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Evor4ro 8
Kouo4 oe xvrlrilpeq Diesel

8-1 Kripn lopcrr4pEnxo r4q dnpyooiog

Tq Koplo XopoKrnproflKo r4q xo0oqq pE oupnieon n rnq Kooonq otov Ktvnrnpo Diesel
pnopo0v vo ouvotptoro0v ulq oKolo0eG,q. To Ko0otyo qex6(erot ono ro o0ornpo dYxuonq
p6oo orov x0lrv6po rnq Unxwnq xoro ro rt\oq rou EUBotuoUo0 ouunieonq opiooq nptv
ono rqv enrBup4rn dvop[n r4q xo0onq. To Kuplo eEoprnuqo rotv nto xotvtiv oMo xot rov
ouyxpovov ouornporov dYXUonq oE Kvnrnpeq Diesel nopouolo(owot oro nopopr4po 3. To
uyp6 xo0orpo, neTpdtroto ouv40r4, ryexo(eror Ue uqnfui nieon p8 rn Uopqn evoq n
neeproooriputv l€ts p6oq on6 prxpiq rponeq 4 oxpogooto ornv oKpn rou UneK Kol pe our6v
rov rp6no 6royepi(owor oe nol0 prxpo oroyoviEto ro onoio Etuodeiouv Uioo orov Oolopo
Ko0onq. To xouol;.ro e€qrpi4erol xot ovoxcrelerol Ue rov oipo rou xulivbpou o onoioq
ppioreiol oe uwntrn ni6on Kot oe uvnM g8puoKpooio. Enet6n n gepuorpooio rou odpo dv\d
Kor n nieon rou Sivot nqvo ono ro o4peio dvouonq rou ouYKeKptpdvou xouoil.tou
noporqpeirot ourworpleEn rou n6n wopepryp6vou Kouoipou pe rov o6po pero on6 pio

nepioEo xo0uor6p4or;q n onoio owtorotxei oe UeplKig 1loipeq rnq Yovioq orpogolou. H

flieon rou xuXv6pou oufwat xogtiq nopqrnpeirot ro0on rou piyporos oipo xouoil.lou. H
ouvoKdlougn oupnieo4 Tou oKouorou rUnuoroq rqg yoyoone UlKpoivot r4v xo0uor6p4o4
dvouonq yo ro unotrono pivuo, nou axel ovoplx€ei 6nAo6n nto oorepo, ro onoio enopivoq
orn ouvixslo xoiyerol ypnvopo, 6ror ouoroorrxo orrl ouvdyero n 6vouon yivsrot pero rov
qleroop6.'H 6ro6lxooio ouTn ouvexi<ETor p6;pr flou vo Ko6i 6trO ro xouotpo Kol 8ni

ripooebro,q n qvopr{4 rou odpo nou nopoy6ver orov K0hv6po ps ro xol.tp6voc6pro otrtro xot

ouro nou n6n xoiYowor ouveyi(erot Kot orn Etopxeto r4q exrovoo4q. Ano ournv rnv

oUvomrrnv 6x€eon rotv EtepyoOttiv nou Ouploivouv KCro rnv Kquon orov Diesel gq npaflel

vo Eivot oog6q 6rr eivor nopo nolu no^onloKEq ouTdq ot Etepyooieq. ol 
^€nTopap8ls.q 

Tnq

6repyooioq'efoprdwor ono To xopoKTnptonKo Tou Kouoiuou on6 ro oyeEtoopo rou

eofdpou xlgonq rou xrvrlrqpo xor rou ouornUoroq 6yyr.long xot cno Ttq ouYt(sKplpdvgq

ouvenKsq trerroupyioq r4q pqyov4q. np6KelTol yro pio rpro6rooror4 erepoyevfl Un Uovtpn

orepyooio xoooqg. Evti 6yer ovonrux€ei ro retreuroio ypovto pio enopxnq Korov6non rnq
xoUo4q orov xtv4rrlpo Diesel 6ev Eyoupe grooar oxop4 oe pio txov6r4ro vo

npounoloyiooupe uE opKeTn oKpigeto Ttq KpiotHsq enrp6pouq 6repYooieq nou ouuorouv rnv
xbUon orov Diesel. Meprxdq onUowlKdq Enm6oerq rnq 6repyooioq t(o0onq orn lelroupYio
rou xrv4r4po eivot ot nopoxoro :

(i) Enerdn o rpexoopoq opyi(el opiooq nptv ono rnv opxn rnq Ko0onq. Aev unopyer 6pto

xrunqporoq onoq iyou;re opro orov Eev4tvoxtvnrnpo. Enop,voq pnopouue vo
yp4orllonolqoouyi urpr1,\orepo po€po oupnieo4g oe 6vw xrv4rrlpo pa woqlef4 pe

oupnieon xot pe ourov rov rpono pnopoupe vo oufilooupe oe orlpowtxo 9oep6 ro
Boep6 ono6oonq rnq UnXovRq.

(iD Ener6n o lpovropoq ivxuonq xpnotponotnTol nliov 466 Yro vo eldYEoutle roapovo
nou yiveror n xouon, n rq0uoripnon avouong n onoio noporrlpeirot pero[0 r4q
dvoptnq Tou tl,sKoopoU xqr rnq dvopEnq rqg xouong poq ouUgdpal vo Yivel ooo ro
ouvbiov prxporepq, xor BdBoro enovotrrlryrpn. Mio ytxp4 KoeuoTdpnon ypeto(erot

aniorlq yro vo EntrpdUJoupe rov oxprpn Xpovlolto rnq PdYlornq nieonq orov KUIlvEpo

oUroq dore vo p4v {enepoooupt ro opto nt6oeoq nou pnopei vo owi{et n UnXovR
eforrioq rou urynlo0 Boepou oupnieo4q. Erol ro Xopo r4ptortxo ourovoqlef4q rou
piyporoq odpo Kouoipou eo npdnel vo Kporlouwol oe pio ouyxerptpdvq neptoy4.
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Auro Yiverol UE Boon rnv onoiTnon ortro x-o0otpo Diesel go npeflel va t)O opleuo

xerwiounovoonopioouyxexplltivnrr|.rn.oop|op6qKaTovioueivotdvoudrpolnq
ru*oXoq ya r4v onoio ourbovoqldyeroi avo ouYKeKplpevo Kouolpo 08 6vo mnrlK6

naprBoltrov KlvnTnPo Oiesel.

(iii) Enet6n n ponn rnq p4ywnq Unopei vo Ef6nplof nl6ov povo UE Tn uero8ol4 Tnq'

nooor4roq Tou Kouoipou nou qrexo(eror ovo K0Klo, evd ovriorotxo n lopoxn o6po

nou wopogo n pnxcvq nopop6vet nporrrxo ot$Ep'1, afoproro 61lo!-n-tr-?Y9 ono

t't otpogeq n rirxo,in ui'topii itrcov vo lerroupvei yr'rpiq r4v unopEl tl!.1:L*:6ts'
oriurc'ev6uue bnio6n'orov gevcrvoKvnrnpq' Anort\eouo eivot ort n Unxovn nl6ov

Olrrt"it"E-;pio a-fnonS pioo ono i4v neroto06o xor enoydvorq o Fogpoq

onodoonq rnq Unxqvnq oi'peprro goprio eivot oogdq uq'nldTepog ono rou

lev(rvoxvr1rflPo.

(iv) Kogdq n nooornro rou oipo nou ryexo(erot qvo K-0xtro.ouEqve!.I:f.TIH" Ut

tn ipntn rou o6po orn 6'opre'o'rnq xouorlq o6nYouv .oro ox!!9t':!-6. lyltu
n6dbtntu]u xonvou (orOotrnq), or onoieq 68\' Unopouv euxotro vo Koouv nprv ono rnv

EEoVoYn. AuTn n floo6rnr-o poupou KoIwou nou nopqrnp8irot ornv aEoYtlYnE

ctvoyKo<ot ,oug *otoo*tuoot'eq uo 6ror4pouv ro I oro nMp€q Qoprio -oe rlutq

frtVdrutiptq ono t.ts-t.zo. Enopdvurq or ;rdyroreq enrruyywol't-eveq.Y:-l11eonq

iv6errvOievnq nieoqq o'6vo Kvnrnpo diesel guolKnq ovoiloRq Eivol XoHnAoTepEq

on6 our6g nou enruyywowol o'dvo Bev4voKvnrnpq'

(v) Enerdn o diesel lelroupYei nowo pe groxd yeiyyoro - xol pdlolo' oe Ueprt(o gopTio'\'' ;;;il .lrurxo ueivulio npovpirrrxo, I n nun rou v, 6il' L"-1l9ll^',-l/iy Tl
broprero i4q errovorong sivoi uvnlorepn qno qurnv nou nopornpelrol oE ulo

O*'?i""uniiin. nwo iyer ow o'nor6trs-o1.lo. uqqlorepo 9oeu6 uerorponRq rou

louiiu6u ino ro Fev(rvoxrvnrnpo ylo 6a6opivn oxeon sKrdvoonq'

To nrd onuowtKO npoglnuq oro oyeEroopo rou eolApou Ko0onq orouq diesel. eivol orl go

np;ni, uo'en,ruyoupe opKero Ypnydpa ovoprEa. pero{u rou ryexo(opevou xouoipou xot rou

oEpo or"u xufri6po, oiirrq ditj uit ofoxi,rt-pOboupe rnv xquon oro enreuunro 6toor4go

;ffi;;;p"drol,'xor o6goro vo rnu xpor4oouge Kowa oro AN:' H nponYoupevn

;;;il-rilE;,n ti oi' o*p'goio' pueuoi qvlurEnq, eivor 
-ouroi 

nou etrtYxouv rouq puspouq

*"i ini. bi *'i'ntnpeq oiesetiou'elrnopiou, i<cirgllxeuolowor oE pevotrn norKrlio ueYe06v

;;;;;*-, Onou n'6roperpoq tou *uXubpou notKip6r perotu 70 - 900 mm. H pi'on roXgrnro

Tou epg6;ou or.u ouol,oo'in rop aivoi nepinou orogepn oE 6tro ouT6 To slpoq UeYegdv

xor enopevoq n udYtorn roxurnro'orlq orpo9isJn-q ovouoorlKnq loyuoq' eivor owtorpogoq

*arovh npoi io ttnxoq, euBoirouou. rro ,vo-6e6opdvo 6roorrlpo yr,lvioq orpogo^ou Tnq

*orons, ro o'noio'eivoi ornv neproxn r0Jv 40 -5Oo T: yrO vO 6rOr4peiTol lKqvonolnrlK6q

A;effi'*oO"on., o yp6voq nbu'6rqrresrot.yro rnv Kouon efoprqTot ntreov ono rov

eppotrropo. EnoUtvoq, orq Xollnlq peyigrtxuliftpurv, rl ovoprf. pero{0 rou.rpexo(6pevou

;E-u;i,t-xor rou o6po ed'ripineivo rOga Xu,po oE 6vo 6toor4po pro rotn UeYaeouq,

x"uni6itp" ""0 
rrq phyoveq 1re peyoreq,6ropirpouq ruliv6pou' Enopdvurq o oyebtoopoq

rou eolqpou *ooonq oroudiiesLt,'nsp'iqUS'ovopv6u Kol rou Kovollog xot rlq BoIBi6oq

;;v;Vit;; xor o oye6rootloq to, ouotnuotoq. tYXUonq, sivol ovopavdu-euo u-o...tl:::

l'iIffiftt oio,popeipaoE0 rov xtvnrnpov tleYolou Kql plt(pou ueYieouq' >rouq prKpouq

;ffi;il'6ri;6i-do npe-ner vo nopexoups onopKR orpoBr^'o!9 
-tgY. tiY|:r:'.1-oapq'

*or'oiirol-i vto'uo nar0youpe rrlv ovoptf q flpoYuorlKo oE n-olu ptxporepo.ypovlKo-oloornpo'

il;ft ;i;vi_it piypr npo rivoq sndBotrls Kor rn_xpnon rov 6rorpeuivG,v eoAo;rov xouo4q ortq

p,xpbU pey6eduq r(ulivdpou pr4yovdq rov EnrBoTnVOv diesel'
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82- Trinor ouompqrov ro0o4g oro diesel

Or xrvnrnpeq diesel yopi(owor oe 60o BoolKig xcnnYopieq ooov ogopo etq ro oye6tooyo

rou oolopou Kouonq.

(i) Mnxqviq or'sueeioq sYXUonq (Dl), or onoieq 6xouv dvo povo €olopo Kouonq, orov" 
onoto ro l(ouotuo rpexo(eror qn'Eug8ioq, on6 ro U[6K' Kol

fiil MnXqviq 6rorpep6vou golopou (lOl), 6nou o 0oloyoq dtotpeirotoe 60o €otropouq'

ioiio *o'Uo'fri ,fiexo4eror orov gongnlKo gotroyo, o onoioq ow6€eror pe rov xupioq

oolopo xo0bni (o 6noiog Keirot ouvngoq novo <no rrlv xopr,rvo rou nrorovrou),

y6oor ev6g xordUnlou oipog0orou. Begoro, rirorol golopor xoUonq onow6wol
bnurq einolre uovo oe prxpo0q roxuorogouq xvnrnpeq'

>eKoesKornYopiogdgorqonoworolnMeoqYE{rusrp[iv€o]opr'rvxo0o4q,6to9operlxr1q
porlq rou oipo xot Etogoperlxdv reyvtxtiv ryexooyou.

821- tuornporo on'euoeiog 6YponG'

:Toue, Ucyotrou UeY6eouq Klvnrnpeq 6nou ot onqtrno-etq oxerrKo. Ue ro q'9!,?.9-1!'-ET."iuo'
xvorddo iuornb;i, Xgn6ruonorogwol np'uogw6q gotropor Kogonq ue on'eugeroq evxuon

rou r0nou rou :X. 3.1a.

Common types of dircct-,njcction comp'e$ion_ignition or dicscl cnginc combuition systcms: (dl

fulo.",rt "ir-t"r,,ith 
muitiholc nozzlc typical of la.gcr cn8in6; (r) bowl-in-piston cbambcr with

swirl and multiholc rtozzte; (c) bowl-in_piston chambcr with swirl aod singlc'holc nozzlc' (') and {')

uscd in mcdium lo smell Dl cnginc sizt raogc

ZXiUq 8.1 Tunot eo^dpuv xa0o49 diesel pe ot eueeioe ,yyuoq

E66 n oppn xor 11 evbpyero rou nidoxo ryexo(opevou xouoiltou eivol eflopKnq vlo vo

*,iuxbuui irovonornrrin KoTovoun rou iouoiirou orov x0hv6po xor royei.g p_uepouq

ouaUiini Tou Kouoipou lls rov oapq. npooeern Kivn-on rou odpo p6oo orov xulvbpo 6ev

onqiteiid' e6rir. To oy4po rou goloLJou xouonq ouvnOr'rq eivor 6vo p4yo pnurtr or4v xopdtvo

rou nrorovrou, xor ouv4or,rq XpnoluonoleiTol 6vo xewptro yndx pe noAtr6q ondq'

Fud jdt
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Kogdlq ptKpoivsr To UEVsOoq rnq Unxovnq, opxi(el Kol ororeilol ouEov6y€voq pug!6q
orpo8iriopo0 rou odpo, yto vo entruyoupe roxurepn ovoprf4 rouoi;tou'odpo. o
orpogttuolioq rou o6po 64proupybiror pe xorolA4to olpErooyo rou xwolou e'.l"YoYnq. o
pu'epOq orp69*ropo0 pnopei vo ouf4Oei Koe6q ro nrorovt nl4oro(el ro AN: pe.To vo

bOnVn6ouie rov oipo npoq rov ofovo rou xuXv6pou o'Cvo golopo Ko0onq pe pn6tr oro
nrorovr. !ro.!y. !:1b,c Aoivowor or 60o ouvn9iotepol r0nol diesel on'eu€eioq dyyuorlq ye

orpolrlop6 rig npoEng. To :X.8.1b [eiyver yro xqtooxeuoortxn truon Ue ivo pndx pe

noUOq orieq. eO-O d or-Oybq rou oye6roopog eivorvo 6r<nnpnooupe Tnvflooornro rou uYpou

xouoil.lou nbu npooxpouil navor'oro 6u9olo oe 6vo d€xoTo' Awio8To, oro.ly' 8'1c'
poiveior ro o0ornpo M ornq MAN, oro onoio 6vo pr6K Ue pro yovo on4 ryexo(et
egonTopeuKo nqvo o8 uto oQotptKoo Ttfiou Korl6TnTo oro ntorou, ue oroxo Tnv ofloeeon

rou rotioiyou novur oro'roryrilroro rqq xoAor4roq, Kol orn ouv6xslct Tov arrEYXo ro_u.puOpo!

xouonq Uboul rou puepog e€6Tptonq Tou xouoil.tou ond To rot1iporo. Auroi ot 60o runot
gqlopdi xouonq ypqoiponorogwor oL psooiou pevd€ouq xrvrlrrlpaq pe 6ropelpo Kutriv6pou

100-i5omm xqi i'iionq xor Ue ouEnpf:vo orpolrlropo oe oxolt4 UtKporspouq xuliv6pouq

(6lolrdTpou BO-1OO mni), onbu BiBoio XpnotponoroiTot o Tgnoq Tou :X. !.1b pe t6toirepo

uqd,6gndoerq iyxuonq, xor oe yowdpvouq royuorpogouq xrvnrnpeq on'eu0eioq dYxuonq

yro enrPorqyo ouroxiv4ro.

8-2-2- tuonucrro EgPeo4q €YXUoqq

O orpogtltoy6q rou oipo nou 64proupyeirol Ue rov KoroMnAo q1e6toop6-rou xovo}totl

'ooVrvnq, 
nopo r'v avioyuo4 rou'pe 14 64proupyio pnrirl novr'r oro ipgo1o, 6ev eixe 660'l

piXpi ni,o6,lorb enopxeig pu01.lo0q'ovoprfqg Vro UrKpooq, roytrorpo<pouq Kvnrnpsq diesel'

Eoli roinou xpnorponoroowor oxopi xoionuipo xivqrnpeq dupeons ,Yxugnq I ltotpey6vou
eorapou, on'iu ovnxouv oe 60o 6oorx6q Kornvopieq nou goivowol oro :X' 8'2a,b'

nCUnE l0'2
Two common types of small indircct-injection di€scl cnSinc combustion systam: (d) swial Drechambca:
(d) turbulcnt prcchambcr.

Zxnud e.2 AtotpEpivot edAa4ot Kauone @rpo1t^oeo\ouoe - flpoed\dqod'

nrd ouvKet(ptUivo orn olopKEto r4q ou;;nieorlg o oipoq o6nYeirol ono rov Kupiu'q. eoloUo

p6oo oiov npoeoro;ro 4 rov orpoprloeotropo lldoo on6 Uto onn n 6vo o0voAo on6 oniq'
hpoi to riloq r4g ouunieonq oi ouvO4req ponq udoo oiov npoeolopo o64youv oe royeio

ououitn tou,yexoiopeuou xouoipou pe rov o6po xot 6rot {exrvoet n Kqu-qn' To xo0otpo

,pr^|6io' o"'oyeti*a Xopntrn nieon ono dvov eYXUTnpo Ue pio onn nou.Bl66v8l on8ueeiog

orov npooo)tcpto n rov orpoBltroeqlopo (oXRPo 8.2)' H orlpowtxrl ouEnon nieonq nou
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nopcrnpeiTot Ue rnv ivopgn rnq Kouonq orov Bongnrlxo Ootropo tl0ei pdpoq rou

UrooKol.rpdvou UiVuoroq orov KUpioq eo,\ouo Kooorlq 6nou woplYVUeTot UE rov odpo. tTouq
xrvnrnpeq Ue npooo.trouo orpogr^|opo0 ro xwotrr efodou npoq rov oolopo xo0oqq eivot drot

6ropopgr,ipivo 6ore n 6to6oq rou UiYgcroq vo npoKolei toyupo orpoBthopo orov xupioq
eoiopo. Irov npoOolopo ttctwoTe eivol npoooppoopivoq xot 6voq npogepUotfinpoq' ogou
yro ro EsKivnuo rou Kpuou Kunrnpo eivol qnopoirnrn n npoeaplovon rou BononrlKou
golouou.

8-2-3 Eriyrpo4 rov 6tog6pt|. Ocldprv roiong

rrov nivoxo 8.1 nopouolq@ol 0rKuplorepol r0nol golouu'v xoOo4q nou xpnoluonolouwol
onlrepo oe xrvnrnpiq Dieset. Or ouyiexprpdvor runot iyouv entpt6oat xot eEehx€ei p6oo on6

evi ieVoro nrng;q bxe6roorrxtiv iuoeov p6oo oro EKCnd Xpovro e[erfrlq rou KvnrRpo

Diesel.
llivaxaE 8.1 Xapaxr4ptortKd ruv nb xotvtitv ouortltoruv xaio4q oe Klvnfnpeq, Diesel

Cbenclcristics of Common Diesel Combustion Systems

Dlr.cr iqi..doo bdir..r hr.crlo6

Hlgh r rl
nlltirpr|y

Mcdirnr
Qui6.rnt $rirl

Hi8h lriil Siirl P..-
cirmbcr c.hmb.r
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.rpirotcd
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Borc. mm
Strokc/borc
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ratio
Chambcr

Lar86t Mcdium

+strol(c

TCAIA

Mcdium-
smallar

,l4trokc

TC^.lA

250-5tln

13G80
1.24.9
I6.IE

Dc.p ttowl-
itr-piiion

HiSh swirl

Singlc
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NArrc
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3@-4Em
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l.l-o.9
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Swirl prc-
chambct

Vcry high
s|,irl
in prc-
chambcr

Singlc

Lowcst

+strokc
TCA

Smdlc!t

+itrokc

NAAC

lr{F2lm
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3.!,t.2
l2-r5

Opcn or
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9t70
t.l-o.9
22-U

SinBlc/
multi-
orificc

t800-3yn

150-100
l.3_1.0
Itl6

Botvl-in-
pistoD

100-80
l.l-o.9
t6-22

Dccp bo{,l-
ia-piston

Highcst
s$.irl

Air-fiow
pattcm

Numbcr of
nozAc
holcs

Injcclion
prcssurc

Vcry high High

Prc-
chambcr

Vcry turb!-
lcnt in prc-
chamber

Sin8lc

Irwcal

Qui.sc.nt Mcdium
swirl

A3 iotvoI€YolovtK6 IovIEto rqq roions oroY Krvnrnpq Diesel

ot pelireq Qoroypogtov rnq Kooonq oe KtvnTnpeq Diesel 6youv oEnvnotl oe 6vo eupuroTq

on66exro naprVpogriO powifo rnq io6onq, ro onoio onoTeleiTot ono 4 gooelq nou rl Koge

pio eldyx8rqt on6 6logoperrKig guorxiq fl yrlutxdq btepyooieq.



lfz

Four dics€l combustion chambcrs uscd to obtein photographs of thc comprcssion-ignition com-
bustion proccss shown in Fig lO4 on color platc: (a) quicsccnt Dl chambcr; (b) multihol. nozzlc DI
chambcr with swi.l on p. 499: (c) M.A.N. 'M" Dl chambcr; (y') Ric.rdo Comct IDI swirt ch.mb.r.

6X)(0N
oVy'ooo

6Kd(Cre
@V1@

@-@

Zxnpd 8.3

(dl
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8-3-l lGrovpa?tr€C UElirEg r4g xorio4g oE rn 4r4pEg Diesel

Or reyryrr6q gurrogpogtonq He notrO prxpo ypovo iKeoonq Kol roxeioq SlweooKonno4q dyouv
egoppoorei oe onuqwtKo Boepo Vlo rn UELTn rnq Kouonq oe Ktvnrnpeq Diesel'

To oxnuo 8.3 6ei)Oet 4 XopoKrnptortxooq runouq golouov Kouonq Kol ro oxnuo 8.4

nopouoro(er pe 6ro6oyrxiq gurroYpogieq rnv eEdIEn rqq xo0orlq orouq ouyKeKprp6vouq

oolopouq Kouonq.

Or Ootropot xo0o4q nou peledwot eivol ot nopoxdrot :

(a) Evoq qpepdrv Oolopoq xouo4q runrxriq oe leYotrouq opY6oTpogouq xtv4r4peq
euFofuotjou 3-20 tt qvo xulrvEpo nou XpnoluonotoUwot yto SlopnxquKaq' vourtxiq
Kor or6npo6polrrx6q egopyoYiq. Sorrioq rou UEYagou rou xuliv6pou
nopoKolougsirol goToYpogll(o n sEe}lEn Uovo rou evoq ono rouq niEoxeg nou
q,eKo(el ro PnEK.

(b) Evoq ootropoq rouoqg ono xtvnrnpo goprnyo0' peooioq rofnq orpo9titv' oneu€eioq

'yxuonq 
Ia 4 nidoKsq qexool.tou oro UnEK.

(c) Evoq golopoq xo0onq 6repYooiqg M Tnq MAN

(O O golopoq Kouong UE npoootrouo orpogrlropo0 Ricardo Comet V

Zxnpd 8.4
Scqu€ncc of photoSraphs irom hieill-speen inovies iaken in spccial visualizalion diescl cnaines shown
in Fig. lG3: (a) combustion of si glc spray buming undcr lar8p DI cnSinc conditions; (r) combustrcr
of four sprays in DI enginc with couirterclockwisc swirl; (c) combustion of singlc spray in M.A.N.
'M" Dl dicscl; (/) c.mbustion in prcchambc. (on lcft) and main chambd (on right) in Ricardo
Comcr tDl swirl chambc. dies.l. 1250 rcv/min, imcp:E27kPa (l20lb/in'z)r''1 (Courtesy Ricortlo
Consuking Engineers.)
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tTrq, oKotrougisq goToYpogt6v rou omuoroq 8.4 o;.lgovi(owot ro nopoKcr0, XopoKTnplorlKo:

nidaKee gexo(opevou Kduoipou. To oroyoviEto rou xouoil.tou owovoxAouv ro goq nou
exndpnerot ono er6rx6q o4petoxiq gorelvdq nnYaq Kot Ko0opi<ouv ro nepiYpoPtlo rou ni6oxo
npv on6 rnv eEorpton rov oroyovt6ittv.

ol6yo npodioptf4E. Auriq or neptoxiq ixouv nol0 XoHnfui gcorerv6Trlro Yro vo KoroYpogotv
oro'gily pe ro enine6o,Keeonq nou agopyo(owol. E)(el )@notponolngei el6lK6 npoooero
yotrxo0 oro KoUotUo, yto vo 6o€ei npoolvo Xpdpo os ourig rq gloyeq nou KovouKo axouv

elogpo yo.\o(ro ypd.rpo, tilore vo Yivowol aTol opd6q.

Q dyo 6,dxuong. To oouoTi6to oroolnq nou KoiYowol oe uvnliq oEpuoKpooieq oo ouTn

rn ,lfOVo, inq npoo6i6ouv leYol4 lopnp6Tnro oe Xp6Ud KiTptvo - oonpo.- Koedlg n gtoyo

xiriOvdr n oxrivogolio rov or,rporr6iov otrlo(er yptipo npog noproxoff xot KoKKlvo Kol re,\tKo

K6KKtvo.

neprcx^gn\ouoiou piyudfog. H eygovro4 or4 goroYpogio Kogen6vnspl_oxtiv nou ouvngcrq

neirgdU5wor onO ieuxdq irl6yeq 6roXuo4q, uno6qkirver neproyiq t6toirepo nlouolou

lriylrotoq ot'q onoieq, nopcn4peiror unepgolrxn nopoYoYn oleotrnq. Onou or neptoyiq ourdq

bJvowOwor lre odpo, nopor4peirot pio nol0 eeppn' lsuKn gloYo 6loxuonq'

To yopoxrqptonKo rov noponovo neploxdv ouvoryi(owot orov nivoKo 8.2

tnaerpretraion of diesel engine combustion color photogrrphs

lrt.rDrctrtioo

Grccn

Whitc, andYcllo*-white

Ycllo$,, oranSc-rcd

Brown

B.ckSround: thc gas (air in clrly
staSes, combBtion products lalcr)
i3 lransprrenl attd nol Slowing

Early in combustion proc63: los
luminosity " prcmircd "-typ. flamq
rcndercd visiblc by coppcr addcd to
fucl. Latcr: bumcd ga! rbovc
about 1800'C

Csrton particlc bumuP io diffurion
nrme 2m0-2500'c

ca.bon bumup in difrwion flamc

at lowca tcmpcraturca; lsst vfuiblc

in film .t 1000'C

Soot clou& from vcrY fucl-rich
mir(turc rcgions. Whcrc thcsa mcct

air (grey) there k alwaYs a whitc
frinte of hot flamc

8-3-2 Kouon ;ra oneuoeicq EYxuon

Iro oynpo 8.5 goivovTot runlKiq KoFnutreq nieonq KUtrivEpou, €6oetg rqq pelovoqrou pnex

*o, niionq Kouoipou pdoo oTo pnEK, Korq rr1 6topxeto Tnq ouunisonq 
. 
Kouonq Kol

exrovu.ronq oe ivov xtvrlr4po pe oneuoeioq iYxuon Lre UneK 4 ondv nou gero(et Utoo oe

6roxoer6n xottr6rqro rou ePBotrou.
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Cr|nl .nglc, d.8

tff

Crlindcr prcsrurg A injcctor n.rdlc lift 1,, end
injaclion-sFtcm fucl-linc pacasurc pr, as functions of
6aot atrd. fo. srnall DI dics.l cnginc.

Exnpd 8.5

ME goon ouvKptnKdq UEMTeq 6toYpouUcrTov pugpou iYXUonq Kol puguo0 iKluonq Koro rnv
Kouon, onoq ouro rnq olK6voq,5 oe notxtlio onu8iov trslroupYioq xot rtpdv nponopEiog
6yxuonq, o Lyn qvdnruEE Tlq nqpoKoro ouvonrlKaq nopor4p4oetq :

0 H ouvoIKR 6topxeto xoUorlq eivol nol0 peyolurepn ord Tn 6topxeto iYxuonq'

(ir) O onoluroq pugp6q Ko0onq oufover ovoloYrKd pe rnv oUEnon rou opr0yo0
oTpoedv. Erot q dtopxero xouorlq oe Uoipeq Y0rvioq orpogotrou, nopo;l6vet npoxrtxo
orogep4.

(iii) To ptyeeoq rqq nopor4po0uevnq orxunq ornv opxn rou Etoypoltl.loroq puguou

KoUonq, eEoproror on6 Trlv Koeuoripnon ivoudnq, xot ou{ovet Us rnv o0Enon rnq.

Cylindcr prcssurc p, ratc of fuel
injcction firj, and nct hca!
rclcasc rat. Q. calculatcd from p

for srnall DI dicscl enginc.
1000 rcv/min, normal injccrion
timing bmcp = 620 kPa.

Zxnpd 8.6

Or noponovur nopornpRoetq po(i pe r4v pe,\dr4 rov gorovpogldv 6xouv o64y4oet
oyerrxo onlo;towitro xouong nou enefrlyairot oro oxnuo 8.7

8d
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'c!
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Ratc of injccrion

m10
crank an8lc. dcg

Schcmatic ofrclationship bctwccn tatc of fucl injcction and rstc of fucl buming or cncrgy rclcasc

ZXnUd 8.7

EnoUdvoq Unopoipe vo ouvoryiooups Ue rnv onetx6vtorl rotv 4 npoovogspgdwov 
-gooeov 

rnq

OepVooidi xoilorlq 14g 6repyooioq Diesel, novut oro runxo droypoppo 6xtruonq geppor4rog

xo0dnq evOq xtv4rrlpo UE oneueeioq dYXUon (oxnpo 8.8).

lgnition
delay

Premixcd combuslion Phasc

Miring-controlled combuslion phas€

[2te
---F- combusrrcn

l60a b l7O 180 r90 200

Cranl arSlc' dc8

Typical Dl eng.inc hcat-rclcas€_ratc diagram idcntifying diffcrcnt dies'l combttstion ph's's'

Zxnpd 8.8

Tdrorou eidouq uowa^o xo0oqq pnopouv vo rgoppooTouv oe oMouq r0nouq eoloFtiv
Kq0onq Diesel (n.y drepyooio M, drorpepdvoq eotroUoq Ko0onq), e96oov lnqeei un6qln n

ouyxexprpdv4 p6p,pn tou 6roypopporoq dVXuonq Kol aKluonq gsppdTnroq xoro rrlv xouo4
(oxnuo 8.9).

2to



Injcciion

$?

(a)

Ano rov v6po rov l6ovtxtiv oepiov :

Shon
dcl.y

l-ng
dclay

lgnhion
dclry

do dv du
i-Pa+ Lrynt-A

(b') (c)

schcmaric injccrioD-ratc and buming-retc diegrmr in thrra difcrcrr typcr of [aturally srpirdlcd
di6.l cornbustion syst.m: (a) DI cnginc with ccntral multiholc nozzlc; (D) Dl -M1tyF cnri;c with
lucl inj.ctcd or| wrll; (c) IDI !si.l chrmbcr crgio.. Mcctanisr8 A, B,.nd C d.fncd in tcxr.

ZXnUa 8.9

8-/r AvotuondedopivrwdwopoEeirnrotduypdgpcrog

Or pd€o6or woluoqq nopouoto(ouv orpotQrnTEq Ue oUI6q nou fleplYpo9nKov ornv ev6lnlo
7 yio Bev(oxrvnrrlpeq xor fexrvove Uo rnv egoppoYrl rou 1ou o.A. :

s-.0-1 Boep6q ono6oo4q roto4q

H sKTiunon rou Boepoir ono6oo4q rnq xouonq orov Diesel eivot tEtoirepo onpowlKn oTo

nfnpei ifobrio onou pe rnv Ueir^rln iou I opyi(ouv vo epgwi(owot r6roiTepo uunldq

r*ribU"eq drgfiMg xor bO. qorrioq rnq etropornq nuxvor4roq rnq, dl€o.\4q, oKopn Kor eov

0.5%'rou xouoipou perorponei oe orgoln, or ernopniq rou xrv4rrlpo eivot onopo6erreq.

fro rnv nepinr0ron ovoq xtvrlr4po pe on8uoeioq dYXuon (Dl) n e€iooon 8'1 YivETol :

#- r# * ^,n,=ff (8.2)

E6ti o xo0opoq pu€p6q npoo6oonq gspp6rnroq oro ouornUq Unopei-v-o sKgp-oorei Us rn

Oro,lopo rorj puel.log exiuinq 0epp6rnroq Kouonq xot rou pugyoO Uoro6oong eEpp6rnroq,

npoq, To rotxilUcrlo (omuo 8'10).
dQ, =dQ", 

dQ _ ^dv -du "dt dt- dt=PA-h (8'3)

Me unogson t6ovtxo0 oepiou orov xutrtv6po :

(8.1)

do- dv dT
i=P dr**,a (8.4)

Y.+=+ €'s)

* =('.'i),X.?'*
dQ': v ,dn * t nd,
dt 7-l'dt y-l dt

lrjcclionMchanisrn C
&lrt€d mirins by I
||Eh|nish! B ltd C I

Onore 11 eEior,lon 8.4 6ivet :

(8.6)
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lft

Cross and nat hcat-rclcas€ profilc during com-
bustion. for a lurtrochargcd Dl di6cl cnlin. in mid_
lo.ad, mid-spccd r.rgc, showing rclrrivJ magnitudc
or Dcal t,ansfcr, cacvica, and fual vrporization and
hcatup cfrccrs.

-50 0 50 tu)
Crark rn8lc. dcg ATC

Zxnpd 8.10

8.5 Iupnepr;opc rou tExo<ousvou naEoxo

Fucl-ioj.ciion tubins

Dcli!,.ry-vrlv€ holdc.

Dcliv€ry vah€

B3rrcl

Control rrcl

Plungci

PludScr rc$lm sprirg

Plungca co rol rrm

- Guidc slcrvc

Rc|iincr

Fu.l-injccrion systcm with single-barrcl pump. Lcft: systcm layout. RiSht: scction through fu.l-
injcction pump. (Costt esy Robcn Botch GmbH and SAE, 'l

Zxnpd 8.11

8-5-1 >uornpard aYXUonq

Iro oy4po 8.11 goiverol dvo orotyeio owtrioq nsrpeloiou rnq Bosch

Iro oxnlro 8.12 goiverol pio owtrio'pnex, 6noq ouraq nou Xpnolponolouwot os peYoIEq

pnxovaq Diesel.



Body

G..r
Rrck

Pirl

R.iriicr
Nua

SpiU dcf,€dor

I'lu||ger

8u!hin8

SFly tip

Unit fucl injcclor and its driving m.chanism, typically uscd in largc dicscl cngincs'

Zxnpd 8.12

lro oynpo 8.13 goiveror 6vo 4lerrpovtxo etrsyxopevo pneK ' cMlio'

Electronically controllcd unit fu€l-inj€ction system.

Exnpd 8.13
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8-52 AoUn rou niEorc

Or nrdoerq 6yXUonq nou Xpnotyonotouwol onyepo orouq Diesel eivol ornv neploxn 200-1mO
bar. Tq orryp4 r4q dyyuo4q o oipoq rou xuXvdpou dyer nieo4 50-100 bar, geppoxpooio

nepinou 1OOO K Kor nuxvornro pero[u 15 xot 25 kg/m". H 6roperpoq rnq onRq tou UnEK

eivot perof0 0.2 Kor 1 mm Kot o loYoq pnKouq 6ropilpou on6 2 i{,rq 8. TunlKdq tEtorrlreq
rou rouoil.t<lti eivol : nuKvornrq 0.83 kg/lt, rE66eq lero{u 3 ' 10 kg/ms Kol enlgqveloKn roon
nepinou 3r1O-2N/m (3OO 14. :To oxnuo 8.14 goiverol n 6oun evoq runtxou ni6oxo
q,8r(o<ouevou xouoiUou oE KtvnrRpo Ue oneugsioq iYpoq.

Spny angle

Droplct sizc di{riburiorl

Schcmatic of dicscl fucl spray dcfining its major paiamclcF.

Zxnpd 8.14

,,J

l
trJ

Shadowgraph and back-illuminatcd oho_
to8raphs of cvaporating spray injcctcd into
nrlrogen ar J.4 Mpa and 670 K in raDid-
cornprcssion machinc. Timcs in milliseconds
arc after slart of injection: injeclion duralion
l-3 ms. Top tshadowgrapht photographs
show full vapor and liquid rcgion. Botlum
(back-illuminared) phorographs only show
liquid{onlaining corc.3.5 ms
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Kogdq o ni6oxoq rou uypou Kouoipou rpexo(eror ond rrlv onq, yiveror ruppri6nq xor
ef,onkiverot oro Ootropo xoOo4q woplyvuoyevoq pe rov o6po. H opxlKn royur4ro rou
ni6oro eivot Heyolurepn orto 100 m/sec. H e[oreprxq entgcrveto rou ni6oxo onoot oE
oroyovioro oropirpou 10 Um, Kowo orqv d{o6o rou oKpoguoiou. H uvpn ornln nou
eyxcro,\einer ro orpoguoro droonqTor paoo orov x0trrv6po oe oroyovi6ro Erogoperrxdv
peye06v pioo oe dvo nenepoop6vo UnKoq 6toonoonq. Ko&,iq npoS^tpope poxpurepo ono
ro oxpoguoto, 4 Lro(o rou o6po nou neprEyaror orov ni6oxo oufover, o ni6oxoq onoxlivel,
To nlqroq rou ouEovet Kot n roxlrnro rou perilveror. Er4 ouviyero ro oroyovidro
e{orpi(owot p6oo orov qipo. :To omyo 8.15 goivowor graroypogieq evoq ni6oxo nou
qaxo(eror oe ouvgnKsq npoooyoioo4q npEpouwoq go.\opou Kouonq. :To omuo 9.16
goivowor owiorotxeq Qoroypogieq Ue uq,nl6 orpopthogo.

Schlicirn photograph! of vsporizing spray! inj.ctcd into switling air flow in lransparc[t prcchamb€!
of spcci.l IDI dicscl. [.ft: high scnsitivity, shocdng boundarica ofthe v.por rcgions ofspray. Right:
low scasitivity, shopirlg liquid-contsinint corc (dark) in r.latiot| to vapor rcgions (mortlcd).

Exipd 8.16
:ro oxnuo8.17 goiveror oyrlpcnrxo n Uopgn rou ni6oro orov ouroq rgero(eror Ue pon oe
orpoFrlrotr6.

Nozdc holc

Upstrcam cdg€

Schcrnadc of fuel spray injcctcd .adially oul*ard
from thc chambcr axis into swirlinS ai, now. ShaFr
or cqulvalcncc rario (d) disrriburion wirhin icr is
indicatcd.Dwnercrm cdgc

Zxipa 8.17
:To oXRUo 8.18 goivowot oxenKdq
6reio&on rou ni6qxo.

t/ ,/ 
nn 

"*o'

\..-"q

\

perpnoetq r4q eni6poo4q rou orpopt,,\tol.rou oTnv



,trz

"1i;-'
ldl Mcasurcd outrr boundary of spaays injcctcd into swirling air flow. (r) Sprry tip pcnctration as a I c
funcrion of timc for difrcr"nt ,*i.t ,"r"r. soiii ti;.i; ;;.'; ; ; -'-'; 

' 6oifur/L{3e'lA

zxnpda.ta r"^, * *i"!H"-l^il),,ii--- * - (t*.fjlif' 1,."'rqay.Mtt&-.r-ffi -,t.J..)aa f
I1_o oylto 8.19 goivowot Uorpnostq Korqvopnq Ueydgouq oroyovrEiurv oe npoooperop6vo JL'
ni6oxo Diesel, nou 6ei;youv nolq peropoMeror n Korqvourl p8 T4v onooroo4 ono rov oiovo
rou ni6oxo.

Droplet diamctcr D? Am

Droplet sizc distribution in diesel fuct spfay iniected through throtlling Pintle nozzle into quiescent

room-temperature air at I I atm Nozzle opcning pressure 9 9 MPa Pump spc€d 500 rev/min Drop_

lets are samDled wcll downstr€am of injector at given radial distances from spray axr!

ZXnUd 8.19

E

if, - zlm rcvltnin

r'l' = 75m rdlmir

Mcasurcmcnt

Po = 20Mh O 4=orcvrmin
p. = t.t Mp! O 2tm

a 30mg 4m0q 75m
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8-6 lGouorEpnonivouonq

H Koeuordpnon dvouonq orouq xrv4rnpeq Diesel opi(eror oq ro oroornuo nou peootropei
paro[u r4q ivopEnq rnq dvxuonq xot r4q ivopf4g rnq rouorlq. H dvxuon g8opeirot orl
opyi(et pe To onKopo Tnq BEAovoq rou pnex. H ivopf4 r4q rouo4q npoo6ropi(eror ono r4v
otr\qyn K,\ionq oro 6roypopgro puepou iKluonq espHoTnroq nou npoo6ropi(eror ono ro
ouvopo6erxrrxo droypoplro. :e KNnTnpeq Dl n 6voptn rqq rouo4q eivor qrgw4q oK6po Kol
oro i6ro ro 6uvopebarxrrxo 6roypoplro.

H KoeuoTipnon avouonq oro Diesel enrlpeo(eror ono orogopeq guotK6q (trenroq
6ropapropoq oe oroyovibro rou uypo0 ni6oxo, e{orUron rurv oroyovtEir,rv, woprf4 rou uypo0
Kouoipou Ue o6po) Kor XnprKaq 6repyooiaq (owrEpooetq - nponounn rnq xooo4q oro piyl.ro
xouoipou, odpo, nopopdvowoq xouooepiou, nou o64yoUv 08 ourovogl{n).

8-6-l l6r6r4req our<rvdqlef4q rou rouoi;rou

H norornro ourovogtref4q svoq rouoil.rou Diesel ysrporor pe Boon rov oprgpo xeroviou. H
y60o6oq nou Xpnorponoteiror yto rov npoo6roplouo rou opteuou Kerqviou orq nerp8loto,
nopouoro(er ouor6TnrDq UE rnv owioTotxn U6eo6o yto Ttq Bov<ivEq. To 15 rrlq K.\iUoKoq
owroTorxei oe tooKerovto, €vd ro 100 owrorot;pi os KcwovtK6 6exoe{ovlo. Eror o opr0poq
Karoviou ev6q Uiyuoroq rov nopoflovLj KouoiuLrv oiverot ono rn oxaon :

CN = percent nretane + 0.15 x percent HMN

H UnXovn nou XpnotUonoteiror yro 14 UdTpnon rou opr€poO xerwiou, eivor pro runonor4pdv4
UovoKulrv6pn Unxovn pe peroptrnrn oydo4 oupnieo4q xor er6rxo e{onhopo goprro4q xor
perp4flxdrv opy6vov (ASTM Method D61S). Or ouwnKeq AEroupvioq Eivot ot nopoK(rTo:orpogdq 9oo rpm
geppoxpooio ryuxrrxo0 pdoou IOOoC
e8puor(pooiooapoetooyovRq 65.6oC
nponopero eYXUonq
nieo4 dyyuo4q

130 nprv ANf
10.3 MPa

Me nq noponovo ouv€nKeq letroupyioq rnq pnxovilq, rpogo6orrirwoq Tnv Us ro KouotUo rou
onoiou enreupo0pe vo npoodropiooups rov op€po xeroviou, peropoltroupe rn ox6on
ouunieonq p6xpt vo Enrruxouu€ rnv ivopEn r4q ro0oqq oKptBdg oro AN: (xo0uordp4o4
6vouong 13). Er4 ouv6yero q 6toErxooio enovolopBoveror Ue Kouotl.lo ovogopoq, yvororou
opreHo0 xeroviou, pr6ypr vo npooeyyioouye 14 oupneprgopo rou perpdlpevou xouoiUou, pe
14 o-ulneprgopo 6uo xouoilrov ovogopoq nou ot qp€Uoi xeroviou rouq 6rogdpouv xoro 5
povo6eq. Taloq, o optepoq Keroviou rou Uerpdljavou xouoigrou, npoodiopi(eror pe
nopepBoAn perofu rov rrpdrv oxdonq oupnieor;q nou onorr4€4xov yto r4v enireuf4 rqq i6roq
xo0uor6p4o4g ivouoqq oro 60o npoovqgepedwo nl4or6orepo xoloryo ovogopaq.

qorrioq rn-q onpowtKRq onotroupavnq 6onov4q yto rirotou ei6ouq 6oxrp6q,
xpnorponoto0wor oulyo ouoxerioarq rou opr6pou xeroviou pe oueq 16ror4req rou rouoipou,
onoq 4 nuxv6r4ro API Kor ro o4peio 50% (CCI-ASTM D976).
noMdq gopaq ouvoworor Kot o nopoKoro 6eixr4q diesel, nou Unoloyi<arot UD goon ro
o4peio ovrtriv4q (ASTM 61 1-n atroyrorq eeppoKpooio or4v onoio unopouv vo qvoplx€oov
oKprBdq ioeq nooorrlreq rou ouyKexprpdvou nerpeloiou pe ovrtriv4) xor r4v nuxv6r4ro Apl:

Diesel index = aniline point (.F) ,. 
API gJavityi (8'7)

r00
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8-62- Ynoloyropoi r<rouor6p4oqq ivouo4q

H Koguordpnon 6vouorlq pnopei vo unotroyrorei flpooeyvrorKo Ue oydoetq runou Arrhenius,
on6 Trq onoieq unopxer geyol4 notxtlio orn BrgArovpogio.
E6ti €o nopo€iooupe onAo pto entruy4pdv4 eynerprx4 oydo4 nou dyer 6roruno9ei on6 Touq
Hardenbergand Hase, yro KMnTnpeq Dl. H oydorl 6ivst rnv Koguordpnon 6vouonq oe poipeq
l-I, ow ouvoprnon rnq onolur4q Seppoxpooioq (lg, xor r4g nieonq (ba4 Tnq y6poonq orn
Eropxero Tnq Ko0uorapno4q (nou troppwowot oE ow€nxeq AND:

rd(cA) = (0.36 + 0.22s) *o [u,(# - -]-)(, _ ,*-i!1-)" 
"'] (s-8)

onou So eivor 4 pio4 ToXUTnTq rou eyp6Aou (m/s) Kol R 4 noyxoopro orogepo rov oepictv
(8.3143J/mol.g, EA (J/mol) eivor 4 gorvoyevn evdpv8ro evepyonoi4onq:

F _ 618,840 (8-9)
"i-cN+25

ror CN eivqr o optel6q Kerqviou rou xouoiljou.
H Koeuorapnon avouonq oe ms diveror ono rn oxion:

t,JCA)
tro(ms) = 5ffi

6nou N, or orpogiq rou KrvnTnpo.
Ooov ogopo flq onoro0peveq Ttpdq T,p yro 14 oyroa (S€), pnopo0v vo exrrp4go0v
npoooyylonr(o UE dvo Uowdlo nolurpontKnq oupniEonq:

Tic: TrrI-' ptc: hri (8-10)

onou n o notrurponlxoq EKeirnq, rc n ox6on ouunieonq, xor o 6eirrqq i uno64kiver
ouvgnKeq ornv noMonl4 erooyr.rynq. Trpiq yro rov no,\urpontKo EKe6r4 divowor oro Iy. g.20
Vro dvo KrvnTnpo Dl oe ouvenKeq WuXpRq eKKivnonq xot xovovrx4q trerroupyioq.

0 50 Im t50 2m

EoSine spc€d, rcv/min

Exponcnt n fo. polytropic model of compression proccss in Eq. (10.39) and corrcsponding end-oF
comprcssion air tcmperature at TC. warm and cold DI dicscl enginc wirh 130 mm strotc.

Zxnpa 8.20

4= 3mK
L= ll0mm

0 5{n l(m l5m 2(m 2Jm
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