnce intensity
Sensiblc specific intcrnal cncrgy
Characteristic turbulent velocity
Compressor/turbine impellor tangential velocity
Fluid velocity
Internal energy
Spccific volumc
Vclocity
Vclocity
Valve psctrdo-fl ow vclocity

Squish velocity
Cylinder volume
Volume
Clcarancc volume
Disptaccd cylindcr volumc
Relative gas vclocity
Soot surface oxidation ratc
Work transfer
Work pcr cycle
Pumping work

XopoKrnpronKn xtripor(o !nKouq rupB66ouq 9l6Yoq
ArodpopR EuB6trou
MnKoq orRq eVXUrnpo
M6vrorn 6106popn BoIBi6qq
Mq<o
Pon Uo(oq
Ms<o nqpopdvowoq, Kouooepiou
Aprouoq Mach
Moprorn Uo4o
Apr€p6q VpoUPol.loPiov
noturpontt(6q eKedTnq
AproU6q nept;rpo96v orpogc ogopou qvo orQitrtpo EPBoNol

Aprgu6q orpoQ6v orPogotroQoPou
Aprep6q nuKv6rnroq oLlporl6iov oteoMq
Aprguoq orpoqdv orpoEltrooupnltoTn
nieon Kutrivbpou
niron
loxuq
€eppoppo4 ovo Uovo6q enlgoveidq
Oeppoppon qvo Uovq6o Uo4oq peuorou
Mero6t6opevn 0eppornro
9eppoppon
EKtruon XnptKnq evdpvelqq Kouoipou
Oeppoy6vog 60vop11 xouoiPou
Koeopn dKtruon €epPornroq
AKTivo
lxdon oupnieonq
MnKoq dtoornpo / orrivo orPogo^ou
:rogepo otpiou
AKrivo
Puepoi owi6poonq
:Xdon orpoB ro!o0
An6oroon otovo orpogotrou - e6povou €pBotrou-6riornpo
Er6rKn rwponio
EwpoI|io
Areio6uon ni6oKo KouoiUou
Tqwrnro Ko0onq, rupB66ouq g^oYoq
ToWTnro Kouonq orpornq 9troYoq,
Tox0rnrq epBolou
Xpdvoq
geppoxpooio
Ponn
Er6rKn eolrTeptKn tv6pveto
Tovurnro
Ewqon rupBnq
ArognTR et6tKn sol,TsprKn evipv€ro
XopoKrnprorKn roxurnTo rupBnq
EQonropevrKn roX0Tnro poTopo oupnrEorn n roupunivoq
Toprnrq peuoTou
Eooreprxil Evipysro
E6r,(6q 6yKoq
ToX0rnrq
ToXUTnro
tUeu6o-royur4ro ponq pdoq ono EolBi60
Toxurnro nepioqrEnq (oepiou ono pn0JI tp9610u)
OyKoq Kutrrv6pou
Oyxoq
NeKpoq oyKoq
OVKoq epBotrrol.,oJ KUliv6pou
EXerKn rox0rnro oepiou
EnrQqverol<oq pueFoq oEei6(,)onq dleolnq
nopovuryn ipvou
Epyo KUKIoU
EpVo qw^nonq
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v

z

p

-r, )., : Spntial coordinates
,r Mass fraction
i Molc fraction

Burned mass fraction
Rcsidual mass fraction
H/C ratio of fuel
volume fraction
Conccntration ofsprecics c per unit mass
lnlct Mach index
Anglc
Thcrmal diftusivity &/(pc)
Anglc

y Spccific hcat ratio c,/c,
|-" Angular momentum of charge
d BoundaryJayer thickness
6L Laminar flame thickness
Li"t.t Molal enthalpy of formation of specics i
60, Rapid burning angle
L|o Flame dcvclopment angle
c 4/(4 + 1): y = H/C ratio of fuel

Turbulent kinetic energy dissipation rate
Availability conversion effi ciency
Combustion elliciency
Compressor isentropic emciency
Charging efficiency
Fuel conversion cfliciency
Mechanical efficiency
Scavenging efficiency
Thermal conycrsion elliciency
Turbine isentropic efliciency
Trapping elficiency
Volumctric emciency
Crank angle
Rclativc air/fuel ratio
Dclivcry ratio

Dynamic viscosity
Chemical potential of species i
Kinematic viscosity p/p
Stoichiometric cocfficient of species i
Flow friction coeffi cient

p Density
p".o, p.., Air density at standard, inlct conditions
d Normal stress

Standard deviation
Stefan-Boltzmann constant
Surface tension

r Characteristic time
lnduction time
Shear stress
Ignition delay time
Fuel/air equivalence ratio
Flow compressibility function
Iscntropic compression function
Molar N/O ratio
Throttlc plate open angle
Isentropic compression function
Angular velocity
Frequcncy

I)iffcrcncc
Avcrilge or mcan valuc
Value pcr mole
Conccntration, molcs/vol
l\llss [raction
Ilutc of change $ ith timc

Xoprx6q ouweroyUiveq
Kl6ouo yq<oq
Moprox6 Ktrqouo
Klootro KouFivnq poloq
K oopo po(oq nopol.rivowoq Kouooepiou
A6Voq H/C Kouoiljou
Kloouo ovKou
:uvKawpc)on Tnq ouoioq o ovo l.lovo6o Uo<oq
Aprepoq Mach etoqvoynq
fLjvio
espptKn 6royur6r4ro (k/pc)
Fr.rvio
n ovoq cp/cv 

.zrpogoppn YoprJonq
noxoq oproKou orpdpqroq
noxoq orp{^}rnq eloyoq
MoploKn evoolnio oxnpqflol.lou ouoiqq i
fovio roxsioq poonq Kouonq
Tovio ovanruEnq e^ovqq
a/(4+y):y =I6Voq H/C xouoipou
Pueu6q oKdoqonq Kvnr,(nq evdpvsrqq TUpBnq
Elepyerox6q Po8p6q ono6oo4q
8oep6q on66oonq Kouonq
loewpomK6q Bogp6q on66oo4q oupntEoTn
Bogu6q nMpoonq
Bo0p6q perorponnq Kouoipou
Mqywrxog Boep6q on66oonq
Eogpoq qn66oonq on6n,\uonq
Oepptxoq Bo0Foq ono6oonq
loewponrroq Boepoq on66oonq roupunivog
BoeF6q onodoonq noyi6euonq yoUoonq
BoOUoq nMpGronq
foviq orpoeolou
novoq odpo
A6yoq nopoxnq
AuvoutKo tEd6eq
XnUrK6 6uvoptr(6 ouoioq i
KvnUo K6 rt66eq
Iroryeroperptr6q ouwrtr€ornq ouoioq i
:uwelsfinq rptBdv ponq
fluxvor4ro
nuKvdTnro oapo oE KclvovtKdq ouvonKeq stoovo\/nq
EgeAxuor14 roo4
Tunrxn onoxlon
:roeepq Stefan-Boltzmann
EnrgovetoKKn roon
XopoKTnptoflr(oq Xpovoq
Xpovoq enovorynq
AroTpnrrKn r6on
Koeuor6pnon dvouo4q
n 6voq Kouoi!,ou/qdpo (npoq orotxetopeTptK6)
Euvoprrlo4 oupntroTornToq ponq
:uvoprnon oupni€onq ponq
MoproK6 K^oopo N/O
fovaq ovoiyporoq nerolo06oq €ntroxuwn
:uvopTnon toewponrKnq oupnironq
fovroKn roxuTnro
Iuyyo14ro

Arooooo
Maon npn
Trpn ovo mole
:uvK,wp0on, moles/vol
Kloopq Uo4oq
XpovrK6q puepoq prTqBolnq
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AEIKTET

cr
e

Air
Burned gas

Coolant
Cylinder _ .

Compression stroke
Compressor
Crevice
Equilibrium
Exhaust
Expansion stroke
Flame
Friction
Fuel
Gas
Indicated
Intake
Species i
Gross indicated
Nct indicated
Liquid
Laminar
Piston
Port
Prechamber

o

b
c

E

f

rg

in

L
P

P
r,0,z r,0, r components
R Refcrcncc value -

s Iscntropic
Stoichiometric
Nozzle or orifice throat
Turbine
Turbulcnt

!r Unburned
I) Valve
ru Wall
x1 j" z x' )'. z components
0 Refercnce value

Stagnation value

:YNTOMOr?AOIE>

Adpog
KqpU6vo odpro
luuKI|Ko

K0trrv6poq
EUSolropoq ouFnisonq
:upnreornq
Eooy6q
loopponio
Kouooipro
EU9otrroU6q rKr6voonq
e^oVo
TprBdq
KouorUo
Adpro
Ev6eNupEvo
Erooyoyrl
Ouoio i
MrKro ev6etKVUpevo
Koeop6 ev6EtKvupsvo
YYpo
:rp(.lrn
EUBolo
Kovotrr
npoeolopoq
Kulrv6ptKiq ouw8rovpdveq
lpn ovogopqq
loewpontK6q
Eroryeroperprxoq
norpOq onnq R oKpoguoiou
Touppnivo
TupBti6nq
AKouoro
Bol8i6q
Toiyr,rl.ro
Kopreorov6q ouweroyp6veq
Trpn ovqgopoq
T|pR ovoKonnq

(A/F)
BC, ABC, BBC
CN
Da
EGR
EI
EPC, EPO
EVC, EVO
[/A)
Gir)
IPC. IPO
IVC. IVO
mcp
Nu
ON

sfc
TC, N TC, BTC
We

Airlfuel ratio
Bottom-centcr crank position, after BC, before BC
Fuel cetane number
Damk<ihler number rr/r,_
Exhaust gas recycle
Emission indcx
Exhaust port closing, opening
Exhaust valve closing, opening
Fuel/air ratio
Gas/fuel ratio
Inlct port closing. opcning
Inlct valvc closing. opcning
Mcan cffcct ive prcssurc
Nusselt nlrm bcr h. l,/ft
Fucl octane number
Reynolds ntmber pul/p
Specific fuel consumption
Top-ccnter crank position, aftcr TC, before TC
Weber number p,uxDfo

iD

novoq odpo/Kouoil.rou
KN:, Hsro KNE, nprv Korul Nexpo lrlpeio
Aprep6q Keroviou Kouoipou
ApreU6q Damkoehler
AvoK0K^oon Kouooepiou
AeiKrnq eKnoFnnq
K,\eiorUo, dvorVUo eupi6og etqvovnq
K,\eiorUo, ovorvUo BotrBi6oq EEoyovnq
noyoq Kouoapou/oapo
n ovoq oepiou/KouoiUou
Kl€iorl.lo, ovorvpo gupi6qq eroovLrynq
K,\eiorpo, ovorvpo BoIBi6oq stoovurynq
Mion flpqyuorKn niron
Aprep6q Nusselt
AprOUoq oKTcrviou Kouoipou
Aprouoq Reynolds
Er6rKn Korovotruion KouoiUou
AN:, UeTo AN:, nprv Avo NeKpo :npeio
Aprep6q Weber
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Evor4ro 1

TUnor eppoAogopov MEK

l-l ToElv6Inon llEK

To nol o Kol Erogopo ei64 MEK ynopo0v vo rofrvop4goW pe 6rogopo rp14pto ev6etxrtx6q
eivor o nopoKoro nivoKoq.

I EgopHoyn Auroxvnrou, gopr4yoo, o164po6popou, ptxpou
oeponlwou, ntroiou, Yswnrptoq K.l.n.

2 BootKn peeoboloyio
oye6roopou

Eppolog6peq pnxov6q (oe oerpo, V, qKrluKdq

owrKprordv eppo),ov)
l'leprorpogrrdq Unxoviq Wank€t, oeproorp69tloD

3 K0Ktroq trorroupvioq 4-Xpovsq (rpuoxnq wonvo4q, unepntr4pouyevsq,
orpoBilontrnpouyeveq)
2-Xpoveq (nMpoon 0It6 Tov orpogolo€otro1to,
unapntrnpoupeveq, orpoBtAonlnpo0poveq)

4 Iye6roopoq Kor gdon

Bo,\Bi6t^rv n 0upi6ttv
BoABi6eq enrxegotr4q (Ehead)
Bo,\8i6eq oro oduo (theao
fleprorpogtxiq BoIBi6eq
€upi6eq, eyxopotoq onoKhorlq
9upi6eq, ofloK^lonq runou Bp6yxou
Oupi6eq xor BotrBi6eq 6ro9ilxoug on6xlong

Kooorpo Bev(ivq, nerpEtroro, guotxo odpto (CNG), uypodpto
(LPG), pe9ov6ln, ubpoY6vo, 6rntr6 xoUorpo (Diesel'

oipto)

M60o6oq
nponopooxeu4q
uiyuqroq

{oeprurr4q, q,eKoouoq ornv nol qnln elooY0.tYnq'

UeKooU6q orrq,9o}8i6eq erooytlyrlq,, aYXUon Udoo oro
€o^opo Kouonq

7 Maeo6oq dvouorlq Evouon ue ontveRpo (Ue ouotoYEvaq UiYUo R
orpoporonornHdvo yiypo), 6vouo4 pe ouUnieon
(Diesel), dvouon He nttrortxrl 6yyuorl nerpetroiou oa
xvnrnpec oepiou.

A Iye6roop6q go,\opou

xouoqq

Evroioq golquog ( 6roxoer6nq, orpoet64q,
rlprogorprx6q U8 Kot^6rnTo oro ntorovr), 6lolpeU,vou
eqtropou (npoeoloUoq, orpoBrtro€o,\ouoq)

M6eo6oq eliyxou
ponnq

Irpovvolouoq opotoYevouq UiYporoq odpo KouoiUou'
i^eyxoq ponq Kouoiuou U6vo, ouv6loou6q TGrv 6uo.

10 Md0o6oq V0tnq Y6poryuxroq, oepdryurroq, yr^lpiq ouornUo VuEIC
(qrutn ps oxrrvoBolio Kot elEue8pn ouvoYoYn ono ro
Kilugoq), o6roporrxoq xrvrlrqpoq.
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1-2 Kirlor lEroupvioq EpBoIo?6poY llEK

:To:X. 1.1 goiverot n BoorKn yeoperpio proq, spBoloqopou povoKutrlvopnq Unxovnq.

t--i-l l[
--t--..

l'"lltr=
I

\l

Iro Ey. 1.2 Enetnvouvror ot 4 Xpovot letroupyiog Uloq 4'Xpovnq pnxovRq (etoqvovn'
ouunieon-,vouon, Ko0on-eKTovoon, sEoYoVn).

(a) Intake (D) compression {c) Lxpansron ld, unaust

TICURE I.2
Thc four-stroke opcraling cyclc.ro

H ntrerovoTnro Tov ev Xpnoer pnxov{lv oKoloueouv Tov 4-Xpovo KUKIo. To nntriKo T{',JV oYKov

Tou eololrou Koionq oTo KoTo Kol ovLJ veKpd onutio ldYarol oxEon oupnieong. TunlKaq

flUaq oxionq oupnieonq Ylo Bev<lvoKlvnrnpEq I6oq 12 Vlo neTpsloloKlvnrnpeq 14 t'ae 22.

lr.,
- 

tE6t-

In let

(6) Compression (c) Expansion (d) Exhaust
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O rerpoypovog K0Kloq qnorrei 2 neprorpogdg rou orpogoAogopou Vro vq unop{sr dvoq
xrv4r4proq eploAtopoq ovo xu,\rvdpo. O 6iypovog Krvnrnpoq ovom0y€4xa Ue oToxo vo
enrrauy€ei uqrn^orepn royuq ono To i6ro Udyeeoq rrvr[4po ogo0 e66 dyoupe dvov r(vnrnpto
suBotrropo ovo neprorpogrl (:y. t.3).

0ellector

T'IGURE I.!
Thc t\r,o-slrokc opcrating cyclc. A crankcasc-scavcngcd cnginc is shown.ro

1_3 ffoprfgcro KrvnrnpGty - Ovoporoloyio
Exhaust blowdown Scavenging

Iro Ey. 1 .4 nopouoro<erol
pep6v Tou.

pio ropn pev(rvoxrv4r4po ouroxrvrlrou ps rnv ovoporo,\oyio rov

FIGURE I.4
cuiaway drawing of chryslcr 2.2litcr displacqncDt four_cylindct spark-igtition cnginc tt Borc 87 5

t^, 
"t.ok" 

92 lnir, *.picssion ratio 8.9, maximun powcr 65 kW at 5000 r'v/min'
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fro Ey. 1.5 nopouoro<eror ivoq dixpovoq Ktvnrnpqq Diesel Bopdoq r0nou pe r4v
ovoporoloyio rov pspd rou.

watar Oischarqa Manitold

Lilting Shackle 8a3e
Top Orck Cov.r

Camshaft

Iniecto. Rocker Arm

Ov€rsgeed Trip Shafl

Exhausi ValY!
Rocker Arm

€rhaust Valv. f.idgc

Exhauit Valve Sgring

Erhausl Valve

Cyliod€r He.d

Pirton

Thru5l Washe.

Pirton Cariia.

Piston Pin

Crankcase

Cylind.r Liner

8lad. Conn.cting Rod

Oil O..in And Vcnt

Ai. Box
Handholc Covar

Pi on Cooling
Oil Pip.

Piiton Coolang
Oil Manitold

Oil Pan
Handhole Cov.t

Oil Pan

Oil L.v.l G.uge

Strainer 8ox

Injedor Adiutting Link

Iniector Conttol Shalt

lnjector Rack

Cylindar Tctt Valve

Fu.l Iniector

CVlinder H..d C..b Solt

Air'lnlet Porl3

Air 8or

Water Inl€l Jumper

Water Inlet Manifold

Main Lube Oil Manitold

Fork Connacting Rod

Connecring Fod Saskel

Maln Beating "A" Frame

Main Eearing CaP

Qankshatr

Crank5halr Counterwei9hl

FIGURE I-5
Cross-section drawing ofan Electro-Motive two-stroke cycle diesel engine. This engine uses a uniflow

scavenging process with inlet ports in the cylinder liner and four exhaust valves in the cylinder head.

Bore 230.2 mm, stroke 254 mm, displaced volume p€r cylinder 10.57 liters, rated sPeed 750-900

rev/min. (Courtesy Electro- Motiue Dioision, General M otors Corporation.)

:Tn ouvdxsro eo eEeTooesi n lerroupyio r{.!v K0prov stoprnportJv rov xtvrlrqpov ourulv Kol
TO UI|KO KOTOOKeUnq rOUg.
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Onurg 0o govsi orn ouvExeto ro t(upto t(ptrRpto xororo{nq rujv eUEolog6pt lv Ktvnrnp{,lv sivol
n pieo6oq avouonq (Bev(rvorrv4rrlpsq, nsrpetrotoKtvnrRpsq) Kot ouro enet6n ono rn pd0o6o
ivouonq efoprovror ro ei6o9 rou xouoiljou, 4 pd0o6oq nponopooKaunq piyporog, n popqn
Tou ootrouou Kouonq,, n pieo6oq eAaVXou rnq ponnq, IenropdpEteq rnq 6tepyooioq Kouonq,
oKnopndq p0nov Kor XopoKTnproflKcr trerroupyioq. O KoKAoq tretroupyiog rnq Uxovnq (4-
ypovoq rl 2-Xpovoq) eivor To opdourq en6pevo Kptrnpto roEtvopnonq.

O nivoxoq nou oKoloueei 6aiyvet rtq nto xotvdq egoppoviq aUBoIog6puJV pnXovGJV

eoulreprxqq Ko0onq rouq xupiopyouq runouq Krvnrnpllv oe Koge KcrrnVopio sgoppoVdv Kol
rrlv neproy4 rox0oq ralv XpnorponotoupDvov rv4r4purv.

TABLE 13
Clrssiffcgtion of rcciprocrting engines by rpplhrtion

aagila foraa
.r fc tW

PtjC6h.r ttF

DorSl cd. C@lbt
Road v.hicl6 Motorcyclc* lcootcrr

SEall ps$aagrr cari
Iirgc paerclgar ca.s
LiSht c.nmc.cial
Hc&vy (lotr8di!t.!cc)

coEDcrcial
LiSht v.hicl6 (f.cro.y,

8lapofl, clc)
Agliqrltursl
Earth Eovilg
Military
R..il cars
lrconotivca
Outboard
Itrboard dotorrrrft!
Light trsve.l daft
Ships
Ships' auriliarie
Airplancs
H.licoptcrs
kwD mowcrr
Snow blowcr3
LiSir trecrors
Building scrvicc
Elcctric powcr
Gas pipclinc

Off-rord vcbict6

SI = 3p.rt-i8rition; D - di6cl; A : air cootcd ; W - wr|r coolcd.
Sor.r.a: Adeprcd from Tlylort

0.75-70
l5-75
75-2m
15-150
l2G4m

t.5.l5

l-t50
{1750
,l{l2(Xn
r50-40
100-t0q)
0.4-75
,{-750

3{r22m
3J00-22,m0
7l-750
4127@
45-1500
o7-3
2-5
2-8
7-fi
35-24000
750-5000

st
sr
SI
sl, D
D

SI

slD
D
D
D
D
SI
SI, D
D
D
D
SI
SI
SI
SI
SI
D
D
SI

z4 A4 aw
4W
4W
ifW

\1 A, W

R.il.oad

Mariuc

z4
2.4
z1
z4
\4
4
\4
\4
4
4
4

2.4
4
2,4

z4

Airbornc
vchiclcs

Hornc usc

Stationary

AW
w
AW
w
w
w
w
w
w
w
A

A

w
w
w
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4. Ii O BENZINOKINI{TTIPA>

xto E1. L,6 qcrivercr prti topl ev6q oyylqovou pev(worLvrlcrlprc. Me tov 6po rlvrprlgcs
OTTO(pav(rvorwnrrlAag), awoeitor dvcg eppoi'o$6pog rlvqtrlptrq nou rtrier opoyevdS pilpc
pe e[otegtrrl dvcuorl. To opoyevonotqpdvo piltrrc cdpc-rcuoipou, oupnt6(etcr oto lgovo r4g
irufr"i,roni (tetpdlpovoq rrvrgtrlpcg), oa nieoq 15-25 bar (FcfuoS 9rtTi991g^" =l'..10)' H

0epporpcoic tou pilpctog oro tehog filS ouPttieols' ocqv nEQroXl 4uu-ouu-u' elvcl Kdto)

and rc- eninedcl cutovcqhef4r6rrltog tou l.liypcrog. EtoL eivor 6uvcc1 1 ovdqleqll tou
pi1pdtos otqv enroupltrl xgovucrl cwnrrl prdoor ont€r1pc nou nprorclreittrr o-co onweqptotrl

ipib4q Liyo npiv cnd to <ivco verqn orlpeio' Axolrot8ei q Ka0oq tou piYpatog, q onoicr

ileLiooetci pe ouyxexplp6vq tc'itqtc 6ul6oo4g tou petclnou rrls, ttou e[crptcitct crno ttg
ouvgr6eq oto Oridcpo rcr)o1g. H e(dl{1 tqg rcrriolg ro0opi(Et oE olpcwtK6 pctfuo qv
*o.ou.i].ro-.1 rawipou rcr trlv c,vcntuooopevn [o.x0 oto ouFerp4rdvo olpeio )'ettougyicg.

O ctprtilpovog torfog

Ztov tetp<i;1govo rrvqtrlqrc, E1. 4'? or, lpovot crvoilpctog ror r)'eriprqtos t@v pcltpidov

et.ocl<,:p1s ror efc1<oylg puoP(ovtcrr c,no tov errewpoQogo ri{ovc, o- onoiog. nalpvel Kivqorl

cno io m-po4cloqopo rci rrveitcr pe t.. prodg o-rQoOdS ctt'cutov (o tetgrilpovoq rurlog
oi,,or)lqgdie tar. oe 7i0o,61L oe 60o neqrotgoQiq tou crpoQclro46gou)'
Aiyo np-rv to KNZ (rdto virgo oqpeio), ovoiyet 1 ptrhBi6c EEaY<o1rlS Kat pdlpr to KNX 61er

1161 6rciguye. to 50Vo wn rouocepiov rou xu)"iv6gou, pe unegrpi.,orpo 161o ntdoeov nprlv rot

fr*k ttt po).Bidcr. lcrl owdlerc to eFpoi\o, rwotrlg rrcrog to ANI (riv<'r verp6 olpeio)'
Lm*qpC,u"i tlv ofiaY<o1rl tou rcuocepiou aro ro Odlapo rc6o1g' Ailo--nqw cn6-to ANE'

ovoiyeil Bc)..pibo erolyioy1g, loprig va dler r)'.ei,oet trx6pq q pchpl6c etc1oyr15 (neprol'r1

"n,*am,yt1g 
pcri'BiOcov, nbu'Xgrloilriuel ltcr cqv rclr0tegl cnonltuoq tou girgou ro0o1g)' Ailo

per<i ro'ANi, *l"iu"t t| piLpiOc e{aytoyrlg Kat ovaQsoodrat n}reov o 0g6oroq cdgcg cuov

rr))rwdpo. O lpovog t19 irocyoplg' 6ttrgrei p61pt )rilo petd ro KNE' Ano erei Kcr treQa'

oxo)"oJ0ei 1 oJpnieol, 1 rc0ol rcr 11 extov<loq (olcr pe rherot6g rLg Bdtpideg EroaYroYns Kat

e(oy<o11g, iX i'.t 1, on6te o)'ortrrlp6vovtct ot 7200 tou tetp<ilpovou r0r)'ou'

nportrrgaoreuq PilPtttog

O r0gLoq molog tou unoouotrlpatos ft€ronaQcoxeurlg xcuoipou piYparns tou

per(lv&lvnfilqc,-Liucl t1 napcoxeurl bpoyivooq pilprotog cepa-rcuoipou ocrlv enL0upqrrl'

lo.A 
""piri-uio,t1, 

crvcrhoyitr. enerErl pOuo pinrc ctp<irv-tr6pcr ptnoprai vc eivol opo'yeveg (i'61<r

Odod, ; rc6oipo 0o np6net vc 61er efcrttr'ore1 nprtv ono cqv avdOi\EEI. Etiv 6ev e1er.

e{ctlitmei o}ro to rc0olpo, n1 },oyto nproorpouorlg tou oe ryul6rti toLltirpcta rotd rqv yu16tr1

eKrivno-n, t6te 0o npdner uo npoo6oeet na6'too6tepo ro,uorpo, <ilote to tplpo nou oct

e{ctpiorei uo er,op,*"i yrcr t1 61[rouqyic piypctog pe to ocooto ltoyo o6po (epni'outtol-tog

ryulplg exrivlolg).
Ex'iig on6 tlv ncrgcoreurl o;royevoug piYparos, to ufioo0otrlpa n6r-ontr6rcorceur'19. piypotog

Ocr nEi6net vc' pnolei vo pruOpi.(,et rct cr; 6rorq tou *vqtrlpo' Enel6rl to o6rrc )royou adpc

()'oyJg cr6pc-rcuoipou npog to crorlaropetpr.16), peoc.otc onoio eivct dvcrQld[ryo to pi'ypc

ireq!-den6i"Tlg eivcr noi0 otev<i, (0.8 < I < 1'2), 1 priOptol rlg anortorjpavlg ponrlg tou

pev(worrvrlqpc yivetar pe cu(opret<iroeq qq noootltttg yop<ooqq nou eroeQxsrol otouq

luliu6gorq'(oiqolyai'i{,owcrq ooo lpeLd(et<rt pe tqv netc}'o06o tou enrtcluvq (fxti(L))'

Enioai, to'i6ti ,t oo-qptr 0a npenal vc OQovtqtr Yro rnv opoLopop4l dlavoprl rou

;tt";;s oroug rcuLi.v6qrorq' *o, itlu ono6uyrl orlpcvttrtiiv unortri'oao'v oto \ prctc{u

brobnp"i,*Ou *ufivdp.,v i:X. 1I.9 ). Irqv rctefeuvo1 cuu1, eva orjoull.to rye rccopou nol-]'<rn]"ti.rv

orlpeii.rv ntrEoveKtei avcrvtr evog ouotrlpctoq yarcopou evog olpaiou, rt outo pe trl oetpa

rou avcwl avog oupBtrttro0 ouoclpctog efceqr<otr1 (xcppnup<rteg;'



Oruckumleuhchmlerung,
I Uberdruckventil, 2 OllifteL 3 Zshnrcdpumpe, 4 vom Hauptlager zum Pleuellsgar, 5 Ansaug-
glocka mit Sieb, 6 Heuptdtuckiileitung zu Kurbelwollenlagen, 7 Rickllug vom Sleuer- ins
Kurbelgeheuse, I zu Nockenwellenlagern.

a,

Eplpc t.6 Toprl avog otrllpovou Bev(rvoxwrltrl6ra

D.ntcllung dct Vlcrtakt-Getuochtolvar-
Lhrcnt Im p-V-Dl.gemm.

IXrlpc 1.? O rerpdlpovog r[rtroq epBo]'oQopou xrvltrlpa oe Stdy6rcprpa p-V

7
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X0ccqpct dvcw-qg

To unoo0ocrlpc dvcuoqg 0c npdner vcr pnopei vc cvcqhd{er ro piypo cxo;r1 rcr rdtoi crno
tolugd petcpcroKes ou\€ylKES QolS Kar Loyou cdpcr" oe 6e6opdvr1 lpovxrl mlypq. H
cncrtoqravrl evdgyerc tou ont€qproprori nou nagriyet o omvolgLotr1g, nor.rihel cv<ilr,oyc pe
ro )r tou piyptrtog. flc u1v cv<ighe{I acorx€ropetQrrori pilpcrrog oeptr-xcuoi.pou, (I= l), t1

evdgyern cutr; eivcr io1 pe 0.2 mJ. Avtr0etc, 1 cvtigle{q Qttol6taErou r1 n}rouorotepou
piyparog, crncrtei. pdlpr Kat 3 mJ evdpyorc orrv€lptopo[ (oe rti0a rir]ro).

Kcuoq

O onr.v0qpcrg nou nc,p<iyeru,r perc{o tov q}rertpodkov tou onr.v0qgr.otr1, rovi{et to piTpct
dlploupycirwcg tc )rey6pevc evepy<i rdwpn, 6tou tcr p6grc tou rcuoil.tou avao^€Yowcl, Kol
Myco rou e{dr0eppou cqg cwi6pco4g ex}r0etct Oeppoclto nou cvepd(er rq Oapporpcolc otrl
yertovui tov evepy<irv r6wgorv rcr dtodiSer rqv rcuon (4do1 avdQle€nS). H ngcotl cutrl Qdon
6rcgrei yra evc neginou otcr0eg6 lpovrr6 drdorqpc, nou e(cpttitcr cn6 tr1 ouotaol tou
pilpctog ()r). Av 6pcog petplooupe aurrl q lel6pevq rcOuotdqrlol dvctuoqg oa Yovic
orQogdi\ou, t6te ngoQcrvcirg cutrl 0c cu{dvet pe ttg orSoO6S tou rLvqclpo (ror p6pctcr 0a
petcBriLlrtccr pe to i').

O gu0p6g 6rluoqg Oeppotqrcg cn6 rqv rc0oq, efcpttitcr rugi<og ano tq pogOr1 tou Oc]rcpou

rc0oqg rot rq Odoq tou onw€1pr^otr1. H tcl0cqtc 6r,ri6ooqg tou patdrnou yto I=0.9 eivar rqg
tdfqg tov 20-40 m/s. H to1[qtc cucrl puOpt{,etct cn6 6cpycoieg 6ld1uo1g oto pdt<ono trlg
qloycg (nou taheutcio ;.re },et<ilvtar pe cq Oe<opto t<,:v fractals), Ko06S Kat aflo trlv 6wcoq cqg

tuppqg rcr tc eninsdc 0epporpcoicg mo <ircuoto tptlpct tou piTltccog.
H cri{1oq qS ni€arls ocq dr<iprerc u1g xcr0orlq corei oqpcwrr1 enidpacq ocqv cu[r1o1 trlg
0epporgcoicrg tou tixcuo-rou ptilpctog (ev<ir trwiOetc 1 crcwopo),,io rcr 1 cryorpl 6ev nci{ow
oqpawtr6 p6)ro, Myto qg noh0 prrpqg lgowrrlq duigrercrg tou Qdtvopdvou).
Etov ruxlro tou pev(tvorwqrlpc, ldLdprerc xc0olg 0c npdner vcr sivol' l eitriporq 6uvccr1,

xcr 1ra0o1 vc ouppoivel 5-100 y<,:viog otgo4dlou trratri to ANE, <iote vo enrtull<ivatct
uvrlln p6on npnypccrrl tieoq (ponrl) xcr 1cp1)rrl eldtrrl rotovcil<oo1 rcuoipou' fic tqv
e'trloyrl )'or.nov-cqg oporlg ngonopeiag dvouoqg (cptivg) llo Kd0E olpeio ?\eltoupyicg
),,cpBrivowc I utoyl:
'+ o loyog cdpo )r rou pilpcrog crdgc Bev(ivr1g

p6oq dwcoq filS tuABnS mo ouyrerptpdvo orlpeio (otpoQeg-ncpopl cdpc)

lpovxrl otcoepri e!6k{6 t<ov oreplootcirv avdoleEls tou trriypcrtoq.

2m)

TC BC TC BC

-I8o.0"|80.
Crank position .nd 8lc

TC
360"

FTGURE I{
Scqucnc! of .vcnts in four-stroke spark-iSnition €o8inc oFrating cyclc. Cllindar prcssu.c p (solid
linq 6ring cyclc; dash.d linq motorcd cyclc), cylinder volumc Vly*, znd mass fraction bum.d x,
arc plo(cd aSainsr clant a.tglc.
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Ilpop).rlptttct rcl opur qq r<tooqg

Xqv npd{q, l rcuorl otcr rcrcluttx<i cutotcivntc Yivelot Fe naginou otorleropetprxo loyo
cepa, (ev<il rotci ttq enrtcluvoerq aQo6rpo(etcL rcnorog apnhouttoptog, p61pL L=0.85, rct otrg
enrppo6uvoarg pre Qpevdpropc 6rcx6nrercr 1 ncpolrl pev(ivqg-I-o;.
@ep;ro6uvoprrdrg aivcr enl0upqto vc yivetct 1ro0or1 pe to p6yroto 6uvcco troyo c6pa (6t<o1r1

Kouoq), yrs vc perclvercrt o otpcryycl'topog Yra rrl S0epwrl rrls ponTls rcr vc Be)rrr<,ivetct o
0e<opltrrog ftr0pog <rnodoorls pdo<o t1g petcBohrlS tou trci,\utQontKou erOdt1 rct<i rrlv
eKrovoorl. Eniorlg, eivor. sttr6qqr6 vc pardrvovtol ol, cttd)Iar8s \ro€ls Kat n pdYtotTl
Oepporpcoic Ka0ons (atroQuyrl dicionooqg t<ov npo'tovtttv cqg rauorrg).
Kcuoq pre uy1)r6 loyo cdgc (pd1pL rcrt )r= 1.7), enltuy;lctvetct pe 6r a$opreq telvrrceg otoug
)reyopevouS xr.vltrlpeg Qr<o1r1g rcrror1s, or onoior cnotelouv evctrtrcrtrrrl texvo)roYic
cvtr6rpunavolq oe o1eo1 pe tov tpro6lro ro,tchutrro petctgoned Kct oTotxetopet6rrrrl rcuorl.
Ktinorcr powe),.c r(lvwrlQ@v Ot(,)xrlg rc0o1g elouv ruxloQoprloet rcrtci xctpotig. Kct oQtolrevc
eilcvT rl duvotoclta vc nhlpo0v to oQto US 83, pe rqv trSoo0nKn o(etdcotlxou rct<rhutrro0
prsrcrQorrac, pe rctchutq e{ardrreupevo otnv o€eiStool ttov udpoyovcr€Qdt(ov. AuotuX6S,
e6<ir 6ev undplet q 6uvcrt6tlrcr ovcy<oyr1g rrov NO*, tro1<o tou o(er6<,rttxou negtp<iltrovtos, Kct
yr'curo q telvol,oyi<r currl 6ev eivar cropl rilptpq ltc auorrlpocpeq npodr.cypcqtig.
Ooov aQopti rr1 Betrti<oo1 tou Bcr8pou cno6oolg tou Bev(rvoxlv1t16tc oe pegrro Qoptio
(p<rorxo perovdrrnFa rou pev(LvoxLvqtrlpc avovt! rou diesel), pe cn{1o1 lrlg oupnieoqg, e6dr

ti0eror evc ctiv<o opr.o cno ro )reyopevo Krunqps rou Kt.nrlQo.
To xt0nqpc epocvi(eror otcv 1 tcrl[t1tc 6rd6oons qS oloTas otdoer rT1v tcrlutltc tou r11ou

oro o6Ql.o rou ecrlcprou Kofols. Auro pnopei vcr ouppei oro t6IoS lns Ko0oIS, 6rdv to
evcropeivcv piypc ouprnreorsi [o]\u Kor ou{Ieei 1 Bappoxprcoic lou o.cc optc tr1g

ouravdQi\c{rlg (:X.J. f0l. H rcuorl;re xdnrlpo fiQo€svsi (1ptti otc otorleic rou Odldpou
rcuolg (6ppolc, e),<rclpLcr xar rulrrvdprorceQchrl). To 6qrcr tou rtunlpctog efopttirvtcr oncog

eivar yvomo ono to Kaioqlo nou XQTlotponotei'Eol- fevrr<i. 1 o1tio1 oqrnieols otous
olpaervous nvrlqpeq fiou Kc[v6 cpo]ruBdq pev(ivq,6av fenepv<i to e=9-10 (tX. |-.tt).

Avcrrruooopevq o;ug, xtttcltiAr,rrl rtruoipou

O ev6er.rcvupevog poOpt<ig cnti6ooqg evoq pev(Lvoxtvqulqc (611. autog nou neoKuTrrsr drto to
6Lriypcppcr p-V, 1<optq vo l,lqeouv unoyl or ncrErcndpcr rptpds), nd0t6r orl;rawr.xd otc 1op1trri
qoprio (I1.3.1q'), on(l)s dvaodpoqre nopcntiv<o. Telvrrdg pa)'tirr;o1q currlg rrlg cduvcgiag
alouv cvantulOei xcrtd rarpo0g, clJrd 6uorulcilg 6ev elouv oK6prl evoopato0ei oe K.vltrlpeg
oeLpag l,oyto urpltrou rootoug (drcrronrl tpoQodooiog oe Kdrotous ruLiv8poug, prataplrlrog

Xpovropos BchBi.6<ov, orcpci'rr1pc opopev<,rv rutriv6prov). To povo FErQo ttou pnopai vc
eQoprpd(arcr (cno rov odrlyo), eivot I trEttoupyia rou xwltrlpc xatd ro 6uvct6v oe Xaplldq
orpo$ds (pe rcrdLlql,rl en oyrl t1g o1do1q ptrd6oorls).

no.r chamoe. venIi.||on

Schcmatic dra*in8 of L-Jctronic pon cl.crronic fu.l-injcction sysrcm.t,
CnbH and SAE.I

T

Cross seclion of singla-barrcl downdraft caabutctor'"
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ndpod8iwqro 8ev(lvoxrYqrnpt.|v

nopoKqro nopouoro(owor nopo6eiypcno qr|6 BEv4rvoKrvnrrlpeg nopoyoy4q.
:ro:y.1.13 ooivorol dvoq xvnrnpoq V€ xorooxeu4q General Motors.

C.o.s-scclion dr!*in8! ofccncral Motort 50 degtc V{ spert-igrition .nginc. t ! Di3placctt|cnt 2.E lit6, bo.. 69 mr!, stro*G ?6 mr& comp.6sion ralio 8.5,
marifium powcr E6 tW rt ,ltd) Evlnin.

:XnUo 1.13

:To :X. 1,1 4 goiveror avoq oTpoEtloijnepntrnp0rrnq

a>
iJ Err,.u.re.,hr.!,d.

Culaway vicw ofsmall auromolive .nginc lurbocharger. (Colrrer} Nissar Motor Co., Ltd.l
IXnHo 1.14
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Iro :X.1.15 goiveror n 66euon oipo Kot Kouooepiou ae 6vo 4-KUIM6po
orpo!rtrorinepntrnpoupsvo xrvnrnpo ouroxtv4rou.

:XnUo 1.15 Turbochargad four-cylindcr automotivr lp.rk-ignition cnginc. (Corrrrg n egie Narionale d., U Jlws.l

:To >X. 1.16 poiveTor os ToUR dvoq 6rxulv6poq Eiypovoq eEt^rl6plroq xrv4r4poq.

Cutaway d.awing of lwo-cylindcr tvro-strokr cyclc loopscavcng.d rnariac spark-igrition cnSina Dis-
placcd volum. 737 cmr, marimum po|/cr 4l tW .r Jsm rcvlmiD. (Coatesy Outboar.t Mariw Corpo-

..ca a.A



ETo :X.1.t7 goivowot Tct

KNnrnpo Wankel.

lr4
Kupro sEopTnucrTo Kol

Erhut pon

n opxn A8rroupyioq rou neploTpoQtKo0

A:-,f ""

w(a>,*K

@

Sid. houcirg

dTl T TEl
tr. -" \fEt ,7,/-\ ti
E \ '.,.': / I I / a.l. \ I|t \*./ ,' lf/ ..;.',1,'q-\!/lt FE---irt
-!T9 -<f'tgr

Forf,r Elh|rrl

{a} Mdor coEponcart of thc Wantcl aotery cngilc; (r) inductio!, cosprBtior, powcl, and crisu|f
pro.6r.s of O. fou.-rtrctc cyda for tbc cnrdbcr dcfnct by rotor sutf&. AB.lFwt Mobit Tcclaicaf
&.rlai4 Rols.y EDgiDd, @ Motnl O Corpodiott, Ig7 L|

@
Cornpft!.idl

:XnUo 1.17

cutnq.'r ttr^v,nr of t!o-({6r wanl.l

Exnpo 1.18

snrrrjEnrrion cns'n. rti{olaccmen' ,,f trch wdrkine chambLr S7t em,. compressron
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1-5. O I{NHTHPA> DIE.SE-

Irov Krvnrnpo diesel, ovoppogoror ono rouq xuliv6pouq Kogopoq oipoq. To nerp6troto
qexo(eror on'sueaioq ;:6oo oro Oololto xouo4q liyo nplv vo opyioer I Kolon. O ileyyoq
Tnq ovomuooopevnq ponnq enruyyoveror pe yero$oA4 Tnq noo6rnroq Kouoiuou nou
gexo(erot wo eyflotrropo. O odpoq nou Eroip)€rot orov x0lrv6po efoprorot U6vo ond Tq,

orpog6q. Ynopyer Ueyoln norKrlio xv4rrlpulv diesel, nou )@norponorouwor oe outoxivrlto,
qoprnyo, or6npodpopouq, ntroio xor l.trxpo epyoorooro nopoyu,ynq nAsKTprKnq evapveroq.
Ynopxouv diesel guorKnq ovowonq, nou crvonviow orpooporprxo o6po, Kor diessl
orpoBrtroijnepnA4poUpevor onou o o6poq erooyoy4q oupnrd<ETor ono xorol\ntro oupnteorrl
(nou KrveiTol qno rouppnivo rono68Tnp6vn ornv eEoyoyR), 6ore vo ero6pyeror oupnreopdvoq
orov x0ltv6oo.

H trEroupvio evoq runrKou 4-Xpovou Krvnrnpo diesel guorKnq qvonvong goiveror oro :Xnpo
1.19. H oxdon ouynieonq e66 eivot perof0 |2-24 (XoUnIoT€pEq flpiq vro unepnl4poupavouq
xrv4r4peq). Irov xrvnrnpo diesel ro Koiorpo ryexo(eror nepi nq 20 Uoipeq npiv ro AN:, oe
uq4tr4 nieo4 (100 - 80O bar). Enerbn orn qoon ourn n esppor(pooio Kor 4 nieo4 rou o6po
orov x0hvdpo eivor novur ono rrq ouv€4req ourovogtref4q rou xouoil.rou, or orpoi Tou
I|8Tpetrorou ourovo0l6yowor yero ono Uro UrKpn ypoux4 nepioEo (Koeuordpnon 6vouoqq).
Irrl ouvdyero, ooo xo0oryo qexo(eror xoiyeror oKoproio.

CEnk aStc

Scqu.nce of.vcnts during com!,rcssion, combustion,_and crpansioD proca3s6 of a naturaly asprralcdcompr-cssion'ignirion coginc opcrarin8 cycrc. cyrindcr -r,irq"r""[i""-"or,]."'i)i,". ,at or ru"tlnjcciron rnlr, cylindcr prcssurc p (solid tinc. firing cyclc: darhcd liDc. m"rorJ"y"f.; 
".na 

*rc.ffu"lbuming (o. fucl chcmical cncrgy rclcarc ralc) 
't/r arc plottcd a8raiosl craDk and..
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:To:X.1.20 goiveror owiororxo n lstroupvio w6q 6iypovou rrv4rqpo diesel pe ononluo4
r0nou ppoxou. E6ti or gupi6eq erooyuryrlq xor e{ovoynq BpioKowor cno r4v i6ro ntreupo rou
Ku^ivdpou, Kor onoKolunrowot on6 To du8o,\o Kog6q our6 ntr4oro(er ro KN:.

y'/), $

rL yu' Bc 2m. TC
Cnrr rngl.

s.{ucncc of cvcnts duaing cxpansion, ga! cxcban8E and comprc$ion proassrs in a loop{cavcngcd
rwo-strokr cyclc comprcssion-ignition cnginc. Cylindcr volume/ctaaaanc. volurDc y/ti, cyliodc, prca-
surc p, cihaust pon opcn arca ,{., and inte}c pon opcn a.ca ,{i arc plo(cd sgsiBt craal atrglc.

rro ryrlpo 1.21 goiveror n 
^orroupyio 

r4q owlioq n8rpeloiou. H ouyxaxprp6vq owlio eivol
ev oerpo. tDoiveror ro x0xk^rpo rou xouoil.rou, or eyyur4paq xor io rlr4poro 6roovop4q
uVrtIRq ni€onq r4q owlioq (dvo Vto Koge K0lv6po

EPO IPO IPC EFC

-t->"-\



Dicjci fu.f sysrcm wirh in-tinc fuclinj€crion pump (iypc pEl,, (Cour.esJj Robc.t Bosch cnblt.l

ru.' dai".ry.o{ror (ro,.r h.i,

Dclalls of fucl-inJccrron nozzl6, nor2l. hold,
Dosch trnbH.) Er assembly and fucl_deli\cry contrcl]2 (coutesy Robcrt

:XnUo 1 .21 Awtrio neerpeloiou

/:\
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Iro ly.l.22 goivETor Uro qwtrio
Kov6q dnoKolo0wor).

I8
nerpeloiou neptorpog[(ou runou (pe wrorprpnrrdp, onorq

D.ad ftd syltdn with distributor.ryp. fucl_iajccrion puEp witi E.chrlic.l govcmot.r2 lCwaesyRoba. Bosch AibH.)

:mpo 1.22 fleprorpogrxo0 Tunou qwlio nerpE^qiou

otreq or peyoleq lnxovas diasel eivor orpogrloiinepnt4pouyeveq (:y.r.2s) Kot on'Euoeioq
eVXUoe(.,q (6yxuon oe er6rxo EtopopgLrpdvo xoitrr,rpo rou epBofou). 

-'

Dirccr-hicction four-strolc cyclc six_cylindcr tutbocha'gcd Cummins di6cl cDgiDc Displaccd volumc

lO litcrs, borc 125 mm, strokc 136 mm' comprcssion ratio 16 3, maximum pow€' l6E to 2'16 kW at

ratcd spcca of 210 rcv/min.lcou esy Cummi|'s Engine Conrynv' Incl

Conl.ot t.v.r cov.r...

SlpprrPlnpt) O'iv. Gor..nor C.m

t) Siown t!.n.d throsgh aO!

:Xnpo 1.23
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:ro:X.1.24 goiveror ivoq xrvnr4poq diesel ourortvnrou. Ot roxuorpogot Klvnrnpeq rov
ouToKvnrov nrov p6xpt npo rvoq 6lot pa 6totpep6vo 06 opo, enet6n o nol0 UlKp6q
6rqeeorUoq Xpovoq yro r4v xouo4 rou nerpeAoiou qnolroi peyoleq royur4Teq ovoUtEnq odpo
xouoil.rou. :ro ri oq rnq oupnieonq ero6pxeror orov npoedlouo (R Tov orpoBllogoAopo)dvo
Udpoq rou oapo rou xulivEpou pe yeyotreq royurnreq Kor ou;1vo orpopttrtoUo. To norpi qto
gexo(eror o{p06q Uaoo orov npo€o.\ol.ro,onou ferrvo n Kouon. AdvL, Tnq onoropnq
ou€nonq rqq nieonq, ro piyl.ro odpo xouoil.rou Kor npo[6w0rv rnq orolo0q Kooonq
errofe0eror pE uvn^o qrpogr^|opo ono rov rpogq.\otro orov Kupi!,q ootropo, onou
o^oxlngiveror 4 ovopfn Kor KoUon oro 6rqg6orpo Xpovo. Auroi ot xtvrlrrlpeq 6youv
r6roirepo ury4l4 oupnieoq (21 -23:11.

Four-cylindcr naturally aspiratd indircct-injcction auromobilc Volkswagcn dicsct cnginc.r. Dis-
placcd volumc 1.47 lircrs, borc 76.5 mm, strok€ 80 mm, maximum powcr 37 kW ar 5000 rcvlmin.

:Xnpo |.24 Nrn<e^oKrvnTnpoq ouroxrvnrou xorooxeu4q MrV.

An6 To 1991 xor pero opyroov vo epgovi4owot ornv ovopo xrv4rqpeq diesel pe on'sugeioq
dyxuon yro ouToKivnro, onou 11 royurep4 wopl{4 entruyxctv8Tot pe uq.,nln nieon q,|sKoopo0
(600-800 bar) ror roxupo orpoBrhop6.
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:To:X..|.25 qoiveror 6voq yeytrotroq dixpovoq dies€l nloiou, xorooxeurlq Sulzer.

:XnUo 1.25

Lsrg. Sulzcr two-slrola turbochargad marina
didcl cn8inc. Borr 8,() rr!|D, strolc 29(n mD-
ratcd pow6 1.9 MW Fr cylirdcr at 7g rcv/mirl 4
to 12 cylindcrs. (Co!rr€r, Sulzer Brcah2rs lta.,

Ano 14 dexoerio rou 1920, eixqv opxio8t npoonoostee yro vo ouv6uoorouv oe ivo runo
KMnrnpo ro n^eov8KTnporo ru| xrv4rnpu| Otto ror Diesel. Ot oroyor 4rov vo trerroupyei o
KUnrnpoq ouroq pe B6trnorq o;po4 oupnieo4q (12-15:1), yi ro nopoxoro pioo:r on'euo8ioq gexooyo 1.rioo orov rulrv6po (onoguy4 rrun4poroq)* eforeprxn avouon rou xouoi;.rou Kogdrq our6 ovoptyv0sTot pe rov oipo p6or,l
onv04po, riore vo eldvxerot 4 xo0o4 xol vo perivowor or onorr4oerg oe ouyrexpiydv4
noror4ro Kouoipou (opr0p6q rerwiou).
] q€yxo r4q ovomuooopevqg royuoq ye peroBotrq r4q rpexoo(6;rev4q nooor4roq
(onoguy4 orpoyyolropoO rou o6po erooyoynq).
T6rorou eioouq Kvnrnpeq Kolo0wot rorpoporonotnpdvnq 

v6ur.ronq' (stratified charge).
:To :X.1.26 nopouoro(owor or 0olo;ror Ko0onq 6uo rirorurv xrv4rqporv.

-J
Two multifucr srrarified-chargc .ngincs which havc bccn uscd in commcrciar p.acdcc: rhe Tcraco
Conrrollcd Combusrion Systcm CTCCS)'5 and rhc M.A.N._FM Systcm.!'

Exnpo 1.26 Kvnrqpeg orporuoronornuivnq Voutoonq

M.A.N.
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Ot rtv4rrlpeq ouroi, onL,q npoovogipo4xe eivor 'multifuel', 6ntrg ouroq nou goiveror oro
2X.1.27.

S.clional drawing of M.A.N. high-spccd mullifucl four.cylindcr dircct-inj{rtion str.tif.d<hlrgE
cngin€. Borc 94.5 mm, strokc lm mm. displsc.mcnt 2.65 litcrs, compr.ssion .rtio 16.5, ratcd powcr
J2 tw ar l8m lrvlmin."

:yn!a 1.27

Iro, Ey4yo 1.28 gqiveror 4 opyn terroupyioq rou ouornporoq CVCC r4q Honda, nou
Booi(-aror oe pro enrvo4o4 r4q Ricardo orn 6eKoerio rou 1920, xor yp4orpon-orei dvo prxpo
npo06trouo nou rpogo6oreiror xorq rqv erooyr.ly4 0r|6 6vo Bon6nflK6 xgxk^rpro xouoil.rou,
d,ore vq 64ptoupyeiror 6vo e0Kolo wogtri[rpo piypo y0pur ono ro ontvOrlpiorn, evtj orn
ouvdyero rnq Kouonq roiyeror otrodvo xor grurxorepo piypo (yeiuro4 xorwiilr,,lo4q).

COMPRES9ON

Schcmatic ofthrc€-valvc torch-ignition slratificd-charge spark-ignition cnginc.
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tTo :X.1 .29 goivowor ro ne6io et6tKnq Kqrovotrooqq 6uo xtvrlr4purv diesel. (Evoq pa
npoeololo xor o ouoc uE on'eugsioq 6ypon).

N"
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f800 2200 800 t000 1400 1800

-or€hzthl 
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oM346
Dircktcanspritzmoto.

:ro :X.1.30 goivowot qvqtrunKo ot qndleteq rptgdvptKp6v xrvrlr4g,w dies€t pE
oTpo9rlogolouo.

-----------t>
n Iu7-"]

Rribuntsvorlustc klcincr Wilbclk:rmmcrmotoren (4-Zytindermotorcn von 1.5
bis 2,5 I Hubvolumen, (aus Dicsct Engincers and Users Association, pubtic,:tOS.
Mritz 66)

lb.lllchtungsw.l usta
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:To >X. 1.31 Qoiveror o 6roxJprop6q Ev6q otL,ornpo oe onlo runucrro, yro rov uno^ovtopo
Tnq crwroroeutonq

$ttlEvti^d..

Zyli^derobsh tt

9_
^

:lo:X.1.32 goiverot n ronogdrnon SongnnKdv orporfurv Ha cvrilopo ytq owtoroBpton
o6poveroxrirv Euvopeov 2oq roEnq oE dvo 4K0^tv6po xrvnrnpo.

I Welle mit Gegengewicht (D3s cegengcwicht isr iiber die ganze
MotorlAnge verrcill)

2 Kurbelwelle

\rrsgicichsgetriebe frir den Ausgleich der l{asscnkr?ifr€ 2. Ordnung eines Vierzylinde..einenmorors



:ro :X.1.33 qoiveror o O,oXup,oUOirflq ;reropoMopw4q ponRq on6 ro epyo(oprevo pdoo
Udoo rou epBdtrou-EtooTnpo oro oTpogolog6po, oe opuouKdq.

i.0,5

izt,5

i,2

i , 2,5

i.J
,rJ,5
i.a
i'15
i:5
,.5,9
i '6

Zcrtcguna dc. C&sdrchkrrt.! lrincr Vicrr:rktmotors in dic ttJrmonischcn Schwin_
tt|n8cn dcr OrdnunScn i = 0.5 b's i = 6

:To :X.1.34 goivowot 60o cnoopeornp€q orpennKd,v ro,\ow6osr.Jv

c

s
s
d

Cummrsch* ingungsdemPf€r

RcibunSsschwrngu nSsdiimpfe r

Gummischwingungsdempfer kombiniert mrt Kerirismenslhcibe



?s
:To:X.1.35 goivsror o orpogologopoq ev6q
owiBopq.

iiii

Kvnrnpo diesel u8 ogupntrcro4-K0hv6pou

<!

_i_"_

'. Kurbelwelre eines +zyrindcr-Di€sermotors mit mSeschmiedetcn cegcngewichlcn (Rcihenmotor)

:ro :X. | .36 goiveror o orpogoloeopoq av6q 6-Kutrtv6pou Kvnrnpo pe cvriBopo orepeu,Udvo
UE KoXIieq.

I

zldtotg., t-5-3- 5-2-.

Kurbel$ellc (rner 6-Zylrndet-Dresctmolors mrr unbearb€iteren Wangen unJ anse_!chrrubten GeSenpc$rchten (Rufienmoror,

l_.,1Ll*

r@

Sc,,nitt A-e



9-6

lro !y. 1.37 goivowor ol Kopteq 6roorooetq evoq ep86trou, xo86q xot ro Kpoucrq
qlouprviou nou Xpnotponotouwot oe 6UBolo.

D' Dutchmessd (Zylitd€rdutcimrssct)
KH = Kompr.3sionshdhe

(zusitzlich + ttl Oberhtihung odc' Nde'
- 6r Vetticfung)

cL = Canze Liitge (einschlieglich Obcrhdhutg)
AA = AugcMbstand
F = Feuerstcgh6hc
RO = Rin8lalp ob€n

RU = Ringlagc unlen
S = Bodensi:i*e
ST = Ringst€Shtthc
SL = Schafitiinsp
BO = Bolzendurchme$er
BL = Bolzcnhnge
UL = Untcfe Lange

l. ZusanmcnsaEung, FcatiSkrits.ichtwatte und Physikalische EiSenschaft€n der
Kolb€nlegierung€n (aus Aluminium{aschenbuch)

Zus4mmente tzunt von Kolbenlegiarungcn

I

Kurzzeiahen und lagierungsb€standteile in %

Werksbezeichnung Cu M8 Mn Si

in ( ) zul. BeimcngunSpn in 70

Ni Cr Co Fe Ti Zn

AlSi I2 CuNi

KS l2?5 )
MAHLE 124 I 0,8-1,5 0,8-1,3 (0,2)
NtiRAL.l2l0 ,

AlSi CuNi

| 08.t5 08.r ] 10,21MAI{LEr38 I -- *
NU?AL r76_1 0,8-r.2 0.7-r.2 0.4-0,6

AlSi 2l CuNi

KS 280 1.4,1,8 0,4-0,6 0,6-0,8

AlSi 25 CuNi

KS 282 I
MAHLE 244 I 0.8-l,s 0,8-1,3 (0,2)
NURAL 2]5I 

'

lr,r3 0,E-1,3

r7-t9 0,8-1,3

16,4-l?.53,2-3,6 0.4-0,6

2022 1,4-r,6

23-26 0.8-1.3 0,3-0,6
0,3.0,6

- (0,7) (0,2) (0,2)

- (0,?) (0,2) (0,2)

- (0,8) (0,2) (0,2)

(0,7) (0,7) (0,2) (0,2)

(0,s)
- (0,7) (0,2) (0,2)



Iro Iy.1.38 goivowot
27

KonorEq Eropopgrioetq oE 6p8olo.

Abstijtzung dcs Kolbenbolzenauges durch Rippen (a) und Blockabstiitzung (b) R ing rrxgcito r(,n [901

:ro :X.1.39 goivowor 6roQopo ei6n

Kotben insifon n

e^finpiorv yro 6U9o^q.

Eltrhtrortchrif,

Rcch&ckrant
(Komprcssionsnnr)

Rcchteckrin8
mrl lnnenfasc
( Inncnfar. nrina)

K.nn in bcidcn RichrunSln

Di. Falc tictt in
Richtung Kotbcnbod.n

Minur€n.rnt
Di. mir,,TOp'. bczcrchncr.
Ringflant. lic8r in
Richtung Kolbcnbodcn

Schwachrninurenring SM
Di! rnir,,TOp 2" bczcich-

lltg Rindta"r. ri.sr,n
Krchtung Kotbcnbod.n

Trapcz.in8 (eins4irid Tr
Dic konirchc Rir8flan(.
li.gt in Richtung
Kolbenbodcn

Trapezrin8
(dopp€isexrS)

Krnn in bldco Richrun8En

Obclsrc! RirS mu8 mrr d.r

LrmellenrinS€
hohlcn Scit. n.ch unrcn
und unteBtcr RinS mitder
hohlcn S.irr n.ch obcn
mondcrt w€tdcn

NzsenrinS
Der ausgcdrchG Winkcl
lrcSt in Rbitun8
offcnca Schafr.nd.

Nas€nrinB
mit Expandcrfeder

D€r ausSedrehrc winkel
N/Erp. lics! in Rich.unS

off.ncs Schaft€nd.

c- K.nn in b.idcn RichtungenOlschlitzrins

Olbreitschtitznns Kann in beiden Richrunsc,

Dic Fare an dcn blrden
L.ufllachen unddl, Top
z.rcnen lieSEn in Richtunr
Kolbcn boden

Gleichfasel}
Olschlirz!in8

Dachfas€n,
Olschlilz'|nt

Kann.in beid.n Richrungen

Olring mir Expander- Kann in beiden Richtllngen

Schlauchfedcr
Olschlitzflng

Schlauchf€d€r-dtschtitz-
nn8€ &bt es in d€n Aus_
nihrun8en Nonnal. AS, CF
und DF

Kun.

Kolbennnsrorrnen leo]

O/Etp.



L8
>ro :X.l.rrc goivowor drorpopol r0nor epB6krv, Kot oro:X.1.41 6vo nopo6erypo npogitr
KcrTepYooioq euBolou.

Ausfrihrungsformen der KolbenknhtunS (nach UnterlsScn der Firma Malle KCund 150:561)
a) Spd!zkiihlune
b) Shakerkiihlu;€
c) K-iihlschttngen-kolben
dJ lf,olben mit eingegossenem Kiihlkanale, EteklronensUahlgeschweEter Kihlkanalkolben

l*fi

. Beispiel cinos Kolbcnbc,rrbeitungsprotits 
[90 j
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:To :X.1.42 goivowor ouv€eTo dlr8olo.

Gijbnuter geknhlrcr Kolbcn
mil Ver\chraubung dcs Bodens

(;chrurcr Sckijhltcr Kolbcn
rl Vcrr(hrrutuns dcs Bodcns

Ero >X.1.43 qoivsTot ro o6po Utoq 6K0INdpnq pnxovnq pe uypo xullvdpoprdrvro.

-._ -! 
T

i';

S.lwt 8-E
.'-F . .l --.. I lr
tl./l - .F1 .___4 -:-.: iJ :{".., :l_.' l.:rr,',:!rli

Kurbctgchirusc.rnrs wasscrsekuhllen Rcihcnmorors iVhZ!t = 2,53 t) mrr ,sscn Zvtinderbuchsen



:ro 8X.1.44 goiveror o rponoq KcrrooKeunq svoq oepoq,uKrou l(vnrnpo Ui Xpnon modul
KUlivEp0rv.

Ausbildung der KnhlripPcn eines luflgck0hlten Zvlinders aus GuBeisen



3l
:ro :Xnpo 1.45 goivowqt 60o xuArv6poxego,)rdq.

Blockzylinderkopf fiif einen wassergekiihlten Moto.

F\7"V"s"7'\:
@@@@@% -q ,9^ .9., -.9\)oMoGgqGgqGZl

Wassergekiihlter Einz€lzylinderkopf eines Vorkammermotors



3Z
:To:X.1.46 goivowot Eropopgrioerq oe BoIBIEeq xor d6peq rouq.

Ausbildung der Ventibitzpartie im Zylinderkopf

r+_ _

r\
AI

Schematische Darstellung von Einla6kantlen, die einc Drchung der Vcrbrcnnung!-

Lage des DEllkands zur Kurbelwellcnachse

Schnitt A - B

d Sclrrqtu UOmluarrd



33
:ro :X. 1.47 0oiveTor dvoq oep6quxroq KUnTRpoq dies€l Ue oTpoFlloeotrouo.

Schnitt durch die Zylindcreinheit cines Iuftgekijhlten Wirbclkammermotors

Yorkrmmcrausarihrungcn schncltaufcnder Dtcsctntotorcn

", yf56['fl,ji;,Tii\r.Hrm!ror]s m,r c,n(.m zyrindcrhubvorumcn von 2.3 r.

'' J:'f!tfl;i;i";?i:;lllg;;;'', " ""'',',nde,hubvo,umcn von o ,.



34
:To :X. 1 .zt8 goiveror dvoq cKKevrpogdpoq yto 4-KUtrtvEpo Kvnrnpo, Ko06g Kqt 6voq nivoKoq
Yro Tnv KoTepYooiq evoq EKK6wpou.

dl\)lV
\>r'

Zeichnung der Nockenwelle fiit einen 4-Zylindeahoaot

Zeichnung der Nockenform fiir einen schncllauf€ndcn Dieselmotor mit einem
Zylinderhubvolumen von 6 f (nmot = 1500 U/min)

9 I

.,t
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:ro tX. 1.49 qoivowor To oxi6tct EoMi6ttv etooYovnq xol eEqYoYnq.

- ---l

E

s
r_
.g

i
I

I

fr-
rr!}-E4r:s.ort5t tt_

ll, +P
Ei 

\-..tr;
g

a@&ird 5a- r
|1]
lrJ

,*n*-." fi-rls
1fi.61d

i6
9

A3

{I
.l__-o

I

nt
T

a

Zcichnung eines Einlallvennls (r) und



56
Ero fX. 1.50 bivowor ororxcio unoloyropoil rov alcrrlpir.tv rnq Bo.\Bi6oq.

Zur B€rechnung dcr Ventiuedcr

Zur Bc.€chnung dcr aufdas V€ntil bczoScncn Masse mT des vcntilttiebs

215I l0 t2 t1 t5',20222425
.=---->

Korrekturfrktor k lur Tor"ion.bi"n"pru"hong g"kiimmter Stibe (nach
Scherdel-Federfibel)

i--Do --.---1



:ro :X. 1.51 divowor oTotxsio

37
yto ro u^tKo Koroor(sunq BqIBi60Jv.

Die gebrauchlichstcn Ventilwetkstoffc
{nach Untcrlagcn dcr Firma ATE
T€ves, Thompson & Co. CrhbH)

neeh DIN l? 007 
|

Bl. ,) | 1.471E

nrch DIN l7 006 | X 45 c' sr 9
Kuab.!.rlhnun3 | Cr SrShhl

t.a74E

x85CrMovlE2
Cromo l9l

t.4E7l

xa5CrNiwtS9
run. cr Nr srdrl

t.48?l

X 50 C. Mn Nr 229
2t -4N

1.4875

X55 C. Mn Ni208
21 ,2

t.4971

Xl2Cr(oNi212(
lrrs ros l

1.451I

Ni Cr 20TaAl
l^rs 2.ol

lNimo.r80Al

I xrrlr\vrnfil trnrl ! I Inhavtn l ho.
Atr\lJ$v(nt|l lhtrcrlt!,rn-
nrc.lnrrr \pnrchrn! und
0.rnrpn!c|nng IAusl!$vrnllbcl

Au\hAvrntrl \(hr hohcr
und hohg WrrmlcstrAIc bcl

dcielz.rt,!cr Korlo{onrb$ll drgl.rl

c
St

NI

N

T,

0,t8
l_t0
0..r5
9.00

0.85

l?.50

t..15

0.50

0,.15
2,50
t.20

1E.00
9,00

t,00

0.50

9.00
: t.00
J,r0

oio

0,55

8,15
20,00
,,jo

o:o

ojt

20.00
72.00

2U/,

55 tp/mm2

:: lP{md;

L=5d

500- c
ooo'c
?1,0" C

61,5lp

tw

35 kp/mm2
l0 kp/rnm:

na.h Aus$hcdurgsh!rtu.e

20n

25 kplmmr

?1lPt.^ :

loq

,16 kprmnr!
2.1lp/dnr'

50 kp/nm2
28 kplmm'

mrnd.50
9oo"c l0 tp/mm
roolc to rpr..j luoo"ctr rplnrn'
900-C l0 ko/dm' I 900-C 20 tp/mm'

Ph) Jrtatis.he t ttett.hallen

olt

2 t.00
20,00

1.20
2,50

0.tt
20.00

t:oo

t e s I r E^ e i teke i ! ha I I tr

l5,h

26 kplnml
20 k;/mn'

c ll r l0' l2 x lo'

t.o g/cnrl
0.035 c!/cfl 5.("C

19 x l0' 18,5 x t0{

0.015 c.l/cm sec-C

18,5 J( l0{

0.029 c.l/cm $c"C

I5,l io'20 800
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tTo :X. 1.52 goivowor 6rorgopeq Eroro{erq oEnynonq enrxegol4q eKKewpogop0rv.

\Wffi
I{SU PRII{Z IO HILIUAN IIIP OPEL REXORO

flxc.ots qD v8 o€v€lopMEnT t-AyOuTS

Sch.matischeAnordung von Keltcnlricben einiger Ottomotoren mir obcnliegendcrNoc(cr$/c c lt 591

aLtv tb

UERCEOES BEI{Z ROVER E TOYO XOGYO PETJGEOT 20'

UERC€OES 60 V8

Keirentrieb liir einen PKW-Moto. [148]
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Iro Iy. 1.53 goiverot ro KUKltdUo lincrvonq ev6q oeporyurrou xtvnrnpo V.

r<\

Iro IX. 1.54 goiverot 6vo ouornpo geppoorortxo0 €IiYXou Tnq gepuor(pooiog tro6to0'

Behr-Thomson-Dchn\toltrcglcr 7ur thcrmo(rrtischen Rcgelungdcr Schrnier"l-
rcmp(rrIur rund S(hrltbrld dcs zugchbrtgen Schmjcrdlkret\laul\l

, | (. .

Schmie16lkrcislauf eines luftgekiihlten V-Motors

t



Rohrbiindelw,irmetauschci und Tutbulcnzeinlagen (unten) (Siiddeutsche
Knhlerthbrik Julius Fr. Behr)

Schmicriilkiihlcr fiir ein€n luftgekiihlten Motor in Form eincs Sptalrippenrohres

Lufttckiihlter Olkiihler (Vcrkfoto Ktihle.fabrik L.lngcrcr & Reich, Stuttgrar,

Planenolkiihler lscherdcnkuhler, und Aufbau ernes Schedenelements. Oleintrrtl
durch die Verschraubungen, Wasscrdurchtritl durch di€ Platten. {Siiddeutsche
Kiihlerfabrik Julius Ft. Behr)



:To tX. 1.56 qoivowol
4l

6rogopor r0nor giIrpuJV 
^06ro0.

Schmiertil+lauptstomfilt€r mit Papiercinsatz (Wetkfoto Filtetwc* Mann &
Hurnm€l GDbH, Ludwigsburg)

^Nfl 
ra_ w.6s. -

Schmicrdlwcchsclfilter mil Anbauschema (Worktoto t-ittcrwcrk l\{inn & Hu(;mbll, Lud\r'rg\burg)

I = dlzulcitung zur Fre6trahlzcnlrifuge moslichsl dicht
hinter 6lpumpe abzweigen um hohen tndrucK Iur
den Zcntilfugcnlnrri€b susnutzen zu konnen
lichre W€ite = l0 . . . 12 mm 0.

2 = Absperrhahnr nur ber Dauerlau{beirieb erfordellich- 
"iiiwttctr"nze'tige 

zentrrfugenreinrSung durch-
Itihren zu kdnnen

3 = Olrucklauf zwi\chen Fretslrohlzenlrilug€ und Ol-- 
iumof.tructlos una stz!ttci ruszufiihrcn: lichlc
ri"ii'"'"'.r'i 1t"."' 

"t. 
olaustrrrtsbohrung an dcn

Zcntf'fusen (26 bzw 50 d) I

[t:]:L'i.l';ir,ili'*":,l..i:;lltiill"f]fHfi#i:ili'3[if:l!';*'"n'''*n"'"



49_

:To :X. 1 .57 tgoiverot oxnuorlKo ro KoK).tJUo {,oEnq evdq Klvnrnpo.

Schema des Kohhpalserkeislaufes eines Dieselnotols mit Aufladung und Ladc_
luftkiihlung (im Motorkiihlwasrc.) bei Riickknhlung durch Venailator und Waben-
kiihler
I Unterdruckv.ntil
2 Uberlauf
3 Uberdruckv.ntil
4 Ausqleichsbehelter
5 oberir wasserkasten
6 lryabenkiihler
7 Ventilato.
8 Kiihllufthutze
9 Untercr Wassctkasten

l0 Verbindungsleitung vom AusSleichsbehiilter zur Saugseite dcr K0hlw:rsserpumpe
ll Thermoltat
12 Kunschlu8leitung
l3 Ube.srrijmleitung vom Zylind€rkopf zum Knhler
14 Motor
15 KiihlwasserPumPe
l6 Schfiieriilkiihler
l7 Ladeluftkiihler
lE el€ktrische Kiihlwasservorw:tmung

Lingsschnitt durch cincn 4_Zylinder-Reihcnmotor
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:ro :X. 1 .58 goiveror pro 6tnln owlio nou {unnperai ouvxpovGiq ro KuKkdyoro qruYeiou

vepoO xot ryuyeiou troEtou.

i:l*"fi:1".1ff,f Jfifi 
zurrsctrenn r€ n vercorEu ns von

Iro Iy. 1.59 goiverot 6roypogpo unotroytoyo0 |l,uYeiou.

!

SoL/rrr\ch( Kuhllcistung q ttnes Kuhl!lcmentes lScherdenkuhlcr) nrch Brld 2:0 in

nbhrngrgl"rr von d{r \lundhchcn Rohwasstlmtnge VwR l-ur vcrschicdrnc'

umldul(ndL Molorkuhlwasscrmengcn VwM bezogen ruf die Was:€rL'rnlrrtrr_

rtmpcrrturdrfltrcnz at = tWt)r,r - lWtil

(Nrch Untcrl..:cn dcr Firmc Siiddeutsche Kljhlcrfabrik Juljus I'r. Behr' Slultgrll

W.4odlh, W2onrlh
t'd85'c, twE .3s'cl

at.5t c
O'C6t'W.9
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Iro ly. 1.60 goivercr n Usrolotrn rnq XopoKrnprdrrx4q proq owAioq vepo0 ry0Enq orw
UeropAn€ei ro 6toxevo perof0 poropo xor xel0gouq.

tr] 4

L:rr

b

Kennfeld der Kiihlwasseryumpe nach Bild 215
a) Spalt zwischen Pumpenrad und Gchaiuse saugseitig 0,3 mm
b) des8l, 1,3 mm
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:To EX. 1.61 Qoiveror ivoq oeppooror4q.

Arbeitsweise eines

Kiihlwasserreglers
am Motoraustritt.
I Kiihlwasserr€gler

Sesch loss€n i
2 Seitffnet

Arbeitsweise eines

Kiihlwass€rreglers am
Motoreintritt,
I Kiihlwassercgler

geschlossen;
2 gedffnel

Kiihlwasserthermostat mil Behr-Tholnson-Dehnstoffresler
a) Auflau
b) Einbau in BlechSeheuse
c)) Schaltbilder und Aibertsweise bei ve.schiedenen
dlJ Einbauten



7i
te* Ll
-D,.'

46
:To :X. 1.62 goiv8Tor 6vo ouornuo visco-ooun)€Enq gr8pornq q,uveiou.

I Abdcckbl€ch

2 Bimetall Stcuefclement

3 D€ckel

4 Raicknugbohrung

5 Schalrstift

6 Olabstreifcr

7 VenlilbotuunS

E Zwiichenscheib€ mit V€ntil

9 Antdebischeibe

l0 Kupplungsk6rper mit Fliigcl
und Ku8ellager

Il Feststellkcil

l2 Antriebswell€ mit Flansch

Ltftc.drehzahl U/rnin.

p

t
o

o

p

o

Behr-Vjscoliifterkupplung

b) Lnfterdrehzahl = f (Wcllendrchzanl)

E (to!{

WeUendrehzahl U/min. .+
tL"C = Lufttempentur hinrer Kiihter

. Sehr-Viscoliifterkupplung
c) Liifterlcistung = f (Weltendrchzaht)

t-.@c

/
I

Uifier&€hzrhl

I /
R.Flb.rcich

---f
/'

/ -.

Ujftedeistu ng in psi



l*7

:To :X. |.63 eoivowot trenrouipelsq oxe6loouo0 o8p6qruKrov Kvnrnpcrv.

t tt I

a) Arrusvetkleiduns und Luftstrbmungsvcrlauf [204 |
b) Aisg.fiihrte ABusvcrklcidung an ctnem lufigekiihllcn Rcihenmolor dcr

Klitikner-Humboldl-D€utz AG

Abdeckung des Kiihlluftaufnchmerraumes bci Iuftgckiihlten V-Mororcn
der Kldckner-Humboldt-Deurz AG

KiihUuftfiihrung auf der Abluftseite

. B-eslandteile der K0hlluftfiihlung fiir einen luftgekiihlt€n Motor der
Kldckner-Humboldt-Deutz AG
| 7 Kirhllur1]urnehmrFOberrcrl 28 Vordcres Srandbtech
l8 Kiihlluitaufnchmer-Untcrlcrt 29 Srandhk,ch ruf der Abtutrserrcll Hinteres Standblech 32 Abdcckblcch trir Zylinderio;i
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:To :X. 1.64 sEnveiTor n l8troupvio rnq (rwlioq rerpeloiou Bosch.

Nulf6rderung

Volll6rderung

Fordermengenregelung einer EinspritzpumPe (Nach Untedagen der FLma
Rob€.t Bosch GmbH)

Teilf6rderung

UnterarTotpunki F5ndedeginn F6rderung

Fdrderyorgang der Einsprilzpumpe bei Vollfdrdcrung (Nach UnterirScn der
Firma Robert Bosch GmbH)

F6rderende
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:ro :X. 1 .65 nqpouoro<Erot n crwAio nerpeloiou PE6P rnq Bosch.

r) Ansicht und Lin8slchnrtl !jncr Bo\ch_Einsprilzpumpe pE6p

)l Qt'erschnrlt cincr Boich,Einspritzpumpe Pn5P



5o
Ero ly. 1.66 goiveror 6voq Unit Injector (Pumpe Dues€)

:ro :X. 1.67 goiveror pro owtrio neprorpogrKou Tunou.

lJr)sch-Verlcilerein\pritzpunrp!
rl Sch||rtll)rld

?

I

Pumpe-Dlise (ceneral Motors) [233]



5t
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Ii,-'
I 1'--.

J

Ero Iy. 1.68 goivsror ivoq guYoKswptKoq pueplornq o9ovq qw^ioq n8Tpetroiou.

7

I Kupplungsflrnsch
2 Fliehccwichrsbolzcn
3 vers6lluns der

Nock€n\relle
4 Fliehgewicht
5 Antriebsllansch
6 Lagerkipscl

{
.')  ulhxl[,i !\ automrrisrhcn Spritzverstcllcrs der Firma Robcit Bosch GmbH

Aurton9sthnu.! 
-

Endrt.lluig 
- ---l--

Au5so.gitrellung

b) Wirkungsweisc cincs automatischcn Sprirzverstellers der Firma Robert Bosch

GmbH

V€6rellu.g bit zu l0o

Aulomatischcr Spritzversteller der Kldcknei-Humboldt-Deutz AC
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a) Lochdiis€
b) Zapfendiise

. Eosch Einspritzventil mit Zapf€ndiise

lldtoeschurzplatle

Drosselzapfendiise mit W:irmeschutzplatte

O0..

Lo<hri.lll St.it loch Zuloltbohro!s

o0.. Karp.r Nod'l
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' sPtildopt'n

Einspdtzdiiscn (nach Untcrhgen der Firma Robert Bosch CmbH)
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K.ofl.toft.
Fill.r
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Schcma cincr Einspritzanlage (nach UnterlaScn der Firrnr Robert Bosch cnrbll)

rt ohnc Ssugraundurch\Pillung
b) mil Saugraumdurchspiilung

e.ilottrnettdrFsb. Ob'.|lt6mY"lil
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filrrohnfill...inrcrz

zrrlout

fil:-Oidlri.9

fil:.Oichki.9

Verschleig an der Diisennadel und an einem Entlastungsvcnlil durch schlecht
gefilterren Kf!flstoff
(Nach Unt€rlagen der Firma Robert Bosch cmbH)

Enllnfiung$dtro!b.n

Kraflstoffilter (nach Unterlagen der Firma Robcrt Bosch Cmblll
a) I:ilzrohrfilter
b) Filter mit Wickelfiltcrernsatz aus Papier
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DrciwcachJho

/z\\{flb d2
\\ilr'7l\rr./l
L-II-J

Beide Filterkammcrn
eingeschaltet
(StellunS b. Auffiille n und
bei Dauerbetieb mrr
b€iden Filtcrkammern)

E.llnlru.g$d.oub..

Spo n.nu rler. E.rl Oftu ngrrdr.ou b..

Filt€rkammcr I cingeschal-
tet (Stcllung fiir Dauerbe-
trieb der Filterkammer I
trnd Rcinigen der l'iltcr-
kamrne! 2)

Sdlonnoblo0rdrasb.

Fiiterkammer 2 eingeschaltet
(Steuung hir Dauedetrieb
dq Filtcrkammer 2 und
Reinigen der Filterkammer l)

;. Bosch-Kraftstoff-Umschalrfilrcr mit Slcllungen des DreiweSehahns

Kraftstoffilte.box mit Stcrniltereinsatz tRobert Bosch GmbH)



56
:To EX. 1.73 goivoror n opxn )€roupyioq rou guyoKewprKoo pu€llorn.

, Schema cincs tnechanischen Dr€z{hlrcglers

Drehzahhbe.gang (Ent- und Belaslung) bci einern Dies€l'Elektforgsrcgrt
P-Regler

Drczahliibcrg.rng ([nt- und Bclrstung) bci cinem Dicscl-Elektroaggrcgat mil
P-J-Rcslor
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:ro >X. 1.74 goiv€Tor n lerroupvio rou pugurorn runou RQ

o

Jt.Kontrolta

GelenkgaDel

R.gelslrngt

Rege hcbel

- Ragelledern

Fl,ehgcw,chl

A!sgleichs.

Gleilstern Rcglernabe

Elnslellm!ne.

Fuhrungsbol:en

. schnittbild dcs Bosch_RQ-Rcglcrs

6.d.lh.b.t

.'.:

toP
3loP

Nodeiotierr Aord og

Loorloubtellung

Vollosrtsllung

wirkuflSr'$ tr\( d'\ RQ-R'rglcr\ dtr Iiirmir Rohctl llos'h CmbH



58
:To :X. 1 .75 qoiveror n opxn leroupvioq rou puOprorn EP/RSV

R08ld86h.u-6.

,s*---' ri$lil':?.:--
]!. 5.n'."Ih.6.r-a

lEl ^'wEe' ^,r- i,

615$;. 4

l'
l.€.1h.5.1
F0h.unqth.b.l

bol.€. A.5.hl.g

Sch irbrld dc. Bosch-liP'RSV-Rtglcrr

n

STOP P

v.6r.llbolz.. mn Vollon l..d, os
Fnh.unsrbid'r.

c

Wirkungsweise des Bosch'RSV-Reglers

STOP- od.r L...l.uf-
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>ro ZX. 1,77 goivowor Kcnoypoedq SopUBou oE droqopo onueio Uroq pnxovnq.

fiehtiusc des

fodolodec

llillel&rl on dcr

- 

tla&.-olerfbde

---- iirllichcr Wcrl

2 50 |
Frequenz

ffi:tif,i"fiifltJiEi" "inem 
schnellaufend€n Diesclmotor mit Aur.laduns und

Cemesscne Lautst:ilke des Ventiltriebs in I m Absland an eincm Deutz-Vierzylin-
der-Dieselmotor F4L 7,12. Nockem,elle und Ventiltrieb mit s:imtlichen Venrilen
elektrisch ancetricben I l66l

- 
Ranpc- | 8" NW;rt a;schlicgendem nrckfreren Nockcn

- 
Rxmpc l2- NW mit anschlieBendem Kreisbogennockcn

s
$

q

Frequenz f
\\'irkung Lrncs Kunststolideckels ubcr dcm V€nrilantriebsraum [81
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:To :X. 1.81 goiv8Tot oe ropn avoq oepoqruKToq Kvnrnpoq KHD.

F}tlf$r$,'i,lt"'Xlinder-Reirenmotor(DiesermotoiF4Lst2derKrcickner-



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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:To:X. 1.72 goivowor pitrTpo nsTpetroiou.

DrciwcachJho

/z\\{flb d2
\\ilr'7l\rr./l
L-II-J

Beide Filterkammcrn
eingeschaltet
(StellunS b. Auffiille n und
bei Dauerbetieb mrr
b€iden Filtcrkammern)

E.llnlru.g$d.oub..

Spo n.nu rler. E.rl Oftu ngrrdr.ou b..

Filt€rkammcr I cingeschal-
tet (Stcllung fiir Dauerbe-
trieb der Filterkammer I
trnd Rcinigen der l'iltcr-
kamrne! 2)

Sdlonnoblo0rdrasb.

Fiiterkammer 2 eingeschaltet
(Steuung hir Dauedetrieb
dq Filtcrkammer 2 und
Reinigen der Filterkammer l)

;. Bosch-Kraftstoff-Umschalrfilrcr mit Slcllungen des DreiweSehahns

Kraftstoffilte.box mit Stcrniltereinsatz tRobert Bosch GmbH)
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:To EX. 1.73 goivoror n opxn )€roupyioq rou guyoKewprKoo pu€llorn.

, Schema cincs tnechanischen Dr€z{hlrcglers

Drehzahhbe.gang (Ent- und Belaslung) bci einern Dies€l'Elektforgsrcgrt
P-Regler

Drczahliibcrg.rng ([nt- und Bclrstung) bci cinem Dicscl-Elektroaggrcgat mil
P-J-Rcslor
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:ro >X. 1.74 goiv€Tor n lerroupvio rou pugurorn runou RQ

o

Jt.Kontrolta

GelenkgaDel

R.gelslrngt

Rege hcbel

- Ragelledern

Fl,ehgcw,chl

A!sgleichs.

Gleilstern Rcglernabe

Elnslellm!ne.

Fuhrungsbol:en

. schnittbild dcs Bosch_RQ-Rcglcrs

6.d.lh.b.t

.'.:

toP
3loP

Nodeiotierr Aord og

Loorloubtellung

Vollosrtsllung

wirkuflSr'$ tr\( d'\ RQ-R'rglcr\ dtr Iiirmir Rohctl llos'h CmbH
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:To :X. 1 .75 qoiveror n opxn leroupvioq rou puOprorn EP/RSV

R08ld86h.u-6.

,s*---' ri$lil':?.:--
]!. 5.n'."Ih.6.r-a

lEl ^'wEe' ^,r- i,

615$;. 4

l'
l.€.1h.5.1
F0h.unqth.b.l

bol.€. A.5.hl.g

Sch irbrld dc. Bosch-liP'RSV-Rtglcrr

n

STOP P

v.6r.llbolz.. mn Vollon l..d, os
Fnh.unsrbid'r.

c

Wirkungsweise des Bosch'RSV-Reglers

STOP- od.r L...l.uf-
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>ro ZX. 1,77 goivowor Kcnoypoedq SopUBou oE droqopo onueio Uroq pnxovnq.

fiehtiusc des

fodolodec

llillel&rl on dcr

- 

tla&.-olerfbde

---- iirllichcr Wcrl

2 50 |
Frequenz

ffi:tif,i"fiifltJiEi" "inem 
schnellaufend€n Diesclmotor mit Aur.laduns und

Cemesscne Lautst:ilke des Ventiltriebs in I m Absland an eincm Deutz-Vierzylin-
der-Dieselmotor F4L 7,12. Nockem,elle und Ventiltrieb mit s:imtlichen Venrilen
elektrisch ancetricben I l66l

- 
Ranpc- | 8" NW;rt a;schlicgendem nrckfreren Nockcn

- 
Rxmpc l2- NW mit anschlieBendem Kreisbogennockcn

s
$

q

Frequenz f
\\'irkung Lrncs Kunststolideckels ubcr dcm V€nrilantriebsraum [81
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F}tlf$r$,'i,lt"'Xlinder-Reirenmotor(DiesermotoiF4Lst2derKrcickner-
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