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Evorqra 13
Xo parcr 4pormq AerouPYiaE MEK

13.1 Ev6aKWUarn Kol npoYpclnKn lonlq

Iro Iy. 13.1 goivowol ol XopoKlnptorlxiq nA4pouq gopriou
entToruwn) utoq 96v<tvounxovnq nopoYtlvnq'

(EweM)q ovotrrn neroAo06o

tI
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lm' t
o.7

tuxr 2fix) lurl
EnSin€ spccd. rev/'nin

!.rss in-..drcd, brak€, and lriclion po*er (Pi, Pr, P/). indicated. brake. and fricrion mean effecrive
pressure. indicatcd and brake specific fu€l consumption. and mechanical elliciency for 1.8-dmr sir-
cylinder automolive spark-ignilion engine at wide-opcn lhrottle. Bore:96.E mm. stroke = 86 mm.
r. = 8.6

:XnUo 13.1

H royuq nou nopouoto(erol oqopo rov xlvnrnpo exroq rou ouroKlvnrou, eni rrlq n664q

*rnfrpLu. Eov parpqoei o Kvnrnpoq eni rou oy4yoroq pe olo ro nopetrxopevo'.xoe6q Kol

To ouvotrrK6 oUornUo erooyr,ry4q xorinv npoVUorixn e{orpro4 (ouor4po eEoYr'rvnq)' xo€tiq

*o'i" 
"lnpiC 

ouoihr.ro,rroEnq, rore pnopai vo llerpneei pdyror4 royuq yo;r4lorep4 Kara 14o/"

yrcr ro ouYKsKptUdvo ouroKivnro.
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H U6on ov6erKvouevn nieon oro ntr4peq goprio nopouoto(et p6ytoro orq 3000 rpm. To
oxnpo rnq ouvKEKprpavnq Kopn0Mq enrBoltreror KUpioq snd rnv qwiororxn KopnuAn BoOpou
n^RpL.,onq, ro06q n ev6erxvuuevn erorxn xorwd't ton Kouoiuou (ytlpiq rtg rptpdq 6nlo60,
6ev nopouoro(er Ueyobq 6toxuy6voerq.

Agou rdpo n Udon nioon rptgov ouEover nepinou ypoyl.rrxo pe rtq orpogdq, 4 toyuq rptqitv
oulover nro on6Toyo. Ffouro xor o ;.r4ywrxog Bogp6q on66oo4q pettiverot pe rqv o0[4o4
rov orpogriv ono 0.9 oe 0.7. :To ouvKeKpruivo Krvnrnpo, n towq orov oEovo nopouoto(et
6vo p6yroro oflq 4,300 rpm, ev6 o ev6elrv0pevoq poop6q ono6oorlq oufwet nspinou 10%,

on6 0.31 oe 0.34 peTotu 1000 Kot 4000 rpm. Auro oQeiIETol xupioq or4 Usloouevn o4pooio
rnq Osppopponq W0Enq qvo K0KIo pe r4v ouf4o4 Tov orpo06v.

To :X. 13.2 6eiyver owiororyeq xopn0leq nlnpouq gopriou yto xtv4r4peq diesel Dl Kol lDl'

'
II

cross indicatcd and bralc power (Pi, P'), mcan cfectivc pressurc (imcp, bmep), and sFcific fucl coosumPtion (isf.c, bsfc| for: (d) 8',|.dmJ

six-cylind.r naturally aspiratcd uircct-rnyJiion dicscl cnginc: borc - tt5 mm, sttok. = 135 mm. t - 16;' (') l8dmr four-cylindcr naiurally

arDiraaed indircct-injcction swirl-chadbcr dicsel engnc: trorc : 84 mm' strokc : 82 tnm' r" - 22'

:XRpq 13.2

Spc.d. rcv/mir
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192 Xoporr4prorrxo )€roupYaoq nou ennpeoZow ol66oon Kol eKroprdq p€v<woxvrlr4po

13.2.1 nponopeio dvouonq (opqvq)

Ero Iy. 13.3 en8qnyeiTor 4 eni6poo4 UeTo8okiv orn Yovio nponopeioq ivouonq rou
pev(rvoxrv4r4po ornv qvomuEn rnq nieonq rou xuliv6pou.

--- I* loss linc
i BL sFrk advancc

*?
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6 = l.O, Leo = 600, 0% ECR

- l0 -5 MBT +5

._ netara 
| 
.lavancc-rffilo 30 40

Spark .dvrncc. dc8 BTC
b,, (D)

(d) Veriation in brake torque *ith spark advanc€' eighr{ylinder automotivc spark_iSnilion cngn' al

widc-open tbrottle. at €ngine sPeeds from !2OO to 42m r€v/min' I pcrccnt torqu' loss from MBT and

soark adtancc fot bordcrlinc knock arc shown. (b) Prcdictcd variation in brakc sPccific fucl con_

sumorion {normalizcd by MBT valuc) wilh spark rctard at scvcral difrcrcnt pa'tload cnSin' condi-

tions.

:XRUq 13.3



1322 n6yoq odpo

:To :X.13.4 qoiveTol
ev6erKvupevn er6tKn

B8v<rvoKvnTnpo.

n eniEpoon
KOTCwOkJOn

Tou troyou o6po orn U6on evoetKv0uevn nieon, Tnv
Kor rov gDpUrKo Boopo ono6oo4q evoq 6-Ku^tv6pou

Effcd of thc fucyair cquival.ncc ratio vsria-
tions on indicitad marn cfccliva pacrsurq
iFcific fucl conrumption, and fucl convcr-
sion cmcicncy of sir-cylind.r sp.rk-igtition
cngnc at widc-opcn throttlc ahd l2oo.cvl
min. Dala foa slandard carburctcd cngine.
and cndnc cquipfEd with valor ranl which
crtcnds thc lcan opchting limit, ara showh.

:XnUo 13.4

:ro :X.13.5 goiveTol owiorotxo n eni6poon rou loYou odpo-Kouoiuou orlq eKnountq HC

Kor NOx Kot rnv 8l6tKn Korovoloon evoq 8-Kulv6pou Klvnrnpo.

,

r.! l.o 1.2

Fuclhir cquivrlcncc r{io
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Variation ofbrakc sDccific HC and
NO, cmissions and fucl ccrrrmp.
tion with {.1/F) and fuel/air eouiv-
alencc ratio. 5.7dmr .ighr-cylinder
spark-ignition enginc at 385 kpa
bmcp and 1400 revlmin wilh uni-
form vaporizcd fuel-air mirture.

. \|por hrl
o Cltoraot
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1 3.2.3 AvoKuKk^lon Kouoo8paou

:ro:X.13.6 poiveror n eniopoon rnq ovoKuKtrIJonq Kouoo8piou ornv 8l6lKn Korovoloon
Kouoipou, Tn etpUoKpooio Kouooepiou Kot o^tro XopoKrnplorll(o I8fioupYioq.

-

E
T

I
Efrcct of rccyclcd crhauat on baal.
sFcific fucl consumption and exhausl

tcmPdaturc at constatrt bmcP and

sFcd, itoichiornatric mixturc, and
various bum duralions ((1100
paaccnt)- Predictions froln thcamo-

dynamic-bescd cycla simulation.

Brakc specific fucl consumption and MBT
spark advancc as a function of Frccnt r?cy-

cled exhaust, fot four-cylindcr spark-ignition
cnginc with a modcratc bum ralc com-

bustion chambcr and a flst bum tate com-

bustion chamb.t, 1400 r.v/min, 324 kPa

C = 1.0. MBT timinr
bnEp = 325 rFl
l4m rdlmin

ECR, %

C = 1.0, MBT tirnnts
bn&9 = 325 r.h
1,100 rlv/niD

EGR, %

Eynpo 13.6
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132.4 :Xio4 oupni8onq

:To tX.13.7 goiveror n eniEpoon Tnq ox6onq oupnisonq orn U6on EvOerKVUpevn nieon Kol
rnv srdrxn xorovokro4 6rorpopr.rv Bev(rvoxrv4rrlpurv.

Ef.ct of comprcaiion rrtio on iodi-
catcd mcan cfrccdvc ptrarurc aod fuel
convcrsion clfrcicncy. 5,3-drt|r cighF
cllindcr sprrki8nition .igin. .t 2UD
rcv/min and eidc.opcn .hrotrlc.
EquivalcnaE rrtio and sprrl timing
adjultad fot mariEum toiqua for mcp
data; adjustcd for minimum fucl con-
sumptioo for clfrcic[cy d.t .

^

Fl.I-.ir ctch

!- q.; (CN)

lr.-ltrJ.-or''tcxt

ll/idc-oFn firod.

l4 t6 l8

Compraasion rrlio t

\voT (cN)

- ../- -'-{ RL rCN)

'.c a}g cm\

t2 t4

Compression ratio r.

Rclatrvc flcl conv*sion cllicicncy
improvcmcnt x/ith incacasing com-
pacssion ratio, spaal.i8nition
cngincs at widc-o]'an throttlc:
CN, KT.

Rclativc brake fuel convcrsion elli'
ciancy improvcrlcnt with incrcasing
compression ratio of spark-ignition
engincs of diffcrcnl displaccd voiumc
pcr cylinder at part throlllc (exc€pt
top curv€ at WOT). RL road load.
cN. TO.

:XnUo 13.7
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13.2.5 Tdon Krunnpcrroq

:ro :X.13.8 goiveror o neproptopoq orrlv nponopeio 6vouo4q E{orrioq rnq roonq
KTUnnUoToq rou xrvrlr4po yro xouorlro 6rogopou op€Uou orroviou, xor ndq ouro o64yei oe
Kr0nnpo Xopnkiv, pirpuv xor ugrlkiv orpogtiv orov i6ro xrv4rrlpo.
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Dia8rams sho*ing knock_rimitcd spark_advanc! curvcs for fucrs of difr.rcnt scnsitivrty and how lh6r
can giv€ lovr-, mcdium-, and high-spccd knock in lha samc cnqinc.

:XnUo 13.8

:To :X.13.9 goivowor or onornoerg
ouvoprnon r4q oydonC ouUniEonq.

oe oprOpo oxroviou on6 drogopeq pqyoviq oov

v.ry oFn chanbc.s 

- 
/ Discr Lolv iurbulenc. a( HiBh rurbut.nc. .

___,f B€rhtubcnarnoers I 4_valvr
o

z
o

Eg

g

o
Oclanc raquircmcnt (gasolinc rcaaa.ch ocranc
nulnDcr), at widc-opcn throttlc and MBT
trmtng, to ayoid knock as a function of com_
prasston ratio for various cohbustion chamber
ocsrgns.

Enginc sFed EnSinc aF.d

compac, ch.mbers .r.,..( l*

:Xnpo 13.9



:Tov nivoKo 13.1 pqivowor or
onorrnoerq oe opr0u6 oKTcrviou.

2ttr

ouvonKsq Asrroupvioq Tnq pnxovnq

nivoKoq 13.1

nou ennps64ouv Tlq

Engine conditiom aff€cting octrnc number requiremcnt

(hrE ntrth.r r.{rfurrErr
Lndr lo go rp rhalr

(h|!a ntrr ar lqdtiril
cr& to lo drrr tha!:

l. ltnilion timing is advanccd.
Z Air dcnsity rii6 duc to

suFrchargin8 oa a l6r8cr
th.ottl. opcninS o. highcr
baaomctric prcasurc.

3. Hufiidity or moistur! cootcrl
of thc sia dccrcasca.

4. Iltlat aia taoF stul! ir
ilcrcq!.d.

J. Coolant tcoFraturc i!
r.ilcd

6. Artifrr.zc (8lyool) ctrgitrc
coohnt i3 urcd.

7. Eogitrc loed k in6c5s.d.

l. I8nition timint i! rctsrdcd.
Z Enginc i3 opcrrlcd !t highc.

rltitudd or imall€t throttlc
opcning ot lo*ct bsromctric
ptcssutc.

l. Hunidity of lhc air in6r.83.!"

4. lnlct air tcop.ratut! it
dccrcarcd.

5. Fucryair rrtio ir dchcr or
1..1cr thrtr th.a Ptoduci!8
Drrirnum kno<*.

6. Erhrust t ! rrcyclc 3ytt.o
oFrat6 rt prat throttla.

7. Enginc lod i: rcduccd.

:ro :X.13.10 goivowot ro 6pto rnq Ko0onq oTo Fev<lvoKtvnrnpo.

1.5 2.O O.4

R.lsiir.c lirllircl rrtio I

Knock lirnirs and lean cngine opcrating limits a3 function of comprcssion mtio and rclatirc aitlfual f4tjo

:XRpo 13.10

Modcrat. turbulcnc.

F!cl
--- RON = lq)

-RON=92

HiBh ru.bul.ncc

Fucl

--- RON = lm

-RON=9


