;klme3e""v86nT2 7 F E B 2003 WD 00/ 12881 RECI PROCATI NG MACHI I\%T\NF'FI-Q 12%
SUB- CHAMBERS odrizgéd of the invention PCT/ AU99/ 00708 This i mcamummomol at es
general ly to reciprocatory nachines, including those operable as internal

» conbustion engines) but in a parti cuI arly preferred 5 enbodi rrenwmm ﬂm
an [ mproved sl eeve valsiffoGOiNG fiachREWHAYYD Ai-chilmbggent deca "l lﬁﬁﬂw wm]l
substantial research effort has been expended on a quest for a co gﬁ ¥

practical adiabatic engine. A useful reference on the topic is

Adi abati c i Be ed by the Society of Autonotive Engi neers 10

i n 64 of fhe SO

(SAE) in its Progress in Technology Series (No. 28). Most
of the uncool ed adi abatic engrnes produced for research purposes under

vari ous progr made_exte e . use of, ceram n for
exarpl e, "oyt 1 s BVEREh HISE Ge it oebatoR) fudtigs, JBetty se
_ plates, vabymbiraas, intémae BOMBLSISH aBAgiMasyebuiifes parasaiaplyo préfsered
general |y exami ned the 15 feasibility of cerami c |ined adi abatic engines)

and yt$riembadiment rplates iy ap uprovedierve (39879 eRgin:onsi dered to be a
particularly pronising ceramc for the purpose. The research prograns
contributed significantly to advanced engi ne design, but the reality is

t hat therBackgtWArl’b successful adiabatic production engine. The ~~
princi pal probl ens encountered have included a short ceramc life) an
inability to 20 identify lubricants which perforned satisfactorily at the
hi gh t enper at ulnesedent odecadiesasubstaptial re,semmbﬁf@rﬂnhgsdmen eappade«ﬂcnn éner gy

(é“aLZL”b‘yhéaé%tn@Zi’ai%eﬁﬁﬁ G Prabiica] Alab e AR . & Bl rEBancy o e
decrease dpiy & Tt Adiabalit Enghie" ehlblished®y HecSsclety st AstomadtivecEhgiibel hot

cyl i nder/conbusti on chanber surfaces 25 on the incomn i r charge. Sever al
cont r 1But (PAE] i 194 asarast ef a%&r@m@rsrsdatTe@hnoroegr-imerg&m2m rMPﬁ‘sO

Komat su, e t | gt ?éarb % [
engi ne opé$§§+l§§ a&{é%%tr%: eh@nﬁ@ austhggqs ?ee ergt Eu@r&%& Q‘@o char gl ng or
super chapgmgrgn'(spmﬁd!r aixtensrvet hsenoianecmhcngr)sulat@nsmnﬂaa;, dapaxample, A
desi gn 31 PCT/ AU99/ 007 2 Kirloskar relied

on verti c&Y'I"}f’ZQéI ?%&P'E ?Q \e/g‘?'?‘ érzi'ﬁ'ﬁrsal RISt IGARS! aétﬁ’ﬁ?e(,pt'?t&ﬁ valye

achi eved gahis Jalv8WMdudiils &id dalvakides. OPREsH pRiyramis gorfeRamyBRAmRRId tHer
time, the use of heat-insul ated nmenbers adjacent  to the conbustion space

was pﬁ5po§ﬁﬂ§lty!ﬁy$ﬁ ceramig lirectadiabatie pngives and prttﬂgcp;aetallynstgbéuﬁﬁdrrérpﬁglat he

[t ornal - BonaluRe SAnEREFRL S B aTarnt sy BeanBi Stk vor HeCpilese MEEC o

suggests treuearse pnégmrimeabntnbstdchs@hmmnbyrto Fﬁcbmerweér’ngmatdeﬂigm hbuqo'drteh of

th t t hat h | d, be f d
for in o EOH dsdnah SORCF enao SipesSiliaigbatt BiocuiiioB staingy, e °°
((ngl ne, ObnﬁbibE?ProWeﬁwE%rﬁoﬁﬁté?edﬂa‘éé iAclGdE@ Csbrt CBParicSHEOkA ihuBiRily fout

ted wth great difficulty) or with breathing restrictions,

|d only be fi
Qan%pelﬂ&fﬂ@hﬂdbﬂwpﬁ%tww vnedromed)k@tmtmly ahethee abighndempesaturasnber.

tuncti ons PN & IBAIBT A cbaiR orbrfer TgaRaRL) 6RHEY Wb, e e ieF Ark

density aheéncef theuiresd Mopemrécttomérg;ndrcﬁﬁ me)rmatau@ﬂegiaséso Heeegacohdadel ay
period constant, in terns of crank a thus allowing a fixed tinme of

i nj ecti onem?%ileﬂorﬁ fyrineraeblem ‘é’ﬁﬁgge SHRglantiad @%‘F"&ésﬂ!ﬁ' velumeliisqadinder nat
the heat- gué“?é“%ﬁé h‘@%ﬂhﬁ et opﬂoi’éﬁirwer)geﬁ?dlfsﬁoht& Eéf"gﬁﬁaces

t emper ature W enough to prevent position car on or ash,
and i 25sooplthedntarhiag alheharge of fuel inpinges uponit, it will elimnate
.20 conpletely the building-up of deposits in this zone, particularly when
‘usi ng high ash content fuels. a In Ricardo's textbook, there is also

di scussion, at Sewget cbhBtiblitsrs)to dhe abbeetcitedqﬂubh@atrmnﬂimdm GR% Gunining  of
.conpression swirl conpression chanbers. particular formis illustrated in

Figure ?. 89 H§om§$u@pogﬁluggmmd} rsrfgq;tpqsﬂ)jﬁg;t@qneve practical adiabatic engine
operation without " high exhaust gas temperatures, turbo-charging or super

charging (preferably with intercooling) and secondary expanders. A design by

I
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25 lining for the combustion chanber wall, in the context of as] celB-2083ve
conbustion chanber. In respects other than the presence of the finin this
i1l ustratiW@00428ypi cal of sleeve val ued conpression-ignitiBRI/AYIVHEE |n
*that the conbustion chanber was fornmed i the so called junkhead by a
cylindrical wall substantially smaller in dianmeter than the main cylinder

wal | gui diKigoduze rehisd en vemital) aligaed aylisdsd firvand e odling Bysteiviection, but
illustrated in Figure 7.13 of the R cardo text would not be practical,

however, &chiavediamyadayilayelofagdiphalic oparaie™ the -~ ~ ~ ~ s Zoo3 WO
00112881 PCT/ AU99/ 00708 . 3 junkhead body and the liner could be expected
to cause practical difficulties as oRerati nfg tenperatures varied) |eading
to seal i ng and/Adra aemeshiat gadiandime, thatuspue! heat-ippdigted\mesaberstadjaegnt to

i nsulatio I t I LY ' t
and/ or ca?%%@d}sg‘ﬁﬂgpéign\&%ﬁ gléb\?’@ts\% gl %ﬁ%ﬁé’?e@%@%ﬁf’é %H’é‘%g P%&r? %gﬂ t he
sl eevess t pihanaking thecpedariethdeodihigh speaddemgihey. andhis classialtext hal Mighand
a common feature of the engines_was adp ssion  of thEBair i n a nmanner which

gener at ed SPeRYG INtemakEqralestiomBngier Fourthned 21953 (Blagkiecs 5o Glasgey),

h . A om St . . L] -
ot o5 f o lgdisRreiiedig R B0 O o At HEMaleA DG, HBECH WHIFoU a6 patt |
RPM), for diitheenteringaie. Hensugddsts that suches membeamdodld-bd easysto praide for
specific fuel consu tioﬁ of the order @{%10. Rigartdo al .ao devel oge.g]ﬁ%
series of M ﬁd??'@_?feq%rbé rbﬁ"@BﬁbﬂQ? PSR SERG IR SNAYGUORTWIE NP8y OLRUII €
in hi s1@f GR8REBVLVENe £ Siroké of itiee! 2estrake’ tybtd bt kduldBa S fibdSwith lgrsatt Ype
ére disclosed in British Patent 1046104, in Japanese pafent 15 publication

2- 051718 diffieultrorewithy hreathinguestrictiensn in anag®n chanber poppeataaive Arstiokeon

chanber . HNEs THE AeACHsa] ndinpbtris, sAlh bk RREPA ot Bl 26 Btfe
chamber argiofirhiéhtisristl | 1ext)S tpatsenies fHEl Shafetiond of 784iding ahd icondpriessiene 20

patent 5-157002. In US 3815566, a perforated baffle separates the chanmbers.
It is an dBmReraiyre; MithpHt cfadusing: sher Sansity aﬁ"F’nt'Zrﬁ‘é’iﬁﬂbnﬁﬁﬁ'ﬁ'PBﬁdeﬁBF’ne

of enhﬁgcggogglﬂfog% %ftiéépeﬂfé’geﬁdégpsﬂg?f‘f‘%ﬁg'taﬁ'i‘)ir?té‘rm%oﬁi‘ i aridle Pihgi de

an i nprov abatic engline. Su e Invention 25 e present
i nvent i on gllowingles fixedi fimer ofainjeatiobutitrougheutgthe: entits speed: raageouRicardand

I ston ne t hat _ar lhcally.r tivel v . di | g al n_axl g.to
e | ne. o JaRap PogRs B thp Qe Maldibel et o 3ich e UG italith e 0
air and fuglrfdce femseratirsi Wil s digeenbaghftor pieventithe gapbsitibe ofi edrbbr af t er
conpression of the air therein; and neans to exhaust combustion products

from t he vashd #d dhathdlacaghdiali thes dgtd of ofueh impingesu HRoRoft k itnYilk iRlimiegte

i ncl ud in-GH MR tant | SIS HE wHEW Wsir Fi
Irrﬂ'? ugl y 3‘%%’?? %ﬁée%tt@% @gpg@a@ls ang% isﬁgggn@ﬁmtﬁ%'?%&nﬂ%@égecross%’e@ﬂlgrq at
(/ni}ch gas ash contentifuethanber may expand

U

In Ricardo's textbook, there is also discussion, at pages 102-115, of a heat-

insulated member in the context of compression swirl compression chambers. A
particular form is illustrated in Figure 7.13 by way of an annular heat-insulated

25 lining for the combustion chamber wall, in the context of a sleeve-vaive
combustion chamber. In respects other than the presence of the lining, this
illustration is typical of sleeve valved compression-ignition engines, in that the
combustion chamber was formed in the so called junkhead by a cylindrical wall
substantially smaller in diameter than the main cylinder wall guiding the piston and

30 the valve sleeve. The arrangement illustrated in Figure 7.13 of the Ricardo text
would not be practical, however, since differential expansion between the



.at least particularly laterally as it flows from said one sub-ZhlarﬁfeB 2003 o

t he ot her vegbg/gdagber; wherein said air adm ssion nmeans, SgicLuddRegRE Neans
and said sub- 10 chanmbers are arranged go that a swirl of gas is generated

*and mai nt ai ned about said axis in both 8f said sub-chanbers during

ti f th i ne; wher ej id b- chanber,. i l.ed and
ot 1 ned IMRERAT POGH AR UHE IRty AE GRXPRRIErb iR CruSs Srarice siiruies n
thermal CéBB?Hﬁﬁg Vighipetatrest Vakddr %l:a{li’r?tﬂf h g %elbﬁﬁg‘ é’f'\d/éi‘t%bﬁénicél heRfor

;
i nsul ation jacket about substantially e whole of 15 said |lateral exterior

of said Watigus tfairear eAdngs af Siratdnedlatientwaelild sheatresult.ndugdo the ranmydar so
that) durin at i engin he, surfaces of the wall structure

" boundi ng %Daﬂ%&%ﬁﬁig E’E}ﬁ%é’ﬁ’gﬂhgf"fa%bﬁﬁl a Ihed at a tenperature which is (~

substantially higher than wall surfaces boundi ng said other sub-chanber.
Advant ageousl y) said sul-chanbers are arranged whereb he, enai ne 20 .~

" oper at%s in a lhi rsg% Vﬁ'\‘ﬁ%@&i 88"1?68%5.'8%953‘1"3& e%ﬁ?i’s?‘t}% rﬂaezﬂ’(gsrrgxp'?ﬂyl ude

a fuel i npgllated WAth lendgitudinalRs ane cifcihtfeeshtiafly Gnded | corhmoht featurBléf the

preferably includes a fuel injector nounted intimately in a conpl enentary

openi ng dingiveeas adeission efethiaririm p B@nper which geaerated arhightspeed

ferably. | f L 00 4 ip . (21 F Th
Pl ow passeyoRiid 'St BEERAGRTn 1he LA i< ehhdhaing Fixing iy EBfbuSufoe,
at a radi S Haay Ricsrdiesesbribediitypioak seirh rativatorr 4istiokeaoperationl (ie. swirl

cylindrical portion and an_ann r outer portion, which portions are of
Subst Mt | BPM rBig 16 SrankasanHPR, formphBStbae megh Giehus prassure and

"GT/ ALY/ (80881 Sl At EBAGARPUO, GPAR EPlbbolofofo, 2N Wi dih D and rea

ength L away from sald cross-sect ere gas 1 n one sub-chanber may
expand at l|least partially laterally as it flows from said one sub-chanber

into the ot herR%ﬁ%@?@e&eve&%cﬁé gtéé?ie's/ & ih&ir@ét‘?@@éﬁ%ﬁ éﬁgxr@esﬁ&lt g:‘i'lsmb%rrs, fn

the sinplest an pre case, sald on
cyl i ndri ciflustrateddornexaraplelindhid adaiemhentiomgpditext atJeigdresr A7 arskEHi00 Engines

preferably equal to or |ess _tha saiég.g.oes b-c . Passages_or

et | or | osShaIERT BYRS A8 COIRGIORBH i BN RBIERS AR (64 e DRGSR
about 15ai gyKlicatibn SaR0s MATBaind Gemidropatsht| pUblicaion 1476884 hTRieaB) indlesth
lubricant is thereby effective to reduce or control tenperatures and/or
t enper at uiniection systéms involved localized swirls at the transit passage into the main

chamber.

Engines having co-axial combustion chambers smaller than the main
chamber are disclosed in US patents 3815566 and 5778849, and in Japanese
( 20 patent 5-157002. In US 3815566, a perforated baffle separates the chambers.

It is an object of the invention to provide an intemal combustion engine of
enhanced themal efficiency, and in one or more embodiments, to provide an
improved adiabatic engine.

Summary of the invention
25 The present invention provides an intemal combustion engine including:-

a housing and piston means that are cyclically relatively displaceable along
an axis to define a variable volume working chamber;



10 differences across or around said cylinder, while being theria.r Pfﬁltﬁlﬂf}
to a desired functional viscosity. The swirl of gas in said oth
sub-chanber is preferably such that there is formed therein a swirling

cool er boundary | ayer) preferably effective to cool the peripheral and end
wal |'s of said other sub-chamber, 15 Préfer abl y) the swirl of gas is such
that the swirl ratio in said one sub chanber is at |least 6:1, and nore
preferably in the range fromabout 10:'l to about 25:1. In said other

sub- chanber) t"%% 4 L | I8 IhS4P : : X il af gas
In said one cha rg’\rl\wrraagn%{e aﬁg’u?ﬁdtﬁg Q?ﬁ%&r.é ‘?é’”éﬁf?&aﬁbje{e@@?w&pea& adi ent
i n t he gdgnitdbievmbituresafteraoenprassiom ofither air thieréinpame! at i vel y hotter core and
] 20 a relatively cooler periphery. ~1 In a preferred enbodinent) the air
adm ssion neans and the exhaust neans include ports in said housing, and
reci procabl e phefisqo\exhd@stBMbusHiBh pPdducts frolethewdrkingMathsgre sub- chanber
I's then preferably disposed within junkhead neans opposed to said piston
means. 25 Preferably) the housing and ports are such as to allow no or’

m ni mal pr ehegjheRdinYaid VaRADIBNoRirhe WEtkinBScHEMBEH inERABY St 11625t AR Wal | s.

Sai d housing may 1 nclude respective cylindrical portions laterally defining

sai d sub-chambiers substantially coaxiababan andomutuslly displaced an spid ads iapdlin

o st on meanTRRAEr e fross dechop el wilt) ogs 0 IS ot i8R il ™ ¢
nenber,  adesstipariveddrydiateraats dnflovis fronsaidi ore sols-chambbe intd eiek offin's
bridged to said wall structure for reducing thermal conductance fromthe

|1 st r SMPENAMREN: he annul ar head nenber. Said shoul der and said neck

ans are 5 advantageously fornmed integrally with said wall structure
defining said one sub chanber. Preferably, .in gperation, the engine
exhibits at | ¥hereiRcsaid Al Admission Jepans.osaid) exhavsh meant @ndesal ment ,

sai d e ' ttﬁé'lt' ae i H?rfa Sndintdihtinedl [yt on
mansﬁPr@?%ﬁ&Fé&hﬁg%%@c an%g‘wsﬁ/gﬁ g%'e%@?a I;t/&gm alﬁhtg&nrﬁal% ri ctal
about saisaichaxis in bothaif said sub-charnberdidusinggpecation of therenging; i ne axi s of said
housi ng. The invention also provides, in a further aspect, an internal

conbusti on engi ne including: 15 a housing and piston nmeans that are
cyclical ly relandiwhergindiaithbne sabricbambenis sealed asd defited iaterally and atBhe

o ure Rl B R eSS bl W, el MGkt waF i "
therei n; havihg® fdterdl @xiafionua theab idukitionjatket Eboius shibstantidly terwhate gthanber ;
15  said lateral exterior of said wall structure and associated heat dissipation means,
arranged so that, during operation of the engine, the surfaces of the wall structure
bounding said one sub-chamber are maintained at a temperature which is
(J substantially higher than wall surfaces bounding said other sub-chamber.

Advantageously; said sub-chambers are arranged whereby the engine
20 - operates in a direct injection mods.

Said fuel admission means may include a fuel injector with a flow passage
through said wall structure but preferably includes a fuel injector mounted
intimately in a complementary opening or recess in said integral wall structure.
The fuel injector preferably includes passages for cooling its tip.



20 wherein said variable vol une working chanber includes at lﬁﬁitaémn
subchanbers nutual ly displaced on said axis and i n comruni cat E B 2083 0ss
section at which gas in one sub-chanber may expand at |east partially
|aterally as it flows from said one sub-chanber into the other sub-chanber;
wherein sai d one sub-chanber is of neaf@wi dth D and nean length L away 25
fromsaid cross-section) and the ratio L/Dis 0.9 or greater; and WO
00112881 7 ,~ 7 F E B 2003 PGI/ AU99/ 00708 wherein said air adm ssion neans

i ncl udes intak 1 Qn i Lid .gases in
sai d chanber aglagﬁlro&gpgg%gtd s§§ ?@kﬂ%ﬁdﬁ{s@;?ﬁgp%}%rtg%he@g%{dngbg(é
fl owi ng f chamber &toacragius dhatrdividasntive saidl ordhsubsohambiernints )a vdemteby
there is formed, during operation of the engine, a swirling 5 cooler
boundary PYinsicalpartien apd ra@rawbar&mbe@mgndwalcbmmm@anq \wubstantialy one
SUb'Cha”bﬁéudRE@nﬁ¥§rl ratio of said swrling flowin said one chanber
bei ng at ast o. 1, preferably in the range 10:1 to 25:1. The invention
still further provides a nethod of operating an internal conbustion engine
at | east near adiabatically, which engine has a housing and 10 pi ston means
definifng a working chanber) the nethod including: cyclically relatively
di spl aci ng said housing and piston neans along an axis to define a variable
vol ume wor ki ng chanber; admtting air and fuel to said working chanber
conpressing the air in the working chanber to forman ignitable m xture; 15
causi ng conbustion of the conpressed air/fue m xture; exhausting gases from
t he- wor ki ng chanber including causing the gases to C - , expand at feast
Eartially | aterally as the gases flow from one sub-chanber of said working
hanber into the other sub-chanber thereof; and generating and mai ntaini ng
a swirl of gas about said axis in both of said 20 sub-chanbers while the
engine is operating; wherein the wall surfaces boundi ng said one
sub-chanmber are mmintained at a tenperature which is substantially higher
than wal | surfaces bounding said ot her sub-chanber. The ignitable m xture
may be ignitable e.g. by conpression ignition, or by 25 spark or gl ow plug
ignition. The air and fuel may be m xed in the working chanber, ~2 7 FE
B 2d03 WO 001 12881 8 or partially or wholly externally of the chamnber.
PCT/ AU99/ 00708 I n general, the apparatus may performa function other than
as an engine, eg. a punp or conpressor. Mire generally then, the invention
provi des a
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_reciprocatory machine, including: 5 a housing and piston neans that are
cyclical l wdd l%tghvel y displaceable along an axis to defi nep@rXbdbse
~volune working chanber; means to admt fluid to said working chanber, and
"means to exhaust fluid products fromtﬁe wor ki ng chanber, wherein sai d

bl I r Ki N | t b h
Tt ual Ty s R anen S RAERRE 5 1P, ShrRRG idth D g mealk IRt ton at
whi ch '
| ch gasguigy s s sfﬁ}%‘ HioREWh SreRAn%nd §%—Eh96’lbb¥%éy’ek%ﬁd af lousps it

flows from rrber into the other sub-chanber ereln said
fluid adpastliynlatesly, asat dlowsh frosn  saich reneaarstibsehamberb uubah‘tﬁercahqr @sub-
arranged at f flui erated and | nt ai ned u sai d
o o U GORmeRr < nd Yali. Ohdristblerally 68 00 sreatBhro M sinREEh 288 Mokt o
wher eisn  préfdnedacasel saidcomesutb-eha/iben &dcylindetal, by drirtetat Deand aiablenytival |
structure with associ ated heat dissipation neans arranged so that, during

oper at | oth- SAid arossrRastiag is prafembly agual tafordess than said pOeSUbChaTIBRA ng sai d
one sub-chamber are maintained at a tenperature which is substantially

hi gher than 20 wal | surfaces boundi ng said other sub-chanber. Any of the
rel evant pref Slassagesovgallajes mawhe Rpvdeddn a mainyviindet of, gaidaensing or

Doccr | ot 1E5IETRInG BB Salb bsSib-chathBr (5P HBPAEABT Kot Efrotd, Sty
of exanpligbrigany Js thelréby? Bffectivey tovedute or kentroCierparaturgs dnaldrtemperaturdi ch:
~ 7 F E B t~u~ WO 00l 12881 PGI/ AU99/ 00708 9 Fi i;ﬁure l1is a cross sectlonal

view & dieTRBERS AFTEsRl Qff aEpunds Sk yinaay ovhiln being thewbyeheataddo 2
(near adi E&é%ifbﬁ fgﬁ&% lal gggég‘g,.accordi ng to an embodi ment of the present
r

i nvention I gures e respectively cross-sections on the tines 2-2
and 3-3 in 5 Figure 1; Figure 4 is a fragmentary cross-section of the

driving end oirheegs B B sEHOIRG: dusRAMRRY DBreRy oBRM LERLFR 1 Vo

| i nkages; and ures 5 are Vel op trons s
vari ous rfeimeéd \tkerein ;aoswhimmeoofer tbwndalyaiawn,dpmfemw effective tdQ:oBt ehier red
Enbodi nent s, he il usq#] ke si ng.lpépggl I nder sl eeve-val ued di esel

11
engi ne 1P 8541\?&%? ?Bf f?sferﬁtz?féﬂb' ¥ includes a housing 12

consisting of a main cyllnder 14 and j unkhead 16) a reciprocable pi ston 20,
and aj. annul arg v sl.eeve .30 havi n 1 S.11 orns_an axis for the
engi n cont i gEralEraRlY. Ui i ot o 1 sdgn e s, s el redld 888 Su

ci rcunf ercianhtidrliy at RsP BOC ApldanatePpibiéfadly ﬁ\ttﬁélrﬁﬁ?é Woﬁﬁﬁaoﬁﬁ‘l ©f te)dbouter

14) MhllﬁgfISton 20 is in turn axially reciprocable in the Zface defined

within t inlnesaiﬁuotm%n sumﬁhambers e swirl @Ewds pretasally 2 legstad:dr Gap sMir of
he pi f
the pi St%}68¥¥ i 31§ Sorfi! hQPrﬁ:%r“.% qHétsfhc’hOM grcf‘gggﬁgar?ﬁﬁi‘qahfbga@eo

j unkhead he mni me 'S CO nI y re e squ el ght
s), 20 argratieat mﬁtaogasﬂowmﬁssawahe sgbearhapnisarowithi an calathiely tiottee abrengnd he

gazegﬁsf%gnéqu SARIRT BRIAMEYI i haer 14 1o spaced from eyl | nder surface 15
defl ne an annul ar recess 17 that
In a preferred embodiment, the air admission means and the exhaust
means include ports in said housing, and reciprocable sleeve valve means
controlling the ports. Said one sub-chamber is then preferably disposed within
junkhead means opposed to said piston means.

25 Preferably, the housing and ports are such as to allow no or minimal
preheating of incoming air charges by hot combustion chamber walls.

Said housing may include respective cylindrical portions laterally defining
said sub-chambers, and an annular shoulder between said cylindrical portions



receives the reciprocating sleeve. The interface between the @ éeFEBapl3
junkhead is in turn sealed by a pair of rings 33 carried by the junkhead

j ust out waVQI% 128125 shoul der 41. Piston crown 21 may i ncl u’E@T/éU#?é 08
‘insulating insert as is known. The recifrocation of the piston with respect
to the cylinder and junkhead is effective to define a variable volune

wor ki ng ctppdsed to(saie piston mysarisngEh& ShoGitieaisl preferably pdovided by asudnrutiamber s

52, 54. b- chanb 54 . ~ ( F E B 2003 00/12881 10
PCTI Ao DA BEEY oo aNECSA Beeh Sfpsination PRTE AR INGINEE ABOVRT BECkRERS her e
a cyli ndrbqaideog ;@fém%u delibfpd watrgchuggi | 1&rfichindeCtrBm @ IR

wth axis uni f orm di anet er al length L. For direct

i nj ect i onstructutienta the ahhular headdmentieti Said shovider &8 isgid peck meansoaren
cross-section.equal .to the cross-section. of sub-chanber. 54._.For_indirect
i oot PonacANLaRIlsY Toieee, FR8SRYIat 3 e, Stdc GRS Wibins seit iy Bt
sub- chanbgkarhder. Sub- chanber 52 Iies between shoul der 41 and piston crown
21, and is bounded by these surfaces and by the inner cylindrical face 31
of valve sleeve 30) thereby also having axis 11 as its axis. At its

smal | est, sub-pRAgRdly,Sth | Gpdthtian] ahe Cshgite ¥ihbitd Gatt feagtdHEan dhalsdtic S-
It will be 10 appreciated that the arrangenent of the sub-chanbers is such
that the epefalienoperates in direct injection node. ., in keeping with
conventional term nol ogy, sub-chanber 52 is hereinafter referred to as the

mai n chanber 52, and sub-chanber '84 as the combustion chanber 54) but it
i s enphasi zed Inhan taitermativec ermbodimends said enggsuh-chamber Sisc sHbstentialy i s

onfiged t,0. - {th reference to Figure 4, piston 20 is driven
in thgaushﬁﬁ'éﬁ‘ﬁﬁgﬁ?ﬁéﬁs@% t 25 via crank 26 and connecting rod 27)
the latter being pivotally attached to the piston by) gudgeon pin 28.
Crankshaft 25 Ls.S rt i earings 24, while conrod 27 .pivot.s .
beari ng sl eevet:‘?éet%i%gisea((i'gj S%JEFE‘&"H?%% P’%&e"%?'l)’ea’%ﬁ% ?g'g%etgé?li%boa'?i%\%dn
from the gxighhichfis IBAitedinadensdrallcantbe e bikis3dh sdig ablisimg34a, crank 35,
and pin 36 fixed to the |ower end of the sleeve and supported in crank 35

by a spherically nmounted bearing 37. Inlet and exhaust ports are arranged

about mai n chamherindéntish aid providsy)iiR02 fuRhey ldspéder, di - intdrivdl eésmhbestion
configuration is ilJustrated in Figure 3, and in 25 Figures 5to 8. This

consi sts BnYRefRRIMAING- five simlar equiangul arly spaced ports, conprising
three inlet ports 60, 61, fit, symetrically at one side of a dianetral

pl ane 63) and exhaust ports 64, 65 on the other side of plane 63. Matching
contrdP ports Fhopsing and pisienEeans hakare cygicaliy reladively dispiacaable alpng

movenment gf ALR&oSd&Meta gériiﬁﬂggpﬂﬁngwﬁﬁecﬁrﬁg,&e initial opening of the

inlet ports, whereupon arr | rected Obliquely into main chamber
52 in the direction of the arrows Din Figure 3, and generates a hi gh speed

6w rling effechaahauis (¥ dis ahH el B said working chamber for forming an

o ignitable mixture after compression of the air therein; and
means to exhaust combustion products from the working chamber;

20 wherein said variable volume working chamber includes at least two sub-
chambers mutually displaced on said axis and in communication at a cross
section at which gas in one sub-chamber may expand at least partially laterally as
it flows from said one sub-chamber into the other sub-chamber;

wherein said one sub-chamber is of mean width D and mean length L away
25 from said cross-section, and the ratio “/p is 0.9 or greater; and



_WD 00112881 11 7 F E B 2003 ' PCT/ AU99/ 00708 mai n chamber 52. @ enERt2008
the sl eeveyd@o/isagi he direction of the arrow C will conpl et epERgOddD70Rf t he
inlet ports by bringing control ports 7 71, 72 into register with inlet
“ports 60, fit , 62, but the high speed swirl already generated about main

chanmber 52 wil|  be .majptained. for.th ol | e.of  operation.. bath in
min 5 chanber WeBraleat ab S el Tdses IBestrENR diierehatne: o
the swirl arangbt @6 irnparttDswithR §ased i $td chanfder bt bhid )88 ihtRBInESHy
period, and to facilitate use of single spray injectors. A swirl generated

by obl i quéaterallyegnanding garfiawing Heeracsaidi ene subfchamberdmansaisohegi sibs)

RPw) “of ¢ Rhafbeky WERREDY $héts I sbiied Bprd'dlersloh S S oldind] A sRifihg
cont exts okoblee boupdant dyey dntsaid othidr sub-thambetr dndok swidingWiow inggidoxe

| nportant novel effects tq be further described bel ow. Further detail

" concer ni n§uBnambar; ithe suidl gatia Rf saidrswirng, flawdnssgid] oneychamber HeiRg At ded
| ater in | k0L Hueta.e of junkhead 16 will now be
descri bedt‘élurlﬁgfdﬁzfré}:é}ég?g?Itﬂé{%ﬁeﬁep??'r}glﬁp%gf'?bentraI conponent is an integral
body 40 of a heat resistant) preferably relatively |ow thermal conductivity
material. A suklfab | i faknke e rnatl

mat eri al s may g‘e@em‘“’z‘ygﬂ, E@g?ﬁfet@%reg? g?'fj%gs%eéfetﬁ{)ﬁoé/fs %g%ﬁ%g‘ltgﬁidr?l’gt"?lfi%c ae'l
and/ or chicombustionrehgine @tileast Meatyadiabhatisally, rwhich i ermjine thiasre housingedndki rt
portion. 42, whi ch defines conbustion chanb 54).and gn enl arged solid head
75" i n” Bisic Sveans esliing Scubing ThAmERS the MemOd BB dee-an’ end wal
(an/or surface 44 for the conbustion chanber. At the other end of body 40)

bout the open end of conbustion chanber 54, body, 40 has a flange 45 that
provi des the aFW‘&?&Mt’P@H&ﬁyéﬁ‘{’]Pﬂ'QB sqyd Mﬁmgnﬁqvﬁfﬁﬁo%ﬁ%ﬁﬁi@ra@ gMyaxis

t hereby 2% B@ﬁﬂ@aavm%ﬁﬁ?e%ﬁ%x‘u@@hﬁmﬁér‘:ha”ber- Junkhead 16 is

conpl et ed %y an outer annular headcap 18 and an internediate nounting ring
19. As can be well seen fromFigure 1, a radially inner portion of headcap
18 is fixed togRanRRhiPand sl td Haﬁ%e nd of ring 19 is fixed in
turn to head plaate 4%, ﬁoth conng’gﬁ\gﬁs b |h§ y?'respective rings of bolts,
30 screws or studs 39. Alternatively, shrink or other well known assenbly
rethods 27 Bofngfedbifg tiaRth R5GbriRg BRAMIN 6 40D Bndgulabd rikese,
Assenbly is corrpﬁg?gd by securing the oater part o hegd ap 18 onto the end
of main cylinder 14. The arrangenent is such that headcap 1 B and ring 19

extendyabout. t g, ERgdAMBudion dineeoRfitbssss GRHABImBAGK, 40, and have outer

mat ching cylindrical” surfaces positi ef rne annuf ar space 17 to
receive

exhausting gases from the working chamber including causing the gases to
(‘ . expand at least partially laterally as the gases flow from one sub-chamber of said
(J working chambaer into the other sub-chamber thereof; and

generating and maintaining a swirl of gas about said axis in both of said
20 sub-chambers while the engine is operating;

wherein the wall surfaces bounding said one sub-chamber are maintained
at a temperature which is substantially higher than wall surfaces bounding said
other sub-chamber.

The ignitable mixture may be ignitable e.g. by compression ignition, or by
25 spark or glow plug ignition. The air and fuel may be mixed in the working chamber,



.5 sl eeve 30. Headcap 18 and nounting ring 19 are typically foLzrf]ecFSE'dBw 2003
| ow- cost cast materials such as alum niumor iron. Sealing rings are
respecti vaVQ 0f/@888kd i n a space between a peripheral rebate RGI/AERO0H8at e 45
‘and a lip of nmounting ring 19) and in aggroove of head plate 45. Passages
or galleries 80 may be provided for circulating cooling fluid within 10
headcap (p@?ﬂaliy' SOwhBlly Blerridly SR8 EhhATbedi SSi pating heat from heat
resistant (~. body 40 is such as to restrict the heat flow and thereby
allow the interior surfaces 42a) 44 of body 40 to achieve a nmuch hi gher
equi i bri um t qARRIErYS, thé BPBatdius APNEPEHEMRa fuRcliBr® dthstthanA thsCanRINGIRN
space of sleeve-valued engines, This objective is achieved in two vays.
Firstly, egad pumpe a15compmasopheMareygenerally theat the ingeslion rprovides 8ai n

body of [ O cylindrical body portion 42 only by a
rel ati ve{}ggﬁéﬂ%&ﬁaﬁ%&@ﬂﬂ@ﬁ&ﬂ . Secondly, the undercut 46 fornms with an
annul ar space 48, between ring 19 and cylindrical body portion 42) and
under head 43,_an i.nsu ing air _jacket _or ri@in jeh s aspira to

t he eg erior A §°Hs'§'ﬁa$'?é éﬁﬂ?ﬂ W%‘ﬁéhﬂ a@eﬁ&“&%@n@%@qﬁﬁdﬁgaﬁeﬁé(eo$|%%g

heat - r esighf axit 16 d¥inéG fféﬂﬁbléb@lua%ﬁimiﬁ?%ﬂaﬁﬂqebpdy of junkhead 16

Al ternatively annul ar space 48 may be filled with a suitable

hi gh-tenperature insulating material to m ninm se radi ant and convected heat

| oss fromthe maaﬁﬁ@aafntmﬂur@gaid!w'ﬁn&?g cifthbér; lagad portion 43 of

heat-resi stant body 40 is forned with a nultiply stepped opening B2 to

firmy seat and conplement a fuel injector 100. In this way) 25 fuel

nj ector 100 imehAs to@kRhstTRIAbRsHUCEs frBm HESRORgtchambas 10 be in a sense
ntegral with the body 40. The nozzle tip 102 of injector 100 may be flush
with the end face 44 of conbustion chamber 54. Alternatively, it nmay be set
back or for warghgfeir®idid ¥6Ramié- votiREWSMinG cRamBBF indidds he et the dub-t ed
with standard internal cooling galleries, or alternatively cooling passages
ar e pt@vichamberst mutsally dlisplaced o Baid axisaandein communication®@t _Rncwsser t o

Phi s cascectops0FReaaEs B na Rl pndnel iy et b pOR AR I 2", "
tip 102, ipfews o said ohe sib-chanfier aitodké ObrmgubRehisahber; to the main axis
11 of the system are centered on a radius that divides conbustion chanber

54 into an inner cylindrical portion and an outer annular portion that are

of substanti al Whersitaaid dluidradnission means,vsaidbexHauet e andpgdid csuts- t hat
this is ab nore favourag%% pasition

bl for the fuel injectjon,than the
convent | FNAMBBS Rie,AMROgRR se dhala mir of fuidis GAnerAtEH N MainB RS Ao
cl 0seys LUidGkisSABGhd shé&?ﬂ%ﬁ:ﬁéﬁnbe%’bhél?«gg bﬁ&ataauroffwnpéctr\hie& chanmber to

optimse mxing of alr an . 't shou be noted that,

af orenenti oned passages or galleries 80 to circulate cooling fluid within

(fepdcap 18 andyhd é@in"‘ﬁéi@.d?{eogﬁﬁi%aﬂnﬁé R ddfingd %&ﬂg%mt%ﬁgﬁay ponary
sure to ensure that the I1njector tips were not W. ver heat ed. sting
showwalhstruckuref with, associated hiat adissigationymearise armangedfso thatl duringe

et O B e, dhb uleecE 8P W' sthudire "ol <ol ohid® /P
sub-chamber are maintained at a temperature which is substantially higher than

20 wall surfaces bounding said other sub-chamber.

Any of the relevant preferred, advantageous and optional features set out
above for the engine may also be included in the reciprocatory machine.

Brief Description of the Drawings

The invention will be further described, by way of example only, with
25 reference to the accompanying drawings, in which:



(3) the design of annular space 48 and use or choice of ins'u_zalt iF&g Wi n
15.0t; andy(4 dcap 18 and heat resistant body 40 j w | g€tion
of cooli ng“é)a (2€8|qes 80. As will be further discussed) thi spczlrll/'ll‘ﬂ(;%\%&ﬂm
engi ne to be designed or operated wi t hodt any specific cooling neans

what soever other than the very small anmount of heat naturally radiated or

20 converted f Figurerleiseagrass-seational vigw of the vearkinguend @t an4vstrake piagle
o . o . g NOmT= I
B Goner arfindel S Uyl e Rt deSa(Rndife HHEBHANE 16 A BBl o

and t he sefitrenpreseht ipehtiomeni ng and cl osing. The piston conpresses gases
during the conpression stroke, fuel is injected and) after 25 a del ay
" period, conmbustion commences and the expansion stroke drives the piston

down. At top dfagures2tard Gfarehespoctvedserioss-settions onthetiipes @-2vdhd?3-3
cl ose to shoul der 41 but separated by the squish height, |leaving a

" conbusBi offigurelliF E B 2003 ' WD 001 12881 14 PCT/ AU99/ 00708 chanber
conprising primarily conbustion chanber 54 but also a nmininalist nmain
chanmber 52. The_second upstroke of the piston exhausts gases through ports
64, 65 - with figureshisn? fpamentany crogsiseclionef thelidixingnend ek the engingcof

sl eeve 30 - L 0g. ' r i £, t of the sleeve -

whi |l e thewgméiov@hgmﬁg%ﬂenébgv%ﬁgﬁ%%slﬁkggggt rough ports 60, 61, 62:
here, port opening is controlled by circunferential novenent of sleeve 30
and cl osi ng by | teudi nal \. n | : p b al
devel oped el evﬁ%ﬁ% #gé r&ﬁr%}q?ﬁ@ é?‘ééjb‘gég ?i%\%g'og% 1"717%{!]883’3?{%?’8 %‘&E@ t he
¢yl indri cpbsitionsrof the intetearibextiausy portder 14 and the 10 outer surface of
(sl'eeve 30 between arrows E1 and E2 showing the relative positions of
exhaust port 64, and inlet port 62 and the novenent of exhaust port 74 and

I nl et {1por Préferréd Enilbodiment®d awn with sl eeve crank pin 36 at the Bottom
Dead Centre position as shown in Figure 4. 15 Figure 6 is drawn with sl eeve
crank pin 36 at 90 after Bottom Dead Centre. Figure 7 is drawn with sl eeve

crank pin 36 atThéoluSeatedCastroRe ﬁhg_bréyliﬁdéﬁ siHevetvaldd) didsee \engiienlo | n 36
at 90 after Top Dead Centre. ~i In Figures 5 to 8 the sleeve ports 72 and
74 are sheppventiona dedther extesk dhab it intludes e housing, d 2 pensisting 19 & dnaifor t s

62 and 64 _.gf g ' 2;&#' Spi IhRE . AN &R 0% LU I fion
pat h of tﬂ“@%ﬂ@ﬁ“ﬁ"ﬁ@%ﬂg' |gs S O%Eéiﬁg %'P |p522é ar'r@r gdé%%.apyﬁ?érmj or
axi s of elslagved30Baving anfaxisd that fomes anhaxis farrthe remgjines configuratiore ¥alvend
the m,nor axis ,s determned b he relati onship bet n, or _the ni t udes
of - ok sToyey SONE BRI el and SrcufuBacteRy gReBrossHiE gt the. oY
cylinder guifacer1s oftdyRhdere 12 dHilBepiswnt 26is N 10 tdxallyardcipratableCil the
bearing 25 37) and the outside radius of sleeve 30.

space defined within the internal cylindrical surface 31 of sleeve 30. The crown 21
( H of the piston approaches but does not quite touch an annular shoulder 41 of
(_) junkhead 16 (the minimum gap is commonly referred to as the squish height s),

20 and the piston carries sealing or piston rings 23 for sealing the interface with
sleeve 30. That part of the junkhead that protrudes concentrically within main
cylinder 14 is spaced from cylinder surface 15 to define an annular recess 17 that
receives the reciprocating sleeve. The interface between the sleeve and junkhead
is in tum sealed by a pair of rings 33 camied by the junkhead just outwardly of

25 shoulder 41. Piston crown 21 may include a heat insulating insert as is known.

The reciprocation of the piston with respect to the cylinder and junkhead is
effective to define a variable volume working chamber 50 sealed by rings 23, 33
and comprised of two sub-chambers 52, 54. Sub-chamber 54 may be non-



In Figure 5 sleeve inlet port 72 has uncovered the incli neoQ“{oggrBi %ﬁj‘g edge
of cylinder barrel inlet port 62 resulting in open port area 129. e

. lateral wivW@R/12881 2 7 F E B 2003 WO 001 12881 PCT/ AU99/ 00708 CTRAUM 81N ar ea
129 is increasing rapidly due to the citgunferential velocity conponent of
sl eeve orbit 130 being at a maxinum Simlarly the lateral width Y of open
area 131 tyiiridRigaPa?i gy Ms@irdsirictethat itsWhlduth e83/Buti I8 hevdl 8 &liviscal Qlib-
exhaust ports G4 and 74. 5 tn Figure 8 sleeve inlet port 72 1s nearly in

the cl oseahamber definedwithir junkbsrdHé spasAodPe Goeaxialrwith B35 15, ohpnifinn

at o i HAOh Dot oo o AL oiep SRR, 35 R GoBE thadretor o
are cl osedmbodimeayehoti B istypRaME B aNoés séetiomeqidl tbahbatessasstsh vel |
above the junk head sealing rings 33 and piston 20 is at or near Top Dead

Cent r e Son skbrehambies $4s ifrasiiadiraat inieglien, the authowdl usially by ssialler in e5asgust
port 74 h%@cﬁiﬁfﬁ\\%ﬂ@% LR cHERBEr g 98uBIcHaMBAISS 1B Hafled? rsh?ﬁf&er W€and
erg 0 1 |

verti cal open area s increasing raprdly as € vertical
vel ocity pistgroceown &1, drekiscbourided b3thbse surfacesSarah) biyrthplaher egliridritah

maxi mum val ue, . The inlet ports 62 and 72 are cl.osed. Jhe jllustrate

D 1 or 1 el fRAR BT MRSV A0 NP kYIRS BAVING SHiS I a5l ASpeklits Sraliest
convent i olgh-chhifet- 58! ge LN i T ol ¥hd :hat <t h i y
i nfl uencegg? cphe theF‘E;rgrallé gg%‘aﬁggﬁ%fewgg;%%héaﬁiﬁﬂgg‘% [ ?'s Etegg'" B
resi sti@nt apprasiated thatl thetastangentent mf thedsub-chamheratis euchribat ithe engine

surroundi ngs)..20.optim.sed,.by _such devices as the narrow neck 47)
(ganperatuf’ e&r‘ﬁ%fréﬁ#égﬂﬁgﬂﬁm?%rcut 46 and space 48 causing a circulation
f-air within the jacket formed by these spaces, together with secondary
nf 1 uence of | MSAPRIY MBHEAMERTGRp T RCaY: SHBeRaTRe" st (NS PaRfer
t enper at urgfelrad flbaPRS i chambelBd) Shd hib-thamMbes 5408Y% aRbi écmbusdn

Mor eover, the tenperature of surfaces 42a, 44 is substantially higher than

the t enperchamber di4.t Rut itaisi emphasizedothatdhe lattertermsdoes mndcguggest| that
though'té diﬁi’r{bﬁg{ﬁnwé{mﬁ@ otﬁm-’&fﬁ'ﬁﬂé:%gi fference be in the range 400 to
' n enen

1000 significa preferred e ‘of the illustrated design that
facilitates conbustion chanber performance is believed to the integral

ol d heat resith,retefefiotd Pl &5 pibb' 2 difyor) B}, 65; Bbud Hiknhlr 1
crankshaft 25 via crank 26 and connecting rod 27, the latter being pivotally
attached to the piston by gudgeon pin 28. Crankshalft 25 is supported in bearings
24, while conrod 27 pivots on bearing sleeve 29 carried by the crank 26. Valve

20 sleeve 30 is driven from the crankshaft (not shown) via a sub-shaft 34, bearing

/ Y
h
S

34a, crank 35, and pin 36 fixed to the lower end of the sleeve and supported in
crank 35 by a spherically mounted bearing 37.

C

Inlet and exhaust ports are arranged about main chamber 52 as radial

openings in cylinder 14. A preferred configuration is illustrated in Figure 3, and in

25 Figures 5 to B. This consists of a total of five similar equiangularly spaced ports,
comprising three inlet ports 60, 61, 62, symmetrically at one side of a diametral
plane 63, and exhaust ports 64, 65 on the other side of plane 63. Matching
control ports 70-75 are provided in sieeve 30 and the circumferential movement of

the sleeve is such as to cause a fine initial opening of the inlet ports, whereupon

30 inlet air is directed obliquely into main chamber 52 in the direction of the arrows D
in Figure 3, and generates a high speed swirling effect about the axis 11 of the



-The high tenperature in the conbustion chamber 54 also furthgr FeguogR t he

=

ignition " riod", by providing heat to rapidly vapory ecte
L gniti (ﬁ)i}ﬁﬁ lod”, b | di h I dl iﬁéﬁm o708 d
r

. fuel droplets. I's effect augnents the known benefits of the sw
mentioned earlier in 5 reducing the del 3& peri od by enhancing rapid m xi ng
of fuel and air. It wll further be apPreciated that this tenperature

di f f er ent FBRINChAMRERZ. nMaveaeni of dhe slaavgndl inpthe direelipn, af thesamaw o 3l of

t he Jack | Dt t: ' ' . ¢ j :

por 1 on 4TSS, Gheting B el Hiet BB oy Lrtting' Bntrl o7ty 76, PR i fhoister

out war dl y with intat poTtsde0,e6 1, 88jibuti the highespeed swirl alreddy genérated 4boat migire

- STmilarl y cORRhRrCRACEE b TRRRS forine WoRS Pl Of GBeraton, B Pomalt | y
simlarly . P y

be abouyf @hdniBBr 538nd e d@?ﬁh@ﬁ%?ééd,i Mo BEAMUSESA PamEr b4 WHdrdthd 3wirl

arising fromthe heated body portion 42 is thought to be sonewhat [ess than

" this. Secdnaffestivesto enhancemiing, 1@ shoren daenignitien Helaydperning, gad toxpailitade bot h
15 downwar dly. [nto main chanber 52 at the cross-section 53
al i gned vvi"gﬁ og%ﬂ'&légb?é@bl%té%bst antial tenperature differential between
conmbusti on chanber 54 and shoul der 41, conbined with the expansion of the

d the |eyel i ned aj. . irl ab h is 11 of
The chanbers 54 swin gangraled'BY dhiiaudiaib Ry b, (BOME FaRgeasiR o pevaycr
of relati %!\bédc%bﬁfesgiéigz? cOphbistioR ERAMBEP $Wifl PAtRISONicC' SR APM wstsagent

the cylindrical wall sl eeve 30. This is thought to be the explanation

of t hdlbosankshaitnGEM ofythegardes of Bdter 10.are typinplly abaewved. Ndewever in the

} ncom ng aj f L 0 L1y .hi AN r Lral | r
G not de ©ndopi e Slefeitifento X it SR s Bk i duf rll RiperHe
si gni f i camovebeffédty tebedathendsadribeddeldwand al so on the | ower face 41 of
25 junk head 45, during the inlet stroke. The steady state nean external
wal | tenperature of cylinder 14 has been neasured at 100C above anbient -
with the engi nFuntekidetaibtorcaming punt Zomfiguraties andeopdration! ahd st ratiospf
any forced qui,éiﬁé Ii,ng by either water or air. This tenperature rise is
subst ant i df P{P! %gﬁ"dé pisHleserip¥ion: operating speed, an effect quite
contrary to observation with both 30 conventional engines and in the

e L e Tt o T
F E B 200 - ' i aOREst rd '
fﬁrgnggbﬁl ‘el%.%ifgpz&%pbﬂﬁ\tei%%@ intbgfal %fogryfﬁ tefth résiﬂt&’ith?j@f’&gétmy

ef fect wo al'so increase. I s enphasi se ] he mechani sn
proposed aelativelydgm thesmbbcondudtivity eateriahati suitalfle isuchomateriabds efdiniess but

e e B0 B Ao
(i 1] 3??1“%”%‘3‘"%‘3’%? a”hggc’%&er"_ie'ﬁ"ﬁng?s' oo oo o ooy anin®
ﬁ pre er¥a Eﬁp?*'ﬂa‘?ﬁmﬁﬁﬁ?\amn fAgtines epmbustign; chambena4cang an eplrgddinber

ater t . wiii HHEE " [R5 52 ',,Egjs or
enhanci ng%gq‘eehdegtgsw HS?‘ H?;seﬁnventelﬁgrﬁr %?ﬁlggdﬁﬂgh %‘y con'%/%!r‘ltsﬁngﬁ?k{ e \e/%rf ue
measur ed Xhd wall ahd/aravface iddnfoc therbombustiomichamiber.uitdhe totivar echbf body
swirl rati nerated in . the main. chanbe L1l be |lLess, inversely
el ot ed t 0 0L i opeH ene fiontiarlgAraPeY 54 bad4fi Hise MaBaRAS bati |
af f ect /i nfdrygiaes thé afcreafdntidhed SReaM/er 33Nssirlihy nidih RARIbR 2 BHE ifdreBpd
end surfaces. It is preferred that the swrl ratio in the main chanber” 52

be at 3%adorms a heggl plate for the main cbamber. of the swirl) and a third
di f ference from conventi onal

Junkhead 16 is completed by an outer annular headcap 18 and an
intermediate mounting ring 19. As can be well seen from Figure 1, a radially inner
portion of headcap 18 is fixed to one end of ring 19 and the other end of ring 19 is
fixed in tumn to head plate 45, both connections being by respective rings of bolts,

30 screws or studs 39. Alternatively, shrink or other well known assembly methods



-.engi nes of this general type) that is thought to arise for e FER 2808r! in
conbustion chanmber 54 is a tenperature gradient froma relatively hotter
. core to aWeleIsskl y cool er periphery. The present applicafCH/AUNO®ert ain
"of the extent to which this effect occung, if at all) but it may further
assi st in maxi m sing achi evabl e 20 conbusti on chanber tenperatures. -, A

fourth di Ebelaets@esbue%ésemtblg i§ coRtpiétedrtsy Sécurry thenbutet pan sitaeduapS518 | n

Ri cardo's book referred to above, the length to dianeter ratio of the

conmbust i oRNkhtyemendiof Malomiledaeds: o hratiapgement issuch thak headcand8 and
product i ohng"e éS‘&énH'altgﬁs.{t )‘cﬁ% ﬁgngzg‘-stzf? 40 é‘ﬁ‘-’r%sfs’f%rﬁ bro%&'éb 'at'?ldt ﬁfvér']é’u%?

0.76 to O. | i contr preésent applicant prefers that the ratio
L/ D wher e matchingheylimdrizhl sarfgtés gositiomedstd defindaarimidarSépacel 17 te rédeive
uni form di anet er. of, conbusti on chamber 54, should.b .9 or, greater)
br ef or Bbi AGVEA0: HeRARAR 16 APRIMANMIAG ABSA\S AP by fomed i lresetioast o
exanple o f i ik e inay| fol n@qesp inS, hade
rel ativel S/natetPﬁ?llgaétigh élgt alﬁlgﬁ Iﬁmg %rg{‘h%e%gﬂ arﬁgggﬁt’ﬁ% 'E?Pleﬁat ggu%)ho I-l|sang
ef f ect of sphee betwéeng peripiiaral wpate indheadt: ptate WIS anit adipl of snotiating 8ag 18he
areas of the.end face of, t.he nmbusti on chanber and of the facing end

: shede e 45

surface 3apA{n@ GoQve 81 PGT/ AU99/ 00708 18 of piston crown 21
are reduced relative to the lateral surface area, and so end | osses are

di m ni shed. Moreover, the distapge or "throw' .qf the fuel spray,from, .
'njector tip 158srageser eliaesiBbmakbe rdder for fcistng rReling it WikiA i on
of 1hqeai hehBc&® B AhHhG NBTRRE the AR o §igsipafing ieab front Hell dbsiéant© D
@I so further 5 reduces the initial heating effect of the incomng air

agsed_ by b_odut@l:is suqmasn&? ff?ﬁiﬁdlﬁ@ﬁi hant flewhaed therebyaliowahe intesios susegeent
cyti naer 658y a0 " o6t FRAET a, MUE B TR o Ppelgrihdh =

adi ia_bat ic c@ﬁ%rﬂidﬂéﬂ:in }ha g&nkﬁeait_p cams_iigzﬁ dMHglﬁ sleev?vaived agngihés.orThiat e ][
cooll ng system ana |1 hgeed none 1S provided. ver the . tow tenperature o
Che syt o APIRERLE 4F BERIYSTN RYip e, FORYUCRRAR BIATA 4515 PRRRRIRIaIN SO 4%

oi | s rqgqui | r f ol |
engi ne1%?o4§§?1?éﬂ\;getqggrnr%ct ?%ﬁ’r Pgﬁg%es‘g%y !tl?/'{bdl'g@fjge‘g@:ﬁég t |)gbg?t!‘aﬂs %:%I ty,
advant age only byraelatively naudwiarowlarinedketq. uSecondly, therundescutr4h farmsewith

and_exnaudt” S8 393k 8 pnuEsh, it 1o a el BBGy omiaL 45 anb UhdeP
t enper at uthpadi 43, edre iMsuldtineraingecket bf curthii whith iexdupirated feotHesexteriohviaoall d
otherwi se give rise to excessive "out ,of round" distortion at the sleeve

i nt er f ace$Mall anrKlgh 9aRI49 papaating sofif headsts of Heat-fasistantfeode0HPMdhe g
convemjy o ' ' he V. ' |
cont | 0 aFbirahliy BolpbigpRKAdia 157ARERRRISEYAARIA shac¥ abinay-th filed
@eperal ) iwithwid Isuitabiee drigh-tempetajuee rinsijatingtmateriabogminimise afadiantnandr
I ni mal preheat, of, .. ncpm ng air.charges, by hot ,conbustion chanber walls.
T sanverasheatoRs il Re st A B Rertigh Bhe i mail oat oty
standard thermal efficiency CASTE) of an idea! diesel cycle is the
foll owi ng expr ion: 25 ASTE =1 : T~ - T1 ~1k{Ts - Tz wher e the,.
constant k is %S?i'dr ﬁ??% Qﬁﬁ?%'béa Pf PL%'é%ﬁséSta'%%b?ﬁ @p'&sfgr%'ége‘ﬂﬁ'?c? Hﬂ'ﬁti’."ﬁ.
The tenpersipict BPERIMBISY o fifmiyYeat ANACORTIOMeR? BIFLENRjeC? 1DT0IR Mhis way,
25 fuel injector 100 is intimately mounted in the opening 82 so as to be in a sense
integral with the body 40. The nozzle tip 102 of injector 100 may be flush with the
end face 44 of combustion chamber 54. Alternatively, it may be set back or
forward of end face 44. Preferably, either the injector is fitted with standard
internal cooling galleries, or altematively cooling passages are provided in the
30 solid head 43 of heat-resistant body 40, in order to protect the tip passages and

materials at the high temperatures involved in this case.
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t enper at urgolggdgsit he concl usi on of conpression and i Medi &) Nuddldods t O

. the commencenent of conbustion, the conhk#sti on tenperature T3, and the
tenperature T4 at the conclusion of expafision and the start of exhaust. For

o1 nt. (whi ch heVe OElios i toal% aneh e, Rk dhg TUBFiAEHANCING PaRaIE 1R AR alce
manuf act urgginp 5?%5 ¥4 S t’h@esﬁféﬁ\‘,’ Hre kUM Ered o A tadiGENRAR Lides ng]b-[étiorT 1

has been neasured consistently during extensive testing as typically In t he
range of If@MIBE&CS4 iitdlan iFther cylindrical podioreand antasde baneglaa iportidrethateréods

at around 1900C. ...10 Wth these yalues in the above expressi he. ASTE
“was cal cul® t%&%‘t&i'mq”?ﬂ@@%r Ytd? %Qi%’eq:éy %?f Bfﬁ'ﬁ?gﬁ?BBﬁ%ﬂmSB%H&ﬁ 5o
di esel gnghBfe Fhvsirabledpoditionnfist! tHe Z@elt MjédinPHANO thE TorVEnfiBR4lapbSitloRt
_the sane duty point, the ASTE cal cul ates to approximately fig% At |ower
duty poi ntigveue J degw r c (L will
f dcby Rigarde fth éhe injector axisarclase as\iacticakle de the tatpral
be appreciajed.: j i o il raled engi ne has a
number of SERTpATINALE, K Sndhbel 5 bRfimiesniarifol ol HAUTBHE, Ro%t o7 oui ng:
(1) Because of the described properties of heat-resistant body 40 and its

combusti on charbaou B, holedaro el btatpieRHP R WAshrbEs HrcBaBFes. S0
conbust i oncirgisatd0 coeltis diid ARitisinf Headedp ressand ribgi $9 PRess Previdedaihitey e
satisfactory operation with a .-%significantly |ower conpression ratio

t han Wil dPretot¥peiaseapresautionany. measyreTipasyre Whahitheyinjgstar tins were note
1'i nd i i ; " i secb
E¥tt e or "larmbey TeRiiag Rse R RAf in Bby ot dBEI ki SBeBl0R B Y

agai nst surface 31. 25 (iii) There is also mninmal heat |oss during the

ion st I , . - onh] "
i on w11 gas 11y ertayEEREs B TRl Hiin Wi e AR SHRRI B AR

environnment. (iv) The engine thus exhibits near adiabatic operation and
hence there is %.2). 2 t;neﬁ'/EraQiozfQP?oMng%r}@ﬁ%Rggi'Auggl 00708 20 no need for
a conventional #fr or waler cooling sSystem pr Ot ot ype engi ne has been
desi gned and constructed as generally shown in Figures 1 to 4 and

throughout testig)o 13 Gl ot Shhiikr SBSLELEdnilustlorlrdhes b8l A o'

adi abati c operatton. 0 st' resu clearly i1ndrcates t
operati®n at cl ose Sitjtand6% of adi abatic can be achi eved. Such
near - adi abati ¢ operati on has been achieved w thout the necessity of high
operating tenperatures for pistons and cylinder walls; turbocharging or
super char gi ng; @)npcheaticap; 1®and heahesistattlsodyd® of ceramics; any specific
or conventional neans of cooling the cylinder head or barrel; or higher
than normal 10 exhaust gas tenperatures and w thout secondary expanders.
(h}a absence of willeallow detaticasof dndiinghgalleries &0c Asowilirtma furthibradiscissed, this

§

(7Lt i R e S BB B o e Wt 1
Chal | en & FRGROBYEH otfter Mhafl Tire2vene GrkaiP ardSIRR) of Nt " MiBtardly ehdiaéd or

adi abati c engi ne wou of course result in a very considerable increase in

exhaus®0t cegraested from the) enginesiextamal srfagesse effects, there is close
adherence to the paraneters required for optimum ASTE in the expression
above, ie high T3 - T2 , and low T4- T1 j 20 (vi) Because a sl eeve-val ued
engi ne desi gn i Suadngtrow to phef eperationt ®f atheo @pginey athee dt-stigkeediesek asnl y

ef 1 i ency PR iRt “Wite, 18, ot AL oFkeboal et o  GuceERSe
-tenper at ur ;oVbnfeI® WitthenpistonaRd thé. sedliench adft Sart Vpbhfiig aRddsiesihg. t TRef act

that the incomng air charge effectively does not cone into contact with
t he piston compresses gases during the compression stroke, fuel is injected and, after

25 a delay period, combustion commences and the expansion stroke drives the
piston down. At top dead centre of the compression stroke, piston crown 21 is
close to shoulder 41 but separated by the squish height, leaving a combustion



25 hot conbustion chamber 54 until after the conpression st@qkeFER003
comenced i.e. after the closure of the inlet ports and the air_in the main
. chanber 5V o transfer to conbustion chamber 54. (viTGTAHPAREn

hi gh mechani cal efficiencies of sleeve-¥4l ued engines are available to the
system .~2 7 F E B 2003 WD 00/12881 21 PCTI AU99/ 00708 (viii) By

ar r angi ng chaniber memgrising primeibucombubtion clhamblea Sdebutsalsoan thihimwalisy naic ool

cnonn_ o Bhapibes 2. climpecdd BEgroKh Otine REEh Sess aanes RYOLTR oS4y
hi gh tenpeisal WitRSpdr! ogagmgy‘%arﬁﬂﬂn@a,byal(otﬁgﬁaaanglr\&a@nvm of ¥ SRlch¥ 3Ando 5

1000 C©), piston ring n ubri cant pl ca up to 500 C) and exhaust
gas (up t poh0@msirng .by icktumhferamtiat endvamente of dtinet istaevee cayhiler thel seaond
result of high,tenperature and hi swirl in eL~b4), the overall .

dur at | & PwttoRaHas b raaf an eothipeors & “habe Hore: PER HEPENG 8sel
appr oxi NaicanatreRed bynéiroUthier@ntial tndvdiRentdsRsibeva 3T andhalBsHG By adhgiRidisaR U €.
(x) The high achievable swirl ratios facilitate the use of "single spray

i nj ect ors mevemenlgh L/ D environment. (xi) Al of these effects conbine to
substantially raise the brake nean effective pressure (bmep). 15 (xii) Hi gh

operating speeds are achievable. (xiii) In a conventional sleeve valve Cl
engi ne as def i friguread, b vepogddiarg partieh developed Rlevations, @t twine theesize oran

ransrer el O ERbdes 13019 4" RAPRLINGGE BB 1S, B chitlsi T4 a8 e
pover f1g | youtéd ¢arfat8 o eistviel 30t betweendiafodisi E,0RAHAEL Oshowing! the helativgi ne
éescrl bed herein, that fundanental K design géobl em conprom se or nexus i s

| i mi nat edPositions &fl XNAUSY PPAB4. ANd intgtdar; 62 and-thesmovemant 2§ exhaushpattgh
air swrl | ﬁ%ﬁ it is instructive to contrast this outcone.-with
anot her stéﬁﬂﬁ%m‘ei n tZ’é' af orenenti oned "D esel Engi ne Reference Book") at
p. 107) that "quiescent direct 25 injection [conbustion] chanbers which have
the | owest surf akeas ln@C Lk i ' t

[ heat] | osses". 'gﬁevrf%%h%@gﬂbyr@f Iél?é@%?ﬁ&@(épﬁﬁ\%éﬁ% ?gfcf)ﬁqn p%@????ﬁget he
penal ti es pdsitidm as 8howi ilcFigu@é@3 WO 001 12881 22 PCT/ AU99/ 00708 woul d
ot herwi se arise from add-ons such as turbochargi ng; supercharging;
secondary expansion; bottom ng cycles or the use of ceram cs or high
sur f acts t enper Higurest isndralvn with siesveldrank pin3that 90FaitehBottomeDead Centre.
conventional cooling systemusing air or water is required. 51t will of
course be well understood by those skilled in the engine art that the
desi gn of any [Figtreclisadrammgwitke sleevecraniipincds at Top tDead Geatrei on wi | |
require a set

(1
U In Figures 5 to B the sleeve ports 72 and 74 are shown in dotted or broken
outline whereas the cylinder barrel ports 62 and 64 are shown in solid or

Figure 8 is drawn with sleeve crank pin 36 at 90° after Top Dead Centre.

20 continuous outline. The orbit or motion path of the sleeve and its ports is shown by
ellipses marked 130. The major axis of ellipse 130 is of course twice the crank
radius M (Figure 4) and the minor axis is determined by the relationship between,
or the magnitudes of, crank radius M, the lateral distance N (Figure 4) between
the main cylinder axis or centreline and the centreline of the part spherical bearing

25 37, and the outside radius of sieeve 30.

In Figure 5 sleeve inlet port 72 has uncovered the inclined “opening” edge
of cylinder barrel inlet port 62 resulting in open port area 129. The lateral width X



of conprom ses anong the preferred el enents of the invention i2nl oF EBr ZQUé

achi eve giw@byi2gsf or mance criteria. For exanple, the propopicri®eniies
. conbustion chanber 54, including its L/1$Srat|o) will be affected by its

di rensional relationship to the 10 di ions of main chanber 52 - both in
turn together determ e Cco re55| n ratig apd, along with port .

oot gn_ Ot oo GreBpateny £28 s IorRTa T Ol cokdo oite s SeSiteiartias PVaibghy 1, o
al so aff e&drap ShERY ofAEEVE b tS‘DSCﬁﬁeng%@%%ﬁﬂlrﬁ‘@fh' Gﬂ'hilamstﬂmﬁﬁerhhﬁndtﬁwe@ﬁ or/s
posi tion. In an atternative enbodi nent, the conbustion chanber 54 coul d be

15 provi depen areand 3] istdecreasing: rapitiyn which mal resmmacapnq“mﬂsmmfcemustess

. satisfactg qQr npl e because of the increased weight of the piston)
and the dPé%% Q%@r?éﬁﬂiof t he gudgeon pin axis or alternatively el ongation of

the piston) but these disadvantages woul d not be insurnountable if the

li cat t her. di sadvant d be.th d.t
 Provi B & sor cBrFBRE Besevs mateelf2 bn PREHT o 1HE cliRsel poiie LY YatERy o
and the hrgight@ of espeit anda ddyisdeigidly Ndedraasing be6audy! Hhé AbridaNisibeity N

this alternative enbodinment) it would be expected that the injector would
still be eeHpesedt of sineye orat | 3hisnataimaximpm.nihe exbaustinamnsc?4 igadd’2 arean
over head &g&é& 4-stroke or 2-stroke ported version. The illustrated engi ne
is a 4-st ‘sl eeve-val ued di esel or conpression 25 ignition engine. The
concepts of the invention are al so applicable to 4-stroke sl eeve-val ued

2 et roke angi niF Guf 7f BOaE 35 BEBed 20 oG ARRR°H S8aVE OIS P B0 T4,
(por t s100nhave passdy wellsboverthy @mkme)act sealmg Ahgé Besendepigtore20 W6 ah ot hear
onbusti on chanber nount eg‘?fn the i ston, and to any of these engi nes using

spark or E;'PB\Peﬁ’ QPUHel BRAAOKegas or liquid fuel or gas fuell'ed with

diesel pilot ignition. Is al so errpha5| sed that the concepts of the
i nvention may be_conbi ned in a sin g WO 00| 12881 23 ~ 7 F E B
PC TI AU9910070W Ejgsuef tRe Jpwer ?4*99 " ﬁi%eeemwﬁgpgﬁ e?évba%m@uﬂed the

arrangene pdhag? Usdrkicdll

poppet vapéég ar%ge aﬂtl nstead o Zhél ee\;gélv 8823? a %Ese
arr angeman'tcréamng; mqmidlyt asithe vmldaisuelaniyfmmpoahem\mfr sleewe ohit $Bﬂettasdomce

Fi gur 7.5 5, t he. af or enenti one rdo et al (Ps
100,188 opoaRdaatwached s MiRefi VETE ThATREL bBEs et 7RETS sl on 1 o
confined to cases where conbustion chanber 54 is cylindrical. Any other
functi onal sh | oye i_ncl udi ng, at.r angengnt s th a.neck o
restricted ope ﬁﬁga‘@ﬁggtqd;pme%ﬁrgﬁbgp ggw ?ﬁje Ls ?F?%a ?'ngl'Bn 'Wgeﬁa"{

si gni fi capdspectp fom @cohvdriional sigéve-valdds enginen, Firbﬂy,e:tlgs IeuRBthapteat e
as an indirect |nhect|on engi ne. The |nvent|on of course extends to

reci pr ocaPlimarydpiueRee 1y iheg tharmal iresistange. of | bady A0 @ﬁ@i‘"ﬂ%)b)égts fsat
€oWpr essosgiQant tHRriaf ‘and integral form, and its insulation from its surroundings,

U 20 optimised by such devices as the narrow neck 47, temperature gradients around
undercut 46 and space 48 causing a circulation of air within the jacket formed by
these spaces, together with secondary effects such as end-losses at face 44 and
at the piston 21 and the influence of incoming fresh air, combine to determine an
equilibrium temperature for surfaces 42a, 44 much higher than is conventional.

25 Moreover, the temperature of surfaces 42a, 44 is substantially higher than the
temperature of the wall surface of main chamber 52. Indeed, it is thought
desirable that this temperature difference be in the range 400° to 1000°C.

A significant preferred element of the illustrated design that facilitates
combustion chamber performance is believed to the integral mounting of the
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housi ng and piston rneans that are cyclically relatively displaceabl e al ong
an axi s t VO&PiI2R81a vari abl e vol une worki ng chanber, 5 neanRCT/4UMMTE8 ai r
and fuel to said working charmer for forqg ng an ignitable m xture after
conpression of the air therein; and neans to exhaust conbustion products

from the yqekiorBoth)araes soldREST frestRast matdriPbpby¥@) 4oE wor ki ng chanber
i ncludes at’ [ east fwo sub chargers substantially co-axial about and

mut ual Iy di splaced on said axis 10 and in conmunication at a cross section

t which [ i 7 ; td1ahl

"t Rous from sart Lon nipERE iHRKe ORGSR WRaiRheP Bt AIBo finhl Ridtesk ™

ai r adm sdhengmitianS'delzyi periodiabyt prowidling hedt tarapidiybvaporisecthe injected fusiged
t hat | ' t ed d i nt aj 15 t ' . S i

bohal 2 gioblen THREL oGRS B KRB A ot S A B0 o

one SufsPha&@&hg'tﬁe%@?Aﬁbr&mﬂby@f\haﬁehnb%ﬁrd%iﬁnga?flifu@! aAd and by integral

heat resistant and/or l'ow thermal conductivity wall structure having a
| ateral exterior, a heat insulation jacket about substantially the 20 whol e

of said |ateraly &iiefirfler dbe Séb&e\eﬁté%smhv%w Qem?_apbta@%abﬂﬂah%h be

di ssi pati on neans, arranged so that, during operation of the engine,
surfaces ahaintaineg|at exerubighes prefercec yaluesdbecauseudt theadack ofurestrainhoni ned

25 0 of nopoR PrighiHl and 18t&5} Sbasiont of b9RT baltbArsd i pabGlAE Bped AR, 0.
accor di ng fide & akpadd Ydigiadmhaig clitwiidlg ke Eessmniddaté IsjiurihamMuxpahyioh st

Qngi ne operates in a direct injection node. 3 An internal conbustion engine
ccor dithg postien 42rasitheremperatise @f ntemal shase d2adisesavhile dagl 9aRASaRouthe
engi ne op esn I | Rgl Al | . l:0f e I : 1

engi ne acc;%(?r |%% S'E}gﬁéc]rlwalg%éfﬁ ﬁ%dg&%%ﬁ@?@?ﬁggrg; %x%%'ggdﬁagsﬁ%%%&sﬁw

i ncl udes e abbuf 0j2oinoy ama diné exlaximLirmaadiay ekparssion mb ihasenpertipnotBearisiggor

nccor di ng fran dherRPd pRfpanon 4F i JbPuBh) @6 FomRuaalsSInan fiind passages
for cooling the tip.

Secondly, as the expansion stroke commences, and the gas expands both
15 downwardly and laterally into main chamber 52 at the cross-section 53 aligned
with shoulder 41, a substantial temperature differential between combustion
chamber 54 and shoulder 41, combined with the expansion of the gas and the
level of sustained air or gas swirl about the common axis 11 of the chambers 52,
( n 54 results in a highly stable swirtling boundary layer of relatively cooler gases
(_) 20 which follows the piston crown down adjacent the cylindrical wall 31 of sleeve 30.
This is thought to be the explanation of the observed unusually low cylinder wall
temperatures. Moreover, the incoming air charge forming a fairly high speed
swirling or spiral layer inside the bore 31 of the main chamber 52 is thought itself
to have a significant cooling effect on surface 31 and also on the lower face 41 of
25 junk head 45, during the inlet stroke. The steady state mean extemal wall
temperature of cylinder 14 has been measured at 100°C above ambient with the
engine working at a bmep of 7 bar, despite the total absence of any forced fluid
cooling by either water or air. This temperature rise is substantially independent
of engine operating speed, an effect quite contrary to observation with both
30 conventional engines and in the development of ceramic-fitted adiabatic engines.
Perhaps, this arises from the expectation that, as engine operating speed is



6 An internal -conbustion engine according to any preceding c?gi PEBEIES n

sai d foal e@epasgsn neans- includes a flow passage arrangedpEgaR86 07081t O
. said working chanber at a radius that di) des the said one sub-chanber 15

into a.central cylindrical portion and an annul ar outer portion, which
portions are of supstantiall n i nternal conbustion
engi ne accBFIRasEd; hey ai}"?ﬂ‘@ﬁé?ﬂ% BlleXFPr?(;;ﬂa?g?q y&”bdA 19 ‘o¢l®asRamber is of
mean width D and nean Iength L away fromsaid cross-section, and the ratio
L/'Dis 0.9 or greater

. t onbust | t
claim 7 wherei é%le&‘m?éﬁgom#gére&‘igg scb'gm%ﬁﬁi?a%gﬁgec@?%@?cor qﬁqgnll?oéxi al
l'ength L Ojdn '%ﬁﬁbncmtde'eﬂ%cﬁmrtﬂhﬂ%é %f@§¥npgﬁgﬁﬁdﬁigmcﬁﬁ' m

wherein said cross-section is equal to or |ess than said on chanber .
10 An i nt estating doabthe: pbservadilnw eyindediwall teonperatyreceastiinly o solalywhrisesi n

Fespact 3t oram W fiekhniem-. Cified hoERBARTg A< Hbiesk TR S Fel nél g
from 2 7cémbutict) @Rarfbes ajfctheciinsiratedr en %ihetﬂiﬁs dechapeasaied e beain the
structure boundi ng sai d one sub-chanber . An internal conbustion engine

according fagiemof ﬁebthr@sanhapmm bglievascihgliaRyVif satia ifethepgorgustion; es
in a main &%(AHPQ«?P@ éHteFﬁ{aﬁ'a gqu% é%ﬁﬂgé‘oughoaéslﬁt oﬁﬁfg[h) tpse&?snabl for

sub- chanbe [ ng ri c ere ri can hereb
ef fective soharuing theeftectstofdhe u:wamuoat Thissispbyl convertigreg ithe vatuelmesurdc es

across or around s d i nd bei ng t hereby heated tp a desi
funct i dRal fafit E%eem I H’"e W‘M&émﬁsﬁ@gﬁtlﬂ ﬂﬁn?éte&ﬁﬁ'?
reced' ng @Hﬁm"@fé bé'r M el fbs%W' |ﬁbe:%|)9?e°1atda ?é"tﬁeofdifér oFLtHeCEI?éFHSér s

uch that there is ftorned t erein a swrli'ng relatively cooler boundary
| ayer. i3 diameters, naltheugh i etheeneffents awilbraffecy/infuencei the 2exactr airn spaed

vl 1 < of  sarepdihHSannt ferieral dad 8a8 5hratBer Har PrERbioRl Fof gt o

accordi ng ;,-pmarmawmﬁbé}gsgcbglamygymg,n said swirl of gas is such t hat
the swirl ratio in said one sub-chanber is at least 6:1 L_! 15 An internal

conbustion engine according to claim 14 wherein said swrl ratio is in the

range fygom aboup fiftthet effe@tbofitth@Sswill, - ad dGhitd differrid feomTDoGRVentionali ne
accordi ng any preceding claimwherein said swirl of %as is such that the

swirl. rati engines of fhisgeneral hypehabis thoyght tq adse for the airswil ingarphgstion
conbusti on Qrﬂb@?ﬁéﬁ%%[ e ﬂh@r‘%rgtafe?ﬁ?%rﬂ% Féléﬁ AYV%&%%F&&& a%:étlveﬂf

gas in Sal one C er IS suc ere |I's erature

gr adi ent i noolee pgaphelyowmf preseot applicani-is hm'rtmrtamaf the ammm/whychnmst er

core and e &I:tat ; VSrsy if O l %r" pgt.rlti '&“%Xy further assist in maximising achievable
; 20 combustion chamber temperatures.

(—) _ A fourth difference lies in the proportions of the combustion chamber 54. In
Ricardo's book referred to above, the length to diameter ratio of the combustion
chamber is recommended to be 0.842 and all research and production engines
illustrated in the book have this ratio in the range 0.76 to 0.88. In contrast, the

25 present applicant prefers that the ratic “/p, where L is the axial length of
combustion chamber 54 and D is the uniform diameter of combustion chamber 54,
should be 0.9 or greater, preferably greater than 1.0 and advantageously
substantially greater, for example of the order of 2 to 4 or greater. If combustion
chamber 54 is made relatively elongate, it is thought this enhances the ultimate

30 cooling effect of the swirling stable layer adjacent cylindrical surface 31. The

areas of the end face 44 of the combustion chamber and of the facing end surface
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precedi ng clai mwherein said air adm ssion neans and sai d exhaust neans
include poWPLHIEB&d5i d housi ng, and reci procabl e sl eeve val VRCTAHPY00708
controlling the ports. 19 An internal cdqgbustion engine according to claim
18 wherein said one sub 5 chanber is disposed within junkhead neans opposed

to sai d pigpigistofieeidwn 29 Ak tetucedalslativgigsthieolteadsifads ared] Bdisd 6h@i M
18 or 19 wherein said housi ng@and ports are such as to allow at nost

nini mal  plegsest aregdiminishashi Mprepyere the gdistanse pb{theawh ok the fuelhsaraefroml | s.

21 An inter. t] i [ t,0 | cJ. k. in

10 sai d" nJERoy TNIH2 shey bEGRERAES Kad inice (PRsBy eI Pdepatibh Bl 1
sai d sub- glivifbesrabustioh chaber 54 rephaing doolebetiligher kaeitiow Ito rDlElsmfurther .
portions opposed to sai dagi ston _neans. 22 An.internal conbustion e,nlgi ne

accor diong reeuces:th spitighbealing efieet ehihie icpming Aucared By captagiwitiahobead
member . 1%gﬁ¥bu@iiohﬂt§idﬁ%ercc§mé§éé Oanc?”@ie”%&%@@&éﬁt”ge&&gfdrﬁ'iPi‘ LBRRE! N
sai d heat di ssipation nmeans 1 ncludes annul ar ne nmeans bridged to sald
wal | st rueffisiendyor reduci ng thermal conductance fromthe wall structure to
t he annul ar head nenber 24 An internal conbustion engine according to claim
23 wherein said shoul der 20 and said neck neans are forned integrally with
sai d wal | strudthe ecabif temperatured obrthes maim heylimder BsdyAnandt threnabmaining

conmbusti on engi ne accordi.ng.to _an recedi.ng cl aj.m ich exhibits

Subst ant | ANVYOREIEals i PhASabadbatiA Reralion ontRE Sne e for a
accor djong copvantioRalC4ir &r Wate 8bORNSytem 2 Fiddbd’Aéne i&JPF&ﬂd@&r However
ﬁsubstant ially defined within said™iston neans. 2 7 F B 2003 28 27 An

nt er nal dobetiowt teonperajunecob e systam genemlly hascadurtber cahsequanas: n mast d

sub- chanbers _ar - axi al. i abo, |.d.axi L,ch s a
ongi t adi naBeRdr BN i i inele BEREF omE8lasitcienTBLAa I e citERs
combust i onfanly eagitec &6 dichieveocomactpiunctishdl oriséaity) Wiereisbive tHis dliffiaulty, abl e
m xture is ignitable b conPr ession ignition, 29 An internal conbustion
engi ne ac@sivantape dsai%‘eﬁné dircyladioRs off the lwbricanthfarethe ssankeass thiprgh

M Xt urfs | S\ dazl i ¢ : | £ L ; i

combust] o Esapas o galenBe 110%h ALRRyAG, 16 bbiuitin 18 1Al eRl S liflust ponts
fuel are 80«82, 84,0685 primarily jn orderity reducedihe temperatyre difféarentialligetwess then

I nternal conpustion engine accqrding tp any one of clains 1 to 29 wherein
ot o dNE AnE XhelREbRts M walfh b file BVe e kP Raeve LRyt B MR
chamber. distortion at the sleeve interfaces, although this latter problem could of course be
met by using conventional circulating coolant. The secondary benefit of this
20 configuration is heating of the oil to achieve functional viscosity.

C A.‘
e :

in general, it will be seen that the arrangement is designed to allow no or
minimal preheating of incoming air charges by hot combustion chamber walls.

A well-known formula for the theoretical vaiue of the indicated air standard
thermal efficiency (ASTE) of an ideal diesel cycle is the foliowing expression:

25 ASTE = 1 -[{Ts- Ty Yk{Ta - Ta}]

where the constant k is the ratio of specific heats, in this case taken to be
1.4.

The temperature parameters in this expression comprise the ambient



.32 An internal ccntd~ustion engine according to any preced2n79 FcEBaizma
wher ei n savgoegrizgspdm ssi ~ nmeans opens into said other sub-etranene7oand

. said air 15~ ad~ssi on~ neans, said exhaygt neans and said sulrchanbers are
arranged so that a swirl of gas is generated in said other sub-chanber and

~; maintgin t+say .S .] ot [ < ch : | N} enai
Conbust | ol MEREHE akeor Agnpetalyis a3t 8 Epftluaicn” R EbRpreidstl st o™
neans is Wngdiatelyr qor ttbanheacommenssméntr dfs Porstilstions atre 2€ormbadtiin 34
An internal conmbustjon enql ne accordi ng to any precedi ng cl ai m wherein said
heat di sst%Pﬁ@U%Ihsaﬂg he dempaatHtdy at Abe) @&PH’%‘%? expansigl ;ﬂﬂdam%g

sai d | ackgf. i,f ergal 460 ' ' ' Wy rein
- Said hap Start OF dihaliSh B wieofilipited Terdie R 16 hakp SpERAE fUBET S
36 An Bnt eonstimptiobupbindn (ehighndeire,clasdi typically, h approxmabaly p ceincidese avith t hat

Yol une. woRETuEh s Maeiadie HERFireL e SHIFUSIEPOYS RERENL BT RSE ERanber
for form pg ). ¥, ked babh tndlstréd ec)géigférnu %ﬁﬁg%s&émé)fes&i@ o tggrgraw fi N

and neans to exhaust conbustion products Trom thhe working arr :

wher ei n sthiel range adfl #6006+200¢ Guowhilendachdizbeinas rbete estimatash by established
chanmbers nutual |y di S"F)"lﬁ'fiﬁgopﬁ said axis and in comunication at a cross
section aM&tRAPER AL sdb- chanber' nay expand at |east partially 1.0
|aterally as it flows from said one sub-chanber into the other sub-chanber;

wherein said ope.sub-charnmer .is of nean width D an n tength L from
sai d épo.ssl- ;ecwm, esp Yﬂlé'e?éf{'?'lf abeye gxécm'_egskgp., w%gtsg%awéﬁcfa?ﬁ\&t@pa\g% d
Gﬁl r (adm ®FItAB BRAISof Babsidepor At abfveiftiohal B?édddtigﬂeéie%@ﬂ eI 8¢ Sirfnflar

npart a swirl to gases in said chanber about said axis, 1571 ndudi ng said

| at er al | y cylinpardsing tgathebpratotyperand opechtingeatsths samebduty( point,i teoASTiEd
ot her sub-chamher) wher ere s m-ed urin eration of. I ne
o o 111 ngasHEs e SHELERNATT ok, At1BB Huf hot R CRk ik cifeiEntee "
swirling fd Agﬁma@éabmgee@yb-charrber, the swirl ratio of said swirling

flow in said one chanber being at least 6:1, preferably in the range 10:1
to 20 25:1. 37 An internal conbustion engine according to claim36 wherein

sai d ggol er bounghlr ve lappesciatedefrdmcthVdbdve dislssist thdththeriistizhed @ngisl end
wal I s of said other sub-chanber. 2 E B 2003 30 38 An intenual!

| / FEE . 3 .
conmbust i ofag/NHEDEE o5 PRETRINGRdveRtagese insluding byprotdimitadiiothe pliowingi-yas in
sai d other sub-chanber is such that there is fornmed therein a swirling

rel atively cool er boundary |ayer. 39 An intemat corr~ustion engine |,
according any ébe oBecaysaof #ie descrihedpyoperties of heat-resistant body 40 and its

environment, a high equilibrium operating temperature is attained in combustion

chamber 54, and heat losses preceding, during and following combustion are
( 20 reduced. As a further result it ‘s possible to achieve satisfactory operation with a
U significantly lower compression ratio than would otherwise be possible.

(i) There is minimal heat loss to the cylinder wall in the expansion
stroke, an effect believed to arise by virtue of the stable high-swirl stable and
lower temperature gas layer against surface 31.

25 (i) There is also minimal heat loss during the compression stroke,
believed to be due to the combined effect of the high-swirl gas layer and the
properties of heat-resistant body 40 and its environment.

(iv)  The engine thus exhibits near adiabatic operation and hence there is



.5 wherein said swirl of gas is such that a swirl ratio in said&fhFEB 2003
sub-chanber is at least 3:1. 40 An in#emat conbustion engi ne according to
~any one of WOI0R{1288136 to 39 wherein said swill of gas in sai BCHAEYNHber is
such that there is a radial tenperature2gradient in a gas flow of said one
sub-chanber, with a 10 relatively hotter core and a relatively cool er
periphery.ndthefd foblactdtientionabaip idrafateP ¢obing &yeteh.NA HrotétpPe iRyitd hakai s
36 to 40 wherein sad air adm ssion nmeans and said exhaust means incl~ide

ports in skgen iesigneg) anddcerstngtedaas geneasallie shawre inebiguresnt riei #i ARdt he

orts. 42 An int | .. USt | C ' n e, 0f o&d ai o]
3 15 wndnigtonl QRepd L ErlRERC SBBEHEE, BF YR RS s Creliedty
and sai d aadiabatis opérationtanalysis df testrosuIss cloafy indicates ahal spdratibaabeiosear e
arranged so that a swirl of gas is generated in said other sub-chanber and

swirl of
"mai nt & nd@ W76 of agiabatig can Beaghie¥eSh said sub-chanbers. 43 A nethod of
opera~ng an internal conbus#i on engine at |east near 20 adiabatically,
whi ch engi ne has a housi ng and pi ston nmeans defining a_ working chanber) the

met hod i ncl udi r%ucmyeas-e@i%b§ti¢ @B&fﬁﬂ?@l Rag bepn aghieved witheut theynasessity Hfon
i f | i  withgus e nasessiy i
TS na ¢ R opetatin teffndrifurds 181 AbtoRs" AHITEyINEE! JANST RFBELhafifl Idr 19
B g g peommes = st
usi ustil. . eS ., XTUu . X ST1 sSes
 om b veamentionabmeens of aping 16s crinner hrad gt banel of ahar thak NoEaal

partiajpy & nagfs@'da‘é féhéé?ﬁttgé§%of Mgpb&f 8B Gary UskseiERS 'Plf:%gat%ihsgnce of

enerating and maintaining a swr as about "sai'd axis in of said
ub- chanbethesehfaatunese i gthee presenser of i nrar-adiabalicy apesation, iss gantrasy to
boundi ng saj d one sub- re maintained at a tenperature which is
subst anti a?’f@ﬁqgﬁﬁg%“eggf%%%&&rfaces boundi ng 10 said ot her sub-chanber.
44 A redprocatory machi ne, induding: a housing and piste neans that are
cyclically rel ati.vel L.spl. apl e n n,aca fipe a i .

vol ume wor ki ng 'ﬁnﬁéﬁp,ghﬁéggtst geaaﬁéit?aﬁgﬁi Wﬁpogsgﬁ%hgi'ﬁg Di%iﬁ’fﬁgb,&"‘fs
and nmeans Reféshs Book| edsl Challdncs Bdranssdu)at w167 (Bhd bditioar 1999)ahal fuseai |

vari abl e vol ume wor ki ng chanber includes at |east two subchanbers initjally

di spl at®d efhasaAdiakaticsengine wpuld @i aoursh resulbin a varysonsidarable iacraasec gas
I n one sub-%pangg F;gl)é pand at |east partially laterally as it flows from
sai d one sﬁ -C a%“ej Hﬁ‘?g't he ot her sub-chanber; 20 wherein said fluid

adm ssi on neans, said exhaust neans and said sub chanbers are arranged so

that a swirl ofjluigsis RRNRT 8 E{Heéé‘dei?@é'ttﬁ,te%hﬁgﬁiiﬁgaﬁkeséhﬂen@ﬂc'é k& et h

of said sub-chahbers during operation o
parameters required for optimum ASTE in the expression above, ie high Tz - T2

(”\F and |0WT4-T1,

O

20 (vi) Because a sleeve-valved engine design is adopted in preference to a
poppet-valved engine, not only is a high swirl ratio achieved and maintained but a
very high volumetric efficiency is achieved and maintained despite the high
operating temperature of combustion chamber 54. This latter effect is due to the
fact that the incoming air charge effectively does not come into contact with the

25 hot combustion chamber 54 until after the compression stroke has commenced
i.e. after the closure of the inlet ports and the air in the main chamber 52 starts to
transfer to combustion chamber 54.

(vii) The known high mechanical efficiencies of sleeve-valved engines
are available to the system.



.2 7 F E B 2003 32 and wherein said one sub-chanber is defi nea-{IrftE&zzpﬂ% and

at an end | structure with associ ated heat dissipaty
. arranged s‘g}stoﬁ/é%@iduri ng operation of the machine, the surfﬂaé:(’.lzgﬁ%?ﬁﬁ%e wal |

structure boundi ng sai d one sub-chamber24re maintained at a tenperature
which is substantially 5 higher than wall surtaces boundi ng said other
sub- chanber. 4%viiin Byt araaginganrthermadbasrigi abouhgambustioa crgnansb. e{gS4nand

et ne . Jubih e i cPRg" it P ieath  BUBERS B pibiiSad toBbicimt O
sai d wor kighto0hterde in kPbwnosT braposed lébragid-fited cadiabafidi epgiet @ssigRsaiseasi on
of the air therein; and neans to exhaust conbustlon'%s)roducts from-~e

" wor ki ng cHasylbef high fernpefatdresdniie; alinders | RISENKANY YgIvesliricallynd@Ride at

| east t o : : MYTell [ i ' Leation
at o crbod OO EICHSER iR Ay R AESEAP Ip3a S0 E R eidl o B8 AL 6
parGafly 1®doaQyrally as i# flows fromsaid one sub-chanber into the other
sub- chanber; wherein said air adm ssion nmeans) said exhaust neans and said
sub charners are arranged so that a swirl of gas is generated and

mai nt ai ned abogix)saisw Fhottehihg®ah8 niticn ddetal)- pardRer(@sddr irgsuloperr diglen of
the engine; and 20 wherein said fuel adm ssion neans indudes a fl ow passage

an~anged ttempgeature,and fighyswist wi harebriddy the overallduration of the ¢pabyistipn

sai d one . r My : i | ' r

out er _por e 38RRheliy ki boHlsiBh riste SRELnAtEh AR AR " .
B 20031(B3 (te ideal) vathen tharccomstant pressuvgl ne according to clai m 45 wherein
aid one sub chanber is of nmean width D and nean Length L away from said
crosssection) and the ratio ~/o is 0.9 or greater. 47 An internal

conbusti on engi(xe adder highngchievabliei swifif rativsefailitataitide arse sfilsinglbaspray i s
cylindrical, of dianeter D and audal length L 48 An internal conbustion
engi ne acdBieglasgin 8 high, /o SBVEPN®ERL. s 45, 46 or 47 wherein said
cross-section is equal to or less than said one sub-chanber. 49 An intenad
conbusti on enginge a i,ng to _any one of clains 45 io wherejn said

ccor . 48,
swirl of gas idXaj cfﬁ'of’ thesey stfects pambine to ypstantialiy, gaige ithe frake mean
therein a gpidhilé predstiré{biepy. cool er boundary |ayer.

15 (xiiy High operating speeds are achievable.

(xiii) In a conventional sleeve valve C! engine as defined and developed

by Ricardo and others over many years, an increase in air swirl ratio would

(, 3 automatically cause an increase in heat transfer rate, particularly away from the
b combustion chamber and powerfully reduce the possibility of adiabatic operation.
20 In the engine described herein, that fundamental design problem, compromise or

nexus is eliminated, thus allowing the full benefits which are available from high air

swirl ratios.

Again, it is instructive to contrast this outcome with another statement in the

aforementioned “Diesel Engine Reference Book”, at p.107, that “quiescent direct

25 injection {combustion] chambers which have the lowest surface areas and the
lowest gas velocities give the lowest [heat] losses”.

(xiv) These benefits can be achieved without incurring the penalties which



5 An internal conbustion engine arxorcling to any one of cla@nfs FEB 1200349
wherein said swirl of gas is such that a swirt ratio in said one

. sub- chamb@YO P&12881 | east fi: 1. 51 An internal c~nbustion endGTAERPWEng any
one of clains 45 to 49 15 wherein said garl of gas is suds that a swrl
ratio in said other sub-chanber is at least 3: i . 52 An internal

conbust i ogofiDiclReiSEr EEE fronRraddoss Oduch algRufodhargihgWRipRrdhatging;
swirl of gas in said one chanber is such that there is a radial tenperature

gradi ent Becondgsy exXpansismn;skettproing eydles hadhe usd oh ceramiaseprhighesyrfaes t er

cccar af ngterheeBhyEE it B YpRln RS Ehawer, EPubAEaRCha RBRIHRIAEN sFOMdI

and sai d gydtemsisifgaisord watdids réquifed. i N sai d housing, and reciprocable
sl eeve val ve neans controlling the ports. 54 An internal conbustion engine

according to any one of clainms 45 to 53; 25 wherein said air adm ssion

nmeans gpens i nftQui of BoQistehe WHl-HtRAEIBbd bytHoS@ iskilledin AtkreAginerariivan the sai d
exhaust neans and sai d sub-chanbers are ~ T F E B 2003 34 arranged so

t Bat a swiesigafofqny partiguias engiae im ageprdapes aviths the: vantien vilhtequiierd sehed
engi ne_ 1 el EPRAisES'qho8be e Sreee 0 MRRES o e i et i yiew

rel ativel givengparésresdrice olitenia. Foamxamme,tmeaﬁbbbﬂicmsvaf cobastion ohamber ki ng
chanber; neans to adm{ air and fuel to sajd workin ,chqrrber, for, formng an
i gni t abl e 5l clydings itser/octAties vl hsh affectedebyiits dimensional relationghip i) the
exhau c i S WO el O : rey g vard abl e
vol am Cuodinersiong B MRME SolldrhBei 2 20 MOt \BRY looetiiy Helernfihif) e
@i spl aced compsessiomxatio @nd, ialong withnperh designaithe respsctiveeswirlonatias fahthh gas

a1 0 ono. 6. SRR | TE% e tds She aieaiparthel ArarIe s, saHisofRdsi on

nmeans, Sabdrl@%,f@éldbeﬁﬁ@élﬁ'\jééldr@%io@itmb chanbers are arranged so that a
swirl of gas is generated acrd mai ntained 15 about said a~as in both of

sai d sub-chanbers during operation of the engine; and wherein said swrl of

gas in said ot ferasUsiematiter embolinteht! tAe Eowibistion | ShaMBet B Golid be
swirling relativel a/' cool er boundary layer. 56 An_internal conbustion engine

accor dieng previdedj istorerather thandn g junkhead. This would be less satisfactory,
for example because of the increased weight of the piston, and the displacement

of the gudgeon pin axis or altematively elongation of the piston, but these
disadvantages would not be insurmountable if the application was warranted. A
further disadvantage would be the need to provide a screen or guard to prevent
( 20 contact between the lubricating oil and the hot heat-resistant body defining the
U combustion chamber. In this alternative embodiment, it would be expected that
the injector would still be disposed within the junkhead, or within the cylinder head
in an overhead vaive 4-stroke or 2-stroke ported version.

The illustrated engine is a 4-stroke sleeve-valved diese! or compression

25 ignition engine. The concepts of the invention are also applicable to 4-stroke
sleeve-valved spark or glow plug ignition engines, 4-stroke poppet valve engines,
2-stroke engines with sleeve valves, and/or poppet valves and/or cylinder ports
controlled by piston movement, to any of these engines with the combustion
chamber mounted in the piston, and to any of these engines using spark or glow

30 plug ignition with gas or liquid fuel or gas fuelied with diesel pilot ignition. Itis also
emphasised that the concepts of the invention may be combined in a single



_ 2a boundary layer is effective to cool both peripheral and e¢ny B! 2009
sai d ot herwég{giﬁ mber. 57 . An internal conbustion engi neP@%\qu otds L O
. claim55 or erein said swirl of gag is such that the swirl ratio in
sai d other sub-chanber is at |east 3:1.23 (2 7 FEB 20& 35 58 An internal
conbusti on engi ne a co["di ng_tq%aany, one of clainms 55 to 57 wherein said one
sub- chanb@PPaiatys Angi YRt difdingesifeyeNgived aHaRgemests Shithe present
Cr oss- sechhfitbar8AbdtEallal v 0go1g 9 or greater. 59 An internal
conbust i onb@ngal ne acéciorc ié\ég%eit‘%aqlgy%one of claims 55 to 58 5 wherein said
swirl of gas is such that a swirl ratio in said one sub-dunber is at |east
6:1. 60 an int gpgls i ié?ﬁp =] t e clal 51to
59 wherein sai g‘?%er PB ggéslglgsn%spgi d Jﬁgé%k%aér%ggg c|§*s£lsgyuec t%%{'e'thggrdgaps% a
radi al tampageament fogr generatingnthe desirdd fonmobf swirtl isillastratedcinafkyares ®ig h a
10 rel gtivel otter core and a relatiyvely, cool er peri ry. ~fil An
interngl éB?’rtyngPl%hT?@ PMeniepsd fext Vt%“:é@? e @15 ﬁoaf&rfc’é@et‘{}hmmerei n
said air adm ssion neans and sai d' exhaust neans include ports in said
housi ng, and r=eciprocabl e /' sl eeve val ve nmeans controlljng the ports. 62 An
ternal combubiiedurBRG ARPHARTRITIAY g SuBTGs oL RIIneG: o casaswhere
are cycli i6h oy 5.5 Nk 2e@Mdigaf! OAHy 2Bthdrafu A& &R il e
vol une m?ﬂﬂ%sgﬁa%g‘?‘mb?rdséneaﬁg to adm t gir and Pﬁg? to sgii)% évl\%rgktfbgg
chanber f empioyed,nipcluding rdrtanigements twithe aaheek arorgstristed mpening fintoamain
t herei n; aﬂd rgea to xhauq?‘t co L&Sti on produclﬁs f{omtrllﬁ WO, ké‘tgg chanber)
20 wher ei APAZPET i a1 T o EHECBFIA YN - FEPTEARY BERROTHRN 198 OE"EIR5S5 ub
chanbqps %Héﬁ&%,!tﬁe@n’ﬁﬂé‘ﬁf#}c%brﬁ@é’sQﬁirﬁdi%ﬂidj@ctfdﬁ@ﬁihé.at' on at a cross
section at vid~ich gas in One sub-chanber may expand at | east partiaAy
laterally as it flows fromsaid one sub-chanber into the other sub-chanber;
uher ei n_sai d aTheafUbidi B BBRIE exfchidt (B 1BERcATPRhadiles alingHandfions
chanbers are arranged so that a swrl of gas is génerated and mai ntai ned
2 1 FEB 20U0®ripaniasAngiaes) eg-&S dompressorsfor PumPs;ub- chanber s duri ng
operation of the engine; and wherein said swirl of gas in said one chanber
is such that there is a radial



tenperature gradient in the gas flow of said one sub-chanber, with a 5
relatively hotter core and a relatively cool er periphery. 63 ,_4217i RESr PE3
conbusti on engi ne according to claim82) wherein said swirl of gas is such
that the swirl ratio in said one sub-chanber is at |least 6:1. 64 An
i nternal combustion engine according t# claimfi3 wherein said swirl ratio
is in the range fromabout 10:1 to about 25:1. 10 65 An internal conbustion
engi ne according to any one of clains 62 to 64 wherein said one sub-chanber
is of rreael_}g@qgh D and nmean length L away from said cross-sec~on, and the
ratio L/ D~ 9 or greater. 66 An internal combustion engine according to
any one of clains 62 to 65, wherein said swirl of gas in said other
sub- chanmbgr is,such that there is.15.f ed therein a swirling relatively
cool er boEndar fé?Mgﬁg%@%%W%g‘comusti on engine according to
any one of clains 62 to 66 wherein said swirl of gas is such that a swrl
ratio in said ofher, sub-charnber is,at |least, 3:1. 68 An.internal conbustion
ehoi ne. accor di HBOVIING A E0R Means thal e Gigalislalivehciplageabla sfong
adm ssi on meang aRd téﬁbﬁn@é%ﬁ’liﬁle%ﬂﬂﬁ W&ﬂhhﬁ%h@ﬁibb?’, in said fiousing, and
ntro t

reaprocabl e sl eeve valve neans co i ng e ports. 69 An internal
conbustion engi ne according to any one of clains 62 to 68) wherein said air

adm ssgon mear}ﬁeg,pf j Al r CE%HQ : W@ﬁbeﬁa T 1.SSion
rreans)ssai d exhaus qﬁe%&niﬁa%g ég‘g)yu;uﬁgsg g er sﬁgr% ar ch'ngﬁerﬁwg%@t at a
swirl of gas iignitable mixtare afterseompression of the aihtherein; and nai nt ai ned about
said axis in both of said sub-chanbers. ,~ 7 F E 8 ~00,~ 37 70 An
tnternal conbusti on engi ne including: a housing and piston neans that are
yclical |y relmbanstojexhanst combbstiongprodacts fromx the workdiieg cinamberyar i abl e
vol ume wor ki ng chanber; neans to admt air and fuel to said working chanber
for foming an 5 ignitable m xture after conpression of the air therein;
and neans to eaerein saidnariableowolpmedworking cloambér inoludesnat leashtvar subher ei n
sai d variabl e ydume wor ki ng..chanber. i ncl udes at | east. two gub charners
it ual 1y d spiSi0besh sbanuSRCETAel Abot i Ryl tspliBed AB.SITEH on
whi chigas in off midbrrmanieafionay avresy dedtion! AahicRajds! inl dne dub-tikdmbat | v as
it flows fromsaid one sub-chanber into the other sub-chanber; wherein-
sai d air adni g92yAxpanthet legst partisiiyJataraliyasit flaws from gaidonecsidiehansber e
arranged so t 1 f .S generated and nai ntai ned about said axis
o g Biher syt cttiper

in both of sai uri hg operation of the engine; and 15 wherein
sai d one sub-chanber is of nean width D and nmean | ength L away

wherein said air admission means, said exhaust means and said sub-
chambers are arranged so that a swirl of gas is generated and maintained
16 about said axis in both of said sub-chambers during operation of the

(J— engine;

and wherein said one sub-chamber is sealed and defined laterally and at an
end by integral heat resistant and/or low thermal conductivity wall structure
having a lateral exterior, a heat insulation jacket about substantially the

20 whole of said lateral exterior of said wall structure, and associated heat
dissipation means, arranged so that, during operation of the engine, the
surfaces of the wall structure bounding said one sub-chamber are
maintained at a temperature which is substantially higher than wall surfaces
bounding said other sub-chamber.




-fromsaid cross-section) and the ratio IIDis 0.9 or greater. 71 An

i nternal conbustion engine according to claim 70 wherein said ong T FEB 2003
subchanmber is cylindrical, of diameter D and a~dal length L 72 An internal
conbustion engi ne according to claim 70 wherein said cross 20 section is
equal to or |less than said one sub-cha#®er. 73 An internal conbustion

engi ne according to any one of clains 70 to 72, wherein said swirl of gas
in said other sub-chanber is such that there is forned therein a swirling
rel ativel y coo RPR4) 7

conmbust i o% engﬁe‘naccor | ngb?ﬁre]nglgﬁea%@'?apgl %Ec%ntf @@em;ﬁs{%{hﬁ%‘s’gl d
swirl of gas ichambdrstdretarranged whemsbydhe renginel operates!in ahdirdotrinjectiont | east
6:1. 75 An internal conbustion engine acconiing any one of clainms 70 to 73
5 wherein sai +1 of gas is such that a swirl ratio in said other
sub-chanber is at least 3:1. 76 An internal - conbustion engine acxording to
any one of claims 70 to 75 - wherein said swirl of gas in said one chanber
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70 to 76 wheranobdeai d air adm ssion rne~s and sai d exhaust neans include
ports in said~housing, and reciprocael e sieev valve neans controlling the
ports. 78 Minternal con~bus~on engi ne ~accord' ng to any one of clains 70

to 77, 154wherAnm intemiaticembustion errging acsardingto eiaim 1)t2or3 wherdin eaid fuel
sub- chanber and said air adm ssi.on neans), said exhaust, means and said

ub- chanber s AAMISSIoRn JERANS, ingldes, awfual” injegjae mouptad: igtmately, i8aid ot her
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79 An interna e I nc ousli ng an "pi ston neans
t hat are cyclically rel ati veI y di spl aceabl e al ong an axis to define a
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worklng arrrer fo ormng an 1gnrt ure ter corr~ression of the
air therein; dngctarimciudas aﬁpamdtpassamtorooohm)ﬂwcﬂm fromthe working
chanber; 21 F E B 2003-39 wherein said variable volune worki ng chanber
i ndudes at | east two sub

6 An internal -combustion engine according to any preceding claim wherein

said fuel admission means includes a flow passage arranged to open into
said working chamber at a radius that divides the said one sub-chamber

15 into a.central cylindrical portion and an annular outer portion, which portions
are of substantially équal volumes.

(_; 7 An intemal combustion engine according to any preceding claim wherein
said one sub-chamber is of mean width D' and mean length L away from
said cross-section, and the ratio L/D is 0.9 or greater.

20 8 An intemal combustion engine according to claim 7 wherein said one sub-
chamber is cylindrical, of diameter D and axial length L.

9 An intemal combustion engine according to any preceding claim wherein
said cross-section is equal to or less than said one sub-chamber.

10  An internal combustion engine according to any preceding claim wherein
25 said wall structure is free to expand longitudinally and laterally with respect
to said axis sufficiently to accommodate thermal expansion arising from




‘chanbers nutual Iy displaced on said axis and in comunication at_ a cross
section at which gas in one sub-chanber nmay expand at |east patli &iEBy 2003
|aterally as it flows from said one sub-charner into the other sub-chanber,
5 and wherein said one chanber is defined by wall structure free to expand
longitudinally and laterally with respd@t to said aids sufficiently to
accommodat e themal expansion arising fromthe tenperature at the surfaces
of the wall shucture bounding said one sub-chanber. 10 80 An internal
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housing and ports are such as to allow at most minimal preheating of

incoming air charges by hot combustion chamber walls.

21  An intemal combustion engine according to any preceding claim wherein
10 said housing includes respective cylindrical portions laterally defining said
sub-chambers; and an annular shoulder between said cylindrical portions

opposed to said piston means.

22 Anintemal combustion engine according to claim 21 wherein said shoulder
is provided by an annular head member.

15 23 An intemal combustion engine according to claim 22 wherein said heat

dissipation means includes annular neck means bridged to said wall

. structure for reducing thermal conductance from the wall structure to the
annular head member. '

24  Anintemal combustion engine according to claim 23 wherein said shoulder
20 and said neck means are formed integrally with said wall structure defining
said one sub-chamber.

25 An intemal combustion engine according to any preceding claim, which
exhibits substantially adiabatic operation.

26  An intemal combustion engine according to any preceding claim wherein
25 said one sub-chamber is substantially defined within said piston means.
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wherein said ignitable mixture is ignitable by spark or glow plug ignition.

( 30 An intemal combustion engine according to any preceding claim wherein
said air and fuel are mixed substantially wholly in said working chamber.

10. .31  An internal combustion engine according to any one of claims 1 to 29
wherein said air and fuel are mixed at least partially externally of said
working chamber.

32 An intemal combustion engine according to any preceding claim, wherein
said air admission means opens into said other sub-chamber, and said air
15 admission means, said exhaust means and said sub-chambers are
arranged so that a swirl of gas is generated in said other sub-chamber and
. maintained about said axis in both of said sub-chambers.

33 An intemal combustion engine according to claim 32 wherein said heat
dissipation means is a gap narrower than said jacket for aspirating said
20 jacket.

34 An intemal combustion engine according to any preceding claim wherein
said heat dissipation means is a gap narrower than said jacket for
aspirating said jacket.

35 Anintemal combustion engine according to claim 34 wherein said gap is an
25 annular gap with respect to said axis.
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wherein said one sub-chamber is of mean width D and mean length L away
from said cross-section, and the ratio /p is 0.9 or greater; and

wherein said air admission means includes intake ports positioned and
arranged to impart a swil to gases in said chamber about said axis,
15 including said laterally expanding gas flowing from said one sub-chamber
L}. into said other sub-chamber, whereby there is formed, during operation of
the engine, a swirling 25 cooler boundary layer in said other sub-chamber
and a switling flow in said one sub-chamber, the switl ratio of said swirling
flow in said one chamber being at least 6:1, preferably in the range 10:1 to
20 25:1.

37 An intemal combustion engine according to claim 36 wherein said cooler
boundary layer is effective to cool both the peripheral and end walls of said
other sub-chamber.
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40 An intemal combustion engine according to any one of claims 36 to 39
wherein said swirl of gas in said one chamber is such that there is a radial
temperature gradient in a gas flow of said one sub-chamber, with a

10 relatively hotter core and a relatively cooler periphery.

41 An intemal combustion engine according to any one of claims 36 to 40
wherein said air admission means and said exhaust means include ports in
said housing, and reciprocable sleeve valve means controlling the ports.

42 An internal combustion engine according to any one of claims 36 to 41,
15 wherein said air admission means opens into said other sub-chamber, and
said air admission means, said exhaust means and said sub-chambers are
arranged so that a swirl of gas is generated in said other sub-chamber and
. maintained about said axis in both of said sub-chambers.

43 A method of operating an intemal combustion engine at least near
20 adiabatically, which engine has a housing and piston means defining a
working chamber, the method including:

cyclically relatively displacing said housing and piston means along an axis
to define a variable volume working chamber;

admitting air and fuel to said working chamber;
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5 expand at least partially laterally as the gases flow from one sub-chamber
of said generating and maintaining a swirl of gas about said axis in both of
said sub-chambers while the engine is operating;

wherein the wall surfaces bounding said one sub-chamber are maintained
at a temperature which is substantially higher than wall surfaces bounding
10 said other sub-chamber.

44 A reciprocatory machine, including:-

a housing and pistonh means that are cyclically relatively displaceable along
an axis to define a variable volume working chamber;

means to admit fluid to said working chamber;
(,, 15 and means to exhaust fluid products from the working chamber;

wherein sajd variable volume working chamber includes at least two sub-
chambers initially displaced on said axis and in communication at a cross
section at which gas in one sub-chamber may expand at least partially
laterally as it flows from said one sub-chamber into the other sub-chamber;

20 wherein said fluid admission means, said exhaust means and said sub-
chambers are arranged so that a swirl of fluid is generated and maintained
about said axis in both of said sub-chambers during operation of the
machine;
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a housing and piston means that are cyclically relatively displaceable along

an axis to define a vatiable volume working chamber;

means to admit air and fuel to said working chamber for forming an
10 ignitable mixture after compression of the air therein; and

means to exhaust combustion products from the working chamber;

wherein said variable volume working chamber includes at least two sub-

chambers mutually displaced on said axis and in communication at a cross

section at which gas in one sub-chamber may expand at least partially
15 laterally as it flows from said one sub-chamber into the other sub-chamber;

s wherein said air admission means, said exhaust means and said sub-
chambers are arranged so that a swill of gas is generated and maintained
about said axis in both of said sub-chambers during operation of the
engine; and

20 wherein said fuel admission means includes a flow passage arranged to
open into said working chamber at a radius that divides the said one sub-
chamber into a central cylindrical portion and an annular outer portion,
which portions are of substantially equal volumes.
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106G 106G 48 An internal combustion engine according to any one of claims 45, 46 or 47
wherein said cross-section is equal to or less than said one sub-chamber.

49  An intemal combustion engine according to any one of claims 45 to 48,
wherein said swirl of gas in said other sub-chamber is such that there is
10 formed thersin a swirling relatively cooler boundary layer.

.50 An internal combustion engine according to any one of claims 45 to 49
wherein said swirl of gas is such that a swirt ratio in said one sub-chamber
is at least 6:1.

51  An intemal combustion engine according any one of claims 45 to 49
15 wherein said swirl of gas is such that a swirl ratio in said other sub-chamber
is atleast 3:1.

52 An intemal combustion engine according to any one of claims 45 to 51
wherein said swirl of gas in said one chamber is such that there is a radial
temperature gradient in a gas flow of said one sub-chamber, with a

20 relatively hotter core and a relatively cooler periphery.

53 An intemal combustion engine according to any one of claims 45 to 52
wherein said air admission means and said exhaust means include ports in
said housing, and reciprocable sleeve valve means controlling the ports.

54  An intemal combustion engine according to any one of claims 45 to 53;
25 wherein said air admission means opens into said other sub-chamber, and
said air admission means, said exhaust means and said sub-chambers are
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UM }7<bCl 1+ &10 AN ns to( gxhaust combustion products from the working chamber;

wherein said variable volume working chamber includes at least two sub-
10 chambers mutually displaced on said axis and in communication at a cross

section at which gas in one sub-chamber may expand at least partially

laterally as it flows from said one sub-chamber into the cther sub-chamber;

wherein said air admission means, said exhaust means and said sub-
chambers are arranged so that a swirl of gas is generated and maintained
15 about said axis in both of said sub-chambers during operation of the

L E : engine; and

wherein said swirl of gas in said other sub-chamber is such that there is
formed therein a swirling relatively cooler boundary layer.

56 An internal combustion engine according to claim 55, wherein said cooler
20 boundary layer-is effective to cool both peripheral and end walls of said
other sub-chamber.

57 . An intemal combustion engine according to claim 55 or 56 wherein said
swirl of gas is such that the swirl ratio in said other sub-chamber is at least
3:1.
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is atleast 6:1.

60  An intemal combustion engine according to any one of claims 55 to 59
wherein said swirl of gas in said one chamber is such that there is a radial
temperature gradient in a gas flow of said one sub-chamber, with a

10 relatively hotter core and a relatively cooler periphery.

61  An internal combustion engine according to any one of claims 55 to 60
wherein said air admission means and said exhaust means include ports in
said housing, and reciprocable sleeve valve means controlling the ports.

62  Anintemal combustion engine including:

15 a housing and piston means that are cyclically relatively displaceable along
an axis to define a variable volume working chamber;

means to admit air and fuel to said working chamber for forming an
ignitable mixture after compression of the air therein; and

means to exhaust combustion products from the working chamber;

20 wherein said variable volume working chamber includes at least two sub-
chambers mutually displaced on said axis and in communication at a cross
section at which gas in one sub-chamber may expand at least partially
laterally as it flows from said one sub-chamber into the other sub-chamber,;

wherein said air admission means, said exhaust means and said sub-
25 chambers are arranged so that a swirl of gas is generated and maintained
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temperature gradient in the gas flow of said one sub-chamber, with a
5 relatively hotter core and a relatively cooler periphery.

63 An intemal combustion engine according to claim 62, wherein said swirl of
gas is such that the swirl ratio in said one sub-chamber is at least 6:1.

64 Aninternal combustion engine according to claim 63 wherein said swirl ratio
is in the range from about 10:1 to about 25:1.

10 65 An intemal combustion engine according to any one of claims 62 to 64
wherein said one sub-chamber is of mean width D and mean length L away
from said cross-section, and the ratio L/D'is 0.9 or greater.

66 An intemal combustion engine according to any one of claims 62 to 65,
wherein said swil of gas in said other sub-chamber is such that there is
15 formed therein a swirling relatively cooler boundary layer.

(; 67 An intemal combustion engine according to any one of claims 62 to 66
wherein said swirl of gas is such that a swirt ratio in said other sub-chamber
is atleast 3:1.

68 An intemal combustion engine according to any one of claims 62 to 67
20 wherein said air admission means and said exhaust means include ports in
said housing, and reciprocable sleeve valve means controlling the ports.

69 An intemal combustion engine according to any one of claims 62 to 68,
wherein said air admission means opens into said other sub-chamber, and
said air admission means, said exhaust means and said sub-chambers are

25 arranged so that a swirl of gas is generated in said other sub-chamber and
maintained about said axis in both of said sub-chambers.
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i a housing and piston means that are cyclically relatively displaceable along

an axis to define a variable volume working chamber;

means to admit air and fuel to said working chamber for forming an
5 ignitable mixture after compression of the air therein; and

means to exhaust combustion products from the working chamber;

( wherein said variable volume working chamber inciudes at least two sub-
- chambers mutually displaced on said axis and in communication at a cross
section at which gas in one sub-chamber may expand at least partially

10 laterally as it flows from said one sub-chamber into the other sub-chamber;

wherein: said air admission means, said exhaust means and said sub-
chambers are arranged so that a swirl of gas is generated and maintained
about said axis in both of said sub-chambers during operation of the
engine; and

15 wherein said one sub-chamber is of mean width D and mean length L away
( } from said cross-section, and the ratio L/D is 0.9 or greater.

71 An interal combustion engine according to claim 70 wherein said one sub-
chamber is cylindrical, of diameter D and axial length L.

72  An intemal combustion engine according to claim 70 wherein said cross-
20 section is equal to or less than said one sub-chamber.

73  An internal combustion engine according to any one of claims 70 to 72,
wherein said swirl of gas in said other sub-chamber is such that there is
formed therein a swirling relatively cooler boundary layer.
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wherein said swirl of gas |s such that a SWI ratio in said one sub-chamber

is atleast 6:1.

75 An intemal combustion engine according any one of claims 70 to 73
5 wherein said swirl of gas is such that a swirl ratio in said other sub-chamber
is at least 3:1.

76  An intemal combustion engine according to any one of claims 70 to 75
- wherein said swirl of gas in said one chamber is such that there is a radial
temperature gradient in a gas flow of said one sub-chamber, with a

10 relatively hotter core and a relatively cooler periphery.

77  An intemal combustion engine according to any one of claims 70 to 76
wherein said air admission means and said exhaust means include ports in
said housing, and reciprocable sleeve valve means controlling the ports.

78  An intemal combustion engine according to any one of claims 70 to 77,
15 wherein said air admission means opens into said other sub-chamber, and
said air admission means, said exhaust means and said sub-chambers are
arranged so that a switl of gas is generated in said other sub-chamber and
., maintained about said axis in both of said sub-chambers.

79  Anintemal combustion engine including:

20 a housing and piston means that are cyclically relatively displaceable along
an axis to define a variable volume working chamber;

means to admit air and fuel to said working chamber for forming an
ignitable mixture after compression of the air therein; and

means to exhaust combustion products from the working chamber;
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wherein sald one chamber is defined by wall structure free to expand

longitudinally and laterally with respect to said axis sufficiently to

accommodate themmal expansion arising from the temperature at the
(' surfaces of the wall structure bounding said one sub-chamber.

10 80 Anintemal combustion engine according to claim 79 wherein said one sub-
chamber is of mean width D and mean length L away from said cross-
section, and the ratio L/D is 0.9 or greater.

81  An intemal combustion engine according to claim 79 or 80 wherein said
wall structure is free to expand longitudinally and laterally with respect to
15 said axis sufficiently to accommodate thermal expansion arising from said
temperature at the surfaces of the wall structure bounding said one sub-
chamber.

( , 82 An intemal combustion engine according to any one of claims 79 to 81
wherein said air admission means and said exhaust means include ports in
20 said housing, and reciprocable sleeve valve means controiling the ports.
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