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Conmbusti on Engi ne and Wor ki ng Cycle - This invention rel ates
to a nethod of deriving nechanical work from conbusting gas in an
I nternal conbustion engine by nmeans of a new 15 thernodynam ¢ wor ki ng
cycle and to reciprocating internal conbustion engines for carrying
out the nethod. ' Background of Invention
20 It is well known that as the expansion ratio of an internal
conbusti on engine is increased, nore energy is extracted fromthe
conbustion gases and converted to kinetic energy and the
t her modynam c efficiency of the engine increases. It is further
understood that increasing air charge density increases both power
and._fuel ecogony due to further thernodynamnic inprovenents. The 25 '
obj ectives f an efficient engine are to provide a high-density charge,
begi n conbustion at maxi mum density and then expand the gases as far
as possible agai nst a piston.

‘ 10

. Improved Internal Combustion Engine and Working Cycle

This invention relates to a method of deriving mechanical work from
combusting gas in an internal combustion engine by means of a new
15 thermodynamic working cycle and to reciprocating internal combustion engines

for carrying out the method.

Background of Invention

20 - It is well known that as the expansion ratio of an internal combustion
engine is increased, more energy is extracted from the combustion gases and
converted to kinetic energy and the thermodynamic efficiency of the engine
increases. It is further understood that increasing aixl charge density increases both
power and fuel economy due to further' thermodynamic improvements. The

25 objectives for an efﬁctent engine are to provide a high-density charge, begin
combustion at maximum density and then expand the gases as far as poss:ble

: against a piston.
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Conventional engines have the same conpression and expansion rati os, .
the fornmer being limted in spark-ignited engi nes by the octane rating of

t he fuel used. Furthernore, since in_these engi nes the expl oded gases

can be expanded only to the extent of the conpression ratio of the

engi ne, there is ge : | ‘] .

xpl odi ng eyl i nder W bebtonsl Bt BBk e WRiprQn M ARARIAAE |
the exhaust valtlie foraRn beihg dinlifednf spdrkdgnifedlengivts By eHedetaMRFating of thefeguci ng
unnecessarily high lQol | uting em ssions. Many attenpts have
been nmade to raisedelutthermors sinse intheseangines the expladed gasaseanl be kxpapdedinsi on
process in internal conmbusti engi nes to.increase.their ,

t her modynani ¢ &Py ‘E‘ﬁ&ﬁe“& ?fggﬁﬁ%‘ﬁpﬁﬁﬁ‘%faéwdﬁéh%@%’ ﬁﬁée isgeperally oycle
engi ne, | ; : | : COI t:1

4- st roke cyg I edsgﬁgt%ﬁga? % te%P g%f%gmg gr‘r%reeeg g%oghngrcagtlii‘dgér‘l\gﬁclz&sﬁ% Sﬁe{ﬂ hlgﬂ’g(}%)ansi on
rati o in any giatmospherdatshe time dycéxhaustivalvivlopery reshltihg ircagaste of energy arid a
variant, in that the parity is altered intentionally. The MIler Cycle uses
an anci | |Epqucingprnesessarily highpollujing gmissionshar ge, i ntroducing the
charge on the intake stroke of the piston and then closing the intake
val ve before the piston reaches the end of the i'nlet stroke. From
this point the gaseSvafly hitéingsty hivedden Mddle 2 RINEE thelc@mpPessiol FatiBatd M
cylinder volune and then conpressed fromthat point as in the nor mal
cycl e. The l8onpxtssslitberexpansion processtin intetmabtommbustiob gngines todhcrassedheit he

cylinder at the,poi t hat fhe inlet valve closed, beinpg.diyided by, the

7ol e of 't he " EmoypRmaticiniyh Hyapst nefebfa e sing: B SRl Colecneins:
actual conpressj until the piston reaches the point the

i nt ake val ve cﬁgggﬁﬁgﬁﬁ{ﬁgqfhe i ntake stroke, 25 thus producing a

| ower -t han-normal conpression ratio. The expansion ratio is

cal cul ated by dividing.the swept volune of the ¢ylinder by the volune of
the - combust i onBE eqnventianal fsigks ¢ycle sREIRR. W tBE BoBRIsEFieR BI0 si nce

the V5PN théblpAndiSn Htidth Ghy BIVRA cbABuSBIPLRRS MR C9cRenbile

engi ne.

is a variant, in that the parity is altered intentionally. The Miller Cycle uses an
ancillary compressor to supply an air charge, introducing the charge on the intake
stroke of the piston and then closing the intake valve before the piston reaches the
end of the inlet stroke. From this point the gases in the cylinder are expanded to

20 ‘the maximum cylinder volume and then compressed from that point as in the
normal cycle. The compression ratio is then established by the volume of the
cylinder at the point that the inlet valve closed, being divided by the volume of the
combustion chamber. On the cprhpression stroke, no actual compression starts
‘antil the piston reaches the point the intake valve closed during the intake stroke,

25  thus producing a lower-than-normal compression ratio. The expansion ratio is

| calculated by dividing the swept volume of the cylinder by the volume of the
combustion chamber, resulting in 2 more-complete-expansion, since the

expansion ratio is greater than the compression ratio of the engine.
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In the 2-stroke engine the M I er Cycl e holds the exhaust val ve 'open
t hrough the first 20% or so .of the conpression stroke in order to' reduce
t he conpression ratio of the engine. 3 n this case the expansion

tio i babl till | han.t h ' ti ' th
cxpansi on' ratio |s el Zestioks Gibine il Ty RTRISIRE Beh R ot |
conventional 2- SiniQigh (REArR26% or so of the com ressionTgﬁ%kéﬁ'IY@faEPﬁq'ﬁ&ﬁcettﬂé s cycle

Is the possibility obtaining an effticiency - gher than coul d be
obt ai ned wi t h anceompressioronatio af the enginel Ih chis bssechegipansio®tio is probablyiséll The
di sadvantage is that the MIler Cycle has a mean effective pressure 10

| ower than the clomesthandhecompressioperatinsinge the expansiomeatiodx neMeraplasgasasithe but
wi th no appreciable inprovenents in.em,ssions _characteristics. '

The M1l ler (&I e“qmp ‘é%“ﬁagglm f%ﬂvegﬂwzéstr[oggfn%{p%s. not frequently operated
at | i ght -1 oads, because at |ight-load operation the nean cylinder
pressure during the 15 expansi on stroke tends to be near to, or even

| ower than, the frictThanadwaatage of this gyobsisithepossibiléty of obtaining aniefficiences t he
nor e- conpl et e- expansi on portion of the cycle may involve a net |oss
rather than a gahigherthes equid be ehtained with an expansion mtio£quglde thercomngessionmay be

detonat i on or otPibe 108 BB WD AR VAR CoBle AT e Be RS

out put ‘i s peyori Soiwek thantheEsiRentichabstinpément®ith @5 saRRSAdblmand prebsufs 8aONY .
The cycle is suitable only for engines that operate nost of the tine under

conditions of hiyihmneenprecieble improvements,in entissiorissharaeterigticas i vel y | ow pi ston
speeds and near full |oad. 25

Summary of the Invention Briefly described, the present

i nvention conprises afhd BHREGYcIERHRARCAORr engines A% RotHeRhET bptratbdng
met hods and appar at uses) forﬂ%nag{ﬂgg corrbﬂgtt]gllgens 30 chareae@'giﬂ ns‘lﬁtq%es,

t enper at ures, prhsindoads, bevduseiat hightload operationlthe meanmylidder pressire daring the

15  expansion stroke tends to be near to, or even lower than, the friction mean

pressure. Under such circumstances the more-complete-expansion portion of the

cycle may involve a net loss rather than a gain in efficiency.

This type of engine may be used to advantage where maximum cylinder
20 - pressure is limited by detonation or stress considerations and where a sacrifice of
specific output is permissible in order to achieve the best possible fuel economy.
The cycle is suitable only for engines that operate most of the time under
conditions of high mechanical efficiency, that is, at relatively low piston speeds
- and near full load.. _
25

Summary of the I_nvention

Briefly described, the present invention comiprises an internal combustion
engine system (including methods and apparatuses) for managing combustion

30  charge densities, temperatures, pressures and turbulence in order to produce a true
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mastery within the power cylinder in order to increase fuel.econony, power,
and torque while mnimzing polluting enmssions. Inits preferred
enbodi nents, the met hod i ncludes the steps of (i) producing an air
charge, (ii) controlling the tenperélure, density and pressure of the

air charge, (iigJ r [ - alr. . ' r of
the engi ne. sucibiect Sbihe et Sl m SR incocase b BcdiBY), piter R
sel ected from aorgaé ghilemininiging palltisieefissivng. Eldtsprefened Babbdiatents, the

at nospheric wei ght and density to a heavier-than-at m)sgheri c wei gf’ut and

densi ty - imsethod inglndesstheisteps of (i:produsing 8y hir ghiargs, Gimcortiolling then
conpressing the air charge.at l.qwer. - t han- narnmal .canpressiqn rati o,
(V) eausi ng & rsmpeTatiEs, ARmi and perssyrs of fhe iy chagke, s IapseraAg the ay cpgge

q bt ; ' . . . _ b
Pni ted wi ¢ A1 n 8 p2OWEr SIS 6F 8 ¥igind QiR ah At ik Mk h weightand 1 o
expand agai nst dengitysdeteetedfiom lréngerof iWeigho and dersitly ilevtly raiginp fiodhe expansi on

rati o of t he power cylinder being substantially greater than the
conpr essi on r atatmosphexig weight and densife to aheavigadhan-gmospkerienweight anddeagity t i on

to ot her advantages.. t | nyent 1 e I s _capabl.e of produci mean
e fect ve Loyl i eprnds oo HE B FE: crlinger, B (19 ines cSBR Mt G oF antE 5

| ower -t han- nor Nger RahtinBRfRAdl coltipressioh tatlo, (V)talififig Rped-8tedtined quantity of

enmbodi frents, the mean effectivé cylinder pressure is selectively variable

(and 10s elcharigeaé and\faelite pyodube @ aornbustiblewmixtane; (vi)eadsing thggemikmreng t he
operation of t

e. . .engine. In an, alternate, enbodi ment related to
const ant speed%d%’fegn‘t”ﬂ!‘ﬁ Wer%ﬁ%‘k&ﬂ"gr(‘,’ﬁﬁ@% & QReBAYP | nder

pressure is sel {fﬁida r . | ' fl d, in
accordance wt ﬁ‘i? e &Iaietgggr‘l%’gl r?v@r%%ﬁ)eﬁmqg ugifw?rhcg%mg[lﬁgﬁgiegﬁ exparsi ré?‘?égt ive
cyli nder pressuhepswaergsylinderl bicing sebstadtiallygresaeri thah thelcpmpressibe rativoefithe
required for producing the fpower,_ torque, and speed, of the duty cycle for
whi ch the powge Y lindersofthe engiagy Inaddition to other advantages, thesingerdedy 1 ed
enbodi nent t r . | ' QY &

Feci procat g AR &cBpule 8t phdfill GRENLbHETIRRer proseurel L BT
conpressor for raggErangiag fiontlower-thadhfrgel todiighemtkarenarhal. Inthepefervdd ch t he
conpressed air can be directed for cooling, power cylinders in which the

30 conbust i orfmpediments,dht meen effesting gylinder pressuse i sglectyrly ypriable fandach

g(c):\_/l\_//e [JSS% bgg% selcctiye\:% %Ae% (ﬁ%%ughout the mentioned range during the operation of the

(¢

engine. In an alternate embodiment related to constant speed-constant load
20 - operation, the mean effective cylinder pressure is selected from the range and the
engine is configured, in accordance with the present invention, such that the mean
effective cylinder pressure range is limited, being varied only in the amount
required for prodticing the power, torque and speed of the duty cycle for which thé
engine is designed. - o
25 _

In its preferred embodiments, the apparatus of the present invention
provides a reciprocating internal combustion engine with at least one ancillary
compressof for compressing an air charge, an intercooler through which the
compressed air can be directed for cooling, power cylinders in which the

30  combustion gas is ignited and expanded, a piston operable in each power cylinder



the'

5 and d to a crankshaft .by a connecting |ink f

crankshaft |‘ﬁ8mﬂs§response to reciprocation of each piston, al?rans er
condui t communi cating the conpressor outlet to a control* val ve and to
the intercooler, a transfer manifold conmmuni cating the intercooler

with the power cylinders through which naniold 5 t he conpressed charge

is transferred to enter t ower .cylinders, an.kintake val ve
control ling adm ?ﬂﬁmﬁ‘l’te&?e;) o) f@ﬁﬁ%@gﬂwgFF?H?@‘WS&P&?@PR%#&QH ol d

of the exhaust " glesbaiétd PR GaBA br BABABH Y lef o ol R 0°

engine of this i gofipressoRoutldl@o habmksl valveand‘t@ﬂiéeﬁ:t&éodlé}eahﬁﬂﬁérﬁxﬁ:fdlderS
are tinmed to operate such that charge air which is 10 equal to or heavier

t han nor mal can cemmuhicatingthd intercholer with ther powdreylinders thovugh which menifald

re red and oduced t he c er, durin nt ake, str.oke

T T he fnt . [eicomraseet chatenis Rantrmed to, beF the pouyr v idest. Bh MGk ARD  t orm
dead _ce “t Eortfoting %:9{%1 g{)ﬁm‘é cORbresSde tha%gtfﬂmtn fife thaRlRE ﬁxalﬁ?ﬂpt&eto chiasi ng

at some point during resSion s to provide

conpression rati powérrt:yhﬁdiﬁi's &adiag I&Stha]dét val @\eorilling digdbargeadfitke &dnustpasesand
close quickly after the piston has reached the oint the first intake

val ve closed in ﬁﬁMd@Wﬁﬁﬁb@dﬁst@m&tﬂUQE enginesefdhisinypmtion, the itakessur e

secondary air cha at s hat t sion. rati.o. of the
engine w1 | be. | PSS GTbe povir et ot Hid § DostlE wiR ek ERR A ey
commente at 19 equalSdraRhvied thin HBrhAIeaRM B@ﬂfaﬁﬁmﬂé‘d‘ﬁitﬁ% thd- Hﬁns&‘eﬁhﬁﬂl’&d engi ne
of this |nvent|on 20 differs in that the intake val ves of the power

cylinders are tiwheh tequispbarat iptroduded into the pdwsr cahnénrrdunhgﬂgaant&e seoket ai ned

Guri ng the. Scave WG HUF ke YR FiyRogahd PoHD pulsariely hefoes PR borom dep
that th e
exhaust val ve. héééé“ﬁ?%%g‘&“ﬂ‘ﬁf’g“ RFEY S ek O VRE ERSE S St PO g

engine will 25 theeolpessibhatokte)e pnopﬁhsn low ubﬁtprcssmh rithe Incoate dzyignmder S.
Means are provided for causing fuel to be mxed with the air charge
to produce a%on¥iesherintakevalve ganopen and clossaiskly gt the poshasireached thsner

cylinders are si ikt e\?l d Got ein orderto 9\5&%?&3 rX l'e ustdd fipfe Pover
cylinder such t e exp OHBUS pan ed to a
vol ume substanti péeksnreggeeaﬁcmy axh anar aenlt m&ﬁammhatahe eoxﬁiaresﬁon ko afaher

cylinder of the engine, WO 98/ 02653
PCT/ US97/ 09072 engine will be less than the expansion ratio, and so that ignition can cognmence at

substantially maximum charge density. The 2-stroke engine of this invention

20 - differs in that the intake valves of the power cylinders are timed to operate such
that an air charge is maihtained within the transfer manifold and introduced into
the power cylinder during the scavenging-compression (the 2nd) stroke at such a
time that the power cylinder has been scavenged by low pressure air and the
exhaust valve has closed, establishing that the compression ratio of the engine will

25  be less than the expansion ratio of the power. cylinders. Means are provided for
causing fuel to be mixed with the air charge to produce a combustible gas, the
combustioh chambers of the poWer cylinders are sized with respect to the
displaced volume of the power cylinder such that the exploded combusuon gas
can be expanded to a volume substantially greater than the compressxon ratio of

30  the power cylinder of the engine.



The chief advantages of the present invention over .existing internal

combusti on wog@smasssare that it provides a conpression ratio powesyriosen the
expansion ratio of the engine, and provides, selectively, a nean effective
cylinder 5 pressure higher than the conventional engine arrangenent wth

t he sane or | ower maxi mum cyl i nder pressure than that of prior art
engi nes. This allows great & fuel economy, and production
of greater power and torque at all RPM wth |ow polluting em ssions.

Because charge densities, 10 tenperatures and pressures are nanaged,
light-1oad operati onThéchiéfulvafiagesdfehe fredent inventi%&%?@ﬁgtif?%fmaqﬁ’ wth no
sacrifice of fuel econony. The new working cycle is applrcable to
2-stroke or 4- stongustiom gugines arp thahitppevides axomprdssionratio ipvathirdthe

ignited. For spark-i.gnited ines the wejght of the charge can be greatly
“increased wit ho‘?i‘tpa{‘ﬂg“ [AUAf thir enging,and proy) FPSG&&HVQIWP@% efifective aylinder

pressures 1 . dsha ﬁ;% I copbusti on detanation
and pre-i gn;%t i O}?}i‘e gsllgf)ér high ctg%{)ess?igltr)la-l :%égﬁf gﬁ%ﬁ“rﬁ‘gb??‘ﬁt‘h%smwﬁe}”?

cool er, nore t unbxitmmi cyliiiegprepsuds thdf shat of prior fvenp@aes. CY! i nder pressure for
a given expansion ratio and allows richer, snoke- limted air-fuel
rati o giving increased power with |lower particulate and NJ err]

em ssions. Conpressi k is reduced due to,reduced heat transfer during
the 20  conpr essionﬂg?\é\‘@é‘gwg{%ﬁ'}%wgﬁi’ F?‘wmﬁgctfmr}&%em%d of an
overal I, cool er torque at %I RPM\OwitlY fwepolifling enfisidils Fﬂl@%s@%&@le dé st. It

al so provi des a neans of regenerative braking for storing energy for

subsequent 1fositemperapuesandpredserss are managed,light-leatapeaRivh e prantidal avéh fop'
transient or "burst' BOWE‘{ which further . = i ncreases the overal |
ef ficiency of t¥FNIREPrROIspWith no sacrifice of fuelerorgmy.nEhepgveworking eyaleiises and

advant ages of then ot ta e.briefly stated in this
summary, but Wi#ﬁhgéeﬂﬁn erst o%dbéj&rkg% g&e)‘%sdé’ o{hos‘)ta'ﬁ(elgn “e‘?a“‘*'%‘f“f‘m%‘f
speci fi cati ons ignited Rorapaksipaired engirds th weight of the M@r@@éa@@ﬁ:@eaﬂy

PCT/ US97/ 09072 | , _
Brief Descri ptilBffeayedwithopt thjusyal problems of high peak tempgraturasandspressurest er nal

conbust i on 1@ngi S AGHEL SkBikidn? p;olgFenjx BY &t @Bion detonation and pre-ignition. For

compression-ignited engines, the heavier, cooler, more turbulent charge provides

low peak cylinder pressure for a given expansion ratio and allows richer, smoke-
limited air-fuel ratio givihg increased power with lower particulate and NO,
_emissions. Compression work is reduced due to reduced heat transfer during the
20  compression process. Engine durability is improved because of an overall cooler
: working.cycle and a cooler than normal exhaust. It also provides a means of
- regenerative braking for storing energy for subsequent positive power cycles
without compression work and for transient or “burst” power which further
increases the overall efficiency of the engine.
25
All of the objects, features and advantages of the present invention cannot
be briefly stated in this summary; but will be understood by reference to the

following specifications and the accompanying drawings.



wi Il now be \@3%&[05&30" by way of exanple, with reference to tpBermysernserz
acconpanyi ng rawi ngs, in which: . ' Fig. 1 1s a

perspective view (wth pertions in cross-section) of the cylinder

bl ock and head of a six cylinder internal conbustion engine operating in a
4- stroke cycle, and representing a fiTst enbodi nent of the apparatus
of the present 10 invention fromwhich a first nethod of operation can be
performed and will be descringidesaript ge Yravangs onponent s, this
enbodi nent is seen as having one ancillary conpressor, a cooling
system and val ves to control charge pressures, ' density and

tenperature. 15 Embodim&htd of%térﬁanfcoﬁmsﬁ@{h érf‘giﬁlisf"a%d?&ifn%‘;g? gnesiiiﬁerﬁi&ni nder

APl ¢

i nternal conbustion engine, - simlar to e engine o

operating in a 4-willmokebedestrihedabylwag pf esample witireference to¢hoactompanyingent
of ‘t.he apparatus of the present invention fromwhich a second met hod
of operation €an $-fip and will be described. Anobng its other
conponents, this enbodinent is seen as having two conpressors, three 20
intercoolers, four control valves, dual air paths for both the primry and
the ~ancillary cqypresagefspestialvie® itk poftions th &0884elHoR) SRRSO Sylfider
control ling charge- air pressures, density and tenperatures.

Fig. 3 is a per sbbukiand headof 4 sik chlinder intemsl ¢ombustion enging operiting intd
cylinder 25. Dblock and ,head of a six Fél i nder, intﬁgt?lal c‘orrbusgi on engi ne
operating in a 45trokecycle, apd gapresenting.a fitst empodiment of the gpparatys pfjthe pEesafhe nt

of the “appar ajus ;Qfent; st metl bheki \é@'eﬁeg iy d:pet hod
of* operati onqgan l%ndgﬁﬁg@?agﬁéhwxﬁthg{aﬁ b lJJé‘%?rbi e -nﬁe& gﬂc(/%ﬂ /02653
PCT/ US97/ 09072 . described. Among its other components, this embodiment is seen as ha®ing one

Fig. 4 is a perspective view (with portions in cross-section) of the

cyl i nder blageilaprrempsesson  caolingsysiem anfbyalyestte coptrol chatgg Pressuredngi ne
operating in a 4-;,_ . SE.5 QK cle, and representing a fourth enbodi nent
of the apparatus dg?sthaé'dp esége‘ﬁttu?é{ :

15 | Fig. 2 is a schematic drawing of a six cylinder internal combustion engine,
- similar to the engine of Fig. 1, operating in a 4-stroke cycle, and representing a
second embodiment of the apparatus of the present invention from which a second
method of operation can be performed and will be described. Among its other
components, this embodiment is seen as having two compressors, three
20" intercoolers, four control valvés, dual air path§ for both the primary and the
ancillary compressors, dual manifolds and showing a means of controlling charge-

air pressures, density and temperatures.

-. Fig. 3 is a perspective view (with portions in cross-section) of the cylinder
25 block énd head of a six cylinder internal combustion engine operating in a 4-
stroke cycle, and representing a third embodiment of the apparatus of the present
invention from which a third-method 6f operaﬁon can be performed and will be

described.



i nvention fromwhich a fourth method of operation can be perforned and will
be 5 dewo9dmmess Anong its other conponents, this enbodi mpaEise7/eseeh as. -

havi ng an ancillary -conpressor, with two charge-air intake ducts and
dual intake air routes, one of "which is | ow pressure and one which is
hi gh pressure, and both leading to t he sane power cylinder, a cooling
system and val ves for controlling charge-aBr pressures, density and
tenperature and an [ I G.air gt ake syst em :
Lemperature and an gt 4L b SRACRL) G ort U BAYSUSMY dffpe gyt

engi ne Si Blbélednd Keall v aSBOdYHAAEN infekihl cdmbhdibnlelfine vp&RtAPH 4 hat there
Is only one at nospheric air intake which supplies charge-air to the

power .cyl i nder sstmoke cywle, and reprdsentiog efourth esbadimentanfehsappafatus of the present

Fig. 4-Cis a schenatic view of _an_exhaust_ and an air intake system of an
engi ne showi ng 1AVERIQR Vﬁ’é‘ilb%lfq‘\‘ﬂhg“ efaperptiop san e perfrmed sind will be

pol | uti ng kS| . Fig. i | | ew

(with porti 3 ns (lieﬁg%br%?'s g-ugce"(’ﬁ llt%§3helb?0r¥%0él °‘é‘§/n tlh%(fg?o Odﬁn&&%{%@%é%%f;%é%d of a

si x cylinder i rdnefllagy corfipiessvr] with g tiegesie iridikkedlictsand dilal intake airybuteke

cycle, and representi r]%‘a fifth enbodi nent of the apparatus of the present

i nventi on from emsicfhwhich isflow nresstrsdind fone pibichtis bighquessins, anektioth teadingnidl wi | |

be descri S .0t her cor?onent . }hi enbodinent i s seen as
teang) v ves o

d. A i .
havi ng one 26 e sime R SYliBaet, A sbalfE B SOREPLIZE SPeE Bl ¢ o
aving one 25 _ A AR g wo
e P T out eotessuRRcddiiity and tempbfieSid and ah QHEITESRHOGHBRC Pkl 98Bt 10

sanme power Moyl i nder, and control valving neans and air coolers for
.varyi ng charge _densi#,i es, pressures and tenperatures in the .
conbusti on chanber of&t Bidqiehpective Vl%('ygﬁ poripYs in cross-section) of an engine
PCT/ US97/ 09072 gimitar to.the e gine of Fig. 4 with the exception that there is onlyb e

Fig. 6is a parst Secti Onarevs aw llghrough one Bower cyF| nder - of the 4-stroke

engi ne of Fig. @tmobpl@gric4iBntake Swhich supplies chafge-dir t9.thépovidr ciyligddrfhax@ val ves

show ng an _alternative nethod (adaptable to other enbodi nents of the
present i nvent i 4fpregt pressure Jevelsent i ng charge-air back flow and of
aut omat i calllsy adj usting the charge pressure-ratio of the cylinder

during the ar charging process.
Fig. 4-C is a schematic view of an exhaust and an air intake system of an

engine showing a means of re-burning exhaust gases in order to reduce polluting

emissions.

20 .‘ " Fig. 5 is a perspective view (with portions in cross-section) of the cylinder
block and head of a six cylinder internal combustion engine operating in a 4- |
stroke cycle, and representing a fifth embodiment of the apparatus of the present
invention from which a fifth method of operation can be performed and will be
described. Among its other components, this embodiment is seen as having one

25 -atmospheﬁc air intake, an ancillary compressor with two charge-air routes, one of
which is low pressure and which has two optional routes, and one which is high
pressure, both leading to the same power cylinder, and control valving means and
air coolers for varying chargé densities, pfess'ures and temperatures ih the

combustion chamber of the engine.



Fig. 7is a [c drawing of a six cylinder, 4-stroke engj - :
representi ngﬁégg’g%%%t her enbodi nent of the apparatus of the g#%‘?gﬁ%"’“"m
i nvention, 10 fromwhich yet another nmethod of operation can be perforned

and wi |l be described, and depicting three alternative systehs (two in
phantom | i nes) of i nducting a |ow presgure primary air charge. Anpng
its other conponents, this enbodi nent is seen as having three air

cool ers and dual manifol ds and the neans of controlling the

tenperature, density and pressure of the charge by an engine cong rol
modul e and by val vi ng8a? Psaﬁi?aé"n%e."mnal view 8“'0“3% one poyer quﬁlgieﬁoégpép%r@h ve
view (Wi th porti i : - SaGt M) Gt 1y 4 . ead
of a six cyli nde@gﬁlﬁtdgﬁ ré\?‘? g‘@ﬁ%ﬁés‘t@g'ns’g;ﬁ% i?l‘gr,ﬁ%'pje%l%% enlénqkr? ngJ f?gifov?iﬂg afl
stroke cycle, andtehrive aRttiodadptiblé & otBersdniidimentd eflihegiidsenf invERioapear at us
of the 20 present invention fromwhich still another nethod of operation
can be per f oSnecdpreventing ghatgevairibatieflowsndiof evtomatically adjusting e chmogeponent s,
this enbodi ment is seen .as . havj n, r.imary, and an ancillary
conpressor, a C&{Fﬁsﬁﬁ-@g}gpgmeﬁhn@%r@{}?lgghdgﬂﬂé?ar%ngp%ﬂe%s to adj ust charge
density, tenperature and pressure according to the I nvention. 25

Fig. 9 is a perspective view (wth portions in cross-section) of the

cyl i nder bl ock Ripd7 heestherhatic drawing/of awiz eylindegrdsttoke@iipingt i on engi ne
operating in a 2- . stroke cycle, and representing a second 2-stroke
enbodi ment of t HEPI&fARsingygkanether embodimentnf m&s&é%&th@nresmmmn@h still

snot el et 0. Sl RBL 4 e SARNRE o L i iRt 0e0

PCT/ US97/ 09072 . described, and depicting three alternative systems (two in phantom linds) of I'S

seen as having one atnospheric air_ intake, a primary and an ancillary
conpressor, w t Hnduatingladowyeressurerprimary airchargef Amingrits athéreopmpoassiithiswhi ch

has’ | ternate.routes, f_which is hi .. .and both
eading to the SamEnt is seon 38 Rl eiee AP cidlers o i) PRIl e Baeating
air coolers for df%[)iﬂr&lﬂng ﬁgtgﬁﬁeﬁmre,%ﬂﬁi}l AriipreRUfSoThE ALY SITBEIAL Ur €S

I n the conbustion chanbe e engi ne.
15  control module and by valving variations.

Fig. 8 is a perspective view (with portions in cross-section) of the cylinder
block and head of a six cylinder internal combustion engine, operating in a 2-
stroke cycle, and representing a first 2-stroke embodiment of the apparatus of the

20 ° presént invention from which still another method of operation can be performed

and will be described. Among its other components, this embodiment is seen as
having a primary and an ancillary compressor, acooling system and condqits and
valves to adjust charge density, temperature and pressure according to the
invention. '

Fig.9isa perspectivé view (with portions in cross-section) of the cylind_er
block and head of a six cylinder internal combustion engine operating in a 2-
stroke cycle, and representing a second 2-stroke embodiment of the apparatus of
the present invention from which still another method of operation of can be

30  performed and will be described. Among its other components, this embodiment



Fig. 9-Bis a schematic drawing of a six cylinder, 2-stroke engine .
- representi RgoyHe268n0t her enbodi nent of the apparatus of the noressR?2 |

i nventi on, from whi ch yet another nethod of operation.can be
performed and will be 10 descri bed, and depicting two alternative
systens (one in phantom|lines) of I nducting a | ow pressure primary
air charge. Anpong its other conponents, th Q enbodi nent i s seen as
havi ng three ai : LEal. . of
controlling the[stsg%é%@ﬁ%&eg%ﬁéﬁ%ﬂg%g "%Fs"é%‘sgg?{é{% H?‘ﬂ?ac%grlagr% by an
engi ne CesthprebsorDWith BwElthrgesaiy fdutes) one/éff which &18w prédsure which has

Fig. 10 is a part sectional view through one power cylinder of the 2-stroke
engi ne of Fig. &iternateroutes, andiare ofwkich Is il presgpre,rand botirleading to thre tsiroel

(adaptable to ?t aer epbodi Smﬁts of the cﬂr.ese t invent, on}) of
preventing char Be¥eh qyligder, and egptrol valving ypsans gnd,aip foqlers fon yarying chags . i ng
and show ng p %ﬁg d ity | : ' L cool i ng
system 4 aé&ﬁ%?prg I g. Ca%l télﬁgll’ a p%g%{e}%tc?’@gﬂoew %%tg%&ptgé tg{l %ﬁg in
cross-section) of the cylinder block and head of a six cylinder

i nternal conbustion engine_operating in. . a 2-stroke cycle, and
representing a thirdFig 8tB inaschematic diamingof a six cylinsigr. &-siwkefengide t he
present invention fromwhich still, another. method, of eration of .can be
performed and \AHPF‘_’SB’ét“t?e%% Pp%tg .?W%e t2 %W@Fra&‘@%g%eﬁ{??f’?mwgnm'
embodi ment from whieR §6t &%ﬂﬁ@mdﬂ%@ofﬁfgbﬁﬁbﬂ a6k péHormed hhdwyll 6@NPr essor,
a cooling system and conduits and val ves to adjust charge density,
t énper at ur eltanddesceibed,; mad depictingiwealternative systemsi(pine imphanitorh dilnes)rafnner f or
each power cylinder with at |east . .tw intake val ves, arranged_ (n such

3
a manner that ofGUPHRER IOW BIERIG BHMBIYAELEIATRS: (AmpRgthether compongatsothiss 3

PCT/ US97/ 09072 . . . . .
i ndependent of te wgoc(i)x{rﬁ g 'r; ]Si sﬁ na%seha\\/ %ﬂg\/tg].‘ e air coolers and dual mai‘—'if%lfis _a&d tlhé' %%eans

pr essur e- vol uneofitagrolling-the wenipengtuiel) dersite lagd pfessure ofthgicharg@ by an enginet hi s
I nvention with that of a_ high-speed diesel engine. 5 '
control module and by valving variations.

15
Fig. 10 is a part sectional view through one power cylinder of the 2-stroke -
engine of Fig. 9, at the intake valves, showing an alternative method (adaptable to
other embodiments of the present invention) of preventing charge-air back flow
during high pressure air charging and showing a pressure balanced valve having a |

20 pumpéd oil/air cooling system.

Fig. 11 is a perspective view (with portions in cross-section) of the
cylinder block and head of a six cYIinder internal bombustion engine operating in
a 2-stroke cycle; and representing a third 2-stroke embodiment of the appex:ratus of
25  the present invention from which sti]ll another method of operation of can be |
| performed and will be described. Among its other compohents, this embodiment

is seen as having a primary and an ancillary compressor, a cooling systemand
conduits and valves to adjust chafge &ensity, temperature and pressure and having
a single air intake runner for each power cylinder with at least two intake valves

30  arranged in such a manner that one intake valve can operate with timing



Fi g 13 | s avabsw2ssszhow ng i nprovenents possible in the engi IRETISITNI2
I nvention in effective conpression.ratios, peak tenperatures and pressures,

char ge densities and expansion ratios, in conparison with g popul ar
heavy-duty 2-stroke di esel engine. 10 Fig. 14 is a chart
show ng i nprovenents possible in the enginérbf this I nvention in

ef fective ConprQEﬁﬁﬂBd&ﬁ%?ﬂﬁme§QKmk§U£9£atures and pressures, charge
densities and exparsion ratlos, in conpafison with a popular heavy-duty,

4- st roke di esel engine. 15 _ Fig. 15 is a schematic.
drawi ng of suggested operating paraneters for _ operation of the

engi nes, both 2- st r okiigahdlisa pressuteevolume diageam somparing the gycle of thg engine of
showi ng dual intgrcoolers f.or.th i.n conpressor, a single intercooler for
a secondar®5dB 83y tgﬁtoo%éqg%lﬁﬂ??? §f@$ﬁ‘§nd val ves for sel ecting
different 205 charge-air -paths for light-load operations, and depicting
(one in phantom |l ines) two alternative systens of inducting a | ow
pressure primary air Eigal3d)i.a chart showing improvehiegits pbssibledivthesengrsifehisval ve
positions for supplying manifolds 13 and | 14 with an air charge

opti mum f or nediifvsitioadn sfestiveicomprasion rrtiasnpgakdemperaiuregand pressurss, chargg
Figs. 9-10. For di.um | pad operation the shutter, valv Qf ¢o essor

> Soul d be cl osdaite pErepREs Bhiod ln cPGeidn Fin Bed ipchebty SRRELSEN i
char ge UNCHEeLEnglhd. hout conpression to the. intake of conpressor |
where cl osed shutter ~valve 3 and closed air bypass valve 4 directs
the aif charl§e now conpressed by conpressor | past the intercoolers
to manifolds 13 and 14 with the ajr conpressed 30 and heated by, .
conpressor 1, for rregﬁlamﬁa&heﬁé Qingimprovemeqis Rossi zésgxe engine of this

PCT/ US97/ 09072 P : : :

Fig. 17 shows a Buggonid§iesiys compression rauos RS ST RE IS aﬁé‘é"%%‘g'ﬁ?’g%‘?‘g&- 7
and Figs. 9-10 wdenkitias mdexpdasion tayios,in compatisoniwith b paplarcheiayy-datygd-spoker

out put operation. Fig. 17 shows all shutter valves 5 and 3 and all
air bypass val veliesslengine.5” 4 c| osed conpletely so that the prinary stage
of conpressi §n Is operative and a second stage of conpression is
operative ar% the entire air charge, with the

Fig. 15 is a schematic drawing of suggested operating parameters for

operation of the engines, both 2-stroke and 4-stroke, of Figs. 5-7 and Figs. 9-10
showing duai intercoolers for the main compressor, a single intercooler for a
secondary compressor and a control system gmd valves for selecting different

20 - charge-air paths for light-load operations, and depicting (one in phantom lines)

two alternative systems of inducting a low pressure primary air charge.

Fig. 16 shows suggested valve positions for supplying manifolds 13 and
14 with an air charge optimum for medium-load operation for the engines of Figs.
25  5-7 and Figs. 9-10. For medium-load oj:eration the shutter valve 5 of compressor
2 would be closed and the air bypass valve 6 would be open to pass the air charge
: . uncooled without compression to the intake of compressor 1 where closed shutter
valve 3 and closed air bypass valve 4 directs the air charge now -éonipressed by
compressor | past the intercoolers to fnanifolds 13 and 14 witﬁ the air compressed

30 and heated by compressor 1, for medium-load operation.



~exception of any going through conduit 32 to intake valve 16-B, .i.s being

passed wobheesih the intercoolers 10, 11 and 12 to prodwaargseveserz hi gh '
density air charge to mani fol ds 13 and 14 and to the-engi nes power
cylinders for heavy-|oad operation. 10 Fig. 18 shows a

schematic draw ng representing any of the engines of Fig. 3-Fig. 11,

depicting an alternative type of auxiliar ﬁzcorrpressor 2' and a system of
providing a neans for disabling or cutting out the auxiliary conpressor
when hi gh charge pressure and density is not needed. For relieving
conpressor 2' of wolFg 137§hoﬁ§‘ﬂ%5§§es§[éﬁ|syﬁlaﬁo'f§rﬁb@ﬁﬁﬂ; tﬁgﬂnﬁhésm 3$.yal ve

I s opened so that air punped rough conpressor can re-circul ate
t hr ough conpr essd¥Figs. 940 witha highgensityrajr charge foc hegwyainsy, highysovier output
Fig. 19 is a schemgtic_draw ng representin he, _engj nes shown in Figs, 5-7
20 and Figs. °Q§rfﬁ°%nﬁ‘gh%AFl?P3"5t %Yaé%'g(ﬁt'%'!d 3iand ghﬁr S}‘Ra& vyesst andhr  one
st age of ' |

g 54 d5084 S5Rp Lty 08 BHar HEFGRD SBES of MmpreSREPR dnsfif af]

conpr essi on, nani es and an engine con _ro? nodul e
(ECM and il | ustdontistige oF doripEsion is og_eﬁﬁﬂé_ﬁﬁﬂ tHeeaitifddif Sfmdd, WithaRei ty,
pressure and tenperature by varyin irections and amounts of air :
f1 ow t hr ough t Ie¥ception ofianyegeing thyough eonduin 32 torinsaiervaleedl 6/B| isdsingas@d t hei r
condui ts. . . Fi 20 i;s a,schematj c drawin howi n tional

el ectric notor tlEfP}‘%]bﬂ’Sf’mem°gIerstﬁ¥aliiapdigﬁ?ﬂ’@?é“é?%vw }’t‘aﬁ%‘ﬁﬁ}' H§§g e gs. 1
}D?;[r? ‘d%g/ 5'9872 1 anifolds\¥8 af/19%%a@ % the engines power cylinders for heavy-load 1o§ci'ation.

Fig. 21 isl@ schematic transverse sectional view of a pre-conbustion

.chanber, a conaustiqp chanber and associ ated fuel inlet ducts and val ving
suggest ed for gaseoddg-dl ShPysaachamaticdsaving represesting aay ehthe gagines ofifigs

i nvention or . re 2 ' s L.on enai [ge 5
Fig. 22 is a ng}'Elg'sfegfiF @‘Eﬁﬁ‘g%’?%\iﬁﬁ'ﬁ‘%&g@ %iﬁag&@&ﬁ ne e‘lr"c‘g%%gnangnagﬁyﬁtgms%w ng
an al ternate conshidingairdniisa daplihg of Cutlisg suiAt hexlidnofipidsser wheénigs each

revolution of the shaft for a 2.stroke engine and one firing stroke each
revol uti on charge prasaure ged densiy isnot-ngededy £os figjicying qompresgor2’ 98 sorkvhi ch
pivots on ks | e VA {] r ' .1s joined
oL o0 08, B B R R o Wl Akl

through compressor 2' can re-circulate through compressor 2' without requiring

compression work.

Fig. 19 is a schematic drawing representing the engines shown in Figs. 5-7

20 .and Figs. 9-10 aﬁd having two compressoré, and one intercooler for one stage of
compression, dual intercoolers for a second stage of compression, dual manifolds,
four valves and an engine control module (ECM) and illustrating means of |
controlling charge-air density, pressure and temperature by varying directions and
amounts of air flow through the various electronic or vactium operated valves and

25 . their conduits.

Fig. 20 is a schematic dra-wihg showing optional electric motor drive of

the air compressors of the engines of Figs. 1 through Fig. 11.



the cr anksh@fd osafze43he engi ne, and V\/nereby a nmeans i s provi dedncfmsgvmm;ng
t he' " conpression ratio of the engine at wll. Fig. 23

is a part sectional view through one cylinder of an engine showi ng 15 -an
alternate construction whereby there is supplied two firing strokes each
crankshaft revolution for a 2-stroke engi nel3and one firing stroke each

revol ution of tlpe shaft for a 4-stroke engine, apd whereby the beam
connecting the A8 nticls @i SRREMAIF %vgrﬁ%seﬁpggqjﬁleayg efeaqorrsb%mw

bet ween the pi st ecting
rod is attached (?‘gmtgﬁféi aécpglgﬁétﬁtxf({ﬁampe% ﬁgféé%&ﬁ%é& ﬂ%bfn%{ duﬁﬁgﬁﬁa ate
preferred neans saf % r gaSusiriliduid el ici P tHe)engines ofthls:ﬁw:ﬁmnld?nal
pi ston rod, cross-head and connecting rod arrangenent. Fi g.
24 is a part sedbtamyaother internah combistiomeenginei nder of an engi ne showi ng

a means of providing extra burn-tine each firing stroke in a 2-stroke or
4-stroke 25 engi ne. Fig. 25 is a perspective view of the

cylinder block and hgg i ne
operating in a 2-st rok cylglgé ang(:t?oenr?% ‘éfsae‘)nwgh ohE'Eﬁrﬂi%l- of&l&%@é}é HowihE’
enbodi ment of t @ akepAiedonstmadtionehepstgohere is supgﬂbdwvo ﬁflﬂgkm&dsfeaaﬂ still

anot her nethod of operation of can be perfornmed and will be descri bed.
VWO 98/ 02653 revolution of the shaft for a 2-stroke engine and one firing stroke each revolutlon

PCT/ US97/ 09072
Anong its ot her K& IRETPL2 4Hpke enginghaving absam sehich, RivRts An s l?&’ﬁ&enm ng

ports 101 N ekbemB9! 4 EoAnRétidg YOdRUREIPT j8ine8 Hia-pofif ohﬂi\é'ﬂégmaanﬂrlé fREd/102nd
ah ancillary conpressor, a cool |ng' systenm val ves and conduits to
control the pr esbmcranksﬂlaﬁs’ftlye engine, andawﬁex’ebmmeanwsanmhdemﬁamhm@hal r, and

val ves and conduits to, su&s)9 cave.n air to the cylinders.
&5& ‘gﬂ'ne si

Fig. 26 is a sclfempressiog SF“%PH é‘n imlar to the engine of Fig.
25 showi ng one intercooler for one optional stage of conpression,
dual intercoolers for a primary conpression stage and show ng a

control system (incl (Rigs/23 ieagartaectional view through one cylinder of an engine showing
15  an alternate construction whereby there is supplied two firing strokes each
crankshaft revolution for a 2-stroke engine and one firing stroke each revolution
of the shaft for a 4-stroke engine, and whereby the beam connecting the
connecting rod and the piston pivots at a point between the piston and the piston
connecting rod, which connecting rod is attached to the crankshaft of the engine,
20 © and an alternate preferred means of power take-off from the piston by a

conventional piston rod, cross-head and connecting rod arrangement.

Fig. 24 is a part sectional view through one cylinder of an engine showing
a means of providing extra burn-time each firing stroke in a 2-stroke or 4-stroke

25  engine.

Fig. 25 is a perspective view of the cylinder block and head of a six
cylinder internal combustion engine operating in a 2-stroke cycle and representing
a yet another embodiment of the apparatus of the present invention from which

30  still another method of operation of can be performed and will be descﬁbed.




10 control nodule (ECM and valving) for controlling charge-air density,

-wei ght , wo oglogggper at ure and pressure by controlling dirececrossymesrz '
amounts of air flow t hrough the various val ves, conduits and an

optional throttle valve, and show ng two optional routes for

suppl ying scavenging air to the scavenging ports in the bot t om of
the cylinders, and alternative routes for tl4e exhausted gases to exit the
15 engi ne. . Fi Q. .through Fi.g. 30 are schemat.i c

dr awi ngsof i he ATGRR s atber-sompasgats this ciaiitinent i sesd as REVing SR POLF na o
met hods suggest ggly tiohd b€the Bis BYhiPha ; tha 'inlgg, Fig. 27
and Fig. 28 al so siégdvea scﬁgngt |t0(?:l ravmgng fornga%prélrl?sliynatgl a%%ﬂblc ntrol

modul e (ECM) andoxmprrasserga coolingsystem, vhlzeganddondaitsitosontraltlie peessure, dehsity
pressure, density and tenperature deened apg;opri ate for each.

Fig. 31 is a sclafsemperaturgefihe chases-al andgigbies and enduiis i suppbcIcRYeNging: or
dri f th ' Y ' . 25 Fig. 32 i
rrve or §We%t§$h?s%@nrgegonpr essors g IS a

schematic dr -Stroke engine of Fig. 25 and Fig. . 26,
havi ng only one conpressor for supplying both charge-air and scavengi ng
air, - and showi ng a control system and nmeans of controlling charge
and scavenging air  Fig. 26 iata schqmatiesirawingddas iengine sihilae tpthexngine of g2
appropriate for sgach, and show n nmeans of _channel i n%ut he air_through

30
different paths SROWINERACIRIHORISF frsqpe optionahsfage pficmpression, dual mtercoolers

PCT/ US97/ 09072 fi . . . . . .
Py 33 1o a ociteraprimary compression stage and showing a confrol system (includitg engine

erigi ne havi nQ t wontrohmpodls GECH)lahd salving) ferwontrolling charge-ailelensityq Weight,
supercharger, . five regulatory val ves, .and show ng an engi ne control
nodul e (ECM f ortemperatuze,and pressurribyepntipdlingdipsstions andamayatsefiayr B wei ght

and adopted for rage of. C 5 L. C ressed, by regenerative
and, adopt e {o° GEABAN iiops sy, FIRARS 0 of i SATBAOE SR i PR
processes, in anyoWptibhd réfes R SupplyinRiséavenYiap airQb the scavenging ports in thel 9. 34
Is a schematic drawi ng representing any of the engl;l_ll nes of the

- bottom of the cylinders, and alternative routes for the exhausted gases to exit the

15 engine.

Fig. 27 through Fig. 30 are schéniatic drawings of the engine of Fig. 25
and Fig. 26 showing four alternate methods suggested for efficient scavenging of
_ the engines, F ig. 27 and Fig. 28 also show a schematic drawing for an engine
20  control module (ECM) and valving to control charge-air and scavenging air at a

pressure, density and temperature deemed appropriate for each.

Fig. 31 is a schematic drawing showing suggested optional electric motor
drive for the engine’s air comﬁressors. ' ' '

. Fig.32isa schematic drawing of the 2-stroke engine of Fig. 25 and Fig.
26, having only one compressoi' for supplying both charge-air and scavenging air,
and showing a control lsystem' and means of controlling charge and scaveriging air
at a pressure, density and temperature deemed appropriate for each, and showing

30  means of channeling the air through different paths for the same purpose;



10 pr esentwigugppésson and show ng an al ternate enbodi nent whpCcivussmésdes a -
separate, electric-powered air conpressor and, alternatively an entrance

condui-t ~ leading froma supply of waste or "bleed" corrpressed air for
suppl yi'ng charge-air to the engine (or to a plurality of engi nes) ,
wher eby the need for engi ne-powered cbhpressors is elininated. 15

Fig. 35 is a schematic draw ng representing any of the engines of the
present invention depicted in an alternate enbodi nent which is configured
to operate as apgPRsLialicHeRflc fafisveRl Saidnaf Eﬁz%%'ﬂgl? %h cylinder
constant | oad and constant speed engi ne enbodi nent e "present

i nvention is shoengiashaviag twio ogngtessor bylirkiers, four pawgr eylihders, amecsuperchyrger,
conpressor with gptional intercoolers for provi di ng two stages of
pr e- conpr essed cﬁwwéatery\ehteﬁean Shevingan epgingicapirelonedyle (ECM) der

" eprosent i ng. any CHSNEE Eheges smpamrss dsnty o Seith. FGRRRER o uitaBoF S

depi cting a_constafpresRA%inRAyIeRA B fegtRRAGCREKAR, drTor storage BFEREARRCC

with an alternate enbodi nent of the présent inventron in which there

is provided a si pridacabimzoardndustmal prazpssesiabny of éeengines of thmrxnwrmrondl ng a
singl e stage of pre-conpressed charge-air, either optionally

i ntercool ed or adiabatically conpr essed. WO 98/ 02653

PCT/ US97/ 09072 . s . Fone

Det ai | ed Description ng t ﬁés i)?cnematglc drawing representing any\ﬂfttl?]e en«,gru(laersence now in

greater detaid tﬁre‘sé‘m ifVeavib gfid sibwihg i hitéridate Embodimendvhivhrinéladesy ef erred
enbodi ments of the apparatus of the Inproved Internal 5 Conbusti on

Engi ne 100 of t hm@s@!ﬂcmmpmr%mr aompmwr@néoahemam@eldomp@nms condmt
wi || be represen by. 1ike t hr.qugaout the raI Vi EWS;
sorre but - SRS A ALY 2hpase onSEIEE Spted,
(due to the | argg the enginB (66 phiraBRALhER E'§)5Wher§b¥f\ﬂc5}fee@f3r eﬁhﬁﬁfﬂ@ﬁ;&ed
conponents wi Il be represented by superscripted nuneral s .
100[err]). Wien témpressoreiseliplivated.ity of similar 10 conponent s t he
plurality i slg)ften tinmes referenced herein (e.g., six cylinders 7a -
Fig.35isa schemafic drawing representing any of the engines of the
present invention depicted in an alternate embodiment which is configured to
operate as a constant Joad and constant speed engine. This constant load and
constant speed engine embodiment of the present invention is shown as including
20 - both a primary and an ancillary compressor with optional intercoolers for
providing two stages of pre-compressed charge-air, either optionally intercooled

or adiabatically compressed.

Fig. 36 is a schematic drawing representing any of the engines of the .

25  present invention, and depicting a constant loéd and constant speed engine in
accordance with an alternate embodiment of the present' invention in wh1;ch there
is provided a single compressor with optional intercoolers for providing 5 single
stage of pre-compressed charge-air, either optionally intercooled or adiabatically

compressed.



7t), even though fewer than all conponents are.visible in the draw ng. .

Al'so, WOPB9A¥ant s which are common anong nul tiple cyli neeresemoser2
sonetinmes witten - with reference solely to the conmon nuneral, for
ease of drafting - 'e.g. piston 22a-22f => piston 22. In an effort to

facilitate the understandi ng of the plural iéy 15 of enbodi nents, (but not
to limt the disclosure) sone, but not al I,1 sections of this Detail ed

Description are sub-titled to rﬁ&ﬁfeﬁ’ﬁéﬁc%’@ﬁﬁéﬁﬁ@ﬁrﬁging%‘b‘ system det ai | ed
in the subject section. em of the present
i nvention is, perhaps, best presented by 20 reference to the nethod(s) of
managi ng conbusti on ¢harge densities, Lenperatures, Pressures and
tur bul ence; and the wipreRceqoyein greaterdesail &r;gﬁ dramangs, a pluralityof i be t he
preferred netho th resent J.nventiqQn by associ.ation with and in

conj unction wit %’%%‘S'r%{?ffg‘sg %nl?ﬂ‘#"ﬂﬁrﬁiﬂkﬁ’&ap ?f&“‘éﬁgp&t@i’“?‘f?déﬂ‘f ance wth
the _al § er CahdussCERIhE 10075 the Bfeserd Invention are degicted.sqgﬁe c&H{)or{E@{s
necessarily all; of the system conponents that are cOnmon 0 tWo or
nmore of the her &l belegpresenidd byilikd nometals innmighdet the severd sieadst ad) in béime

whi ch are nount Ed@_%gnﬁecti ng rods 19a- 19f, to_each of which is mounted a
pi st on 22 uingt all cicymsianges, asithe, weitermight desmnegessani(due ta thadasege 7a- 71 ;
air being intro ' T y inl et.,ports controlled
by i nt ake val venti e ofbmboBlfrtel it B @ aiall Ahnetls S B repredeilin’

PCT/ USQ7/ 09072 superscripted numerals (e.g., 100'). When there are a plurality of similar 17
exhausted fromthe cylinders through exhaust ports controlled by exhaust

val ves 10 ggmpaoneats, healuralityds oftemtimes teferencederein (g . asik oplinders Tese and

such ot her ar.e deenmed, necessar 0 ,an .under st andi ng
of the various 'O eﬁgqﬁ%&%@%@%ﬁfﬁ“ﬁf”‘f‘ﬂ@%’%ﬁHlSﬁ?qﬁi}btﬁF Arving-cAlsep essed
bel ow. ° componEfies WHieh B cbRfthéi 5310%mﬁltﬂ)lélcylinderstalrensometimes vﬁ‘f"‘l& nr ring

nowto Fig. 1, there is shown a six cylinder reciprocating er nal
conbust i on engi withrefefesce solely totliectomahon németal; fondasedpdrafting~ &g, pistdry one of

which is sh i t] i d i at ed pi st 224 22f te

' oS 10" PR bisBAARa T P pBde Begiatsdus SrdeardREchTine PFRICI ng

power to a pHMBfiembodiments (batiictiéfinitfle \iis@lo%f?r%?%‘cﬁﬁé,%ﬂt fug%ﬁ Ronef this
erei n depic ed a2 4

respectively. An ancillary conpressor
Lyshol m rot ary DPetajled Destriptionlaecsubktitiedsa pefeienee thersystiinai sub-system dbatledeen

conpressed, or allows.delivery of air therethrough at atnobspheric
mp n tk)e\é\ﬁb ect sectz%ny g P

- The invented system of the present invention is, perhaps, best presented by
20 ‘ reference to the method(s) of managing combustion charge densities,
temperatures, pressures and turbulence; and the following description attempts to
describe the preferred methods of the present invention by association with and in
conjunction with apparatuses &':onﬁgured-for and operated in accordance with the -
alternate, preferred methods. S '
25 D
Some, but not necessarily all, of the system components that are common
~ to two or more of the herein depicted embodiments include a crankshaft 20, to
which are mounted éomiecting rods 19a-19f, to each of which is mounted a piston
22a-22f; each pistoh traveling within a pOwer" cylinder 7a-7f; air being introduced |
30  into the cylinders through inlet ports controlled by intake valves 16, and air being



pr.égsure,, t owomeiotesds 13 and 14 and to cylinders 7a-7f , whi chctrisoneders
oper ate 15 in a 4-stroke eycle. Valves 3, 5 and 6 and intercoolers 10,

11 and 12 are used, in the preferred enbodi ments, to control air
charge density, weight. tenperature and pressure. The intake val ves
16a- 16f, 16a'-16f' are tined to control thel7 conpression ratio of

the engine 100[err]. The, conbustion chanhers are sized t est abl i sh
t he exgansi on Eate?‘%a‘ﬁ?egtef%“ B%quhg_gerst pugh exhaust ports controlpmebyﬁgp%galves
100[ err] - 100[ enH] ; : = WO = Fi Fig. 5,
and Fig. ) Te MeREfcn, Blodtiriokend bfferation it pec tndihbh offer | 0
are-arranged to Rkémponents as Z¢ detnedxiecossarytalah indersapding ofthd Vigious ankshaf t
in order to supply one power stroke. ] for every two revolutions of
the crankshaft, fBbodimentsrefithe Prssent dnventipe areexpregsed bepW. conpressors 2 of
Fig- 1, Fig. §’ Fig. 3, Fig. 4, Fig. 4-B, Fig. 5 Fig. 7 and Fig. 33

can be driven“by a ribbed V-belt and woul d have a step-up gear between the

Vv pul | ey 'ﬁi}%nkﬂﬁ mnpfﬁ?slor drive shaft, the rotary conpressors
could al so be fi W a vari abl e-speed step-up gear as in sone
aircraft engines. The Ref@ttipg acwttdo Fip. 1, there is showip asixsolinberakciptagatidg i S shown
as havi ng double-acting cylinders Iinked to the 30 . crankshaft 20 by a
connecting rod 1imgmabeambuystion engire hoQ dn whichallf the cylindess Ta-Hidenly one of WD
98/ 02653
PCT/ USQ7/ 09072 _ by
connecting r o0 18gokéeiict ddidl poviereyideld &0 usdd folf pfoduBingQRWer Iy BoribAN Of
t he crankshaft 20. In one alternate approach, the reciprocating conpressor
A is dr i v erankshaft 20 vie nomnectingyrads d 949 9f, sesipactivelyindo ancillary coniressor

crankshaft above_the . ) in crankshaft 20 to ich the ancillary, .
crankshaft (not gl{gﬁﬁ)“ QﬁBlﬂt‘%Pﬁé PE’EJ"’%’Y C°B§P‘%§S'\§;A’t/9éf)l-°?fﬁ Syppliss ab‘r‘é}},‘f‘ht 0
provide nore thamad ¥Rn\WhlbrdiSed bF AH&Hs Bivery of air theeMrbbdiPat Mholdherit®i n

crankshaft 20. Alter natléﬁy, the conpressdr system can ave multiple
st ages of conpr egpsssure,ftomanifoldsr13ramdddyandito cylindersozaa?f, mdpich cylinders wperatesor s.
Wereas, the_ancillar onpressor 1 d second ancill ary conpressor 2
of the variob o it distrof SVele-ov gt _%,taﬁaldt{mﬂ@mﬁolqﬁé’ hloand, L2475 u57dafM ng
conpressor or a ! . 3

ot 1 i ted byt A GRS EREERs, i cdglrol B Sk DBkl NG et and.
conpressors nay pfesiurteThe angadval s 1683 6f)d 64'hibf@ertimed ito botrdiehedt her types

of conpressors performng the functions described herein.
compression ratio of the engine 100’. The combustion chambers are sized to

which is shown in a sectional view) and associated pistons 22a-22f opesate in a 4-

establish the expansion ratio of the engine.

20

The engines 100 - 100%, 100" of Fig. 1, Fig. 2, Fig. 3, Fig. 4, Fig. 5, and

Fig. 7, respectively; have camshafts 21 fitted with cams and are aﬁ'anged to be
driven at one-half the speed of the crankshaft in order to supply one power stroke
for every two revolutions of the crankshaft, for each power piston. The mfax_'y

25  compressors 2 of Fig. 1, Fig. 2, Fig. 3, F_ig. 4, Fig. 4-B, Fig._S, Fig. 7 and Fig. 33
can be driven by a ribbed V-belt and would ha_#g a step-up gear between the V
pulley and the compreséor drive shaft, the rotary compressors could also -be fitted
with a variable-speed step-up gear as in some air&aft engines. The reciprocalir_xg |
compressor 1 of Fig. 3 is shown as having.dduble-a'cting cylinders linked to the

30  crankshaft 20 by a connecting rod 19g; and the crankshaft 20 to which it is linked |



15 ' . The engine 100[err] shown in Fig. 1 is characterized by a nore *°
extensi ve WO98/088ansi on process, a | ow conpression ratio apchr/obeneser2 '

capability of producing a conbusti on charge varying in weight from
| i ghter-than-normal to heavier-than- normal , and capabl e of !
provi ding, selectively, a nmean effective cyli-nder pressure hi gher

than can the conventional arrangenent of n Bmal engi nes but capabl e of 20

engi nes.. An engP RSNG4 B8 wBUEIH B oeRkBE SR sh3alh A RO AR 2 e
valves 3, 5 andtie anichafi0! i osal@RRlappPoaeti Be rétiSSitRg cbRforGS Q! | i N9
t he charge density, pressure, tenperature, and the nean and peak

pressure w t hi ndriven by the conpedtingeed 195 bdingitdmmested tea shmrt draishaft aboithe
productiion of greater r and. 25 Quer at low RPM. with | ow polluting
eni ssi ons for bmawgrﬂ&l%imag#@ tEB‘ﬂ’bé\e‘QEf‘gﬂ-lm crankshadt{notshoaym) weuld be geared

al ternate emodipPBRich-urfodsfil lopd : ) used
and, with a cont ?3 e?ys‘f%m Sﬂugﬁggg%MMO%gﬁn%ﬁ%@lﬁf%&é&efRgr of openi ng
and the tine of revohaiongfaiie ibin dratikshaft 261 Xternafively dhd Sompressob 5y¥sbeh caf OVi de
an i nproved managenent of conditjons in the conbustion chanbers of
cylinders 7a- 3bave multiple svagesofFompressionder githepraiary enrdeiprocatingat t er t or que

' WO 98/ 02653
g%}l ESSQ? 0 g Iog 2 eéoﬁs}@@gdrs.%}eas, the anci?lary compressor 1 and second ancillary 1 g

needed, and wi t BorhpMiss? 2RIfThé¥arfal Embb&imenaiad BRSibRE %ﬁggggﬁﬂiw | ng

em ssi ons. . Brief Description of Qperati'on o engi ne 100" shown
in Fig. 1 10 reciprocating Tompesssore a10@ry aimpriesser,iinis aoted adiat Shoimentionfs 9. 1

is a high efficiency. engi that attajns_both high power and torque

Wi t E | ow fulel pBﬂ‘g-Hﬁ’éﬂ %ﬁ“’sg&gf{ %‘n‘\c;empfﬁ‘ssmdaﬁ&za forgaeliag ﬂl?rf?t pictatk new

wor ki ng cycle igg : 0 agﬁ% | c n

this cycle, part %ﬁem§@ﬁ?aﬁgﬁg%a?5?§ﬁ&5{l |t(}:]ﬁ s?'ge’c%g%&}sesoeoerwp“%ri n the

power cyl i nder scompressorepdrfarnrng e fumtions déscrib&d leéinvel y, conpressed by at
g

| east one ancillary conpressor 2. The tenperature rise during conpression
can be 10 suppressed by use of air coolers 10, 11, 12 which cool the
intake air,j@nd by afp g ' _ .
suggested, preferred rr%ﬂ%ﬂgg?@os}ﬁera |g%§?)?&f ecgéé%e%%f“g‘oéﬁﬁ’ftﬁ%swe

100" is thus: lépansion process, a low compression ratio and the capability of producing a

combustion charge varying in weight from lighter-than-normal to heavier-than-
‘normal, and capable of providing, selectively, a mean effective cylinder pressure
. higher than can the conventional arrangement of normal engines but capable of
20 'having a lower maximum cylinder pressure in comparison to conventional
engines. An engine control module (ECM) (not shown in Fig. 1) and variable
valves 3, 5 and 6 on conduits, as shown, provide a system for controlling the
charge derisity, pressure, temperature, and the mean and peak pressure within the
" cylinder which allows greater fuel economy, production of greater torque and
25 power at low RPM, with low polluting emissions for both spark and compression-
ignited engines. In alternate embodiments, a variable valve timing system can be
used and, with a control system such as an ECM, can control the time of opening
and the time of closing of the intake valves 16 and 16' to further provide an
improved management of conditions in the combustion chambers of cylinders 7a-

30  7fof the engine 100" to allow for a flatter torque curve and higher power, when



1 Dependw%s}w&g the power requirenents of the engine (e. EC.F "i’ﬁﬁ ng

| oad reqU|renents) either intake air at. atnosphé essure
or intake air that has been conpressed by at lLeast one
ancillary conpressor 2 and has had its t enperature and
pressure controlled by bypass systens and ch@rge-air 20 cool ers,
Is drawn into the power cylinder 7 by the intake stroke of piston

22. 2.  ne¢ded, Aid with idwe levelsaifdotit fuekeonsumptiopand polluting emissaks. val ve
16 (which can be - single or multiple, 16, 16') is left open
for a period of tine after the piston 25 22 has passed bottom
dead center, whi g} - @ I ig 1 Charge back

into the intake 18 ' ] '
then closed at a poi nt’l‘hdvngimeaooi mh&ﬁm@tabhehwh imngr 1 ?sah:@h%fﬁ&éﬁtbl i shing

the conpression ratjo of the engine. WD 98/ 02653

PCT/ US97/ 09075  engine that attains both high power and torque with low fuel consum;zmn and low
(b) Alternativel y, nt he intake v 16, J16' i§ closed e % during the

i nt ake uting ergissiony, o ’é“""{ﬁ’ riipg e¥frie Banextern PIFSBOP AR dead

center. The trap Sﬂx ustiop cycle. In this hdle Cﬂ%ﬁr&‘i‘hé el (QHB?%&@ 1(E:E%r¥1:g§s§ed' |

vol unme of the cylln er npressi on o starts
when the piston 22theqiowensylimietsia convertional en@mes) is, selectwélivl,ecompmsfsedsbyan
stroke at which the intake val've 16, 16’  cl osed. (a) During
t he corrpr essi on deasbere el lers eompressor 2y T éﬁ%ﬁﬁrﬁwr%w wma legmpression can be
val ve 16 cl oggd, ¢ I

16 sﬁéﬁr@?s ugégi)al Eoo%élg)looﬂel coo(i’m% %ﬁé ?@, %@)}rﬁ%i N the

produci ng a il | res i'on ra POSSI
10 temﬁéﬁr%mﬁésgﬁn@ﬂbk@g the conpr ESSI on stroke.
(b) During light-load operation, such as in vehicle cruising or |jght-Ioad
power generation, the shutter valve 5 is closed and the air bypass valve
(ABV) 6 on the conpressor is r t he intake .air

et ur hea O wREssiel, BB i Aerbba B Speitlinn F shpRoLehreSeilt nous
bei ng 100' SQWE: essed. Shutter valve 3 can then direct the air
"~ charge around or through intercoolers 11 and 12. During this
tinme, the endbne pistons 22a- '

1. Depending upon the power requirements of the engine (e.g., differing load
requirements), either intake air at atmospheric pressuré or intake air that
has been compressed by at least one ancillary compressor 2 and has had its
temperature .and pressure controlled by bypass systems and charge-air

20° coolers, is drawn into the power cylinder 7 by the intake stroke of piston
22.

2. (a) After the intake stroke is complete, the intake valve 16 (which can be
single or multiple, 16, 16") is left 6pen for a period of time after the piston
25 - 22 has passed bottom dead center, which pumps'part of the fresh air
charge back into the intake manifold 13, 14. The intake valve 16. 16'is
then closed at a point which action seals the cylinder 7, thus establishing

the compression ratio of the engine.



22f are drawing in naturally aspirated air through the conpressor 2: This
“reduces cowp eses3 dri ve work and inproves fuel econony. 20PCTUS97/09072 ’
(c) Wien nore power is required, the charge density and pressure can be

i ncreased by closing air bypass valve (ABV) 6 causing conpressor 2 to
raise the air pressure and, alternatively, this can be acconplished by

ei t her cutting in a second gtoage of conpression by conpressor
1, as shown in 25 010 ehi s | 1T [ .

conpr easor 2. At neChAlemarld; i inilke ilve 1638 cid BT B e jake
preferably, direct sarikeObeforelthedpistol @22dias reablesddfottom dead center. Thé fippe@h one
or nore of intercoolers 10, 11, and 12 in order to increase

charge-air density. airchaygs isghapzzpanded to the full volume of the cylinder 7 and

PCT/ US97/ 09072 . . .21

4. Conpr essi on cofATRESsion of the chasge siartswheny the piston 32retums, tothe ppint i, o

charge is the comgreséi%‘ Eﬁ@l& AWhGOBE UithkeOFhIW %?‘Iﬁec‘io%gl arge
expansi on of the gases agal nst the pi'ston pr.oduci ng
great energy in either node 3(a), (b) or (c). This ener gy
produces a high nean effective cylinder pressure and is converted 5

into high torque and@)Beng thegeammressiop strakepiipision)22, at the point the intakpt i | ed
Description of QOperati,on,of, t he enging, 100, r] of Fig. 1 . .

Duri g the i nt ake. ( SE G gt sFRE LSl orHE) hertion plopession bogiReai . -
conduits 15 from a nE@iichga Shalkcbmpres§ibn fefio. IHiChakes'it é}&%mreara@mﬁow
10 requirenents) is either at atnospheric pressure or has been conpressed

to a higherl0 temppratye gise diyng-thapompression stroke: ough t he i nt ake val ve
16 into the cylinder 7. During the intake stroke of piston 22
the intake valve 16 closes early (at point x). From ~ this point,

cylinder. Then, duri ression (2nd) str no co on takes
pl ace 15  unti | pdver genararion, ik shatter il ver Sisctldsad ahé theaiinbypasswedve t he
i nt ake val ve 16 was ; cl osed during,_t i nt ake stroke. (At point X,
the remining displ a@"e%v)/épaﬁ@@rnpressons,prgfef% emeﬁa@ﬂ’qtghedmﬂﬁ‘aéﬂ%y t he
vol unme of t conmbustd, %ﬁ t i : Qpr essi on
rati o of thﬂe?’eengi ne.§ %‘ggﬁg?%e eyc?’ng'ﬁ%?ﬁgm?%gh{bﬁ%sgfez ?itg?‘it b(ség'{ﬁgke of
pi ston 22, the intakeompressed.lBhuteer valve 3aan thenldireapthe alrehangt akeundtaroke and
past 20 bott om dead center piston paqsition, and fhrough part_of the

conpression (2nd)  through intexgoplersel ¥ and 2. sﬁ"@ﬂ'ﬂg‘ thistime,dhe F%%‘_’e?‘sﬁ’@s/@%‘?‘, to
perhaps 50% or nmore g(f a}‘%?tg“flt?ﬁ %lkngtural?}pggﬁfrgéﬁ'amhxsoﬁlrgﬂlﬁ?e’ co%éssgf’fpﬁ'ﬂg Sone

of the charge-air ba
reduces compressor drive work and improves fuel economy.

the cylinder 7 cont eﬁgs?ﬂgﬁc%me}ﬁ h °H%WMQE%;%§% fsié]ﬁ-load

20
(c) When more power is required, the charge density and pressure can be
ingreased by closing air bypass valve (ABV) 6 causing.compressor 2 to
raise the air pressure and, éltematively, this can be accomplished by either - -
cutting in a second stage of combression by compressor 1, as shown in

25 Fig. 2, or by increasing the speed of compressor 2. At the same time,

conitrol valves 5 and 3 preferably, direct some or all of the air charge
. through one or more of intercoolers 10, 11, and 12 in order to increase

charge-air density.



mant fold 13 nd the intake valve 16 then closes to est ' ow )
congr essi‘on ‘?Qt’%’ﬁ’ﬁsﬁ the cylinders of the engine. At the ti rregg*)'%?"é@ﬁ e of
25

i nt ake val ve 16, the density, tenperature and. pressuré of the
cylinder will be at ' approximate parity with the manifold 13 or 14
contents. During |ight-$pad operation, such as in
vehicle cruising or |ight-|oad power eneration, the shutter
val ves 5 and 3 afle cl Gompressionichutines, fbyl;iasédesda?fmt glegady poesent, tigGchargsris t he

%ngg/egzgge)l S, prefer ?g%lit\éd and gg‘nellgius?ign Eypo%tucéshae lalrg%t e?:lf)gns%nr of the rggé[elél ragaeigstttﬁe the

PCT/ US97/ 09072 " pist . < ' .
i ntake conduit 8 of tﬁles 0(1:1022 rrgg%%?g %’53& Qtnﬁ%tmg’etlhﬁrgm%%engf)(ra)éég)e%.(g%}r‘}}l%g this

tine t he engi neemdrgy produckda higl? dieam effeclive\wyligder presauirg aad isconvertedat ed
air .through the .conpressor 2. This reduces conpressor drive work and
i nproves fuel5 economyinto high torque and powexnespepigy immode (le and power is

needed, such as hi ghway driving or medi um el ectric power generation,
preferably the shutter valve 5 to conpressor 2 is closed and the air

bypass val ve (ABpktafied mg@%ﬂ oFQE@ratiEH'o?t}ﬁfHﬁﬁﬁﬁ lbbegtszig.l at mospher i c
pressure intake air to cease re-circufatrng roug € conpressor 2 _
and the conpressor 2 Darjngthetintake (ist)stroke b thelpistge22 air floovsahfoughair- t han- 10
at nospheric pressure, wiile the closed, shutter valves 5 and 3 direct the

charge-air condugs 4 o2 mapifolded airigpr 145 which a4r (depending onpawesi ng t he
air coolers , ol 2 W e-ai i ' : t he
mani f ol ds 13@nd%%ﬂﬂ§}§erbts & it at MJ;P i?%%e‘rﬁ g‘%f% g@% b%%’e‘%bgnﬁhg@esg@e(ln%g{;?erbut

hot, charge i ncrgssige by Corfiprassoe 2f @edughahe intake valWel I5dafo thE eglindes 70 During
engine to create greater to;gue. 15 \When nor e power is
needed, such as Wedntakegrokesd pistar 22 therintake yaleeibéicloses early (atfpsintta¥yom oad

el ectric power ggneratiqn, preferab the air ,b s valve (A 6 S
cl osed and i he o Rapt SbicyBhde dnichitoff siinatd ROBE medim volihe 8Ebe e ' °
conpressor 2 to &ifaeLSPhedl durig thB 8o fesﬁbﬁl(ﬂﬂ? stPold, h6 Cotipte¥§ion takes placd’

both then 20 supply (depending on the respective opened/cl osed conditions

of val ves 3 End @it the pistont2Bchas etuiined tonthe peint xobkergthetintebeiyalve dbokast s 105
or 104, to conduit 110,. and f hen t hr pugh condujts 111 or, 112 to_.the
mani f ol ds, 13, 191!°%ﬁ]‘?d50“t"(5‘gtqﬁ‘Fe‘“?3‘FisH8’é‘?' s(A‘F:?O!“tg‘f the ’em‘“mgé‘]iﬁfﬁ%‘fedt‘\ﬂé‘}m%?f al |
three of the chaggeyliRdr¥ dviHad b} Ihiiflurheé of #aokftu¥tisiEdRtber, to establish the

compression ratio of the engine.) Alternatively, during the intake (1st) stroke of

piston 22, the intake valve 16 is held open through the intake stroke and pést
20" bottom dead center piston position, and through part of the compfession (2nd)

stroke for a significant distance, 10% or, to perhaps 50% or more of the

compression stroke, thus pumping some of the charge-air back into intake

manifold 13 or 14, and the intake valve 16 then closes to establish a low

compression ratio in the cylinders_'of the engine.- At the time of closure of intake
25  valve 16, the density, temperaturé and pressure of the cyiinder will be at

approximate parity with the manifold 13 or 14 contents. -

During light-load operation;_such as in vehicle cruising or light-load power
generation, the shutter valves 5 and 3 are closed and the air bypass valve (ABV) 6

30 on the compressor is, preferably, opened so that the intake air is returned to the



~cooled air charge when mxed with fuel and ignited and expanded beyond t he
25, conpr epebgiresit i 0 of the engine produces great torque FErBRYeT2 |
When greater power is needed the charge-air density and wei ght can be

i ncreased by increasing the speed of the conpressor 2 or by cuttlng in a
second conpressor as in Fig. 2, for a second stage of
pre-conpression. The latter can be 30 dad® by the engine control nodul e

%Z:T/S IU%S ?} iogg?g' xina?(g REnduit'§’ o¥ &)e%'g‘x?l\&essdr fwﬁhou% bemg compressedO 2Iijurmg this time
to close to preyg 'Bﬁ%}hé gfsiddé@bﬁf- hofare drdiiihg u%athﬁﬁy aeérp &t thrd qhgondw t

103 whi ch sel ectively, any second ression age during

| i ght -1 oad operaimpresso”2. This reduce$ bempressor drive doris ard/ingroves facldosom B
i ncreased, shutter valves 3 and 5 can direct part of all of the air
charge through intercoolers 10, 11 and 12 in order to 5 condense the

h d | t

or esaur o bot h acconHeBRgS et AELFAL TEpsRRE SRR A B MY divime b ases
the Weanmeaﬁx&péleetﬁc 9&%&&&@6&%&@&&%%%&@&%@ 18 ofripresSordh
torque and power. he heavi er’ the wei ght of the air charge

and the denser xslck)sedhamcgélpanrl‘hypaMalvee(a&BVbGlsoiosedelspnﬂhise;ansasalma (or the
| ater in the conpression stroke{a t he intake val can be closed to
establ i sh a | ovPtEWRpheEi AresTureptake 2 tp F“é@%%‘“&'x&ng thiough e qogpsessor 2

heat and pressu i) %B% i er. In this
4- strok%ﬁéhgfﬁg Fe%e mt%ﬁé E%@B%E%g% Bog}styeag“@% lpt)l?')glssure by as
mich as 4-50 atmosplieriegpéssines whilelthefclésed shuttapvalves 5and atdirectithe tigwpeaipugh,
say 4:1 to 8:1 (higher for 15 -diese even spark-ignited there

woul d be no pr otbreughgopduitsctG4a410.dd 1, mdel21/l)22bym§§msthenlmavlms Wadlped st | |

ani 1 on, per hape ith BEppBi RGBT kR Taddltoh 1:0dnd 14 1o ppRBF

conpr essi on r at ¢ylindérsFal-FThitehetie QéndeR Hut hotd LRAESin¢Rlask¥RhOmehlffetlive
cylinder 7 remaining after point x has been reached in the conpression

st roke ( afxdinder preesurcof/the eagine tatreate gyeatrsitorgueli vi ded by the vol une of
t he conbust] chanber. The expansion ratio in all cases is greater
t han t he co%ressi on ratio. The expansion ratio is established by

dividing the total disRhasée psWetiFhetded! Sith as when rapid acceleration is needed or
for heavy-load electric power generation, preferably the air bypass valve (ABV) 6
is closed and the shutter valves 3 or 5 or both are opened. This causes the
_compressor 2 to compress all of the air charge. Shutter valves 3 or 5 or both then
20  supply (depending on the respective opened/closed conditions of valves 3 and 5),
the conditioned air charge through conduits 105 or 104, to conduit 1 10, and then
through conduits 111 or 112 to the manifolds, 13, 14 and fo the cylinders 7a - 7f
via oné, two, 6r all three of the charge coolers 10, 11 and 12. The very densel
cooled air charge when mixed with fuel and ignited and expanded beyond the

25  compression ratio of the engine produces great torque and power.

When greater power is needed the charge-air density and weight can be
increased by increasing the speed of the compressor 2 or by cutting in a second
compressor as in Fig. 2, for a second stage of pre-compression. The latter can be

30 doneby the engine control module 27 sighaling air bypass valve (ABV) 6, Fig. 2;



|i nder by me of the conbustion chanmber. 25 can
bg car bur et eWorw‘éan be i-njected in a throttle-body 56 (sé’&T’Vﬁ?%&}n
Fig. 16), or the fuel can be injected inta the inlet streamof air,
injected into a prec- conbustion chanber (Fig. 21) or, inject ed
through the intake valve 16, or it may 2%e injected directly into the
conbustion chanber. |If injected, it should be at_ or 30 after the piston
22 has reached pdPrlosg t'aa@vmféewcm:m@owafw ofghe intakeqir imtpcconduit 1@&NVhICh WD
98/ 02653
PCT/ US97/ 09072

al so be injected thatiffe aitdehsitphnd presuueéﬁlln&%eatsh \amsgaaﬁdtsecah'ahr@&t ed at

t he usual point for diesel oil 1njection, aps I1nto

pr e- combust i on ctmmhd'rallmfthbmechdrgeﬂlrough mtet‘cmoldnel(l‘,dr]hudtladmoﬁdtatd)er or
can be I njected after top dead

directly onto_a gl ow Sone fuel
center even céntlcr?ﬂﬂfng@%o‘ihafg?gmﬁiH@sﬂ F}!?tln‘ﬁa‘ﬁ? l@ﬁhetqhergesempggtpmdon st roke

f t t
can be by comp: edraurer bER3EARERN Bl WLRIRE 8 e charge. Thigjnerggses 1™ 0"
el ectric spark. sﬁeanleffegﬁvé tﬁﬁd@ﬁﬁte&s%i@dxﬁir@%nﬂﬁfsﬁﬁzﬁf& ﬁ@h@k@ﬁ%%ﬁ@b@&er as

normal |y done, at top dead center or after top dead center.
At an opportune time the air-fuel charge is ignited and the gases expand

agai nst the piston for.t 3r d) st rqk Near tom dead center at
t he opportune t eéﬁﬁgﬁ‘?t"s \P&}Ba‘rlg)‘ éﬁﬂéﬂlsﬂ@ﬁcbggﬁ,itb%s in
the scavenging earli il the haRd SR (ol ' by
posi tive displ aceer%relnetrl after : (\Aﬁh%kllﬁgﬁ gl{ljés/% a v{el%s%ﬁq’ﬁﬁ@'sg’)éé%%%e
This conpl etes or«:ambyclosed)fo dstabhéh a low kempregsioreratio and retain pbier,endithcless

100[err] of Fig. rrlng now to Fig there is shown a six
cyl i nder reci proé‘&?‘lﬂ’& pressure is fiﬁ\tfiq d| “BB&B%PW‘%W%&Y&W{ el this4r whi ch

o0 1 Y1) e R e il o g bt gl 20R8Y 11 2

schematic draw ng Ssoci ated pi
4-stroke cycle amtmédphefeedhd ifalié botifressit RtiUIEHW Gouph, A8y 2! "G RO\ Eher for

15 diesel fuel), even spark-ignited there would be no problem with detonation. The

negates, selectively, any second compression stage during light-load opgration. At

expansion ratio should still be large, 14:1 would be a preferred expansion ratio for

spark ignition, perhaps 19:1 for diesel operation.

The compression ratio is established by the displaced volume of the
20" cylinder 7 remaining after point x has been reached in the compression stroke
(and intake valve 16 is closed) being divided by the volume of the combustion
chamber. The expansion ratio in all cases is greater than the compression ratio.
The expansion ratio is established by dividing the total displaced volﬁme of the
_ cylinder by the volume of the combustion chamber.- .
25 |
Fuel can be carbureted, or it can be inj.ectled iﬁ a ;hrottle-bgdy 56 (seen in
Fig. 16), or the fuel can be injected into the inlet stream of air, injected iﬁto a pre-
_ combustion chamber (Fig. 21) or, injected through the intake valve 16, or.'it may
be injected directly into the combustion chamber. If injected, it should be at or

30  after the piston 22 has reached point x and the intake valve is closed. The fuel can



~to a common crankshaft 20 via connecting rods 19a- 19f, respectlvel y. An 25
ancillary G\thﬂﬁgr 2 (herein depicted as a rotary corrpresspé.)mg.%gjmes ot

air which has been conpressed, or allows delivery of.alr

t her et hrough at at nospheric pressure, to manifolds 13 and 14 and to
cylinders 7a-7f which cylinders operate in a 4-stroke cycle. A
second ancillary conpressor 1 is used, sel%étively t o boost the air

pressure to co es.3, 4 6 and,intercopol ers 10, él and

D05 o CouRlsa bR Yindied I nmular to lic] ARAeon, AR e B1ecten e sy

ggl‘_/s IUth7 ) ‘8’867 9ht point for WRseFdiPinfeetion, perhaps into a pre-combustion chamber o directly

t enper at ure and imo esessontbustidrechanibiek or ditdcrlyonidaglbef plag.e Sbingddel ican BONt r ol
t he conpression ratio of the engine 1002. The combustion chanbers are
si zed to ejected aftey tomhdead conies pYsm coatinwpusly dwgéhgﬁrsé part of the

The engine 100[err] sho aracteri | 28! a _nore extensive
expansi on proce §p@lopgwg%ﬁgpé€@lgﬁop§ﬁ (?r?ﬁﬁretcﬂg’ 3:‘3 IPFW of. produci ng
a conbustion charge varying in weight fromlighter-than-normal to
heavi er -t han- normal , and capabl e of selectively providing a nean

effective cylinder pigmiton ean be by camprkssion (whiclcinay bé essisted/isna plomaplug), or
arrangenent of nor I . engi ne uf haV| ngﬁquqo simlar or_|ower maximum
cyl i nder pressuP¥efes before tapflead sentek agngi ne

control modul e SEEMH téé;?&éaﬁtgeﬁte 8t M3« ro%dc%né d 6 on

conduits, as shown, OVI system or con ing the charge density,
pressure, 10 tenperature, and the nean and peak pressure within the
.cylinder which allows greater fuel econony, production of greater
torque and power at AdwnRpRortugettime the anroﬁ»ebmargms w@ligchasé thergasésoaxpaed h
spark and conpressi I nes nat e ,enbodi nts a
vari abl e val ve Pﬁ%“ﬁgh%gié ogﬁgctgﬁgﬂ‘émﬁggb stroke- %c?rhbo foftfacad CERE #3C syst em
such as an engi g Y&Qﬂi’ertﬁﬁe SRdudt Salveldy 7 dpen S pisRAN Gised iBhE sEFRengin of
openi ng, and theE I me of closing of the IB?It akepva |l ves 16 to furthgergprow de
an i mpr ovéﬁh)ramdfgecﬁmenﬂy seayauging thescylinderrhy positiye displacemiantabfiers of

cylinders 7 7f . of 100[err] to allow for a flatter torque
curve and h?@her“’hb aust aﬁ'e&?% °§ﬁs?5h | ow | evel s of both fuel consunption

and pol luting em ssi ons. Brief Description of Operation of the
engi ne 100[err] of Fig. 2 The engine 100[err] of this

i nventi on shown i n FiTdis ®mpietas onayyctH dfithe dvstrpk@enginengi ne t hat attains
both high power and torque with |ow fuel consunption and |ow

_ The engine 100” of Fig.2
20 Referring now to Fig. 2, there is shown a six cylinder reciprocating

internal combustion engine 100? in which all of the cylinders 7a-7f (only two 7a,
7f of which are shown in a schematic drawing) and associated pistons 22a-22f
operate ina 4-sh'oke cycle and all power cylinders are used for producmg power
to a common crankshaft 20 via connecting rods 19a-19f, respectwely An
25 ancxllary compressor 2 (herein depicted as a rotary compressor) supplies air which
| has been compressed, or allows delivery of air therethrough at atmospheric |
pressure; to manifolds 13 and 14 and to cylinders 7a-7f which cylinders opeérate in
a 4-stroke éyclg. A second ancillary compressor 1 is used, selectively, to boost
the air pressure té compressdr 2. Valves 3, 4, 5 and 6 and intercoolers 10, 11 and

30 12 are used, in the preferred embodiments, to control air charge density, weighi,



pol l uting emyisé The new working cycle is an external co ' pe
conﬁustign cycl%@ﬂﬁﬁ this cycle, part of the intake air (a||n%F%§§?@ﬂ“$%
conpr essed in the power cylinders in conventional engines) is
conpressed, selectively, by at | east one ancillary conpressor 1, 2.
The tenperature rise during conpression can280 be suppressed by use of

[ ' he | pt ' d - WO
Sélr otz:ggger s 10, :LtéLrhpelr%furg@zlldc #rescs(t)n(?el. ‘ltheeinl e ealﬁsesz.ii ga’-lé}gre t?%eg to control the
PCT/ US97/ 09072 : : . 2 . 2
shorter conpress icgﬁxpgf%srs lc())fgé?‘m of the engine 100, Thf)ggmgldsgné)é]s ) b erﬁ Gy %'??deta met hod

of operation of tésmbhehthe¥gpansionFhticof the engind.002 i s thus: 5 1.
Dependi ng upon the power requirenents of the engine (e.g., differing-Ioad
requi renents), either intake air at atnospheric pressure or intake air that

has been co essed by.at | east.,.pne ancill aryy conpressqr and has had its

t enper at ur em;ﬁd press e&&}“ﬁzbgosqwndf}yé%g %y&%ﬁ%%ﬁ@mm&&%qswelo
coolers, is dra ' | i ~of _pi ston
2. oo 1536 b igésSlon Fa ard Ve clleBifty St pRSRCHE a0 "
val ve 16 (whi ch eambhstion charge varying in weight forfd lighter-ithadl sormiabtd iafaViendten-f or a

period of tinme after the piston 22 has 15 assed bottom dead
center whi ch punmerpaly andgapable of eledtivelyrprevidingea mearkeffective cylinder pressure 0 t he

i nt ake mani fol d 4 he Lntake valve 16 is then clgsed. at . :
poi nt which acti é’?ghs]e 531% c%‘i‘/h’lencgg}'e {on?ltﬁﬁ?ngg{‘%loﬁgf’ t"fﬂﬁmﬁ%h'%r@gﬁgon_ ratio
of. the engingp sghilar or lower miﬁlﬂhnﬂy‘liﬂﬂéﬁi{és‘éﬁkg? rcg%gaﬂis%hq}.ﬂ%oﬂ@énﬁsnﬂﬁ IS

cl osed early, during the intake , before the piston 22
has 'reached bot{ engidesidAn engine conftod modajfe(ECM) 27 and variable valwes 3¢c#25 ged 6 on
t hen expanded to the full volunme of the cytj I nder

{ and .
conpr essi on of t FBAEHE %feShQW&r ?rgvmﬁyftﬁ@ Bt S‘?’B‘f?llﬁa&éﬁhﬁ% density ppfesaurs. n
the conpression gihRksud aliiHe IndalGnl Bk re¥sdte Gitlh fid &iffter ARich allows

greater fuel economy, production of greater torque and power at low RPM, with

e

15  low polluting emissions for both spark and compression-ignited engines. In
alternate embodiments, a variable valve timing system can be used and, with a
control system such as an engine control module (ECM) 27, can control the time
of opening, and the time of closing of the intake valves 16 to further provide an
improved management of conditions in the combustion chambers of cylinders 7a-

20  7f of the engine 100? to allow for a .ﬂatter torque curve and higher power, and

with low levels of both fuel consumption and polhiting emissions.

Brief Description of Operation of the engine 100? of Fig, 2

The engine 1007 of this invention shown in Fig. 2 is a high efficiency |
25  engine that attains both high poWer and torque with low fuel consumption and low
polluting emissions. The new working cycle is an external compression type
combustion cycle. In this cycle, part of the intéke air (all of which ié compressed
in the power cylinders in conventional engines) is cozﬁpressed, selectively, by at
least one ancillary compressor 1, 2. The temperature rise during compression can

30  be suppressed by uSe of air coolers 10, 11, 12, which cool the intake air, and by a




-3. (a) During the borrpressi on stroke of piston.22, at the point the

intake = woosméss Vvalve 16 closed, either in 2(a) or 2(bpcerfodbdesn.’ - '
conpressi on begins, . producing a small conpression ratio. This
makes it possible to |l essen the tenperature rise during the
conpressi on stroke. WD 98/ 02653

PCT/ US97/ 09072 26 27

(b) During i ghéhbhgﬂ&ng;ﬁg{s?&ﬂ%krsum as in vehicle cruising or light-Ioad
e shu

power generati on, er"valves 3 and 5 are closed and the air bypass
valves (ABV) 4 and 6 to both conpressors 1 and 2 are, preferably, opened
' so that the intake air is returned to the intake conduits 110

and 103 of the - One suggested, prgfemed method of ogeration ofibe newsiyaly engingr essed.
During this ti >the engi ne pi stons 22a-22f are drawing in
naturally aspir OeéF'EP?' past the conpressor(s). This reduces
conpressor dyive work and further inproves fuel econony. 10

(c) Wien greater power is required, the charge density and pressure can be

i ncreased by cl hsi ngDependingnana theposeer répifementsaifthd €hgine (@!gs différing Toad

rai se the charge-air pressure and, in addition, by either cutting in the
second stage of conpieauisementyy eitherfitakesir atjatmasphetic prespreanintake ainthat of 15
closing air bypass vgl \/ LDy, Lncreasi t he speed of,.co ssor

2 or of both conpr es@ag\r{’%ﬁ g‘%mg‘iﬁ’és%%%ea‘h@g}é’,“e %rcoym??fégr@%%gé\%ﬁm d
be opened to direct g iR QHOdh 'é},ta?é l ers 10,
11 and ‘12 in order to%ﬁg?gagﬁgigg?gﬁé%ggg?ﬁéngo d4. e(‘:"chrrprt-:'-ssi on
continues, ¥luel is achddars,ii$ dravn intortbe gower aydinder, 7 bihtheditakegystrake of piston
ignited and conbusti produces -a | arge expansi on of the gases agai nst

pi ston 22 produci ng ffeat energy in either nmode 3(a), (b) or (c). This
energy produces a high nean effective cylinder pressure and is converted
into high torque and power, especially in node (c). 25 Det ai | ed
Descri pti on of Zper afa) dfieothetihtake strpkeds tfiplete; thedhtake galve 16 (which can be

During the intake (1st) stroke of the piston 22 air flows through air :
conduits 15 from t heSR8IAOF Bultiple) ‘éﬁefi‘ape@ff%ﬂ perigd ofifimg afterdbs pison{d 88 pover

15 passed bottom dead center which pumps part of the fresh air charge back
into the intake manifold 13,14. The intake valve 16 is then closed at a
point which action seals cylinder 7, thus establising the compression ratio

of the engine.

20 ‘ (b) Alternatively, the intake valve 16 is closed early, during the intake
stroke, before the piston 22 has reached bottom dead center. The trapped
air charge is then expanded to the full volume of the cylinder 7 and
compression of the chatge starts when the piston 22 reaches the point in
the compression stroke at which the intake valve 16 closed.

25 | |

3, (2) During the compréssion stroke of piston 22, at the point the intake
valve 16 closed, either in 2(a) or 2(b) operation, compression begins,
producing a small compression ratio. This makes it possible to lessen the

temperature rise during the compression stroke.



requi rerrents)wbgsﬂswer at atnospheric pressure or has been C%’ﬁﬁ%ﬁo ‘a \

hi gher 30° pressure by conpressor 2 and/or conpressor 1, thro

i ntake valve 16 into WO 98/ 02653 )

PCT/ US97/ 09072 28 ; t he
cylinder 7. During the intake stroke of pistdh 22 the intake valve 16

cl oses at point x sealing cylinder 7. Fromthis point the air charge
I s expanded to the maxi mrum vol ume of the cylinder. Then during the

compressi on (2nd) St ol Difng light-IoPHREARE, kbl B1E S BLR S ok 1EhRRY St O

22 has returned to the ere I nt ake va osed

during the intake stropewer(gdheration)theshutteevalessd md§are closeddhaﬂieaﬁﬁ@ﬁa@é ume
of the- cylinder is divided by the volunme of the combustion chanber,

to establish the corrprb@scrs@( \é)t4MﬁtquhmpmsqmAlapézram,upw,fcrpblmgmmg

h Kk Kk 22 h I
through the 3“1 ni aeetiet B Sk 47 s insedb BSimiRe Shndlinude S 1S BE P g
part of the conpressi osbr&&esss?wanéf msutfwn@c&ﬁ&essaacmhng RS Bl the 00

or, to perhaps 50% or nore of npression stroke, us punpi ng
some of the char ge- ai remwplsmsﬂaqnﬂ@edrawmgnﬂmnimllylaép’irawdal as@thed the
I nt ake val ve 16 then cl oses, sealjng cylinder 7, estale sh a | ow

conpression ratio in t?@nkrﬁspﬂa)erg“ﬁed’!‘ﬁ’é CORpreRsor dvaetmrktanﬁémaher improves

cl osure of intake val v&ellgo 5%2 density, tenperature and pressure of the
cylindef 7 15 contents w P approximately the same as that of the air
charge in theg ntake mani fol ds 13 and 14. Duri ng

l'i ght-1oad operation, such as in vehicle cruising or Iight-load power
generation, the- shutteﬁc) Vehencgreaterpeaves isnequised; shercharge densityaand pressusscandiev es

AB 20 4 and 6 to both ressors 1 and 2 r ef er abl ened so
'Ehay)the i nt ake air istherease %re“t]?ﬁ‘%ﬁrpxp“lsﬁga vﬁ?‘éﬁ&@cﬁ?&ﬂ?ﬁ?‘%‘? 1903 of

the conpressors 2 and ianéé"tﬁé‘&i&ge—axrpres&ﬁéﬂﬁh %H&hﬁ&ﬁ% ex@HfétRﬂnéﬂhﬁe“ e
the engi ne pistons 22a - 22f are drawng in naturally asplirated air
past the conpressor (s)secdind s;ageemﬁma@rcsstanbe’wmprehson/bm the samwmdnnemd:at of
further inproves fuel ecano

en ne ue and
power is needed, such QS‘W%MWBP’PWF@B%p °fb-‘/'"°r%?§asg‘rﬁ %@PE?‘E“RTS%@F
generation, preferably BPSf!?dSH%&rﬂ?re! Q/eﬁtffic_?.ﬂﬂe%n?cr metlei’%ﬁl% 3and}51w%!ﬁfidthe
air bypass val ves (AB Bsed IS calSes rmsp eric

pressure intake air tobé:medtcﬁdxﬁactmrhabtﬂgoiméaug:hmtgbehmngtpfrﬁa-a@dlerz 1and 1

and both 30 conpressors begin to conpress, the charge-air to a
hi gher - t han- at nospher i k! and 12'in order to mcrease charge-air density.

20 4. Compression continues, fuel is added if not already present, the charge is
ignited and combustion produces a large expansion of the gases against
piston 22 producing great energy in either mode 3(a), (b) or (c). This
energy produces a high mean effective cylinder pressure and is converted
into high torque and power, especially in mode (c). |

25 |

Detailed Description of Operation of the engine 100* of Fig. 2 _
During the intake (1st) stroke of the piston 22 air flows through air
conduits 15 from the manifold 13 or 14 of air which air (depending on power
requirements) is either at atmospheric pressure or has been compressed to ahi gher

30  pressure by compressor 2 and/or compressor 1, through the intake valve 16 into
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pressure, while the closed shutter valves 3 and 5 direct the charge-air

t hr ough conduits 104, 110, 111, and 121/122 bypassing the air
coolers 10, 11 and 12, in Fig. 2, with the charge-air going directly
to the manifold 13 and 14 and to power 8 cylinders 7a - 7f where the

denser, but hoty, %gﬁ‘ﬁ&? 7 W@gﬁgg i@ s%ﬂ?g%i&%ﬁ&l gfr'epig\%agcre vafvd! 161d6%es at

pressure of the engine to cr greater ue an

Whien nore power pdifit X ssatigg cylindeh 72 Frov €ils peint theatichbdeds expanded tvaheed or
for heavy-load electric power generation, preferably the air bypass val ve

(ABV) 4 maxinyin ¥o! theweylinder. t Bhenvduring tis: compsgssiond2ndstrokemoses
t he conpressor 2 to 10 onpress all of t air ch e, and shutter valve 3
di rect gp t he ai rCUPRIFHER ﬁﬁ?ﬁﬁﬁ’e untif the RISIPRY gff’gs Ti‘?“‘i the pointy Wheee the

q A . _ . ) _ dt
conpresse Csha;&i‘ilé%weﬁ GWI&.%Q dhﬂn% g%l 1@?15% %@Al&? éAiggm%ﬂtﬁe flithidiggand to

the cylinders Vi a charge an reven.

greater power tdiepladud vohimy af the cylinder ipdiniied dpdhd Wdume bf thepoantbusidne 6 i s
cl osed and conpressor 1 begins a second stage of conpression, and
all of the air ¢amhgs tasstablishibecompressieniratinod theenginedr Aigmativelyoluring and

12 for high chag. i JThe. . ver nse cpol ed air ar when

m xed with f ue?{hﬁﬁgﬁ‘igﬁis{)égosaafg%g%etgxe)(ntgkee V{ggﬁﬁﬁip@opgaﬁﬂrpggﬁf% ratio
of the engine PHOMIGREkSMRPHaskad KHRPIARENIRY, and through part of the comPfes$iGRVi er
the weight of the air charge and the denser the charge, the 20- “earlier

(or later) ¥he (2ndpitewokedbrasigpificant distarsedl 3% oe,30 pbthaph50¥%lcomarenhthessi on
ratio and retain power, and the |ess, heat and pressure is.devel oped during
conpression in ¥ rEﬁ'?%ﬂ'@&‘F’ HsPWPE‘“E-%PF(?E@”&?@‘T&?@‘E‘?‘?@EFWP&R gharge can

be boost eQahifolR" yye tﬁi}é‘:\t’b 8 Bf. t he

engi ne' s f(i:llta§i1rrig(rJ eggisogn ’rg%a?/tgéﬁls owlﬁlobﬂ%lg, @%g&;/%?%%%ﬁ?oylgr:il%ryhﬁogher for
di esel fuel), esstabligha lowrempression ratib infthe eylindeisabfiie enginer il thentindetdf
detonati on. The expansgion ratio wou still be very large, 14:1 would

| oul d _
be a pref er abl eclesjyarE intake,valved 6 the depsity temperatureapressure of thegdinder 7 1 or

di esel opergli Ofyptents will be approximately the same as that of the air charge in the intake

manifolds 13 and 14.

During light-load operation, such as in vehicle cruising or light-load power
generation, the shutter valves 3 and 5 are closed and the air bypass valves (ABV)
20 ‘ 4 and 6 to both compressors 1 and 2 are, preferably opened so that the intake air is
returned to the intake conduits 110 and 103 of the compressors 2 and 1 without
being compressed. During this time the engine pistons 22a - 22f are drawing in
néturélly aspirated air past the-compressor(.s). This reduces compressor drive
" work and further improves fuel economy. ' ‘
25 o |
'When medium torQué and powér is needed, such as highway driving or
medium electric power generation, preferably the shutter valves 3 and 5 are closed
and the air bypass valves (ABV) 4 and 6 are closed. This causes the atmospheric
pressure intake air to cease re-circulating through the compreésor 2 and 1 and both

30  compressors begin to compress the charge-air to a higher-than-atmospheric
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The conpression ratio is establ i shed by the displaced vol une of t he
cylinder 7 remaining after point x has been reached in the conpreéssion
stroke (and intake valve 16 is cl osed)290e| ng divided by the vol une of

the combusti on_ arescultl ARE e g SAARATARA: 5 3hd 3 dloribl hASERr BBt

t han t he corrpressp Fon ra expanston ratiois

di vidi ng the t ot alonghissl0as 1D, \lQlUdﬁdlel/ItZQQ)yFasmngtﬁEhir'&dSl"ersbw i heny 9 upe of
t he conbusti on chanber. Fuel can be carburet ed or it can

be injected i n a Rigrhmithshe chare&air goingrdirestly to the ningfold 53 andt4 amietofpower can
beinjectedintot e.in [

of air ted.into a pre-
combusti on chanbé¥* B@“Fhaﬁéw{‘ n‘?b?‘;eqs?ﬁ’é\%‘tlﬁd immgmﬁ erm%ffﬁﬁll\’ﬁe 16,

i0:1j ef:t ed, it sho%c]h%g ?%s?&e%'f'&f‘ecén ttgtfpﬁa%?ﬁ %%fﬁﬁ S reached p0| nt x

and the intake valve is closed. The fuel ’ can also be injected | ater
and in the case of diesel operation can be injected at the usual
poi nt for diesel oil |W}1@rcmpmpovmrmw§ed,rsughaswhmwm@ckmonmmécdm 15

A an oppor t une SPHEFHIAE HeIEPOTt PP, RHETRY e dinbypssatd B

against the pi St Ghciogid dddne Gfter {alfels §§,5eaE@ ThRRGue of SRy e at

t he opportune tine exhaust valve open an rrses in

t he scavengi 1 2@ompfess h)l ofthe(}inechaﬁgefandlshnﬁérwam&lr@tﬂmhhehagb thrgagh by
positive displ acenent. i ch the_exhaust val ve(s) cl oses.

This conpl et es _okengyjls 1é2épdtlﬂé and %@mr%ﬁsad sharge-aip is supplied (o the memfddf err]
of Fig. 3 | 0 e ag Sl

cyl i nder reci procgtalnﬁl l4a§ﬁft§{l{e cﬁgpﬁﬁgﬁéoit@?b%%hag% JO%HT%&)EFI?W Férgv(vﬁl ch

all of the cyli nge¢ater powét tl(e@hhuer@laﬁ'etﬁ‘ is opened aldi thé air By sl walve 6 isiclogsd | onal

view) and associ ated pistons 22a-22f operate in a 4- . stroke cycle and
al | power cyli nd@nd cempregsnsd: basrns;arssqrmﬁ sﬁ@gemfwempmsxanmdmblmfsbe air charge
crankshaft 295\“ % r?c?v@'dxergéteg 81:5 rcoo} 10 rlelszﬂ'x%clt2I ln)éh cﬁmge gr'lsllt!ya%e

very dense cooled air charge when mixed with fuel and ignited and expanded

beyond the compression ratio of the engine produces great torque and power.

The heavier the weight of the air charge and the denser the charge, the

20- earlier (or later) the intake valve can be closed to establish a low compression
ratio and retain power, and the less heat and pressure is developed during
compression in the cylinder. In this 4-stroke engine the intake charge can be
boosfed in pressure by as much as 4-5 atmospheres and if the engine’s
compression ratio is low enough, say 4:1 to 8:1 (higher for diesel fuel), even

25 spark-i gnited there would be no problem with detonation. The expansion ratio
would still be very large, 14:1 would be a preferable expansmn ratio for spark
ignition, perhaps 19:1 for diesel operatlon
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reci procating conpressor 1 and an ancillary rotary conpressar 2 supply
pressuri zed charge air which has been conpressed, or allow delivef of air
t heret hrough at atnospheric pressure, to manifolds 13, 14 and to cylinders
Ta- 71, whi ch cylinders operate in a3 stroke cycle. Valves 3, 4, 5
and 6 and intercool e

5 10, 1 d | h f d
enbodi ments, to conti@?°°5ﬁ‘?f°%5h%{’rf§é°?S_nesm%ﬁa'iﬁrﬁ’g‘mu@?egmlagﬁ‘iYﬁilﬁ'ﬁf?é rr5re and
pressure. The i gjiader ¥ Anvdbfing Gfiéf foint ¥4 bebn reached ifi WY Eothpre&ifort QFIREESSI ON

ratio of the endgine 100[err]. The conbustion chanbers are sized to
‘est abl.i sh t he e(apdistakavalve 1®isclosed)cbeimgydinmizled by il volume of the cbiarbustigi ne
100[err] shown in Fig. .3 is characterized by a nore extensive | .
expansi on pr oceShambgr, Elw@mﬁ?lew%n@ﬁwsmeetﬁ@%eamomrwsm BHOduci ng
a co St4 SQQE- r-yI | ' : ' - -NorpRl. to
heavi er - t hgﬁj Thee nor'?f‘gfa\‘ al%éag%{%gﬁ@ gif%dsléé g*?t‘%’f\?g{i‘%ﬁ%?%‘ivﬁw% 9gﬁwean'

ef fective cyli ngdinde¥ B5the vBlume of thé taBistibh@Rarfibe?. t he conventi onal
arrangenment of normal engines but having 15 simlar or |ower maxinum

cylinder pressure in conparison to conventi onal engi nes. An engi ne
control nodule (ECM .27 and variabl.e valves 3, 4; .5 and on, . )

Condu ts, as shown. Eie Ry e SAbieiedor Brarbn iesteing TRalechbg® esmn y,
pressure, eIpe i R afy . e
power cyl i nder gigvm%ﬁ% fﬁelcgﬂlg%i éﬁggbe@g?t&e e%@norry,{n?eg\r‘!(:ﬁ}g{d;ah%ﬁpomr
at | ow RPM10ni t éorhimstipo chambengs #OFig. 2hors fnjested fhosughahéd intgkervalvents, or it

.conpr essi on-i gni tegFerggi nes. In alternate . enbodi nents, a variable

val ve timng sy3e¥Reaiecteskdigactly intqthe cambustiop ghambgr. If injectedy it should hept as an

engi ne contr ol : I ' . nj and
the tinme of cl Oé’i?%lx@?e(;ﬁfgﬁ F%E‘ g‘?(lceé%\}éﬁ%&re&sr{t%f)m ?gﬁ? %‘rﬁe"rgfvﬁrl%slloaeed?gﬁl ¢l
i mproved manageg@dlscobe infeatkidilatenand in thd€ase ofBiésd] operafibmediEbesinficted)at trder s

7a- 25 7f of the engine 100[err] to allow for a flatter torque curve and
hi gh power and Wuehpoint for diesg) dildniertion perhepsinteie precesmnstien ehanabet opol | ut i ng

Flo s 15 ity ElncERRRIRbh Bafrer ERIEh NG T o8 omn i n Fig 5

is a high efficiency 30 engine that attains both high power and torque

with | ow fuel consunption and | ow
At an opportune time the air-fuel charge is ignited and the gases expand

~ against the piston for the power (3rd) stroke. Near bottom dead center at the
opportune time exhaust valve(s) 17 open and piston 22 rises in the scavenging
20  (4th) stroke, efficiently scavenging the cylinder by positive displacement, after

which the exhaust valve(s) closes.

* This completes one cycle of the 4-stroke engine.

25 Theengine 100° of Fig.3 |
Referriﬁg now to Fig. 3, there is shown a six cylinder reciprocating
internal combustion engine 100’ in which all of the cylinders 7a-7f (only one of
which is shoWh in a sectional vieW) and associated pistons 22a-22f opéx‘ate ina4-
stroké cycle and all power cylinders are used for producing power to a common |

30  crankshaft 20 via connecting rods 19a-19f, respectively. An ancillary
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pol luting em ssions. The.,ne\'/v wor ki ng' cycle is an external compression type
conbustion cycle. In this cycle part of the intake air (all of whith is

conpr essed in the power cylinders in &nventional engines) is
sel ectively conpressed by at | east ong ancillary conpressaor 1, 2. The
tenperature rise IGEIPTOSBURGSATMRIESSPD h apd An ancillany Jotapherapressgr é?uﬂﬁﬁ of air

coolers 10, 11, 12 ss%.ieccpchgpg%laixlwﬁicﬁ %K&n@o&rg«%ﬁéﬁ, BY affow deléver@?%frt er

conpr essi on st r oK _ sugg “preferre od of
operation of the iheathrdisghon afifdspReric pressurel O aRitolds 33! Iand téQ?']inde,rs Ta-Tf,
Dependi.ng upon the power requirenments of the engine (e. g differing | oad
requi rements), eiwhich cylindekscoperate inta dristrokgptpete. cVavess3; 4 & and Giantlaitercaplerst hat
has been conpressed by

t least qne ancillary.c ressor and has had its
t enperat ure afd p‘r%é%&?‘glaafel}ﬁs?@dnﬂ}ﬁmf‘y”&& 3@’98 tsamjc@w&’?%-c fige 15

coolers, is drawngi A6, [ ' Y | i ston
2o oS 1S 5T M ey s EBtralt A Bleedy e THY Bl BMAIVES T B Y 0”21 0O
16 (which can be control the compressi6h Fidiofofahe engifé PO, Thé corhbustionthhmbérs caren
for a period of tinme after the piston 20 .22 has passed bottom
dead center whi clsizeditpestpblish the expiapsipn satie ofithe engingje : back
into the intake manifolds 13, 14. The intake valve 16 is then cl osed

at a poknt whi-ch seal s cylinder 7, thus establishing the conpression ratio
of 10 the ep‘iﬂé}%ine,lﬁsshown in Fig. 3 {shardtiefbdiPby ¥ filofe ctBfsivelt ake
val've 16 is closed early, during the 1ntake stroke, before
t_ﬂe pi ston 22 hasexpamsidreprobess; lomcanmopressidrenatio ahd thercapahility of producing a air
charge is then expanded to the full ,voluy of the cylinder 7 and.
conpressi on of t FOmbystiopchargs YaIyiRg in we tﬂPg‘t]bﬁqﬂ %%&Mt?ﬁﬁavbﬁ'th@'i n

the compressi on i Ake xal cllabRbsPRot SRty § mbin SHSRR cylinder JRGHe02653
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higher than can the conventional arrangement of normal engines but having

15  similar or lower maximum cylinder pressure in comparison to conventional
engines. An engine control module (ECM) 27 and variable valves 3, 4, 5 and 6 on
conduits, as shown, provide a system for controlling the charge density, pressure,
temperature, and the mean and peak pressure within the power cylinder 7 which
allows greater fuel economy, torque and power at low RPM, with low polluting

20 ° emissions for both spark and compression-ignited engines. In alternate
embodiments, a variable valve timing system can be used and, with a control
system such as an engine control module (ECM) 27, can control the time of
opening and the time of closing of the intake valves 16 to further i)mvide an
imprdved management of conditions in.the combustion chambers of cylinders 7a-

25  7f of the engine 100" to allow for a flatter torque curve. and high power and with

low levels of both fuel consumption and polli_xting emissions.

Brief Description of Operation of the engine 100° of Fig. 3
The engine 100° of this invention shown in Fig. 3 is a high efficiency

30  engine that attains both high power and torque with low fuel consumption and low




33 3. (a) Duri.ng the conpression stroke of piston_ 22, .at .the

- poi nt the wu sBR653 val ve 16 closed, either in 2(@cruse?idey: '
operation, conpression.begins, produci ng a small conpression
ratio. This makes it possible to | essen the 5 tenperatire rise
during the conpression stroke. (b) During light-1Ioad
operation, such as in vehicle cruising or 32 ght - I oad power

Salvea (ABv) 4 poliithk ShistRnk e Tnentl boniBl £y0k e 5 ol Bt iahFRE . e 10
so that the intbusiién éycld, ThUkisRyclk Pakt OE the Thike alr YAVLT Which 19 cénpte&e@f the

conpressors 1 and 2 without being conpressed. During this tinme the
engi ne pi stons iA2be poWeraylbindersiini copventionat engindsy isselecti vtly dompresyeddty at he

conpressor(s). ,This reduyces conpresso ive work and further inproves
fuel economy. 1lastone anciflary °°mg@fsqnﬁeﬁ-_ %& AFAPETHYRHSE; ‘Ié‘"l"s GOmPERSSIOR {an
charge densicty . ' | air
bypass val ve5 (,&g}g‘ pﬁfeg%gslﬂyﬁxgsgggaﬁgggcggxgrloll%,012, whid?ﬁibﬁ?ﬁn‘é%trglg? glg’%ghg’ga '

charge-air presshofter compressionstidkéi on, by either cutting in the
second stage of conpression by conpressor 2, if needed, in the sane 20
manner, that of closing ABV valve 6, or by increasing the speed of

conpressors 1 or 2, Qr both. At the sang tine, shutt val ves, 3 and 5

woul d direct sone OIBE‘F fugtgFSt?‘ﬁé’mff?e‘iWﬁ%g ﬁpﬁrﬂgﬁ“ Pﬁ'ﬁ"&“g‘gﬁy@}ese“ﬂﬂe 11, and
12 in qgrder to jopeiORae charge-air density. 25 4. Conpr essi on
continues, fuel is added if not already present, the charge is

i gni ted andOconbusti on produces a | arge expansi on of the gases agai nst

piston 22 produci ng great_ energy in either, node 3(a), (b) or (¢). This
~ energy producesl-a hi Pméms@Pﬂ%kquremmtsmf&%wwwéff)emg/@ﬁéed

into high torque and.pgghent§Satek Hchke &Paﬁ%ﬁsﬁh@ic pressure $ntake AR
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has been compressed by at least one ancillary compressor and has had its

temperaiure and pressure adjusted by bypass systems and charge-air
15 coolers, is drawn into the power cylinder 7 by the intake stroke of piston
22. |

2. (a) After the intake strolé is complete the intake valve 16 (which can be
‘ single or multiplé, 16, 16") is left open for a period of time after the piston
20 22 has passed bottom dead center which pumps part of the fresh air charge
back into the intake manifolds 13, 14. The intake valve 16 is then closed
ata p_oiht which seals éylinder 7, thus establishing the compression ratio o_f

the engine.

25  (b) Alternatively, the intake vaive 16 is closed early, during the intake
stroke, before the ﬁistbn 22 has reached bottom dead center. The trappéd
air charge is then expanded to the full volume of the cylinder 7 and
_compressibn of the charge stérts when the piston 22 reaches the point in |

the compression stroke at which the intake valve 16 closed.



34 , ' Description of Operation of the-engine 1 : Fi g,
'3 WO ring the intake (1st) stroke of the pi stonolgz%‘eiglédr7 78ws

t hrough air conduits 15 - fromthe manifold 13 or 14 of .air which air
(dependi ng on power 5 requi renents) is either at atnospheric pressure or
has been conpressed to a higher pressd e by conpressor 1 or 2 through
the intake valve 16 into the cylinder 7. During the intake stroke of
pi ston 22 the intake valve 16 closes (at point x). From this point

the cylinder confent 6 R : b 1% I . .

cylinder. Then r(j1§tj'ri nz(a?ﬁgnggrrpre?g)lr%ér%m%‘gﬁagg%sstﬁg%@hgr{g%ﬁ%lf&e{shgil%tﬁk § akes ,
place 10 until the ilvd Dicldsedneisher & 2a) 0£2(bY opdittidiy) icOinpiesyibe begihkle i nt ake
val ve .16 was closed, sealing the cylinder 7, during the intake
stroke. (At point x, Rrhdugiegyasmalhgompression ttiop| Thissmakesitpassible totessey thender
I s divided b* t he vol une o_hﬁt he onbu%tion . hanber, to establish the
conpressi on Patio of FRECRE FH&??"W& P FAPPLFEFIO0 SERAS ng t he intake
(1st) stroke of piston 22, the intake valve 16 can be held open through 15
the intake stroke passed bottom dead center, and through part of the

conpr essi on ( AbY ) Duringlightlead apenition] such amin vihidle exusingl fight-16e) haps
50% or nore of the conpressi on stroke punping sone of the charge-air
back into intake maniHo3Yeygeneration, theslutterevalves 3iand\S-arg slosed andthe aisdypassoses

to establish a low c [ ' 101 , hnders LOf . 1 he _engi ne.
g et " SSRAERD 4 o b St 8 2R Bl B
or light-1o03@g power so that th@iiidlediir io fetuine@ tGhetiitake YHAMRS 1 FO ANFS 5f B
cl'osed and the air bypass val ves (AB 4 and 6 on both conpressors 1

and 2 are, preferabl ycompressets lsandi2withoutdeingtcalpressed. During thisstimether ned t o
the intake conduits 110, and 8 sgél% copgpressors. 1 and 2 w.thout tﬁS bei ng
conpressed. During t fR&MEMEORT e, i%g%mgdnél%%!-bw“a%aam § in
naturally aspirated gl PQ@%B hergOaR - | RstHe r
drive wor k angio?nrt el;(g)l’ npr ovegégﬁg{r&i%f%gﬁk%&gm Pﬂﬂﬁx‘?ﬁﬁen
medi um t or que and poviael écenorapded, such as hi ghway driving or 30 medi um
el ectric power generation, preferably the shutter valve 3 to conpressor |
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(c) When greater power is required,. the charge density and pressgi'lé can be

increased by closing air bypass valve (ABV) 4 causing compressor 1 to

raise the charge-air preséure and, in addition, by either cutting in the

second stage of compression by compressor 2, if needed, in the same

20 - manner, that of closing ABV valve 6, or by increasing the speed of
compressots 1 or 2, or both. At the same time, shutter valves 3 and 5
would direct some or all of the air charge through intercoolers 10, 11, and
12 in order to increase charge-air density. |

25 4. Compression continues, fuel is added if not aiready present, the charge is |

ignited and combustion produces a large expansifm of the géses against

piston 22 producing gieat energy in either mode 3(a), (b) or (c). This .

energy produces a high mean effective cylinder presstire and is converted

into high torque and power, especially in mode (c).




.is opened, the air bypass valve (ABV) 4 i's closed and. ABV 6 renains open.
Thi s . woReesst he atnospheric pressure intake air to cepefusennger2 '
re-circul ating through the conpressor 1; and the conpressor 1,

al one, begins to conpress the charge-air to a

hi gher -t han- at nospheric pressure, while the closed shutter valves 3 and 5
directs 5. the charge-air through condud4s 104, 110, 111, and 121/122

bypassing the air coolers 10, 11 and 12, in Fig. 3, with the
charge-air going directly to the mani fol ds 13 and 14 and to power
cylinders 7a-7f 1ybigled BdElRASHORPARDI ERAHe 100° of Figh! €ases the mean
effective cylin er pres € 0 € engl 0 create gr er - t or que
and power . Durmg the m‘M«er(lst))stmlqa(m\i\'ﬂm piston 22 dirdlowsuthivugh aivhen rapi d
accel erati on |s needed o for heavy-load el ectric power generation,
preferably the &PR %?déﬁm&mmf%% or 14 of air whighpin(dgpandingmreppweard t he
shutter val vgs 3 and {15 s&,?lot.h co reslf é’ S, causes
t he conpress rsl?“érﬁﬁ'eﬂ gggo PrepsieEs & ascbﬁgqg%ngﬁape ﬁ%?p er 15

valves 3 and 5 Qrdseire b&%n%i‘éss&hadﬂ?ﬂl?d@}i thé RAKESARE! 16 x&oaméicﬂh{dewh t he

conpressors 1 and 2, and the conpressed charge-air is then supplied through
conduits 105, 1(Dimnglb¢ intdk® strokSof pJSIanaadhdmfakbotatvhd6rdase§(altpexn18) dhoml 4

and to x der a-7f via the ¢ ge, coolers 10, 11 and 12. The
very dense cool SP int the cyppder CQRIgRts AFfegxpan O\H“”c‘l’i‘aﬁ“ﬁéﬂm &ﬂameg’meed and

A i &h?degome&mﬁék%g{egﬁbe ﬂld)%‘lge \’/vel mrc s??rﬁgaﬁ ‘%g%arge

torque and power eav

and the denser twheil b pisteh 22 had returned to @R poistrx Wherk filee iinﬂikaivelv&tﬂi% (or the
later in the con&ges& on stroke) the intake valve can be closed to

establish a | ow isealingdhe eylindsr Zdnringithe intaks\strpke. oA poing x| ﬁxgsemanmgheat

a7 oke ongi ne © ﬁis%?/%fﬁgﬁf’“s%‘hfé@eq%yiﬁﬁ%”g§§a§% o ok BB Gyt

4-5 at rm%ahﬁb@;Smaésﬁhbhéh ﬁﬂ%oﬁ@?ﬁ%&@ﬁ%tﬂfbfftﬁé exfpihé) |AQanHﬁQHEhdmﬁ?é’ 4:1
to 8:1 (higher for di esel 2 even spark-ignited there would be
no problemwith tMMt(l%}ﬁtrdkh@fPlston 2, thegntakt valve 36 can bheld open through very

are. 14, 180U R ool At RRBREn 0 B Bl B oo™
PCT/ US97/ 0907 2 (2nd) stroke for a significant distance, 10% to perhaps 50% or more of thd6 _
compression stroke pumping some of the charge-air back into intake manifold,
and the intake valve 16, 16' then closes to establish a low compression ratio in the
_ cylinders of the engine.
20 |
‘During light-load operation, such as in vehicle cruising or light-load power
generation, the shutter valves 3 and 5 are closed and the air bypass valves (ABV)
4 and 6 on both éompressors 1 and 2 are, preferably, opened so that the intake air
is returned to the intake conduits 110 and 8 of the compressors | and 2 without
25 being compresséd. _During.this time the engiﬁe pistons 22a-22f are drawing in |
| naturally aspirated air paét the compréssor(s). This reduces compressor drive

work and further improves fuel economy.

When medium torque and f.‘ower is needed, such as highway driving or

30  medium electric power generation, preferably the shutter valve 3 to compressor 1



The corrpressw,g,@gﬁgy is established by the displaced vol une Geti®mmoer2
cylinder 7 remaining after point x has been reached in the conpression

st roke (and intake valve 16 is closed) being divided by the vol ume
of the combustion 5 chanber. The expansion in all cases is greater than
the conpression ratio. The expansi on3Batio is established by

di vi di the total di I d I f th I f

1 Contust on el S5 SBAAENG 5\t o 5 B b S .

be injected in a Llikalthd Rudgbhric esstit iR air Mseast RiRld g fifofitl bl © L e
ha r, Fig.

inlet streamof air, inject a pre-co bUSt 1 on

21, or, injected dolmpresghrt hﬁdlth&cainmwssbrlb, aléne, degink toreompress the@hhrge-air to a
dlrectly into the conbustion chanber. If injected, it should be at or after

t he pi st oﬁ“@?fﬂh@'?@'@émcmsﬁwexwh%ﬂﬁ@*ﬁ15@-!@1'\}*&1"9%3 iagd & |direets.

The fuel can als I n I of .di esel
operation can%be%ﬁ?léaégeéﬁlréqm? HIEH ?é)lglr@nﬁf ‘“;f”g?é assdw er"ﬁlection,
perhaps into a ProfedrinianiaAd 19/MIEe" & Bk

conmbusti on chanber 0or directly on?igga?’ gﬁgﬁhp%é air%&gtcﬂf‘ectlyto the an
opportune time t hearifolds lmdndclhamgeo ipowegtylindersdad/fwlergthe aensex Ihaaitdd charge
the piston 22 for, the pqwer xf,j: stroke. Near bottom dead center at the
20  opportune tllﬁge%‘%?ﬁﬂl?s'{‘ea%ﬂ i cyimdﬁfﬂé'ﬁssblf?cpfr}h%ﬂﬂi“?@ Greale graaert he

scavengi ng e, efficiently scavenging the cylinder by

posi tive dlsplacenéﬁ% a?{’&’ark whi ch exhaust val ve(s) 17 cl oses.

This conpl etag one cycle of the 4-stroke engine. 25 The engine
100[err] of Fig. 4 Referring nowto Fig. 4, there is shown a

six_cylinder reciproca¥hemmore poweriisinesdedssucloatwher rpidargeleetionds aeedgd or

havi ng two at nos I,nt akes 8 an corres ake
Conduits 15 A 130Ehea T APy Powst EReratiof HefePbly AR tymecs vaves APV,

VIV\{‘)' g g/ '0; 6; govvn | 1} ghdeark cRRE and @Wshutier (hived'sl aRd S afd é}kﬁ@d Bh %B@fb%n?pgé’ss&%f
PCT/ US97/ 09072  This causes the compressors 1 and 2 to compress all of the air charge and sBitter

pover 18 o S SR ER R ek hieaaveY SoRbimou Sagdipsueh e 1ot
respectively. A compressors 1 and 2, and the compressed charge-air is then supplied through
conduits 105, 106, 110, 112, 113, 114 and 115 to the manifolds 13 and 14 and to
the cylinders 7a-7f via the charge cooiers 10, 11 and 12. The very dense cooled
air charge when mixed w_ith fuel and ignited and expanded beyond the

-20 - compression ratio of the engine produces great torque and power.

The heavier the weight of the air charge and the denser the charge, the
earlier in the intake stroke (or the later in the compression stroke) the intake valve
can be closed to establish a low compression ratio and retain power, and tIle less

25  heatand pressure is developed during compression in the cylinder. In this 4-
stroke engine the intake charge can be boosted in pressure by as much as 4-5
atmospheres and if the comp'ress_ioﬁ ratid is low enough, say 4:1 to 8:1 (higher for
diesel fuel), even spark-ignited there would be no problem with detonation. The |
expansion ratio would still be very large, 14:1 would be a preferred expansion

30 ratio for spark ignition, perhaps 19:1 for diesel operation.



conpressor 2, in this figure a Lyshol mtype rotary conpr essor., .i.s shown

- whi ch, wo98/02684 th air conduits as shown, supplies presspgizssd7esrnzto
one or .nore cylinder intake 5 valves 16-A. An air inlet 8 and an
ancillary air inlet 9 and inlet conduits 15-A, 15-B sel ectably

supply air charge at atnospheric pressure or air which has been

conpressed to a higher pressure to separatd6intake valves 16-A and 16-B
openi ng to the sane cylinder 7a-7f (for exanple, shown here
opening to cylinder 7f). _ I ntercoolers 10, 11 and 12 and control
valves 3, 5 and 6 ar ?hygéxﬂgrebﬁoﬁ %oﬂ%@gtﬁ;ﬂsﬁgd by thejé?spl&g@%lu%‘d WfShe £ ©
control the air charge denSity, weight, tenperature“and pressure.

The intake val vedinden? temaihing-aRevpoinhx hackseneeathed inthe vapression strakel4- B and
intake conduits 15a-B to 15f-B, are timed to control the conpression ratio
of the (andrintake valye | 6 is qlosetthbeing dividad; byrthe nelwmerof the combustian t o
establish t expansiop,ratio . . of the engi,ne. Because of

ot ceabl e of m OO odnr Expasion in al g Rervily BAF R Gprprgoion ratey cThe 4 41
that of Fig. 7 Eyh@kienihtf R\eablished bidividigihe &@ngsgﬁ%meaggﬁ?gwom in

phantom for informational value), réferenCe w made enmed hel pful
to Fi gylindef by theevohane of thewombustignochamiber. The
engi ne 100[err] shown in Fig. 4 is characterized by a nore extensive 20

expansi on process, a |ow conpression rafio and capabl e of producing a

eavi of Chan- 0 - Thbrtng ftiba, E Ak bORsEhed W RRISTodt Brte oel o

effective cii negl beinfeetedrifito the inlet streafiiof AR injdtesd ifiRra préRofmbasesi i onal
arrangenent in normal engines with simlar or ower nmaxi mum

|
cyl i nder pressufkambercligpal.iosdnjecied daraveintiiedntake ¥alye Hoor iEmay beinjecteds
32M! o M bl il e BohueioR oy SBRD I G, ApbSa B A e VS

control |'ing thepihal FehAreshed Point x and the intalEVSvE ¥ clésRAP Tha Fikl 8an ABGbEEAN
and peak pressure within the cylinder which al l ows greater fuel

econony, producitjestedlateyapd ircthecasef digsdl operation can balfinjechat the usual point wi t h
| ow pol | uti emi ssiops..for both ar.k and conpression ignited engines. In
30 alternkd e Mshseheiinecton, perpins o frs SomBHsteg Bpebekfn iRty Fuo ey 27

can al so VQmBhfidARamber or directly onto a glow plug.
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control the tine of opening and closing of the intake valves 16-A and/or
16-B, to. further provide ap ingproved nagenent .of .conditions |n the
conbust i on cha%éﬁ?@%‘“&?"ltﬂﬂ? %ra“éﬁ‘ﬂ &%f@r‘st'%wﬁﬂ@n% SESRAM gher

pover, wth | Oyvtﬂeeﬁfﬁbﬁ 29for the powlPE1d) stBke. CREBS Mo dkad BEhtBCA i | NT

em ssions. . _ . _ o
20 opportune time exhaust valve(s) 17 open and piston 22 rises in the scavenging
(4th) stroke, efficiently scavenging the cylinder by positive displacement, after

* which exhaust valve(s) 17 closes.

This completes one cycle {)_f the 4-stroke engine.
’s . A .
| The engine 100 of Fig. 4
Referring now to F ig. 4, there is shown a six cylinder reciprocating
internal combustion enginé 100* having two atmospheric air intakes 8 and 9 at_xd'
corresponding intake conduits lS-A,' 15-B, in which all of the cylinders (only one

30  (7) of which is shown ina séctiona]_ viéw) 7a-7f and associated pistons 22a-22f



~ Bri {ption of Operation 'of the .engine 100[err]p dob2Fi 9
) %0%%6"5% Sﬁ%%fl I Cl

>

_ ew cycl e engi.ne 100[err] of Fig. 4 is a hi ency
engi ne that attains ~ both high power and torque, with lLow fuel _
consunption and | ow pol | uting eni ssions. The new cycle is ah external

conpr essi on type conbustion cycle. In 10 tdys cycle, part of the I nt ake
air (all of which is conpressed in the power cylinders
conventional engbpesaty in 8 4sstrioke cycleand dbm@ﬂbﬂdmmﬁiﬂrmrﬂqmwwssor

2. The t t h d of b d
b B AR A
late injection Oiorﬁﬁ'%%‘ﬁ 2" this ﬁgurealbgﬁloﬂﬁ ﬁieridztrr_\lrc@rﬂﬂreg%rais§m

COI’TpI’ ession stro r mary air char ge

i's supplied to twihaijldondsits aé shown, subbﬁ&%&suﬂieﬂl@ir M&iﬂé%rhﬁrchﬁl’indcr intake -
at nospheric pressure or air which has been i ncreased by per haps

one-hal f to dne walvassiShér eﬁnmwnlnjﬂ@daarﬂocﬂlm@rmlq*tﬂmdemegc ith 184

b b ted. T b fuel added i t,
Cn ted 20 - at | 1B S REPl B e A AR e S REn brri pBich s Bt
stroke - provi di QgniteeRd to a hi hte%ssﬁ% ar@eGntaRdWA0Ld mh%dem.ro?n

When nore power 1Is desired, a secondary r charge originating f

inlet 8 i s, prefwrthdsame cyltudeﬂia:éﬁ(fommmpﬂu;shmmheremlpemdgm dylthder 7, the
conpressi on 25 stroke by a second intake val ve 16-A which introduces a

hi gher pressur e katqreoolers 10chbangel 2andegonirakvalyessh, Siand fae yeady in ti'SPF} ﬂ'&@
closed'in orger érﬂb&d?%eﬁést% ctbgﬁoﬁﬂél%ﬂgharg fiexks%n@&tgxt ‘{‘Qﬁﬁ r&%nd%% r the .

secondary air. charge has been Tnjec
closes. The pri I"Ble/intdke valvas gea-BaYIGiIEB WwBRhirestivetaiAthid G hanifold 14mﬁﬁisure by
cutting in a second ancillary conpressor, in series with conpressor 2, 30
(see for exanpl eintakgepnduitsdSad tonl 5B, areztlmﬁmeom&mqomsssmnpnegéﬂw to

E’%T | USQ\;POS%(Z)ZG‘%% ine 100°. The combustion chambers are sized to establish the expagsjon ratio

used in the engi 6ﬁh9§né: hél- Béca‘u§e M’}ﬁ)tf?:@é’ﬂ?é ﬁﬁﬁﬂfm@s betﬁrgél‘{‘{he'eﬂgﬁb%o“‘omg Fig.

7, for exanple, as a Lysholmrotary type) between air-inlet 8 and
mani fol d 13,1514, 4amijthal of Figch(wlieze thetamlxqur aid inldt fesyistemphasdiean shovan 8sSur e,

anount and poi nt of cii.on of Seco har S
adj ust ed toppro ée oginformatiopals &P"FQ@ re FF““SWW%FI g%ﬁmﬁfiﬁlg&fgf ©r

(there are severgl, ?fidafta {hodit | e, Eaton Corp. " and
Cadillac), in pre erre(fg n*gq:gll‘(ﬂn%%qts p e used to disable intake val ve
16- - A when light-load operation does not require a high nmean

effective cylinder ) o . .
The engine 100* shown in Fig. 4 is characterized by a more extensive

20 * expansion process, a low compression ratio and capable of producing a
combustion charge varying in weight from lighter-than-normal to heavier-than-
normal and capable of selectively providing a mean effective cylinder pressure
higher than can the conventional arrangement in normal engines'with, similar or

- lower maximum cylinder pressure in comparison to conventional engines. Engine

25 comrol module (ECM) 27 (refer, for example to Fig. 7) and variable valves 3,5,
and 6 on condmts as shown, provnde a system for comrolhng the charge pressure,
.densxty, temperature, and mean and peak pressure within the cylinder which
allows greater fuel economy, production of greater power and torqﬁe at all RPM,-
with low polluting emissione for both spark and compression ignited engines. In

30 alternate embodiments, a variable valve timing system with the ECM 27 can also



pressure.. Alternatively, the air bypass valve (ABV) 6 i.s opened to , ,
re-circul ag esmess t he charge-air back through the conpresspecrishnoserser to
relieve the conpressor of 10 conpression work during |ight~load operation.
Alternatively, a one-way valve, one type of which is shown as 26 in Fig. 6
can be utilized to provide a constant or a variable "pressure ratio" in the
cyl i nder 7, while inproving swirl t38bulence. In this alternate '
nmet hod of operation the 15_ intake valve 16-A woul d cl gse very | ate and

val ve 26 woul dceE dhicsims of pReRingand closing 3’?‘@5%?1@ Yahves 64 gpd/Helé-Brtenear | y
equates or exc§§g§ : | bl cFRa Bt ane in thel . pressure

I n conduit 15-A, C(r)h S’(‘)ﬁ%ﬁﬁ%@vggn%p%ggtg%ﬁts%ggﬁ?t‘%?so‘ﬂéh evm&ﬁb ush&? val ves 3,
5 and .6 (and vghatgbets tonalfowgfor Z)ﬂawexuioﬁ;rewn}eami higRer(Po@&s Uvith loBeleeelk vf
tenperature and turbul ence of the conbustion process. A spring-retracted

di sc 20 type, bathifuel consuraption and peluting ewissions.t ype of autonatic val ve coul d
repl ace valaéle 26. ) Anot her alternate nethod of

provi di ng | ow conpression ratio, with a | ar ge' expansi on rati o and
reduced pol | ut B%fﬁ%%‘%ﬁﬂ%f%eﬁ%ﬁ of #r engine 180‘ shown iﬂ_g%.a' rpressure
supplied to in r- Ul A extrenely

hi gh | evel, and i nt ke newlcyele bigifeil60* ofiFigl4 Brartiglecfficiench empinethar stpimced

by a fast-acting, nore cantroll able valve such as but not limted to a high
speed sobgthdigh pewereand ioraus iitiniow fhel eansymptien and loprpolluting| v, e t her

mechanical ly, g%{i)s(imﬁé.eﬁé h%ég?%aﬁé%@%@ c%prﬁfr?stsﬁ»q t%‘édc%'}nbg.lgt?or? gy%tlé Olln of an |

engi ne ‘control

PCT/ US97/ 0972 this cycle, part of the intake air (all of which is compressed in the powef!&ylinders
(ECM. In such an enbodi ment, a snuller, denser, tenperature-adjusted,

hi gh- pr éseanventéonal grgines) isrselactivély kompreaseddyaarapciligry combpressan?.

sel ectively, be,injected, . ta ntially oriented, nu | ater. in the
conpr essi on st ﬁ‘&éé’m%erratwé?ﬁe&&p}eﬁ g?ﬁgompresé’mre S%Yf’sst‘ﬁpB'PFsifﬁg’é’e‘?E of PY or der
to increase chapglersdonN$1.112, whith'@EHER imeReaif by thelate iR}l bf CRIPRHBIEON

tenperatures, and to create the desired chargé swirl turbul ence I n
‘t he conbust i onadjusteth@ir( and by a shorteCremprespi@sstenke. pref erred net hod of
operation % t he newcycle engine 100[err] is t hus:

During operation, a primary air charge is Sﬁpplied to the cylinder 7
through intake valve 16-B at atmospheric pressure or air which has been increased
by perhabs one-half to one atmosphere through an ancillary air inlet 9 which can
be carbureted. This charge can be compressed, fuel added if not present, ignited

20  at the appropriate point near top deéd center for the power stroke — providing high

fuel economy and low polluting emissions.

When more power is desired, a secondary air charge originating from air
inlet 8 is, preferably, introduced into the power cylincief 7 duﬁhg the cémbression
25  stroke by a second intake valve 16-A which introduces a higher pressure air
charge after fhe ﬁrét intaké valve 16-B has closed in order to increase the charge
density when needed.' Aﬂer the secoridary air charge has been injected, intak_e '
valve 16—A quickly closes. The primary air cha;'ge may be boosted to a higher
pressuré by éutting in a second ancillary conip’ressor, in series with compressor 2,

30 (see for example,' compressor 1 in Fig. 7, where the primary compressor to be-



10 © 1. Eﬁgﬁgﬁ,ﬁzggg upon the power requi rements of the engi NnectrIsg7/69072
oa :

dffferiné I , requirenents), either intake air at atnospheric
pressure or intake air that has been conpressed by one :
conpressor (not shown) and has had its ' tenperature adjusted by
bypass systens and charge-air coolers (not 39 shown) is drawn

into the cylinde I n

r 7,.(intake strqoke). through air et 9, 15 .
mani fol d 14-B, i H%%S‘Hg %ﬁt&ﬂ%%{ ‘%%-%‘,5 %%P"&TF%?RE%&“Q)&“&%‘& fand Eig. 3. foy

coml et o the. i n STATETks S ysholm totery fype) befiben Bl e 8 B bR 51 19,55 °

mul t-iple), is |etin beteréculed TR te@erafurd,ipidssade] fhiour and ipsin® 8f Bgedtivn of0

- passed bottom dead center, which punps part of the fresh air charge back
into the intake tHwsctasidarylcharge, if added, is adjusted to(ppdutieths desired edsylts.t Ae i nt ake
{he "pi st on  ehoh ARG ALIET ek SeveF of g parkenfor oxgmple, Eaton Corpay ge
i s then expanded udl ; C Ml Ven d . ; a)
The conpression ?J&(ﬁg%agﬁ)btlep r%%wh’dggrglﬁé%ﬁ%ﬁg: Hg}l ril’tg Eléedptgi drﬁab{ehxgtﬁkngtv 3‘2’5’ l%

val ve 16-B is cl gswher Mgltdoedd apetdtiofl@does ndtreqiiieeligh hiean effect{ve)cytipdérat i on,
conpression begins (for a small conpression ratio). This makes it 30

possi ble to | esseressuie Alterpativaly,rthe pir bypass valvg (ABY) Soispesed torresinculate.

‘F’,\‘gwg 8/583/68307 5 the charge-air back through the compressor 2 in order to relieve the Spmpressor of -

(b) When gr epd er cHRpREsibS woRtdirimddight-IR@UpEAkivnCONPr essed, tenperat ur e-
adjusted air charge is injected into the cylinder 7 by intake valve 16-A
whi ch opens and. cl oses qui ckly during the conpression stroke at the point
5 at which the intake valve 16-B which intr.oduced the primary air
ohar ge cEmetvely. 3 Sy Halvpone YRGS Whigh 5 BaYBES 20 B FiE. b
dense, ' { enper al Ugg be utilized fo providt ¥ohahedt SVARREIR “pFslid ftic™Gn RiCYIfer N
t orque and power desired o e -

7, while improving swirl turbulence. In this alternate method of operation the

15 intake valve 16-A would close very late and valve 26 would close only when the
pressure in the cylinder 7 nearly équate_s or exceeds the pressure in conduit 15-A.
- Thus, the pressure in conduit 15-A, controlled by compressor speed, along with
valves 3, 5 and 6 (and valve 4 in Fig. 7) would regulate the pressure, density,
temperature and turbulence of the combustion process. A spring-retracted disc
20 - type, metal or ceramic, or any other type of automatic vaive could replace valve
26.

Another alternate method of providing a low compression ratio, with a
. large expansion ratio and reduced pblluting emis_sioné is thus: S
The air pressure supplied to intake runher-conduit 15-A is produced at an
extremely high level, and intake valve 16-A is, in alternate embodiments, replaced
bj a fast-acting, more controllai:le valve such as but not limited to a high speed
solenoid valve (nbt shown), which valve is, preferably, either mechanically,

30 electrically or vacuum operated under the control of an engine control module



engi ne. 10 : (c) Alter nat.i vely, when greater power .is requi re_d,'

t he secondwoyesmiésschar ge ' can be increased i n degsivsy7/év0th
wei ght by causing shutter valves 5 and 3 to 3 direct all or part
of- the air charge through one or nore of intercoolers 10, ‘ 11

and 12 to increase the charge density and/or by increasing conpressor
speed or by cutting in a second stage of #@xiliary conpression, the latter

15 t ti th by, ' ' ' the. b i de.
Ater nat i vel y, (ECHD 1S ad S Rbiohent Stohef AEREeF Bipgtabre el Wabve 16. 0
on either the Lakgle Gharge, with or without SQBRPARTING Tuel! éﬂgﬁeé&g?el?eb@ini&iﬁd.

tenporarily to retain a larger charge, he same fime
the timng of tanpekiallyarieatedSmAcichater fretheeompressiohstroke, or even duringahé ered to
open and close earlier during the cgonpression strqke to provide 20

a | arger denseCOmBYSHORProRess, dyPrder Wdnerease charggdensity, to reduce peak ambhnpr essi on

;ﬁgt Ic(r;lrjrgﬁs tgl gﬁlo\é%r%lé g@ggﬁ]séioﬁn ! : uerelgge%ﬁés]fdotﬁtc atﬁC ﬁng rdggﬁgac&%giséri@ turbulence

agai nst the pi i @B c3AbRSRAHaRBegg)eal energy in either mode 3(a), (b), or
| 508 .

-

25 . This energy I s absorbed and turned into high torque and
power , - One suggestedcprafermed inrethmsidef opedation of the newscycle exgimer 1084is om dead.
center of the piston, exhaust valves 17a-17f, 17a'- 17f' open
and the cylindé®™7 is efficiéntly scavenged by the (4th) stroke of 30

pi ston 22, after which valve(s) 17 close. WO 98/ 02653
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Det ai | ed DH®crilpti oDepéndihgugdiethe power efuirdireranof the edginé ¢.¢.] differifiz thad4
During the intake (1st) stroke of the piston 22 |ow pressure air flows
through air condui t TeBuEMeERiSeither intake aip atatmospherici messere@r intaka ajnthatini f ol d

14-B 5 of air at,atqgospheric essure or I £h S _heen, boost.ed in
pressure (or, hgﬁ Fe‘e)e r?gﬂp\l}eesfe;'/d,’byt?f’ee ﬁ%gwrﬁggrs@ﬁf gh%a aréghasoqéa%sl pplied by
a pressure regul at otenygeratare’ljusted by bypass systems and charge-air coolers (not -
" shown) is drawn into the cylinder 7 (intake stroke) through air inlet 9,
15 manifold 14-B, intake conduits 15-B, and intake valves 16a-B-16f-B by
intake stroke of piston 22.

2. (a) After the intake stroke is completé the intake valve 16-B (which can be
_ single or multiple), is left open for a period of time after the piston 22 has
20 passed bottom dead center, which pumps part of the fresh air charge back
into the intake manifold 14-B.

(b) Alternatively, the intake valve 16-B is closed early, during the intake
stroke before the piston reaches bottom dead center. The trapped air -
25  charge is then expanded to the full volume of the cylinder 7.

3. (a) The compression (2nd) stroke now begins and, at the point the intake
valve 16-B is closed to seal cylinder 7 in either 2(a) or 2(b) operation,
compression begins- (for a small compression ratio). This makes it

30 possible to lessen the temperature rise during the compression stroke.



andrcondyit B m conpr eséed air.line 15-A as shown in Fig,. ough
n WP shois3 fepbeyisgh

inta al've 16-B into-the cylinder 7. During the intake e of -
pi ston 22, the . i ntake valve 16-B cl oses (point x). Fromthis point
the air charge in the cylinder 10 is expanded to the maxi mum vol une of the
cylinder. Then, during the - conpressi #1 (2nd) stroke, no conpression
of the charge takes place until the pi ston 22 returns to point X
where the inlet valve was closed. (At point x, the remai ni ng

di spl aced vol une of t igﬁgﬁg j v b ‘*H?'e t
conbusti on chanber, e(g gg?élh |n5litoﬁfgp%\gbn§§%gg‘?/sgn&?d§%ﬁ?% 0 ?{?3’%@5?‘#8?
any-.15  point in thedhsadraischacge is injedted into thesylindet 7 Wt intdke valved6ex af ter

the pi.ston 22 reaches point x a second  inlet valve 16-A is, )
sel ectively, opened iwhigh @penstagd clgsesquickly during thecompagsgiopstroke at the goiat r

e o, Soe ot SR kSR e pe et Rt
characteristics desi r&&es,@rﬁﬁéﬂﬁtﬁyﬁc?ke, ﬂ?rﬁd\ﬂ:eu}ﬁ%ﬂe%ﬁi‘e‘?t&ﬁpe?ﬁﬁlrege‘ air by

i nt ake 20 val ve 16-B, the intake valve 6-B is held open 'past bottom
dead center for a contrsllghclargedntordtr 3¢ provide the torijwe g powres défifédaf tior e of

t he conpression stroke, thus punpi ng sone of the charge back into the
i ntake mani fol d 14- B,*n8HW§- t hen cl osed to establish a | ow conpression
ratio in the cylinder.. During the conpressSion stroke, at or after the

time intake valve 16-B is closed, a secondary charge of high 25 pressure,

tenper at ur e-jad] ust ed (8} Al¥ahGVel)|aPhdnREaEPHWES $SrREuibed, SRIREGRRPY aid chdige
sélectively, injected by a second intake valve 16-A, which opens and cl oses
.qui ckly, into the sarmandgliinorersed in deasityanshweight by causing shuaertvalves Srandd tand

d t densi f th d h zalr i tl
Mnereased by i G e de Bk ahatee BRGH nar s raekeyea 0r b,
cutting in another stygmdqh t§%crﬁ&.9?ﬁ¥§éfqm e%nsigé%dd?br‘ﬂyenﬁb&asiﬁé ompressdpd/ Or

by routing the air charge throug 8/ 02

PCT/ US97/ 09072 speed or by cutting in a second stage of auxiliary compression, thEJatter

i ntercool ers. ) For light-load o _e_ratf']on shut-of f val ve, or
a val ve disdBler 31 (WQastios thereby PURBIRg in maze gir onyt ‘bﬁ’?‘% ehAYEmMIHEERyr e

i nt ake val ve 16-A, pr é@@% ’59? ! at 1Al 1 ke air,

or holds the valve cltgésg : 1;‘%12\%0“ g%gglﬁeo@neerfge{ﬂlﬁr%Z%llgg%‘?ry of the
engi ne. Alternativel yonpessiop strokdrtan ecaltergdaembpornarily tocretalinua 1azger charge, val ve
5 is closed and the air bypass valve ABVY 6 is opened so that Pa’rt or. all of

the air punped by corfsdatthesame fimg the paungefintaky valyetlfeA cap be teaanoarily of
the CoONpressor efdito dpbPiid Gbse SAriRr SaRHE theXBRiressibASuBk i proVfaE"
P

secondary i ntake

20 a larger dense, temperature-adjusted air charge.

4. Compression continues, fuel is added if not present, the charge is ignited
and combustion produceé a large expansion of the combusted gases
. against the piston 22 producing great energy in either mode 3(a), (b), or
25 (c). This energy is absorbed and turned into high torqué and power,

especially in mode (c).

5. ‘Near bottom dead center of the piston, exhaust valves 17a-17f, 17a’-17f
open and the cylinder 7 is efficiently scavenged by the (4th) stroke of
30 piston 22, after which vé.lve(s) 17 close.



10 val ve 16-A opens, the pressure of the air in conduit 15-Ais

approxi mat §p¢yeddRss . - sane as, or not nuch greater t han tgeadudon@enrt he -
initial charge. In an alternate enbodi nent, an ancillary automatic
valve 26, Fig. 6, is arranged, . as shown in Fig. 6, to prevent any
back-fl ow of charge-air into conduit 15-A if the cylinder pressure
shoul d exceed the pressure in conduit 15- A2before intake valve 16-A 15

cl osed during the compression stroke of piston 22. If an
ancillary one-way val ve (see valve 26 of Fig. 6) is present, the

pressure ratio péiaifed DéRptich SAlie Oipefatioh ¥f BRUNERI!196* SFigdd USti ng the
pressure of the charge arr passring rough rntake valve 16-A. The
pressure rati o can tDumngthe Hfiake ((st)strakd afthdpistonl 22dewressureGinfiewdy
conpressor speed and any throttle valve that . . nmay be present. In the
use of val ve 28hrough girgonayit,b>- W%ﬂ%ﬁ“’@@%@é‘ﬁ@%ﬁ'&”ﬁﬁ?ﬁl&h manifold\)4rB | at e
I n the conpgess] e 1.1, RISt O 2..nears or reaches top
dead cent er.g Qggﬂ' a?%(n%s%hg%eérg%ﬁﬁe %e%@gl? ﬁ{:ﬁstéﬁeg&%?ﬁe%ngpre%urq._@é -4-B, Fig.
5 Fig. 7 and HKil@magdely, the low Pfasﬁﬁéﬁﬁchﬁb@sﬁﬂmiﬁa bY @ prediire teglaBE V24 O

16), or the fuel can be injected into the inlet streamof air,
i nj ected into sangrcondwitrbi+Bifram compressed air ling Hj-dmssbiowh droFigh S), through ant ake

| 16-A, 16-B. ( 16- ly if 16- t i ast bot t '
Hond eenter) . dniake Yaite To i thecalindbr o dhriPe tht el suoks BLBBI 2ot mer

. ter). & : e o ) ! !
00,20, SUFGRErASE 6 ARG, HEH o B B Y

PCT/ US97/ 09072 is expanded to the maximum volume of the cylinder. Then, during the44
before bottom dead center), or_at the tine or after the piston 22 has

reached point compression{2ad)strekenmocompasssionrafites churae takes|plasgrnibthien; ect ed
el b pizpg? SR TP AONLR Bk e el RSB Bb AP RinEPTHE Lo

fuel can be inj iesel i on,

perhaps into a phainéfdissihdedvohiiadbihe @ylister @divided by thd Vil@me o€ teoNbust i on
chanber or directly onto a gl ow After the

t enper at ur e- andombustien chagybes s Illghgmg trgpppprassion matioofithe enging) Atany | f
a " COTEHE opininde reeRh SRR ofpRe s s B I R R 20ke. *(The
conpression reaches point x a second inlet valve 16-A is, selectively, opened in order to inject
a secondary pressurized air charge ata temperature, density and pressure deemed
advantageous to the engine load, torque demand, fucl economy and emissions
~ characteristics desired. Alternatively, during the intake of charge-air by intake
20  valve 16-B, the intake valve 16-B is held open past bottom dead center for a
significant distance, 10% to perhaps 50% or more of the compression stroke, thus
pumping some of the charge back into the intake manifold 14-B, and then closed
to establish a low compression ratio in the cylinder. During the compfessior'x
stroke, at or after the time intake valve 16-B is closed, a secondary charge of high
25  pressure, temperature-adjusted-air which has been compressed by compressor 2is,
selectively, injécted by a second intake valve 16-A, which opens and closes
quickly, into the same cylinder 7. Alternatively, when greater torque and power
are needed, the density of the secondary charge-air is greatly increased by
increasing the speed of the primary compressor 2 or by cutting in another stage-of-

30  compression, asinitem 1, Fig. 7,'and/dr by routing the air charge through



10 - ratlo |§V8%gﬁshed by the di spl aced volune of the cylingef ,Bgﬁmﬂi ng

af t ér poi nt X has been reached on the conpression stroke, being

di vi ded by the vol ume of the conmbusti on chanber. The expansion ratio
is determ ned by dividing the cylinders total clearance volune by the
vol une of the conmbustion chanber.) Now the f3el - air charge is

ignited and the power, (3rd) stroke of piston 22 takes place as the 15
conmbust ed gases latcmtbrs Near bottom dead center of the power stroke the
exhaust valve(s) 17, 17' opens and the cylinder 7 is efficiently scavenged
on the fourth piston stroke by positive displacenent, after which
exhaust val ve(s) 17 Forlxgh?-ld&ﬁ%ﬁeranoﬂgshut-off valye, oF B VA IVE QIR 8 ERRasYCl €
of the 4-stroke engin can be seen that thé later the
point in the Corqhbwasnﬁtg 9 onkie nglat)repsurélintakevalve IG-A preferbsly, teinperacity | i er
or l,ater the inlet valve is closed), the |lower is onpre55|on
ratio of the engpﬁ@lmem’@q ais or holds Ehevalve ¢lgse|deaih¢sowe;dd iadd tothe fuel

conpression. It can als hat the later

t enper at ur e- denstf rgajoggmleleﬁéme tematixply pdiring lﬁﬁmg‘&%’c@&m’f’ﬂé}‘? shutter, o i

will be require ,%nge‘%, AW tgr part

of which has reglgf\{?e%i}?éﬁse?g%gﬁ%ﬁfgém n al reeta'ggvb?/lsar? © og[ﬁatr# a?ﬁrg?yo‘?

conpressor 2. the 3iOp8/POA 6% Bompressor 2 would be returned to the inlet conduit of the

PCT/ US97/ 09072 The

engi ne 100[ err] 9mPEssgor Zfqs a low, or no pressure bgost, . Theseforry fhen smgdﬂllﬁalf‘her e

i s shown a X ni.er u Lm | ar
50% Ghlve A oﬁeﬁé Y O(,F"err s f}ﬂé air in ¢ (Hld%ﬁrpg g @gm%{] ﬁf%‘gt  he

in construction tot
engi ne of Fig. 4afelas, &mo@mmahwteemrtﬂammmdndah %5 In MQHRARESOr 2
recei ves charge-air fTom mani fol d 14-B t hr ough openi ng (shown in
Fig. 7) and condmbodgnenti ahangillary automatie Nalaagﬁ Exsnﬁmﬁaxaangeﬂmsakxewumflg

9. Intake runners_ l5a-C.to 15f i butes t he rlc ssure air
Lo the P Rsaly ik o' shard st ptopp RS A e BindE g et

allows the prédsnéi shb@d eRtecdithe fn‘%sé\ﬂé A Ondait 1S béfork laﬁﬂe 6B 18iA

di fferent pressure | evel s since 100 the charge-air fromconduits 15-Ais

sel ecti vel y 1pr eshased duting thecompressivorstrake of pistonPBe operati on of the engine
of Fig. 4-Bis the same as that of the engine of Fig. 4.

—
-

If an ancillary one-way valve (see \I/alve 26 of Fig. 6) is p;resent, the
pressure ratio in cylinder 7 can be fully controlled by adjusting the pressure of the
’ charge air passing through intake vaive 16-A. The pressure ratio can then be

20 ~ controlled by valves 3, 5, 6 and by compressor speed and any throttle valve that
may be present. In the use of valve 26, intake valve 16-A must be kept open until
very late in the compression stroke? perhaps until piston 22 nears or reaches top
dead center.

25 Fuel can be carbureted in Fig. 4, Fig. 4-B, Fig. 5, Fig. 7 and Fig. 33,
injecied in a throttle body 56 (seen in F.ig. 16), or the fuel can be injected into the
inlet stream of air, injected into a pre-combustion qhambef or, injected through
intake valves 16-A, 16-B, (16-B only if 16-B does not remain open past bottom
dead center), or it may be injected directly into the combustion chamber at point x

30 - during the intake stroke, (during the intake stroke only if intake valve 16-B closes



The engine 100[err] of Fig. 5 Referring now to Fig. 5 there
i's shown avgph%smigssnder 4-stroke internal 15 conbusti on engj_-mwh@@bér-r]
simlar to the engines 100[err] of Fig. 4 and engine 100[err] of Fig.
4-B with the exception that there are shown alternative ways that’ the dual
atnospheric air inlets can be elimnated, preferably by providing the | ow
pressure charge-air to intake val ve#416-B by way of conduits 15a-D to

15f-D all | eadi,n fromthe co nair inlet conduif. 8, or, from an
optional air n&????rﬁ I%“S’B—MQ@‘”LSQ’@”H&‘@H‘%@E%HM Ristep 5% batirsached PO ¢ he
i nl et of condui < : = | : laf. al so suppl
air to comress%@%é?%'?g}&g%&rg%%%i ?ﬂ%ﬁﬁl c?rbév‘f‘j&?{r%g vﬂ{l{jor%kég,\tl ow preggu?/e

charge-air to iateiipanying/sir LintthBcdie ofdiesélioperitid] fuelléanBe iffectey at the usual
conduit 15-B (shown in phantom) would elimnate a second air filter and air

i nducti on syst epeintrfar diesal eilinjertione perhaps intaea pi¢eqombmstion ¢hambey or dimecti¥scr i bed
25 whi ch i.nval ves cl osi the primaty i ntgke val ve 16-B during the intake
stroke of > I eﬁ?@ﬁaﬁgﬂfﬂwgmﬁ%&‘iwgwé%ﬁ% the primary intake
val ve 16-B during the 2nd or conpression stroke. Alternatively, as
shown, the | ow pressure charge-air can : be supplied by placing a :
pressur e-droppi ng vahfter tRS témperatm@eankd-dehsily-adjusting-dincharge has beemitijevged, r om

the pressurized air conduit 15 (15-A) to the | ow pressure cylinder 30

inl et val ve 16-iBusad; eprapiession of g charae rortinuewendavith ek present, isdemited@t t he

_ :D‘é‘_l’_/e lU stégﬁ) 907 2' thg\gp}?o%%% Gt for the expansion (3rd and power) stroke. (The compyression

coul d be cant r Ghii6 s dayablifieedbicthe msgracsdwmé%&'m dyfthdét reslhintdg A pdme &r | bed
herein, preferably down to 1.5 to 2.0 atnospheres (absolute pressure which
is a boosdhas beeroregched on the gemprestien stiokgnbeing divided bydhe velometaftlspheri ¢
pressure. 5 . The operation of the.engine,10Q[err] of Fig. 5

houtd be t he < dpmagstion ghamber Thie Sinafiof rrig s AR aing h dobpk g vlindersg
al though the | GtaPEREMMESYRMEBY ¥heHSlume ofﬂxteﬁfgﬂmﬁtidéclﬁm}.) Wbt tHef fent ly.

Because of noticeable simlarities between engl ne” 100[ err

Fig. 5 and t hatain¢haFgegis ighited ahd thermooveri (3d)istrokeofpiston 22 daked plaek p$ the

to Fig. 7 fqr certain connon co ne%ts. ég Durin&ﬁlight-load
operation of ttﬁ°§’bz‘t'_-s§firgﬁﬁ"é HTr iPAltom %‘?c"zﬂt"rlﬂfé‘?e ppver stroke the "k g 5)
such as vehi Cl &gk YhRE(sP17, 1708ens ARG RAYERALS S efidiitly SchfenpEEORHRT Y

fourth piston stroke by positive displacement, after which exhaust valve(s) 17

r

closes.
20 This completes one cycle of the 4-stroke engine.

It can be seen that the later the point in the compression stroke that point.x
is reached (the earlier or later the inlet valve is closed), the lower is the
comi)ression ratio of the engine and the less the ch:irge is heated during

25  compression. It can aiso be seen that the later the temperature-density-adj usting -
chatge-is introduéed, the less work will be required of the engine to compress the.
charge, the ]ater part of which has received some compression already by an

ancillary compressor 2.



air ,Char ge |v§og§,},£6g§ nati vel y, elimnated by disabling high presgusemeihake

val ve 16- A tenporarily (there are several valve disabling systens
avai l able, e.g., Eton, 15 Cadillac, etc.) or air can be shut off to

i nt ake val ve 16-A and the engine sti | produce greater fuel ' econony
and power than do conventional engines. 45 Al ternatively and

preferably, duripg light |qgd eration such as vehicle cruising, the
conpressor 2 carﬁb%#éﬁi&%dml conpression work by closing 20 the

shutter valve 5 and qgauiiig dlifodif OHARSS ie@oWR Al e hisikaksambine al !

punped back into the conpre&ssor e air 1n 1ntake con 15-A
and 15- B aomblustibriérigitersiinglus ﬂﬁﬁu‘oﬁktﬁ:cﬁqmaithe’éhginewﬂg 4rgitistheer char gi ng
t akes pl ace during this tine._In one enbodi nent, automatic valve 26,

Fig. 6, preventsxoepion that the enginawidtig4-B isiso construgted endamrangsid dhatst r oke i f

comression pressure in the cylinder a [ S or exceeds_t he

e In Boramiprassbd HeriyECHarRs-oir RIS 1) trough CPRRIPELCBG

For increased r er
PV wit i?x%?er g@ﬁ%ﬂaﬁi $ gﬁt A W : ﬁuéﬂ‘&fn%ﬂﬁ er*?é/tal?é‘&\i&

val ves 3 and 5 belng pre y opene alr ¢

i ntercool ers 10,9. 3ftake hinnersol ShC tovs fod dimﬂﬁﬁesttheammpbmmmfe ﬁﬂtﬂtﬁé by
I ncreasi ng the speed of WO 98/ 02653
PCT/ US97/ 09072 intake valves 16-B of each power cylinder. This arrangement allows theq 7

o2k o %7 pReviBSR af o RESRTANRLTE% At BB AR B e T PR e

backsi de. Ther e the chargd.Bir B oridlinf 1 Sha & shiBattvely BreBukizd Yy E&HBEe@&?Qf 2is a

Lyshol mrotary type and a secondary conpressor | is a rotary

- conpressor of t [lhetapetation ppthe engineafdig. 48 is the samg pethat ofthepngias of Bigcdn be
used in the engines of this invention. Referring now to
Fig. 6 there is shown the same 4-stroke engine and a simlar

operati ng systeni-lﬁ_se% 00° gﬂéz the engines of Fig. 4, Fig. 4-B, Fig. 5,
Fig. 7 and Fig il Ifshe engine of Fig. 6 has an added feature
in that the 10 secommngmbm Fig|5y thetisAhowan adix @tlmdénastyokeahtema% whl ch

Is automatic _to prevent charge-air back-flow. fromcylinder ;g
feature wi | 5pr combustignengingl00” similar toothe engineolQ0) of F’f@g“dﬂﬁieﬂgmﬂl@o

conpressi.on str %E 2B iltfag Q‘%ﬂﬁog ndt Hlete ﬁr@\éﬁm Qlemnative ways that the dual

atmospheric air inlets can be eliminated, preferably by providing the low pressure
charge-air to intake valves 16-B by way of conduits 15a-D to 15f-D all leading
from the common air inlet conduit 8, or from an optional air manifold 35-M,

20 - situated between inlet conduit 8 and the inlet of .conduits 15a-D to 15£-D, which
manifold would also supply air to compressor 2 through conduit 8-A. Providing
the low pressure charge-air to intake valve 16-B by way of conduit 15-D, or by
conduif 15-B (shown in phaniom) would eliminafe a second air filter and air
induction system and would work well with either the first sirstein described

25  which involves closing the primary intake valve 16-B during the intake stroke of

| the piston 22 or alternatively closing the primad intake \;alve 16-B dﬁring the 2nd
or compression stroke. Altemativély, as shown, ihe low pressure charge-air can
be supplied by placing a pressure-dropping valve 25 in cohduit 15-B routed for
leading from the pressurized air conduit 15 (15-A) to the low pressure cylinder

30 inlet valve 16-B in order to drop the inducted air pressure down to the level that



This feature can al so be used to establish the pressure ratio of the .
engi ne, eitwa98/02653 vari able or constant. |f secondary char gecaruseiesobei ng
‘recei ved through.intake 15 valve 16-A, the intake valve 16-A can be kept

open during the conpression stroke

22, since automatic valve 26 closes at such tine the pressure in
cylinder 7 approxi mates the pressure in i n#8e runner conduit 15-

Therefore, the

to near top dead center of piston

A

ol ore: 1, R Gofl SR el Brpustin A wlhli Ry, ann

val ve 16-A may
7 to be control

Heldin, prterabRERERD 1.5k Q.‘dia'i}ﬂoigiri]‘n%reE Eﬁﬁ%lﬁé?k%@wﬁfch? 41 nder

r comng throug

| ed by the pressure of y charge a

h

i nt ake -runner 1%oést ofificto §.01atmosphers) amiperkdps@dwn to atmdspherdd pressute. 5, and 6

and conpressor
engi nes havi ng

speed and perhaps a throttle valve, if present, for

a single stage of pre-conpression. Valves 3, 4, 5 and

6 and conpregsor spe eadﬁgm%BXo?n'{]ege\%Ln% lmzngf;igr?%ﬂ*d%ﬁglz .ogste@lol t he

pressure 25 rati os for rengl nes

ges o Si on.

| f

no charge i s pasgpefition of the ehpE100t GkRig V4 hMsoukh the 10%@@%&1&1%% 26 will
y e co

be already cl osed and the . pressure ratio is set' b

rati o of the engupplyassipplied diffeséntly. Bachuse of noticeahie siailaritiepbettveen thear ge

recei ved by cyl
ratio is still
valve 116-B is
t enper at ure of
PCT/ US97/ 09082
air present in

B, Opt ol T T end WatSH MR, Fetprepreall e mat mdsmieaneing 50

) ' ks set by the density-and
&b e 4 ﬁ)Pg%?t@% @ﬁx‘ﬂ&ﬂ‘ cbpbfenitsS | y y
48

cylinder 7 whether it enters through valve 16-B, 16-A or

bot h, and by t Hurigniighi-deadpaperationof this 4-stroke cycle enginekjg.t4y Fig. 4B

automati c val ve .baysed. fof. i 1 ring-. 5 retract ed
di sc type which ag'grr]}.l%g) %gc easaz% Blr(r:ri;ﬁt %msgnr% %e%%.p%ﬁpgene%t’?ﬁethgr?&‘f%gary :
100[err] of Fi g.airicharge is, alternatively R{rginated Gy dablifg Figh pressurt iftake VAvé h@wn a

schemati ¢ dr awi

4-stroke cycle.

and 12 and dual

20

25

30

ng of a six - cylinder engine 100[err] operating in a
A temponarily éthere ase seviesal valye riisabling systams avatlahle.cs@r Blonon t o

bl ernat | veld: r Gae s6h 86 o partbutioR Bgtake Forve 1€ eng e Sy or
air i nt akgréduce gfeab@ifiiel ebdrbmy ard féweriBASdd EurentidHaPérpded

ressi on

t he

sers 10, 11

mani fol ds 13 and 14 plus alternative intake manifold
14-B. The need for dual - : _

Alterﬂatively and preferably, during light load operation such as vehicle

_ cruising, the compressor 2 can be relieved of any compression work by closing

the shutter valve 5 and opening the air bypass valve 6 which circulates the air
pumped back into the compressor 2 and then the air in intake conduits 15-A and
15-B or 15-D are approximately equal. Therefore, no supercharging takes place
during this time. In one embodiment, automatic valve 26, Fig. 6, prevents back-
flow of air duﬁng the c&tﬁpressidn stroke'.if compression pressure in the cylinder
approximates or exceeds the pressuré in conduit 15-A before the iritaice valve 16-

A closes.

For increased power the secondary air charge may be increased by shutter

- valves 3 and 5 being preférably dpened to direct the air charge to intercodlers 10,

11 and 12, which makes the charge denser and/or by increasing thé speed of



at npspheti ¢ whhgpsgsske (8' and 9 in Fig. 7) can be elin nat edppussmsddi N9
air from15 port 8-B of mani-fold 14-B directly to air intake conduit 8
shown schematically, in Fig. 7. ' One alternate air
i nducti on system shown ih Fig. 7 supplies unpressurized charge-air to
i nt ake val ve 16-B of the engine of Fig. 4-#7and of Fig. 7 by 20 provi di ng
at nospheric pressure air_to the. intake runneréw‘laSa-C to, 15f-C | eadi nrq_

HWir

rom nmani f o 14+ . : T

f i fol d 149BRIFsses ;01 by gsldingya prcgnd ytage, P PrercomPIAaion Y ROSHNRSPL

t hr ough [ ci 9 -g@ﬂm ' J 5 ri air
to i ntake val ve_rsjlq gB?’éRglaag{&vgfaCtelac %)%\?\glp g@?ié%lggé&é?hgﬁtuﬁ%‘ﬁé@#es gr_%e air
enters through iigtladetn iFlige7 tat the primary ebhpressur 298 Lyghdlasrota#a¢fRGnAAI Nt X
during the conpression stroke (the point in 25 whi ch intake val ve 16-B
cl oses and conprsssendary ?myrrngsprl isglat ﬁka_r{\zampscsatﬂ'-oﬁthdmlb; tyﬁe, altﬁbogtemgy
conpression continues, fuel is added jf not present. and the charge is

i gni ted near %t oY% W%P“@%g?“é‘?ddnt e‘ﬁ%ﬂé’ér"?@?ﬁﬁ)‘@g‘t‘?’bke occurs.

WO 98/ 02653 ' :
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A second al ternate aiReferitigdionon Fig.s5 thercih shown thelshgie 4/5udkp BhEins ahddV

pressure intake air as also shown in Fig. 5 of alternatively receiving air
from hi gh sirgilarsepgrating shstemtas described fay b enginesaf Fig. 3, BigaidtB, KipeS,

optional pressure redugci.ng val.ve 25, 0 in min Fjiq.,5 and"
B g 7. The sedgRdnry HeoT gresel el nngin iF T Ahos Bp BAGKH GRbixingheting oo
val ve 16-A 3p 1 N@c&iidaB intdke vilve 1814 had ditduxiliRy RAIVE 2B which is abforhRGBES t he
poi nt at which the intake valve 16-B cl oses and conpression - begi ns.

1 ntake val ve 16-pheventchags-aik bgckeflowdom cylinder?.sThis feaswei willgreventiehy back-
added if not present. and the char Is ignited at t appropriate place for
the pownr T Hphitccugting dhijng the Complession'sugke A g SABIRS ok s TaRRLOD
preferred air i ' m ShRWH | i | e primary _
air charge to iﬂ gagg? ve %mé asw?%F‘ﬁ%ﬂ\}_\;ssgTg%‘re%sgeaﬁa?u\%mﬂceﬁé‘gs&’ ° cgs been
pressurized to avakiablepresmstant. If\secomdprycchasye als ispeingagsivedahidigh indake t O '
as nuch as 2 _Bar or nore, can selectively (and intermttently or

conti nuousl y§ bealvs lﬁsﬁpﬁbpii@d(‘tYﬂYQ)W'ﬁr%é{?ﬁ@Pﬁ opeaiduripg thecompressian stioke

i f Fig. 7 it i it the
Pk val ves (1o Ry"BY a8k center pf BRRAD. since aGRRROALOTR R I budfipk 0 (17
at atnospheric phepresdre I clidE!T dipRotif@tes the pressufeindntake AthnaNebdduitdsy case

has had its tenperature optinized, all controlled by .
A. Therefore, the pressure differential between cylinder 7 and intake runner 15-A

will allow closure of automatic valve 26, even though intake valve 16-A may stiil
20 ° be open, allowing the pressure ratio of cylinder 7 to be controlled by the pressure
of any charge air coming through intake runner 15-A, which in tum is controlled
by valves 3, 5, and 6 and compressor speed and perhaps a throttle valve; if
present, for engines having. a single stage of pre-compression. Valves 3, 4, 5 and
6 and compressor speed and any throttle Qélve present would control the pressure
25 ratios for engines having two stages of pré-compression. if ho charge is passing
from intake valve 16-A, automatic valve 26 will be already closed and the
pressure ratio is set by the compression ratio of the engine and the density and
temperature of the charge received by cylixidef 7 through intake valve 16-B. The
compression ratio is still set by the point in cylinder 7 that the primary intake

30 valve 16-B is closed. The pressure ratio is set by the density and temperature of



conpressor 1 and intercooler 10 with the charge-air paths being control]led
by 20 vawmeess/d2esnd 6 with the corresponding conduits. |n POITASITEMTE he
valve 33 is optional .- After cylinder 7 has been charged and the
conpression ratio established by the closing of intake valve 16-B
during the first or second stroke of pistgon 22, t he high pressure

i ntake val ve 16- A opens on the conpressi ofi8stroke at the poi nt ~ which

I 16-B cl ogges,. i nj . 1 . t i ' [ d
35 'Then it ol B btetuf ElinkeF WRRE: i BB Uh aP1 B3 BB L udsy % IO
bei ng Pr @f€BY thd dotnprbRiongatis. | gnited and the power (3rd) stroke
occurs. The use of this system al so elimnates the need for dual

at nosphere air intakes. WO 98/ 02653
PCT/ US97/ 09072 L . 50,
A fourth alternate &MY WRtokautomatis waluscanhs ysed foritem 26; pedhaps 2 &¥ingne

primry chag ge?&l’arctetd%i%é‘tgg% %%@Lﬁ?Hﬁ‘adEB?ﬁ{é%{%?béf&r@ic@" B by having

charge-air com n om | e system9, nmanifold 14-B and
i ntake runners 15-C (shown in phanton) or fromconduit 32 which would

direct air to power cylinder 5 7 at whatever |evel of pressure and .

t enper at ur e vvagllw_ﬂ!ﬂaﬂrticular time. Wth this arrangenent,
openi ng val ve 33 at ch a ti th conpressor wa .. C ressing the
char ge passing t hr odth® g\ﬂﬂw{l‘é_ﬁ%%_‘l}eﬁg{géﬁ?&?sé?eqaﬁﬁpgggp%ﬁgbgﬁé _
density of the cphjdRehgint 2@ opRidtinglh & B-stidké Bycle. CPRCerzie! il sihifp iave 1ts
tenperature as well as” it pressure adjusted by conpressor 1 and control

val ves 5 100 astu@ure/androperatign tathedl-Srbkeengide pf Bigess Fig e Bhandifig. Soargdssur e

air escaping - t hrough ¢onduit 15-C. Wien | ess power. was needed
conpressor 1 c&WPWs piiernative airigdugtion sxsteys utilizipg, as infake $Un phantpm) gy air

| et el : d ' . I :
A Lor nati vel y. ks 70 P 3hd tree i IGFIO T ol Band dual |

(ECM and the mianifolds ISremddd-phuy altepttive ixstakt mudifold 1 4-B: SThe need fof dail 15

at nospheric pressure through intake duct 9 (shown in phanton). The_piston
22 now bégnmhplﬂ%ms@g@mi?ser}d&@, FighB cap pg riminatedbygovidinggicfemes, i f
not closedyeon . t ' t{: tQ. € ' ' ' tio
and i n ol 18058 i duls Rt -5 iRty ol s GRAANehall b dfo RBICERRLAN IE 1 G
whi ch opens at Ffiheg. tine, or after, pi ston 22 has reached the point
where intake val ve 16-B had cl osed, valve 16-A 20 then quickly cl oses,
conpression continues and the charge is ignited near top dead center

and e Bover (51) it puBRY ot pem gy e Labed
B _charge-air to intake valve 16-B of the engine of Fig. 4-B and of Fig. 7 by
20  providing atmospheric preésure air to the intake runners 15a-C to 15f-C leading
from manifold 14-B in Fig. 4-B and Fig. 7 which receives atmospheric air through
induction 'port. 9, and then distributes the unpressurized air to intake valves 16-B '
- of each power cylinder. Then, high pressure air enters through intake valve 16-A
after piston 22 has reached point x during the compression stroke (the point in
25 . which intake valve 16-B closes and comj:ression begins). .Intake valve 16-A then
closes, compreéSion continues, fuel is added if not present and the charge.is

ignited near top dead center (TDC) and the power (3rd) stroke occurs.



val ve 16-i3 C ceive charge-air at atnospheric pressure
Wo'sdhadss PET/ySeni0st

receive 25 arge-air which has been conpressed and cooled th

conduit 32 or conduit 15-B. The high pressure intake valve 16-A"
(which opens at the tinme, or |ater, at whi ch conpressi on begi ns) can
recei ve charge-air which (a) has been conpre@gsed and cooled in a
single stage by conpressor | or conpressor 2, (b) has been conpr essed
and cool ed in tw stagkseesndaliemsareqirindestionisysiemabowniiy Fig. 7(sopplvdsilowe 30

has had i ts 1 enper Al AR ol SRY ot R o8 o WGBS rosdlv s i ram hich

PCT/ US97/ 09072 duit 15-A t duit 15-B wi : .
order to provide pgeests?reercoﬁa‘#agener?{ougp cggrr\t")lust Po‘r‘{lﬂclzﬁlaeroe?gf)g?lipsrﬁscs%F?luc?%ard

to pover, tvaheils, (showhir phanomdnFig. SQmd RgEN! Thesetohdary HeH predspre
em ssions control . . By incorporating an optional one-way valve (see
val ve 26 showd | rfirghgrgegdy injeqied by intakeaialyeriésA ot theisgme dimerordaterithdt theipestors.
and Fig. 7 coul dhave,either. ons t.orn a .5 ariable pressure ratio, -
the charge densit ,re?ﬁh8§gﬁrp@fnqta€?¥55ﬁ’3{}%wgﬂﬁﬁél‘?&%%F&ﬁﬁ%andd%mpr‘éﬁﬂimt he time
of closing of valpsging it VaIOTE-AGhéEquibhly “RISYE Som: re'ésiaﬂémﬁiﬁﬁg, Y is
conpressor speed and by any throttle val ve” present Fn engi nes having one

st age of praddebifpotpresent andathe chyrge heigaite ati theagyroprédts plade fornhengi nes
havi ng two stages of ° re-conpression. In either case the intake valve
16- A shoul d be hé‘!‘)&’eb&ﬁ)ﬂ@f‘?- 10 late in the conpression stroke, perhaps
to near‘top qQad center of piston 22. One advantage to
cofrpressing the charge-air going to the | ow pressure i nt ake val ve
16-B in addition to higttiy aeffateat prefeide aiy dadutton Yystm sKd\Wn BEFigS7

t hat during much of the duty cycle of such engines the charge density coul d
be 15  dranmati caWpBlies the primany ajfthargele inakavabes k6-Brasfollowss Charge-air which

tenperatures | ow, igh nean effective cylinder pressure, This
syrs? em coul d pr O\yxla%géeglqressgweﬁd% a 16w pﬁ%‘é'é@g’grcﬁn}%%/ss?fenﬂ P&ﬂ\gﬁ PP‘a(gélBaTW

hilly country w | intarl ei ng
deac%/i vat ed %y ata\gl/g%félagg?cag Pﬁgﬁﬁhﬁéﬁﬁﬁég (gr;/d {%n{eﬁ&&hﬁ °%H‘g‘.§“°}7',§r’@?pby
conpr essor 213andsupplicdriplos pressute ntakegvabes 668 bfjtheengine lof Figo 7 byseadof20 by
control valves 3 and.4 d/.or .contral.valves 5 and to vary.the pressure
and t enper SPRAH {ﬁgﬁﬂng fro YFE’%P’F&% o %‘S ‘-%'ﬁge ‘ia"%?n(d GQ%H‘Q‘Bhi 1§-Be

val ves 16-A. For which conuaﬁ?é&ivreemﬁe.mﬁh%ealﬁgﬁ]&gﬁggsgé}ogrvaﬁaPHAs%eQS turned

of f or elim nated. SO S a suggested

engi ne control sypedsaurizediand iit anygeasé hasrhadfts teraperatuee optithized, altaduirollédsM) 27,

two shutter valves 3 and 5, two air bxpass . )
compressor 1 and intercooler 10 with the charge-air paths being controlled by

20 ° valves 5 and 6 with the corresponding conduits. In this case the valve 33 is
optional. After cylinder 7 has been charged and the compression ratio established
by the closing of intake valve 16-B during the first or second stroke of piston 22,
the high pressure intake valve 16—A'opens. on the compression stroke at the point
‘which valve 16-B closes, to inject t_hé dense, iempérature adjusted air charge and
25  thenit closes, as compréssion continues and near top dead center, fuel being
present, the charge is ignited and fhe. power (3rd) stroke oécurs. The use of this

system also eliminates the need for dual atmosphere air intakes.




val ves 4 and 6, the optional pressure reducing valves 25 (25a-25f) on air
condui ts wooesniés3B (15a-B - 15f-B), and a schene of. controbctosatdeerz

pressure, tenperature and density by controlling air bypass val ves 4
and 6 and shutter valves 3 and 5. As illustrated, air bypass valve 4
Is closed to all ow conpressor 2 to fully conpress 30 the charge and
shutter valve 3 is slightly open allowi ngdpart of the air to flow WO
98/ 02653 .. . , A .

PCT/ US97/ 09072 A fourth alternate air induction system shown in Fig. 7 supplies the,

uncool ed (holl _Aap : Al K | .to the
mani ol ds. 13 afny fge-BP BO TRy Bleshltichive VoS 18 S bn@EbBEP Y 7
order to c@hing selectivelp fromcitake Sy aém Opinanifold d4HB ahd intilermaanes ¥5€ and

pressure. The hol | ow arrow 4-A in_conduit 120 shows how ABV 4 can be

partial |y opentshows imphantomkor fremeendyit 32 whichywauld diyest air te pawerexlinder o

conpr essor i rder tq finely adjusf. the ressure of t.he secondary

?i r cha{ ge fhigv afgagpﬁreggfwée& of?ié%?%%ﬁfwe@ﬂg?&@sgﬁéﬁg@my Paf{lc'-ﬁgc?‘::e- )
enper at ure. : mﬁgrg roug

t he I nt erclggﬁng%dsﬁ@gymi@’ apnegjnftz or@ﬁ?tgugﬂgﬁﬁggaé go uslg (tggslelaél and

122, to the  compressing thedtharhs passihglthrough it would have the effeétaf ildredsinpother wit h

a | ow conpression ratio and | ow pol|uting enissions the air bypass
val ves (ABV) 4densityof thepramasy chargerairwiickin thiscase equidaisahaveits - woul d

be opened so t ' air
char ge ‘whi ch i g%(ﬁe%%%egg%le%aﬁ@%%%%d@ %D‘r?]no‘; rgﬁf) m g%‘gﬁ&ﬁﬁogfvlamag?cool ers
for 15  mpxi mamd 6eAsdrieywayDedlve B4 Woald prevenethe tighee piddsure aiveldaphifpur € i nt ake
val ve 16-B - opens, piston 22 sucks in low pressure air, the intake

val ve 16-B cl o8weugirganduit 15-C. When lesapdwerivesneeded enmpresser 1 isoekdd® dead
center during the conpression.stroke During.the.coppression stroke,
at the point th‘gaﬁtﬁggg‘i ) R/céung@pgual%%gpmlet‘e&[@%}mp valve g?ﬂ‘?ﬁf?ém\gal ve 16-A
opens to inj eCkmjtdp valoe 8NP ernatiVelyStalve 9PERId BE EloSiPhPfhe 0Link RE6MAra10

cl oses. Conpression continues for a | ow conpression ratio. Fuel 'is added,

i f noz . dpﬂwtulﬂ(ECM)hndhl(ag pﬁaﬂgechm&ajnwgdfmdmm:mppﬂémﬁr dw@e poi gt |
near (0} cente . nition, can erore o, arter ea
Cont er 1 oF5 t hEHRsRRic prpaspreshitiieh ek Bbee S Tsnosn e Rotmpa o aisiend? o i
high toraue, thHew HEERSISseothll KR0RY, tHe/inflRE VaRE6!HRow closes, RN elftEdEn (4 1)

stroke occurs, after which exhaust valve(s) 17 closes. 25
t hese desi gns, tielistake simoles tecestdbliske thedsontpnession ratidadliniallj casesabe hepoyyt

injected, injected,intp the cyl|nde d can be introduced at any point
bet ween t he secondary cﬁﬁﬂﬁﬁﬁt"gﬁhﬂ’t"ﬁé "gﬂ’gtlg‘rf\@’ peRht ‘ﬁﬁ@!“ea?’r xture can
be stratified, _pQ’Eon‘c 3P H8s3eached the point where intake valve 16-B had closed, valve 16-A

20  then quickly closes, compression continues and the charge is ignited near top dead

center and the power (3rd) stroke occurs.

With this fourth alternate air induction system the low pressure intake
‘valve 16-B can (zi)ireceive éharge-air at atmospheric pressure or (b) can receive
25 charge;éir which has been compressed and cooled through conduit 32 or conduit
15-B. ‘The high preSSuté iitake valve 16-A (which opens at the time, or later, at
which compression begins) can receive charge-air which (a) has been compressed
and cooled in a single stage by éompreséor 1 or compressor 2, (b) has been
compressed and cooled in two stages or more to a very high density or (¢) which

30  has had its temperature and pressure adjusted by control valves § and 6, all in



st0|ch| onetric to.a very |ean mxture for spark ignition, a vew r|ch
mxture for 3WOIMRETe operation. The engi ne power can be comPFE S@Z{"W

fuel metering alone or WO 98/ 02653 .

PCT/ US97/ 09072 ' 53 = t he
air supply can be properly adjusted to the pggper fuel air ratio by a
throttle val ve or can be "netered" by control valves 4 and 6 when
using two stages ofdepteprovide benaoﬂmageﬁxeﬁtmfm&mynmfhamkedsﬁbym régait @
using a single stage of pre-conpression. In any of the

engi nes of this i BOWRE terAue @ndeﬁxpmsnewe@ﬂﬁmw& andringegard to emléﬁgmmtrgr
I nconpl ete m xi ng SI dual

D e X e B! inftBoratifl hn SRforal SheWRY xERR (st valle BAREIH A Fig. 6) e
cases el i m gasinek SPFige FiglyeB aﬁgySQﬂd B, 706 Ha08 efther 3 Ofstit Gl L Y-

This probl em hereby addressed the present 1nvention, 1s extrene -
in current engd nesamttﬂmpgamoMolme chargk densnyt;lpmsmd tetnpaamkeyandlmbtﬂéiee

cylinder where the Sﬁ\e g{ occur in mxtures of varying fuel-air
ratios, hence wit And theitbpgof desing 6$vqivea%%baegso@mlbdtby valves 3,5 and 6 and by

(Concerm ng the i 0 i.cul ar

probl em engine r é{e@%o ggegtafl’k/&g gﬁﬂg fe[\%tl en‘grf e?“ {n én?f'{%'%@% HSPB@flta%e[ g&e
“The 15 elim nat pﬁ%&ﬁp&sﬁdrﬁaﬁwbﬁmlaadﬁm@vam4l méd{g&.&%ﬁbﬂgtﬁ@@zé@é%ﬁss
woul d be an i mportant contribution to i roved ngi ne] performance

If all gycles wer erea«tonwesswn In&rtheresqsmthetmtakmalwé6-eegdxou1d:beheldupemmy

cyl.i nder pressure d be | owe efficiency woul d be greater, and

st Tor all o The Tt BHbE cORPIESHOE Sl BeTBEPSoqHeas tob dead cenar o Pisio

appreci abl e increase in eff|C|ency and/ or nean effective cyllnder 20

pressure with a given fuel.") The cyclic variation spoken

of is minimzed and, p@nentvaitige toebinpiessing the charge-air goihg tethgilows pedsseach of

t he embodi nent s (anludlng odi nents an four - stroke

enbodi ments) of t K& ke Nl 6- Bﬂvéﬁ!’ém%t%@gbb{ecom@?ﬁsmsé%fecgw aygharge is

t ur bul ence produc r in
Btk Brid Sé‘ﬁpr@hftgk ' eﬁf lerBf%QﬁlPE@ﬁéé tﬁ? é‘ﬁa[)%ﬁ déhsity @b&m

any of t he enginé Ci%hn ence- can
oriented tangemti dfdmatibﬁflly mcreasd‘dh%xfeylkdepﬁigrpe‘dﬁbfesh)tesszhfdQHﬁ tiréElow) f&t
val ve 16, and espeC| ally valve 16-A, or the use of a one-way val ve

(such as val ve 26high meag effctiyricytinder mggsureav"@ns syt eauld provide alhpowercei ve
an air charge dur| bk sstapf'a forQ/teﬁllcﬁlzn$ {rgveif llytc%%ngy %Jl(% Hxa'p@ %e%é'ﬁ‘ f)xpelsfgu?g

intake valves 16-A being deactivated by a valve deactivator indicated by 31 in

Fig. 7, or by compressor 2 and/or compressor 1 bemg partially or wholly bypassed
20‘ by control valves 3 and 4 and/or control valves 5 and 6 to vary the pressure and

temperature going into manifolds 13 and 14 and then to intake valves 16-A. For

utmost power, the valve deactivators could be turned off or eliminated.

Also shown in Fig. 7 is a suggested engine control system co_néiéting of an
25  engine control module (ECM) 27,ltwo shutter valves 3 ﬁnd 5, two air bj*pass
valves 4 and 6, the optional pressure reducing valves 25 (25a-251) on air conduits
15-B (15a-B - 15f-B), and a scheme of controlling the pressure, temperature and
density by controlling air bypass valves 4 and 6 and shutter valves 3 and 5. As
illustrated, air bypass valve 4 is closed to allow compressor 2 to fully compress

30 the charge and shuitter valve 3 is slightly opén allowing part of the air to flow




- 30 intake valve have a tendency to reduce unwanted cyclic variation and
~have ‘a  wo/bd 34302653 PCT/USS7/09072

PCT/ US97/ 09072 _ . 54
decrease in octane requirenent and an increase in knock-limted indicated
mean effective (cylinder) pressure gklinep). The engi ne of the
present invention, by i njecting thebS2harge-air, especially through a

shrouded val ve during.the cojipr essi on strak reates_a puch greater
vt 11 tur bl encBeRaled ollfyamoms) fbieate of 6 o chelf Lol aemaL bt o
variation for ¢leaae13% c t W\ﬁ f.

The i ntake val \% caﬁsr13@?24a§m‘§ﬁ§%§9§'?fb§$°§ﬁ%@t| I eﬁg\%zg I#I?%)d\/ev“o
tangential to teevidyan sif ehiargeat opkisouns dergity, temperanire anbpressups eThetadlosv and
having 10 the side of the val ve head which.is opposite the desired

direction of t@EO%4-Arinsanduit 120 shewshowABYfbepncbe partiallyopenes toallow ckened
ti f th f t i ne' head f or.m t.sh d
col 1 ar or of of SQBE of e At} RN ARd Fetiip compressdr i gtdkr o e St beacy | o

whi | e the val verdssureR€the secdiary air chargethhfis itle@sEt éi!ﬁ’li&@tﬁ%tdhﬁfr% efdi the
better m xing %r ocess of st he Sl;yesent é ié\jvent ioon al I ows ch rlﬁ?her

fuel -air rati oand emperatatec Altemudtivelyi, all bfthepovehargeaan be directeds thoteghathel

particul ates are virtually.elimnated an extrenely rich fue|l-air ratio.

The swir| turbwsweele&ﬁhﬂ&éeég?%ﬁwé» Pash eondwity 19d andjléitodhe duri ng 20

t he cornpressi O%a%ﬁ}fo%ﬁia?ndﬂ% danpened by the conpression stroke and the
e cC

| at er ~th arge is injected, the smaller the volune of charge
requi red t®oproduce the desired swirl turbulence. In any
reciprocating internal conbustion engine operating in accordance with

the method of the prfiesbigh Rowes witharowsompressiangatio and lowpalkuting emissions,
tangent i al |y oAt eEpest uilye IR, £ 6 8% T 80 i sBlines e Fand o o
just prior wouldPbe 8iptiried So HHat tHelcOniprdsors 2 @@l raide Bethresdhifebfakd sigmel y hi gh
pressures, even during t he conbustion process. :
_ charge which is directed by shutter valves 3 and 5 through the intercoolers for
15  maximum density. During the intake stroke the low pressure intake valve 16-B
opehs, piston 22 sucks in low pressure air, the intake valve 16-B closes before
bottom dead center or after bottom dead center during the compression stroke.
During the compression stroke, at the point the intake valve 16-B closed or later,
intake valve 16-A opens to inject the secondary, dense, cooled air charge and then
20  closes. Compression continues for a low compression ratio. Fuel is added, if not
present, and the charge is ignited at the appropriate point near fop dead center,
(ignition can be before, at, or after top dead center) for the power (3rd) stroke with
a Jarge expansion ratio with high torque, then exhaust valve(s) 17 open and the
' scavenging (4th) stroke occurs, after whiich exhaust valve(s) 17 closes.
25 |
In these designs, fuel can be carbureted, throttle body injected, port
injected, injected into the cylinder and can be introduced at any point between the
air intake and the bisidn crown. The fuel air mixture can be stratified, or from a

stoichiometric to a very lean mixture for spark ignition, to a very rich mixture for |

30 diesel operation. The engine poWér can be controlled by fuel metering alone or



Si nce the seggndar ir charge in the engine of Fig. 4 thr.oug ' =i g.
Cﬁﬁg%g/g#a? %&/ﬁsw%mﬁ

30 9, Fig. Fig. 15 through Fig. 20 is conpressible to a
extrenely high |evel WO 98/ 02653 " oo

PCT/ US97/ 09072 55

of pressure, the intake valve 16-Ais, in alg®grnate enbodi nents, replaced
by a nore control |l able and fast-acting val ve, such as, but not

limted to, a hi gthesirsupply can be prepesiyaidinstedite the(proper Suelvain ratig by @ thuaktlee | s,
preferably, operated either . ., [rechani cal | electrically or by vacuum
and is, preferabl ",Ei"EB‘h? 9 é‘EFthag;cmgmlv Hﬁgﬁé“‘tgr‘l‘heﬁlus%gﬂi’ém@ Pres
illustrated in Fi ' nlf‘t?g ) : ' ¥ | 33.
In this systemt hgong r&s)%ba?xi/ (f ?0 C a?’%lgégﬁ{eﬁéqg{ﬁgcatsln\lgel? g’hﬁ%%?ﬂe%ﬁ‘lpféﬁjgg& ed
very late in the conpression stroke of piston 22 in order to increase

charge density, and swirl turbulence, and to reduce peak and overal l
conmbust i on 5 t enpelmany ofshe engines afdhis énvention, theproblemoepnamon i harmiahg

em ssions. The injection.10 coul.d. be performed i.n a tangentially oriented
Fashion. Thi s woupeBibgeaifcpmpléte Hikingar 5FL A A revifid e B L FArSEHER o
~undesirabl e cycli ga¥aiohdh b&ilﬂg&ﬁyéit&xé‘igﬁiﬁon poirtt ' WRfimized 30d orkd\@sees and
nost troubling in gaseous or diesel fueled engl nes. 15 The
use of this syst edimimatddbyrthe idte air chdrgevijection atthigh vglocityleThis ipestdem dsereby

and tenperatures. Efficiency should be greater and the detonatjon limt
hi gher, t huaddsessedby thepreseppinvention i exiemedn surrent gngines when gaseRismean

ef fective cyljpde « .. DI .\ ol . f e_engjnes ©of
this inventi oLwopé'};fl;\fsénﬁc{%ﬁ%zéw}?mm{r%rc hlg%er¥rp gfelejtﬁléi%égiﬁlgfa N c%?rplggglg{uggs of”
conpared to the .t yiipl fubldiPfatios,theROOWIR Yarici rates BEAARY devedpmidnty f urt her

| nprovenents in efficiency and em ssions - characteristics.

In accordance with the present invention, the 4-stroke engi nes of the :
present invention (for, exanpl.e, . Fi.g. Fi Fi 3, . Fl.g. 4. Eig. 4-B,
B s Fg o7 aleRrS e shporines of fiafine 2o0lntn 5 S AtPdRY. cngi nes
of the present i ”gx%ménﬂrbngﬁe re %ﬁgeﬁ)&?mks?ghfsbﬁﬂnsﬁnﬂelmf ’?e'éhﬁél@gy?"é%te “Theuse

an expansion ratio larger~than npression ratio. In-order to
acconpl i sh this relsmination bfcyiptrsyasvariation in the cembbstion process wioskltberap t he

appropriate conbustion-chanher . volyne and the conpression ratio IS
ERLORt bel ow i ERRATRRLCOEIGUIoA e JPoVES [SFBIF] PARUTERES | THGh solen were AR

val ve. The f:ﬂgéd?ﬁl toHE EVeérhglycle, thaxfinum cylinder pressures would be lower,

efficiency would be greater, and most of all, the detonation limit would be higher,

thus allowing appreciable increase in efficiency and/or mean effective cylinder

20  pressure with a given fuel.”)

The cyclic variation spoken of is minimized and, potentially, eliminated in
the engine of each of the efnbodiments (including two-stroke embodiments ahd
four-stroke embodiments) of ihe current inyent_ion by the significant swirl |

25  turbulence produced by the injection of high-pressure air. In addition, in any of
the engines of this invention the swirl turbulence can be oriented tangentially to

the cylinder wall by shrouding the inlet valve 16, and especially valve 16-A, or by

the use of a one-way valvé (such as valve 26 in Fig. 6 and Fig. 10). Even engines
that receive an air charge during the intake stroke of the piston using a shrouded

30 intake valve have a tendency to reduce unwanted cyclic variation and have a
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Referring nowto Fig. 8 there is shown a six cylinder reC|procat|ng :
i nternal conbustion engine 100[err] for gasoline, diesel, alcohol, natural
gas, hydr ogen or hybrid dual - fuel operation and having six cylinders
7a-7f (only one, _is shown in ad4ectional view) in which the

pi stons 22a-22f, are arran [

t 5 t t he lind
i ndi cated only 9§FesFdn ;S’F'@g%m@gs‘r’e’?‘ﬁé‘dla&i%‘g‘r’%ﬁgn E“°°kr&?m6?<{ ‘Pﬁé I |f$t?r'1'alef

liner 7a. A cu cyl i nder
1. Pistons 22ate?f§%t¥@(§¥e co)?h}ecte S gigl(;l%i%d ran Sé}t??%?%ﬁ/eptﬁonaby
conventional ninjeetingtite MQeamIespeuiﬂgcﬁwmhrmmutﬁdvalv&aﬁnng depectivel y.

The engine 100[err] of Fig. 8 is adapted to operate 1n a 2-stroke
cycle so as to csmmélenmke ¢rpates pc;omh gﬁatmrlﬁerrbum@nﬁmbﬂ ezmmnate
crankshaft g20. To t @d Ee}(il g? SSof fél? lk&fﬁ g

at nospheri ¢ pr SLapied CYEp-IacyYer Kapaton gﬁm}ff'rmgﬁaff’a’é’ FeR ustlono t
previously had ghgen subjected to conpression to a higher pressure via an
adm ssion control valve 6 through an intake conduit 102, |eading from
conpressor 2 by way of bypass control valve 6 and shutter valve 5 and

bypass 15 conduit_1Q4 or through the intercooler During operation
of the engi ne of Fi dl"hemtakevﬂvegwogt;gmqutpn@@ F‘éé’é aflPPhi n t he

conpr essor ar#%ﬁtxéﬁé tﬂfeec?ixﬁgir%f ﬁ?uﬁn%a con&l?lﬁomﬁ ngﬁé? %aﬁg ’JB& fizvin C h ar g€

is forced throu an ou er c

109 whi ch ljeadshé sidbypihe vawa hesd @hwhusbppome ﬂfe&tewed diﬁbcﬁaﬁl of the air fléW I anged
to channel the conpressed charge through intercoolers 11 and 12 or 20

t hr ough bypass beingdlrquded as ltﬂpmﬁnﬁ nedsseghion of the fanetaf thecengineds headt r ol
nodul e rects.the of, co. SLO t he
Arountand ¢ he ormithe 3 Grpspeit SRR dpfier o Figticanto dHESLER A DoSO the e
through the i ntdleehst Qhiléthe Valveli§iBpen. bypass conduit into manifolds 13
and 14. Manifolds 13 and 14 are constructed and arranged to
distribute the conpressed charge by nmeans of branch intake 25 conduits

15a - 15f dto inlet, v nd 16 nd to the remaini five power
oyl nders. 1ALt er nat 192/ Aestf SortRusio sysien B Dot i e ERcrR of he RESSERE |
arr -t hr GiedhtibR 'aﬂéw@ﬂﬂlﬂh Reh&: fuéltzﬁr ﬁﬁ@f&ﬁ rtsﬂﬁké-'h'imfehaﬁcﬂ@r'dﬁﬁo
conduit 101 | eading to control valve I n response to signals
from ECM 27 wi |smoke apd partinglates are vxrtudlpptrlanmeud@lam g:army)ugh fieMagmratdm| er 10

or bypass conduit 104 to conpressor 1. 30 The ECM 27 can al so control
valves 4 and 6 to direct part or all of the charge WO 98/ 02653

PCT/ US97/ 00072 ) The swirl turbulence produced by high pressure charge injection during

e at

20 the compression stroke is not dampened by the compression stroke and the later
the charge is injected, the smaller the volume of charge required to produce the
desired swirl turbulence. In any reciprocating internal combustion engine '
operating in accordance with the method of the present invention, a very high
prés'sure, Ierﬁperature‘-cohtrolled air charge can, selectively; be injected

25 tangentially oriented, very late in the compression stroke, for example, just prior

o, during or with fuel i mjecnon and, w1th extremely high pressures, even during

the combustion process.

Since the secondary air charge in the engine of Fig. 4 through Fig. 7, Fig.
30 9, Fig. 9-B and Fig. 15 through Fig. 20 is compressible to an extremely high level



57 : passing through conpressors 1 and 2 back -t hrough eonduits 120 and

103 in or der WO 98/0263 adj ust the .anount of conpression of. co Fé'g'ﬁ?? 2and -\

2 ranging in either or both cempressors fromfull conpression to no
conpression, thus during |ight-Ioad operation either conpressor 1 or
conpressor 2 could supply the needed 5 cempressed air to the cylinders.
The Engine 100[err] of Fig. 8 has canshafts 21 which are arranged to be
driven at the sarof psgsewrd, the inthke mlwléhaﬁ,tmmltemat;teamhodlmemglryplacmlU}Oﬁk| ng
st roke per ower. pi stons. The

revol uti for reciprocating
conpressor can haW%"e(S‘ﬂEtrﬁ bleﬂdftﬁﬂraéaﬂg)ﬁbll" sélEk %&UEthlm£t°oﬁhlgh§peed
pictured 1 and c (ﬁofﬁ%@minﬁlsv Veag ?%%ra‘:l § tﬁ?l oand t he

crankshaft 20 wou supp Wo WOT Ki ng St n, for -one

or nore conpr esscm@chaﬁaausesreurmmy BEb P Vatuindnd Jfﬁeferably, I’csﬁmméaq?}dmg
conpressor could alternatively be driven by a short crankshaf whi ch

‘woul d be rotafed epging contegl- l@eéliCMhas Hb!suaemlmFlgn‘k,slTlg.fQ-BdFlgz|lﬁghmuglmal | er
15 gear on the | 1 ar. a haft. e anc ary tary conpressor 2
coul d be %%@Rﬁeﬁ}r {183‘“6 %{Pglf @mﬂbeﬁﬂvm,ﬁeaﬁafebbbpd
have a step-up g 'ﬁ'ﬁﬁ I ve
shaft. The rotar §ﬁggﬁ%re?sl%‘rétl Q:po?es OP%F gt\c/’éligl@gﬁ%g ﬁl%{:ezged drive
as in sone aircr zhirgedghsigsand switl turbimiee il It@ﬂ:daée ok @aeﬁzéiall%nﬁusﬁchﬁ
engi ne 100[err] of Fig. 8. Charge air 1s induced into the

inl et openi ng 8 demperAlyresand to ESS%M!OHW@n of polluting pmissiens.t Wheinj¢ctione
conpr essor e e c is then duct d O _cqndui t 101 to
shutter val ve 5 wﬁ%‘f‘g’ t%gkagﬁ%d 'é‘eatﬂge 84 Fﬁ@r" ﬂ?‘b‘iu‘ﬁ?lulfimlgool er 10
or t hr ough jidréast ¥Warb furthslbk@ ad ‘fﬁ’é?feﬂt aldagféw@éyc% vatatidis wikieh &ear ge
can be directed 25 back through the conpressor where the charge is
re-circul at ed w chmgon in nonndmgmsand)mostdroubhhgm gascous aridieset fueled ai r
charge into the inlet of conpressor 1 where the air charge is punped
out the outlet d&B®MB} conpressor | which leads to shutter valve 3
where the charge is directed either through intercoolers 11 and 12 or
t hrough air bypass valve 4 or a portion through both, |eading to nmanifolds
13 30 and 18 whi ch dihswuse bfithis syklendmmyleemltmtloweﬁmaxmﬁmkeylmievp&sslﬁesand

to the intake WD 98/ 0265
PCT/ US97/ 09072 2and temperatures. ]%fﬁclency should be greater and the detonation limit higher,

thus allowing an appreciable increase in efficiency and mean effective cylinder
pressure with a given fuel. All of the engines of this invention operate with a
more complete expansion process as compared to the typical prior art engines,
20 thereby providing further improvements in efficiency and emissions
characteristics. '
In accordance with the present invention, the 4-stroke engines of the
present invention (for example, Fig. 1, Fig. 2, Fig. 3, Fig. 4, Fig. 4-B, Fig. 5, Fig.
7 and Fig. 33) are designed, as are the 2-stroke engines of the present invention
25  (for example, Figs. 8-11, 25 and 33), to use an expan_sioﬁ ratio larger than the
compression ratio. In order to accomplish this result, the expansion ratio is set by
- selecting the appropriate combustion-chamber volume and the compression ratio

is reduced below this value by very early or very late closing of the inlet valve.

The engine 100° of Fig. 8




58 val ve of each power- cylinder 7 of the en'gi ne 100[err]. (Bypass

val ve 4 cawgléginess part or all of the air charge to neorfusereso?s and
14, or can recirculate part or all of the air charge through conduit
120 back to conduit 106 and into the inlet of ~ conpressor 1.) The

engi ne control nodule (ECM 27 controls valves 3, 4, 5, and 5 6, In
order to adjust the pressure terrperature o6d denS|ty of the charge that is

i nducted into th ha 130. Th ECM 27
control a vari abl e vAFHEIRBSTLN Hg ShER T SR &R o FEPrOFRNE e of
openi ng aﬁﬁkrﬁ&mh{uas@én&% 100% for'gabolfie, didsellcohvl afiar@kves 17 of

the power cylinders in tionship to the angle of rotation of

crankshaft 20, hydrogeteor hybriddiualfuet dperdtion amidmpmgssa r.yhnders i7a-74\Gohig ba¢,ge
density of the gpgine faor optlrruglpertor regard to power,

in
torque, fuel ecOhéTShoRmdnasseuanakyiew) inw wﬂ the pistops 22a;22f aspamranged to

vbthod 1.3 tectshbodl® Rl vt i et et By SR WEenge. ot e eyt By 7
the exhaust val Mﬁ&é):%ﬁﬂder fifier 7a. A cutoRQVy 3T shidwsh dduBleCachinp ebmyilsygt Still

open, the piston 22 begins the second or exhaust stroke. During the

exhaust stroke, c)dmdhabstmmaiﬂayZM(cpch}edtto agomipwinoranksiiaft 2@ n alead

center the exhaust va s 17, .17" cl ose. At _.the e exhau al ves
o6 Bbe: 144

are ol osed the CHTYRGQNAl Bpd ynpans GIecUng B tmeescebedies, 16
are . opene t - Qe

conpressed air gx}gg#emﬁ‘tofﬁg @ls ag‘t«f& %(taéflfﬁga?m ect e?ﬁta%h% ea%%ri}gst i on
charmber 13010f pdwersmokes p‘gtlre\mllﬁion of the crankshaft@0e mhisend Gompfessar/1asies at
perhaps 60 before top dead center, with the swrl and squi sh

turbul ence accolAF el afmespherie prassuse.{pr aquwéwplycﬂm antqbergﬁ whigh 22
oy o £ 0V fividigly 0 1Ry birfechdd @Y EnlpbiSion IR AR A e iGN 0°

producing a PR ®Bw as 2: 1.

| f fuel is not adrhizsidh control vaNcQﬂitthughSandnﬁke(ééﬂdﬁlt 102 leadifg frohect ed into
the incomng air streamor it is injecte Into a pre-conbustion

chanber or di r eeemgresserd quﬁmgﬁmughmﬁa@d@mtemlve redbypassf t he

on) ake YAl VEs ToGdultHodS 1udlah B GiteBolel 1 6). ' Biidl Sptaridh oF U St Fig VO

PCT/ US97/ 09072 g, the air charge is compressed within the compressor 1 by its associated piston

131, and the compressed charge is forced through an outlet into a high-pressure
transfer conduit 109 which leads to bypass valve 3 which is constructed and
‘ érranged to channel the compressed charge through intercoolers 11 and 12 or
20 through bypass conduit 111 in response to signals from the engine control module
~ (ECM) 27. This module directs the degree of compression, the amount and the
direction of the flow of the compressed charge through the intercooler and/or the
bypéss conduit into manifolds 13 and 14. Manifolds 13 and 14 are constructed
and arranged to distribute the compressed chal;ge by means of branch intake
25  conduits 15a - 15f and to inlet valves 16 and 16', and to the remaining five powef
cylinders. Alternatively, an ancillary compressor 2 receives atmospheric aif
through inlet opening 8, pre-compresses the air charge into conduit 101 leading to
control valve 5 which in response to signals from ECM 27 will direct the
compressed charge through intercooler 10 or bypass conduit 104 to compressor 1.

30 The ECM 27 can also control valves 4 and 6 to direct part or all of the charge



59 | . SWybloghsyssa stratified charge conbustion process, OPCTUSORINORE.

injected onto a glow . - plug if diesel fuel is to be ignited. The
fuel-air mx is ignited by conpression or spark, the latter at the
opportune tine for greatest efficiency and/ or power. Generally, the

fuel would be injected and ignited before t¥p dead center of the 5

Carly | parkestne el ShERenR Cinl Rt ThiRR cBRDl A8 B o il .

combusti on procegSdiust the anfiiflt @F&ﬁﬁir@ésio‘ﬁ JfRbmr&36k 174812 raﬂ_ﬂgg i EiktheR b

m xture is ignited preferably before the pi ston reac top dead
center and the coothoshpressirafrgm fal gampsessigaitos0 compression, thuspduringlighs-ladd
noves toward bottom dead center. At near bottom dead center of the 10

pi ston stroke, tORErationsither comuressey ! pEcopprges9r 4 cquldsupplyrtbensedad ni xt ure i s
-scavenged by posjtive g y the piston 22 during the scavenging
stroke. |If tﬁe |$16tr& réﬁs%ﬁ@&%?ﬁﬁ&er?s opened earlier sone valve overlap
with the exhaust valve nay be required for scavenging. |If the intake
val ves 16, 16' are opened | ate no val ve overlap woul d be needed,
exhaust val ve(s) 17, The Enginsi00j ofifigl8 haspamshafisil evhich awe amanged forke t hat

I nt ake val ve(s) 16, 16' open. ansj rati o, of the_engine could

1 The e n, .
be about 19: 1, n 3 thesame spee afﬁﬂ%‘fs%g%g%{%r $QUPPly; one working-stroke e

whi ch expansi on LA 1. . divy, dli '

di spl acenent voléje?rgé‘%glﬁtﬁ?gﬁ%/g?yﬁyé gP‘ sﬁ% Pé%‘gétf% %%ﬁgﬁcé}#gg% S& cgg&ave one
Al ter nat e of€r atéranorerionblé-acting cylinders one is picturéé hand ban kv nidre tifem qnever
stroke in cylinder 7 the exhaust valve(s) 17, 17’ open, .and with
exhaust val ve 17stageof cemprgssigpegnd the giapkshaft 20ueuld supply Sk werkdng gtrokes
chargi ng stroke. At oint near md-stroke, (e, q.. .about 90l errd before
Cop dead 25 caie rvoytiang for D8 s fasbigors §s eseriPePitrigah S ey e

i ntake val ve opeRsiprdchtingcompressof 6B alternkiGvely BE BAver By 2dhort crahkhafir essur e
scavengi ng and charging air. One or nore intake valves 16 can be
recessed, as in whighmauld be rotajed byl a step-upragar on thednain erankshaft drivieg 4 smalier

inlet air d d al t | i | Lo der to | - th
ot aer o Ve Rl SRS o A e
exhaus va ; [ ssion
shoul d begin anddﬁ?v Bymégg%%eggéd B & fibhed P8id Bouft haela stbpf- TR

PCT/ US97/ 09072 between the V-pulley and the compressor drive shaft. The rotary comp@ssor 2

could also have a variable speed drive as in some aircraft engines.

20 ° Descri tion of the operation of the engine 100° of Fig. 8.

Charge-air is induced into the inlet opening 8 of compressor 2, from there

it passes through the compressor 2 where the charge is then inducted into conduit
101 to shutter valve 5 where the charge is directed either through intercooler 10 or
through air bypass valve 6 where a portion or all of the charge can be directed

25  back through the compressor 2 where the charge is re-circulated without
compression, or valve 6 can diréct the air charge into the inlet of cb_nipressor 1
where the air charge is pumpgd out the outlet duct of compressor 1 which leads to
shutter valve 3 where the charge is directed either through intercoolers 11 and 12
or through air bypass valve 4 or a portion through both, leading to manifoids 13

30  and 14 which distribute the charge-air to the intake valves 16 and to the intake




then receives the air charge as it closes, intake valve(s) 16, 16' closjng
soon afterwooesmesaM th the cylinder adequately scavenged angctimspgedv th
t enper at ur e- adj ust ed fresh air now at high pressure. The piston 22
continues its stroke to conpress the charge producing a | ow
conpression ratio, ideally 13:1 to 4:1, depending on the 5 type of fuel
used. The conpression ratio is establishe®8by the point in the stroke

of piston 22 in i gh the exhayst valve(s) .17, 17, closes, and (s

cal cul at ed Wher’(aj,‘\fr‘]a °?ea‘i Wﬁﬁﬂ?f?‘?’ié itReg 3 10051 @P@’aﬁ"’f"aﬁ‘ﬁ’ej‘ﬁﬂ ‘#‘Fﬁ%l’aﬂs
divided by the qygfjbfFthedir dHafge to manifoffEA3%4ndaa, Gr@‘ﬁl}%irculaté- art or all of the S
pi ston 22 continues to rise Trompoint X, where the exhaus vai vVelclbses
est abl.i shi ng t laér chargerthoagh boriduit 120 tack torduideit d 06 and s tie islet éhe char ge
started, the pressure starts to rise at the same point. The dense
cool ed air charcgmpygssor k-hdhe engine sonsral moshaly GX3VIH27 controlevalyesi3, gy Hamde a

" | ow conpresgion tati,o with a.very heay char L,t h. | ow Jraxi num
cyl i nder prgss[ﬁ@%"&tﬂ%aﬁ “hp’ﬁﬂ"%‘ﬂ’r§c't°ﬁ8r%5ﬁn!{§erg§8)‘? foprasthatds, o o
‘great torque anpgddfsinto the engine’s combustion CAEmBE&R 30! Thé MrOENM b
established by the dens?i t§'/,engpreess(:'t.jreualnoél tenperature Wt‘{‘lgﬁ‘l ncom ng
charge, the | erghtrolaf variable-valveshappahing ContrdlGystim tamdjust the timepdopemidg t he
poi nt the exhaust val Veoﬁfil}l 17, 17' closes. The |ater }he exhaust 20 . '
val ves 17, 17' 2pdglasingiafdhe inlet valyes L6, andyexhanst valusa hdef thepepver eylindersin, t he

| ess wor k i =Y S . e .l esg overl ap of
inlet and ex haﬁglfiﬁ(\)/rgsﬁ&xgﬂo tﬁgaﬁgcf? §P¢Hg%f??'r°g%%§{}g}%f frgg\/\i’/(eafi‘lI t|t‘1sad{‘ﬁgﬁ"forrpr essi on
ratio. 10 compressionfdtic&idchafietlensiBLs AP Engifie RiRoplimam PerforhdfecdRar €€s
before piston top dead 25 center position, cylinder 7 would be adequately

scavenged and tregardihpawar, oaqueefuel economry and Tthargelgristios of Seb beiagisupplied, or no
| ater than, the tine the intake valves 16, 16 are opened to adm t,
inthis case, the entire air charge, nost of the exhausted gases

havi ng been di Sﬂi@tﬁfﬁ‘aﬁ&x Sfﬁégiw&%liﬁﬂﬁﬁﬁﬁﬁtﬁﬁ%ﬁﬂm resi dual exhaust
gases are beneficial and experinents wll show at what point both

I nt ake and exhaust 30 val ves can be closed wi thout any overlap.) 1In this
i nst ance t "effective’ WD 98/ 02653

PCT/ US97/ 03872 Alternate lelethod 1: 61

conpression ratio could be as low as 3:1 or even 2:1, again producing |ow

Near the end of the power stroke in cylinder 7, the exhaust valve(s) 17, 17
open and, with the exhaust valve still open, the piston 22 begins the second or
_exhaust stroke. During the exhaust stroke, perhaps as early as 70° to 60° before
20  top dead center the exhaust valves 17, 17" close. At the point the exhaust valves
' are closed the compression ratio is established, the intake valves 16, 16' are
opened at that point or later in the compression stroke, the compressed air and/or
air-fuel charge is injected into the combustion chamber 130 of the power cylinder
’7, intake valve 16, 16' closes at perhaps 60° before top dead center, with the swirl
25 and squisﬁ turbulence accompanying the high-pressure air injection, the piston 22
| continues towards the end of its stroke thus compressing the charge producing a
very low compression ratio, which can be as low as 2:1. If fuel is not already
present as a rh_ixtufe, fuel is injected into the incoming air stream or.it is injected
into a pre-combustion chamber of directly into the combustion chamber after

30  closure of the intake valve. The fuel can be ihjected into the midst of the charge



maxi,mum cyl i ssure and tenperature but w th- high nean ¢f tiye
pressure. Fugﬂfégﬁaﬁﬁ'injected as early as at the point the egﬁéﬁg?méﬁpze
cl oses and can be as early as about 150-120 before the.end of the
conpression stroke. The 5 fuel-air mxture is ignited before, at, or
after, top dead center and the expansion gg (2nd) stroke takes place.
The expansion ratio is established by dividing the cylinder's

di spl aced vol umeswiyl fona stratifirdstharge. conbmistion prokesspordticandetinficted onto a glodbout

19:1 for diesel l.Lcatians, and.14:1 for sol i pe, Qr .gaseous fuels. 10
An engi ne cont ro&% ) F‘?fll ?‘f:%ﬁm ‘%Wﬁnﬁﬁéﬁ&t%&ﬁt‘%ﬂ’ by fempressigRPSi t i es
of - the charge bej [ épg)go | 1. eQL: ian '
chanber 130 and %@%’t@n&ﬁ%% Wgﬁnﬁﬁéﬁgﬁ%m&gﬁn%ﬁs% oé'll?g%%r and can

t hus adj usGendiallyg ¢helfebivbuldbe ihjetted bfid iphited BERAL b \defd céiid JPHIRSSUT €S
provi di ng -a neans of restraining peak tenperatures and pressures yet

with a mean ¢ f epistone Thg fuel éan b Mjectest lates and perhapssrontiwousiyndaringtheredrly
engi ne, when neeéj?g“dwnd furg he{r ’t()rpvi di n% for | ower | evel s of
unwant ed pol | uti & E¥RARSIon stroxe for a mostly copstantpressite Fombystion pragesst yel
ef ficient operatj eI, gat | o | [

woul d be thus: Aéﬂr?(r)b %ﬁﬁd;%lwggﬁnglregéslgih%h 'l?ngtf?e;l a(k)n#rﬂl%égri lsc'%&éd)g)gféﬁ%lfb%f)%@ﬁ,
with an expansi opistoatréashes tof dedd cefiter and thessomisusted charige kpaiids bfngteheime of
t he conbustion chanber, the fornmer would establish the maxi mum charge

pressure (not neRFten s ymoves oward betomadead senden: Atagapbotionh deadoeenter efthed

5}
adi abatical g T 7 Lgnal sshutter valves 5 and .air bypass
control 10 v aél g“e’gg}@%e’ Fiépéé‘lk’rg%% Ik'g{e'sés? We‘)pgf’?‘{ ﬂgﬁhﬁ °%'tﬁ%'§5 mIK{uEe A5h
conpressor 2, bagkkvénged®by Posifive displasshisti B I pisto2h kRkh ‘ﬂféd&gv&gmg;essed or
for any type conpresso open a wast e- gat e val ve %o bypass the

"
conpressor. Shutsteke.,Hithe itakeymalieskss 16'1is opened eailiet somowilee otdapwitidiheect s
the charge into L nlet of .conpr.essor 1. Conpressor d
conpress the ¢ haﬁ&g st yplYE may be, r?@'“f‘%l fgﬁﬁav%girgo&%?"e@?&% Nalvss ?&Dl%%i@ﬁ/l 27
controls would ' 4 chal; I nto
30 manifolds PiRelelHEvAACORIRp ol e decded trhilsl OAVES) 11 7B
exhaust val Ués approxisiat@B/ the 64ifie time that intake valve(s) 16, 16' open. The expansion
PCT/ US97/ 09072 . . ) ' 62
17" are closed dAtP pibeicpgine °9‘§F’\P§ apgut 191, fB‘_f digsel fuchidrd:fog gaseope faeliohear
the end OfgabdlfheC AR &R BafMbnafi6 {estiblibhedd 8 uioRlind Whe Sl fiffet ' V©
conpression ratio can be as

displacement volume by the volume of the combustion chamber.

17,

20 Altérnate operation method 2:

Near the end of the power stroke in cylinder 7 the exhaust valve(s) 17, 17"
open, and with exhaust valve 17, 17' still open, begins its second or scavenging-
‘charging stroke. ‘At a point near mid-stroke, (e.g., about 90° before top dead
25  center,) the exhaust valve 17, 17'still being open, the intake valve opens with a
small valve overlap to admit high pressufe séavenging and charging air. One or
more intake valves 16 can be recessed, as in item 30 in Fig. 11, in order to Airect
- the first inlet air down and along the cylinder 7 wall in order to loop-scavenge the
cylinder during the very small overlap of valves 16, 16’ and 17,17 Thé. exhaﬁst

30 valve 17, 17" remains open to the point at which compression should begin and




low as 2:1, producing a "nominal" conpression ratio of 14:1. (If the
-exhaust ooexss 17, 17" are closed and the inlet val ve geééyusohioodds €
opened earI|er In the 5 exhaust stroke the injected charge-air should
be of |ower pressure and the "effective" conpression ratio, that

I n-cylinder conpression produci ng heat, would be greater. If the

I nt ake val ves 16, 16' opened at m d-stroké&Q after exhaust val ves 17,

17' cl ose, and nom nal conpression ratigo of 13:1 were desired with an
ef fective conpriBesreseivesthe girgharge agit clasey nttn%e tﬂ‘éﬁ(@el A6'rcdesing:sponrafier.t he

cylinder at 10 The ANCO d charge
1 Ren compr oguth i Hlibdet gk st Rp BBdke L bemEe i afRE o
ratio.of 4. 1, feddl airhow it Ssre. WHe'pisto 22camnrte§ﬁy§@oreft BRI psi
and a tenperature above 900 el??] ll.éa _Iﬂﬁépn? ulellal r charge is ° Q% esﬁ?&
ignited and exrﬂa@(pra@}&ingsalomnmressm ram,tld@lletl tocl: depeddingen fevwer

io of 19: At _such a tine

cylinder with an ex I on t

that great powd¥ p‘?/\&gg‘Fé‘éFG riﬁe“?‘h@eﬁﬂﬂ ‘??wd%%ﬁt%bl@b% the paimt in v the SH’Pke bypass
valve 4 and 6 t [ COMR

charge to a hig qgt%?g?s énuqra%% aﬁ%&%&g gsﬁt& sy 18 l@éﬁ’ %7 gag%]é%ﬁs ter

val ves 3 tnaﬁl:nﬁmhmgﬂispﬁcédwolﬁmroﬁﬂwadytlnameaﬁtdetd thabsmﬁﬁcsfeﬁes 10, 11
and 12. Therefore, as 2 the charge-air is cooled, and could be to as | ow
as 150- 200[ er r |ombuwstien ehambes now punped into the engine on the back
si de by the additional conpression stage 2, to prevent a substanti al
pressure drop in the charge-air due to the cooling of the char ge
béfore congstion. The atohzq%aﬁﬁxegeoh&eﬁsamw et TRIBausSyal Eloses
conpressed 2:1 (line ?l c), Fig. 13) ‘and i s nmai ntained near t esi gn

pressure, in Z&Stabliklangﬁm&oaipmmoﬁeﬁxﬁaﬂd phere calpinessioh ocfdmldﬂrgetsnarted
significantly ipcrease.the densMﬁ}e of Lrge cha(rsg gnd t he torque and
power of the eﬁg?ﬁ’@ss“fﬁé‘a%&réﬁeaé SgrRg Pt e dense 500lgd air|chagge Wity

tenperature an%heft% ggtﬁ%kgi r hdeh 1h RGO mogratl%ml%LUeWﬁga auses

production of less un urne ons, N( er | uting
en ssi ons and whhfgeswﬁhéomnﬁxpamﬁnlcylﬂm'p&skm’erbgt with highl dffectivé mieant ed to 30
a very rich _fuel-air mxture. The air-fuel charge is now ignited and

expanded td5  cylipslergressuss for great torque and power.
PCT/ US97/ 09072 63 t he
full volunme of the cylinder wt h an expansion ratio of 19:1 although the

ef fective conpressi oThe gressare rati®@wily b estatilished by the dendityC pressurEiafid 13) .
Wth either operation schene the engine can be supercharged to a higher 5

state than can ‘e@RGahe efile incemingehapes; thedlength ofime iplgtvalve(pkl §, dbcare v al ve

I's closed _open and the point the exhaust valve(s) 17, 17 closes. The later the exhaust

20  valves 17, 17 close, the less the charge-air expands after injection, the less work
is required to compress the charge and the less overlap of inlet and exhaust valve

is required and the lower is the compression ratio.

At some point, perhaps as early as 150-120 degrees. before t)fston top dead |
25 center pesition,' cylinder 7 would be adequately scavenged and the exhaust valve
'17, 17 could be closed before, or no later than, the time the intake valves 16, 16'
are opened to admit, in this case, the entire air charge, most of the exhausted gases
having been displaced by sca\renging. (In some cases some residual exhaust gases
are beneficial and experiments will show at what point both intake and exhaust

30  valves can be closed without any overlap.) - In this instance the “effective”



at- the time of combustion chanmber charging and a cooler air char,g'e %ﬁvents
det bnati on aW@MBO%Mes pol | uting.enissions. Also in nost caseBCTUSPHERNG:

time of - the fuel is less than that required for pre-knock conditions
to occur. 10 When | ess power is needed, as during vehicle
cruising or light-1oad power generatiog1 t he engi ne operation could
revert to light-load operation, e.g., one stage of conpression could

be cut out and t bempreksibn fdi0lcouldlse Ryprased &%véﬂ@:l@h%ain groduﬁhx@ﬂ@ﬁ bei ng
re-circulated by shutter valve 5 and by bypass valve 6. Shutter valve

3 and air bypassmaxinpgn gyliuder grassure end tempegturethut withrhigh meameffentyeessor 1
passed 15 intercoolers.1l and 12 wifh the heat-of:canpression retained,
o i f ol s 1BHessure: Fag gan e st b esely a9 B g 2pick P crhais Stlve GLoRet o o

fuel efficient o | °_190° i ' [ 8,
there is shown agﬁ%w*?@'lggg%‘?“%dé‘r’ %oage%,{e ?ﬁgﬁa °Hher‘§’%'§{r#§ﬁg‘f&@f‘§. ﬁée
through Fig. 51 Artlairingixteis iphiesd teforepit] 6rifler,nop dead center bid) thedxpihsidnnt ake
val ves with cooli n% bei ng provided by conduits wth intake conduit 29 and

outl et conduit 22nd) sireketekes\pdaoge Ihe gupansiopwatio istestablished by dividingshens 28 on
t he val ve st.ens,, as _they reciprocate wt.h intake valves 16 unp a
cool i ng and W‘f’{% F@gp{aﬁ&*/&qlp‘ng&;ygﬁ? 9%#“#&?%?!\'?@%3'{%@“%%%
above the valve gidg#mo:1 fordﬁgmgﬂmﬂsns,%ﬁdm:] for gasoline or gasEan\ugs.pal anced

i ntake valves 16, 16" in Figs. 3, 11, and 25, and 16-A inh Figs. 9 and

10 proyide for rapid intake valve closure and allows |arge non-
restricting intake valves and smaller than normal valve return springs.

(When the — 10 i nt ak@meagipe cotrelaprise (hfrl) 7 can Bgungs tsmperaiur |
Lmmedi atel ¥t akegeqids8r Ak chall il iRfodiRed ful BRCIBLY Flor dfBiRHB'S! ! O

chanber and above 't

PCT/ US97/ 09072  chamber 130 and the timing of the inlet into the combustion chamber & can thus
within the intake runner, then the pressure in the intake runner acting on
t he pi st onadinstehange dengitiesnturbilendectemperatures and pressyresiprovidinga means

| ve .stemto fol .. _th - s| f th : file.f i.d
val ve ol osure. APGESraining peak tempetitigs g mssutes yet with & s affegtive ifidfe,
wave" i ntakejyal yRshpdhighbahhs i hdindal ngire, wiRA NSRS, Aid fulthér proviiig fp. )

lower levels of unwanted polluting emissions.

A suggested light-load, fuel efficient operation system as indicated on line
B(bp) in Fig. 13, would be thus: A nominal compression ratio of 13:1 could be
20 chosen, with an expansion ratio of 19:1. The latter would establish the volume of
the combustion chamber, the former would establish the maximum charge
pressure (not maximum cylindér pressure), about 530 psi when compressed
adiabatically. The ECM 27 would signal shutter -va]ves 5 and air bypass control
valve 6 tore-circulate the air being pumped through compressor 2, back through
25  the compressor 2 without being compressed or for any type compressor, oﬁen a
waste-gate valve to bypass the compressor. Shutter valve 5 bypasses the
intercooler 10 and directs the charge into the inlet of compressor 1. Compressor 1
would compress the charge adiabatically to say, 7:1 compression ratio. ECM 27
controls would bypass intercoolers 11 and 12 and introduce the charge into

30 manifolds 13 and 14 with the heat-of-compression retained. If the exhaust valves



The operation of the pressure bal anced intake valves is in.this. manner : ..
The pressurgdalg@ised i ntake val ves have expansions 28 on thgcYajsyfoshs
stens, the fvower surface of which are exposed to gases in conduit 15A. \Wen

t he valve stemis depressed by a cam 21 and intake val ve(s)' 16 opens
in Fig. 8 through Fig. 11, or Fig. 25 any pressure in conduit 15A is
equilibrated with pressure in the od@busti on chanber and at that

time the only reactive force i ressure in conduit 15A which

b
i s agai nst the Lhddraeaglosed a‘%‘iai‘?ég@t% 1@§2y° clipders s opered neanibe ead o

id cl VGY. . . . i nl d
outl et “channel so0bE SontBtsyion SROKERbis R 8 !l 3 e sion rfio Sy beps™! "
m xture induct i Ry 4§7: PUSBAOSIRRE £ SnGHRIRHE c8 jofi 8tic’ §F 14an.dila{rre€é&ﬂ§&s& vely

t hr ough the valve stem expansions 28. The oil inlet could be at a
| ow poi nt in thealess i%ad@&rare closed anddbelinitorlvedit, 16/ant opened karlier inchsuppl y t he
cooling system Alte 20 i ng 29 could be connected to

an gi | or oiﬁf - a?@aﬁt%ggk%\éﬁ%/%i‘i"%l.c iy %“i‘r’rb&ﬂdcl pyver pressure andl thed t he exi t
i+ og . . . :
Valves and the eHeRtivd XerdiehsRh RS il Sy et chingfestio, BroiBmbbeat, wopld

or could bdgreaefl NHheiitdke valve9 16, 1 65dhed gemid-Rieolecaftértdhiiit ¥4lPesengi ne
oil reservoir. The valve .Stem expansions 28 could al so have a
channel t hr oughl?.H@n¢lese, Andia spmingh gorpression ragio of d3: lewers desirkd with are
historigcally exhaust val ves .nave. begn, difficult to cool ..thi . sane
syst em woul d pr‘g@?"g‘é’e SOERtrAyRn E%'SI ‘ﬁﬁgl o tk’ﬁgi’%rﬁﬁ uced Wffst?“é%lﬁ’qeﬁﬁhgh
there is nofp 9r fid-s6IRSHUGR betohipRessed' 19! TROMEdoled chig? i$ W then
be : appl i ed tso exhaust vgl ves 17 f?om whi ch _exchaﬁgt] eggéteg& 8 A

ori gi nate, or tinthe@eylinder withemleffestive/ainymressizin ratiy ofAd| ared in@ithemsaselavitiong

|ife for the exhaust valves t.he, 30 val ve se 98/ 02653
PCT/ US97/ 09072 2 pressure of about g%j psi and a temperature a ove%t()a" F. The f\{ggalr charge is

On | arge engi neg,khe, ol . @m:;g | r ged
into Igrgergl [ ngghg%dkgﬁagﬁ%anp ngé{pr lﬁﬁé?%ﬁggﬂ%mhgg%ﬁ{cg t he
conventi onal oi tylindepwith aa 2kparsiogiratio of 19:1.

15

At such a time that great power was required, the ECM 27 could éi gnal the
air bypass valve 4 and 6 to close. Compressor 2 then begins to compress the air
charge to a higher pressure, at the same time ECM 27 would open shutter valves 3

..and 5 to send the charge-air through the intercoolers 10, 11 and 12. Therefore, as
20  the charge-air is cooled, and could be to as low as 150-200° F, more air is now |
pumped into thé engine on the back side by the additional compression stage 2, to
prevent a substantial pressure drop in the charge-air due to the cooling of the
charge before combustion. The air charge in the combustion chamber is now
cbmpressed 2:1 (line B(ic), Fié. l3j and is maintained near the design pressuie, in ;
25 this case about 500-530 psi, although cooled, to significantly increase the density
of the charge and the -torque and power-'of the engine. The cooler air charge '
provides lower peak temperature and pressure and coupled with the high'
turbulence causes pfoduétion of less unburned hydrocarbons, NO, and other
polluting emissions and with smoke and particulates being virtually eliminated to

30 avery rich fuel-air mixture. The éir-fuel éharge' is now ignited and expanded to
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The engine 100[err] of Fig. 9 Referring nowto Fig. 9,-there
is shown a six cylinder reciprocating i nternal conbustion engi ne

havi ng one atnospheric air intake, in whicg3all of the 5 cylinders 7a -
7f (only one (7f) is shown in a sectional view) and associ ated

pi stons 22a - 22e fhlevodume pfithg cylinder avith anexpansiordratip iof pBlalthoygh theer s are
used so as 0.produce six power  sirokes,. Jeval.ution of crankshaft
20 for produci n&fftﬁgt&rcompresmqngmgomh.lc’(ﬁgﬁ&ﬁip@ ’2’84131 feﬁvconnecti ng rods
19a - 19f, respectively. A primary conpressor 1, in this figure a
doubl e-acting reciprocating type, is showm which, 10 wth air conduits as:
shown, supplies presdNijth gitlierdperation e¢tien theengineddn brdrRiperchirgédto a higherval ves
16-A and 16-B (the latter only if a primary charge to valve 16-B cones

f r om condui t 3 15statethgn sgmennventionapenrgingsrbepause in mest opsesdherindetyatveds clessdh i n
series with conprgssor An aj.r_i,nl et and associ ated _conpressors 1
andlor 2 o (5% Y 2% copthnition &ikuifer PhitPing e 8 patleh i SOATBE Bpvgne
charge-air, whi giohatosRltedies HOINR ibfis. A6 EBbsticAee rad; '
pressure, to the air Int akg rueﬁ er 15-A S 1(Psapz‘ilndizﬁllﬁltSz)ike var?%]/e 12%2{6'[%{
cylinder 7. A sdoofuel isdesd than that reguired for pre-kaiock chrmlitisms to occurf r om condui t

110 through optional shut-off valve 33 to intake valve 16-B to supply
| ower pressure air to the same cylinder. Alternatively a second conduit 15-

5. dypt 15-A | ' g _ h i
S0 Sranol] ang cal PR el HRSSRRISAFRAGL  NOREF LR
.val ve 16-B. -gendrikicH, GRQingire operatibh cailld révertadightlvad @peratibi,ahig.3oned 5 and

6 are used to help control t he densL‘t‘%, wei ght , tenperature and
pressure of t he stegapfeompressiarheouldhberus onhandethe first coolgr E0 bypassed by theairr ol

(M SOTPTC551 o0t Rl L I B s SRS Bl R g B R e

engi ne of Fig. $anlilafh-bypdssVatved &bulddiréR ¥R of e chiik ffon? dorhpres & I\C’Pakéld

cans and are arranged to rotate at engine crankshaft speed in order to
supply one 15 intprsoelersskirande 2f with twdicapofreompressiomrefaned cimtchmanifolds h3f t
rotation.

and 14 and to the cylinder for the less dense, more fuel efficient operation mode.

Still referring to Fig. 8, there is shown a view of a cylinder head of the
engine of Fig. 8 through Fig. 11 and Fig. 25, showing optional pressure balanced
20  intake valves with cooling being provided by conduits with intake conduit 29 and
outlet conduit 29', one-way valves (not shown) which allow expansions 28 on the
valve stems, as they reciprocate with intake valves 16 to pump a cooling and
lubricating oil or oil-air mixture through the spaces above the valve stem
- expansions.
25 _
Pressure-balanced intake valves 16, 16' in Figs. 8, 11, and 25, and 16-A in
Figs. 9 and 10 provide for rapid intake valve closure and allows large non-
restricting intake valves énd smaller than normal valve return springs. (When the
intake valve is opened, pressure equilibrium almost innnediateiy takes place

30 below the valve head within the combustion chamber and above the valve head
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The engine%@éé?gy?i shown in Fig. 9 is characterized by a nore -conplete
expansi on process and a | ower conpression ratio than typical engines, and
S capabl e of producing a conbustion charge varying in weight from
| i ght er -t han- normal to heavier-thargsornmal and capabl e of

selectively providing a mean 5 ef fective cyl i_n(égr pressure hi gher than
can the convent Wishis the intakegunras; themthe pressuggip thy intakg rypner agting e the | a1 or

| ower maxi mum cyl j ndear. pr re. i t and
vari abl e val vesi{‘é{,m%ﬁ‘eﬁ@ﬁg&gmgﬁngﬁvﬁﬁ ési&gsté@%ov\ﬁauﬁfg\%gw eeStélE%/zdgo)z/‘ét em
for control |i ngiHeMBwhbaéeofRhE &M pRofilélfir vapid valve Blosiu@! Wiso, agiedy Nean and
peak pressure within the cylinder which allows greater fuel econony,
production 10 “Mhagunaveal prespueeperated, ‘squage waue” iatake Relve caildibelused prothe ut | ng
em ssions for both spark and conpression ignited engines. In

al ternate emodfhEpasof this inyention.: valve timing systemw th .the ECM 27
can also control the tine of opening and closing of the intake val ves
16-A or 16-B or both, to further provide an inproved managenent of

conditions in the coThespératiordfaibpresiure balhsordiimakevdlbedis ar thimanrerl5
curve, higher power and with low |l evels of both fuel consunption and

pol I uting em ssi ons. Brief Description of Operation of engine
100[ err] shown in Fi 9 ' . . Jhe . new cycl e endi 100 ernr] of Fig.
9 is a high effici engi;“? BreguTe balaoged intake B@V?g‘avxgﬁﬂsﬁﬁﬁzgﬁs%&{v%% 't or que,
with |ow T ugd CORRMITREIWer3irtadetl VR belcRfosed to gast8ISEAAR 15A. When the

The new cycle is an external conpression type conbustion cycle. In this
cycle part of t kalve steakis depressed by achm/2ii anidi itake valve(sy bélopenstin Eigs Swer

i nd i 25 . ' [ ' I S, d by. | I
anci | Lary conpr e Fignbl,or Fig. 3 Spes ke i it J5 A 8t Wiy s on
can be suppress ﬁ%rs:ﬂ*e H’?ﬁm%ﬁm@b&ieﬁ%%ﬁﬁﬁre and at that‘\’/“%héé@/e%ggS?étm fORIERE By sed

air, and by a s [ er conpression stro
PCT/ US97/ 09072 any pressure in conduit 15A which is against the underside of valve stem§8

15  expansions 28, causing a rapid closure of the valve. One-way valves (not shown)
on inlet and outlet channels 29 and 29' are preferably provided for oil or oil-air
mixture induction through spaces above expansions 28, and alternatively through
the valve stem expansibns 28. The oil inlet could be at a low point in the cylinder

_head where oil would collect to supply the cooling system. Altematively, oil inlet

20' line 29 could be connected to an oil or oil-air mix supply line. The inlet conduit
29 and the exit conduit 29' from the cooling system would be fitted with one-way
valves and the exit conduit 29' éould be higher than the inlet conduit 29 or could
be connected to an oii discharge line leading to the engine oil reservoir. The valve

 stem expansions 28 could also have a channel througﬁ them with a one;way valve

25 oneach side. Since historically exhaust valves have been difficult to cool, this
same system would provide a&équate cooling for the exhaust valves even though
there is not great pressure in the exhaust conduit. This system would then be
applied to exhaust valves 17 from which exhaust ports 18 originate, or to the
exhaust valves of any engine to prbvide long life for the exhaust valves and the

30 valve seats.



During oper agb@Bsgss 1S supplied to an i ntake val ve 16-B of therpsymoon
cylinder 7 which has been increased in pressure by perhaps one-third to one

at nosphere or nmore through an air intake conduiit 32 leading-fromancillary .
conpressor 2, or the air enters by conduit 15-B and a pressure control
valve 25. A 5 second air conduit 15A sef®ctively supplies charge-air at
~a higher pressure to a second intake valve 16-A |l eading to the sane
“power cylinder 7. (In this design the intake valve 16-B admits the

| ow pressure air afterx?%ﬂ& t-

center in the power storo %S‘%H‘\égi gﬁ’s‘,’t}?’ﬁﬁ’g@g&%ﬁpﬁgés"%@&hm%&@ﬁ?‘g@%‘i
Exhaust bl owdown iste datger lirfes and therdlmimping privided by th@aroalddeplave the0 i nt ake
val ve .16-B opens and cl oses quickly to inject |ow pressure scavenging air.
The cylinder 7 i sopyentinegl ol wmmeyespidengivfp scavengi ng as pi ston 22 begins
its. conpressi on stroke. Intake valve 16-B is now cl osed and piston 22
rises in the conpression stroke to the point where conpression should
begi n at whi ch point exhaust valve 17 cl oses sealing cylinder 7 and
establishing the conpression ratio. 15 Conpr essi on conti nues and at near
top dead center, at a point deemed appropriate, fuel being present,
the charge is ignited by spark or conpression and the power stroke

t akes pl ace. When nore power is desired, a secondary air
charge fromconduit 15-A 20 can be introduced into the power cylinder at
the tinme of, or after closure of exhaust val ve(s) 17a during the
conpressi on stroke, by intake valve 16-A which " introduces a higher
pressure air charge, and quickly closes, in order to increase the

charge density.. Alternatively, the primary air charge may be boosted to a
hi gher pressure by adjusting air bypass valve 6 to send nore air

t hrough conpressor 2, 25 by increasing the speed of conpressor 2 or by
changi ng the setting on the control val ve 25 on the conduit 15-B
~which alternatively supplies the | ow pressure primary air charge to
i nt ake valve 16-B. The tenperature, pressure, anount and poi nt of
injection of a secondary charge, if added, is adjusted to produce the
desired results. WD 98/ 02653
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For light-1oad operation an intake valve disabler 31 (there are several on
the market, for exanple, Eaton Corp. and Cadillac) can disable intake valve
16- A




- when light-1oad operation does not require a high ‘mean ef fecti ve.cylinder
5 pr essWwe.9882658r nati vely, during the tine the | ow pressuPEI/HS?7/00872i nt ake

val ve 16-B is supplied by conduit 15-B the air bypass-val ve (ABV) 6
can be opened to re- circulate sone of the charge-air back through

the conpressor 2 in order to relieve t he conpressor of conpression
work during |ight-1|oad operation. Additioﬁﬁlly, and preferably, air

bypass valve 4 can re-circulate part or all of the air punped by 10
conpressor 1 back to the inlet of conpressor 1 on demand in order to reduce

pressure and dyheiehgine{100hef Bigcondary charge goi ng through intake val ve
16- A One suggested, preferred nethod of operation of the

newcycl e engi ne  Referringopero Fig. 9, theresis sidwn a six cylinder reciprokating r  at
greater than atnospheric pressyre that has been coppressed ., by
2t least one cUHFPBkComushon et hayiRe PRAmONpIERS Ty ptakey 0 hish all of the
bypass systens dehey ' I : beSim | j | i nder 7

t hr ough intgkecﬁgrf ve 1%(3@%%% (Iﬂ; l%%gr?}é’(si‘ng%gﬁ@r%gﬁé 0 (ga%ﬁéigtg% 21-B 20

at near bot t onpiieal 208 AR2f operite i 2aadke tydld endalhpowelcyltilider BRBaDSo &
bottom dead center) after exhaust valve(s) 17, 17" have opened_ earlier say,
at 40[err] bef & propuce sxpewerstiokes per reyalutienofarankshafb @ fuprodusingspavenst

I [ ft bot .t d . f f ' f th
Y e er T T 8 Rl B Lo ERE Bk DR SheR T Pk
2. . AMfter theoRpMBLordt S fighrsQ HBL&E-%cﬁﬁEre‘ébﬂ)rbd%ﬁﬁé tﬁalez 1 showh %}gemt h

fresh charge, the exhaust valve(s) 17 irs’left open tor a-
period of 10 ne withtaircandeits as shown, supplies piestunizedais tparesarindratcyinded @etakecent er

(with intak ] -B | d ) ) i d to furth
g\(l:mavenlgg ? hg \égﬂégs ﬁéﬁ ﬂ@g‘:ﬁ'ﬁd(ﬁﬁﬁ&f’é onyif g primary ﬁ}é“;'g%%g‘@%e 16°B comes ;e); esent
and further, | foff &ilduitdssSh B dmilry ednleSOPP bf i 133n818 yBe & shblf in VO

98/ 02653

PCT/ US97/ 09072 series with compressor 1. An air inlet 8 and associated compressors 1 andfbr 2
engi ne, the conpression ratio being. established by the displaced cylinder
vol une renai ni Mithdplet gendyis and spanifoldscldandskd spplycchargeair, which has besry

di vided byyghe cgﬂb&g&d% étllli@le? mlﬁ%h%eﬁpﬁf:@ﬁrc, to the air intake runner 15-A
and intake valve 16-A to cylinder 7. A second conduit 32 directs an air charge
from conduit 110 through optional shut-off valve 33 to intake valve 16-B to
supply lower pressure air to the same cyliﬁder. Alternatively a second conduit 15-
_B from conduit 15-A can be fitted with a pressure control valve 25 (both in

20  phantom) and can direct the lower pressure air charge to the intaké valve 16-B.
Intercoolers 10, 11 and 12 and control valves 3, 4 5 and 6 are used to help control
the density, Weight, temperature and pressure of the charge air. The intake valves
are timéd to contrdl the compression ratio of the engine. The combustion
chambers are sized to establish the expansion ratio of the engine. '

25 o |

' The engine of Fig. 9, Fig. 11 and Fig. 25 have cam shafts 21 fitted with
cams and are arranged to rotate at engine crankshaft speed in order to supply one

power stroke for each power piston for each crankshaft rotation.



5 +.3. -, \wdesmsszylinder 7 now filled with fresh air, the REEPSIIHISTN

(2nd) stroke continues and, at sonme point the exhaust valve
17 is cl-osed and - conpression begins for a snmakl conpression
ratio. This makes it possible to | essen the tenperature rise
during the conpression stroke. Conpression 67 continues, fuel is

added i f not present, . he b Sed i

appropriate point nea?ﬁ?%lﬁg%e%@hg%%?%ﬁgﬁdéF%éﬁf)atg%grz&gw8 eor%ggxgpge_te

4. (a) Al ternagipdfidive piddess afld adbwer mxép}éssm rafif thahQgbical chfmeahadYs
conpr essed, t enperature-adjusted air charg%e IS injected into

the cylinder 7 bsapableaiproducing a combustionchiavge viagying ipweight)framolighiérethan
closing during the c ressi Qn stroke 15 L he ;POi'BI at which the
exhaust val ve cI'?ﬁB’éit capigr-thanrnormglang capable of selectively providing a Meapiuce a

more dense char g&fécﬂ\ée Efifdef FreBudy hidfier t?%t} Es%tgﬁ oAl gement in

desired of the engin . even greater- power is .
required, the sesandbéngindswithéimiiar 68)owee mdlimum cylinder ptedsiire 2 Eapink Qokted)Si t Yy
and wei ght by being passed through one or nore ' i ntercool ers
10, 11 and 12 armogﬁ}le (BEMpTiand vetiahle ¥alyes 3.5 Sand Gronspnduits as shown provide
cutting in another stage of Xi ki ary conpression.or, b ssing nore of the
charge air thr o@ﬁsf%ﬂﬁﬁgfnﬁ‘?lﬁﬂ%h}e chéfﬁgrpé'[rgs%;es@nm%em}égr%m, B3t om

dead center of tﬁ]ﬁﬁ@?&%ﬂ@ vﬂ?ﬁﬁ iﬂe%?fin@éi'hﬁ%ﬁ al¥ §r§%t|¢1.tz) g\,\lélégvﬁlgngrr?&/, %ryd%uhtion .

open and the cyl’ I's efficiently scavenged e air
i nj ected by 1@ i naffgredtert pooeer und wequcatall RPM, With 3@+ pabatihg emissions for both
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Det ai | ed Descr i pPRBARskcompsession;ignitesengines., ir alisgnate embegiments. g rvapipble o

Near the end of t): i . ne - | bout |
40[err] before b%%oﬁag%ag%g‘n‘%’%}?%m%&%% l%ics%%'gﬁl %gfm%h(g@%ﬂ’ggfs &val ves
17 open dlosing uiithi Siitaltd ERVIE-ADNA6LB yr Bdth,ad flnthir pE@ddeiaeingrovéd ows

through air conduit 32 5 fromconduit 106 and optional shut-off valve
33 and conpr essonamgement efsonditiopeinthe combustionichamber4p allewfora flate-teyque

supplied by 13 pr&‘?\%ﬁ 1eghrex('a ggvlvgrta(x)xh vylﬁ'l 1o lzeéelg of Both fuel consumption and polluting

emissions.

Brief Description of Operation of engine 100° shown in Fig. 9

The new cycle engine 100° of Fig. 9 is a high efficiency engine that attains
20 - both high power and torque, . with low fuel consumption and low polluting

emissions.

The new cycle is an external compressibn type combustion cycle; In this
cycle part of the intake air (all of which is compressed in the-powe-r cylinders in
25  conventional engines) is compressed by at least one ancillary compressor. The
‘temperature rise at the ¢nd. of compression can be suppressed by use of air coolers,

which cools the compressed air, and by a shorter compreésion stroke.




conmpressed air line 15-A (as shown in Fig. 9, and Fig. 10), through an

I nt.ake - woosiedés®e 16-B into the cylinder 7. Intake val ve PETRISS/O®0E .
shortly after bottom dead. center or, perhaps at bottem dead center.-
Exhaust val ves 17 renain open during 10 the first part of the '
conpression (2nd) stroke of piston 22. The éyl i nder 7 is now

efficiently scavenged by bl owmdown and by | B p scavengi ng and at any point
during the conpressi r . . ' : LhhRGR ¢ h air,

t he exhaust vgﬁ‘\@ O%E{;tlgﬁlgﬁé&agrgp?pg%{eo&ﬂa gy%lgélgcﬁgtw&ggh%?issi_on

ratio i s desiredyliidee 7 which hasthebriitfeteayed ingireshdre by perliuph ohethifd @ gween unti |
the piston has reached the point that 15 is desired to establish the

conpr essi on r at Rénosphere®r more troughaan: dinintakg icanduit 3Llesding from ancillary and 17a’
are closed, a secondary . charge.of high pre re, tenperature dj,ust ed
air which has b&%‘??%&ﬁ%?e%@g "‘Bf“&%&’b&@é@agé)ﬁ“‘iﬁ%ﬁ%"? ﬁ?'&&'é’a“’ﬁﬁ- A

I nt ake val ves 16:4.,h8 ; ﬂg@ ' i; i %&If 6- A
closes. In & s&ggg{a?icgﬁ?ulﬁ enséllg(l?df ﬁ'ie%“ﬁ"?%%%‘éé@?ﬁﬁaéom r ?gééiﬁaeﬁgs% , the

density of the seonddatake Bve 16Adegiingio the 3amé powercntingeri h (e tifiedesipn
cutting-in conpressor 2 or by increasing t he speed of conpressor 2,
i f already conpthesiatake valys 16:B admits the low prassyrg girafienedyapst valves 17 i9perugh

ShorT v or i paparHesmidea ReiEin Iné PoivstBie Wi cRiasPblyBdh s "2 9P
this system regahuieddSEMausiloNaoWh obdifts SAdIRRIUsY FIVEs) F7 SpensAd ro®W

establish the conpression ratio, the primary fresh air charge trapped in

t he cl¥ i némsakervalyd 16-Beopensyndecioses gnicklyrtodnjectiowpressure ispavepgingnin at i o
w1l be |ower than .. no |, therefore, if needed, a hi .conpr essed,
t enper at ure adj ﬁ?&&l"c’ﬂe{ 76?1%? scavenged §H ?‘ERP sfcﬁ]’%‘@d“d’t‘s“é&ggbggm%ﬁ ve
closure or | ategoinBrdséis K OvRLVOY5EELisHoNEAN A", i yalelc charge
but with the ten%e?at ur%%‘?%gq%tg%néﬂr e\s“tsrallsﬁllgd %y&c?r?gégbs}) e i ]%

98/ 02653 compression stroke to the point where compression should begin at which point
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charge and the SKRAuSt Yalvs} Lelesss sealingsylinderyf and ssiahlishing the cpompression safip.

nor mal me i : i fopidba
t orque and é%wef@agﬁ{ré <ok C%ﬁgﬁ%slagg\ng{%e%n expgﬁgﬁ%ar aﬁ?%e?ﬁxg?%ﬁ: p@hﬁﬁ&t he
conpr essi on r at ifuel beingpresent, the chargleds ighitedby bkl ooempression andsthe powdif

val ve, or a valve disabler 31 (in phantom on the high pressure

i nt ake val ve cosireketakesplass: |y restrain the intake

When more power is desired, a secondary air charge from conduit 15-A |

20 can be introduced into the power cylinder at the time of, or after closure of
exhaust valve(s) 17a during the compression stroke, by intake valve 16-A which
introduces a higher pressure air charge, and quickly closes, in order to increase the -
charge density; Alternatively, the primary aif charge may be boosted to a higher
pressure by adjustiﬁg air bypass valve 6 to send more air through compressor 2,

25 by increasing the speed of compressor 2 or by changing the setting on the control
valve 25 on the cohduif 15-B which éltema,tively supplies the low pressure -
primary air charge to intake valve 16-B. The temperature, pressure, amount and
point of injection of a secondary charge, if added, is adjusted to produce the

desired resilts.



air, or hol duphesyalve 16-A closed. This would add to the fuehcfpeRmsr0f
t he . engrne. ternatively, if -conpressor 2 is not supplying air to
conduit 32 and "intake valve 16-B, during light-1oad operation the
shutter valve 5 could be closed 10" and the air bypass valve 6 cah be
opened so that air punped by conpressor 2 69 woul d be returned in part
or wholly to the inlet conduit of the conpressor 2 with little or no
conpressi on taking place there. * An ancillary automatic

I nt ake val ve 26, Fig. PRI j i.q.

prevent any back-fl owFé&%lﬁg%d;&ae?érdoﬁ%gg%%%%? Q%Iﬁ 1f {tgﬁg agcyﬁe%g'aé{"? _

7 pressure shoul theanmkeXforekaemple, Eatof €drp. Aad 10agillat) @nl disabf ietbke vafeAsoAlr | Ng
the . conpressi on stroke of piston 22 before the closure of intake

val ve 16-A when light-load opératiomdaes net rpquirdia highan¢dnafiective oytidex val ve 26
of Fig. 10 could _be used to 20 rovide.a constant or a variable pressure
ratio in cyli deP’e?s.“rT-ng{tﬁF’é‘t‘YFA&éP“F&gw tige the low p"ﬁ?wlﬂmﬂﬁta&kﬁlvﬁﬁg to

near top dead cept l @gL ' Y -
adj usted by the %rsgég%}débgggﬂrtg%ﬁgﬁetalirrr?;gjg/%sior%}eer , c%%?nr%ﬁ %glﬂgé)@al ves
3, 4, 5 and 6 byckailge esfiebf the chatigpair baok tHryughngie toimptdssad 2viailorderRo esliene .

The automatic valve 26 could be of the spring-retracted disc type and
coul d be 25 f abtiesompressdr afspmpraspion ¥ozkuring light-load operation. Additenatlyn be

carbureted, injected n.a throttle body 56, sh in Fi . t by ough
Fro 17 and | ¢ orpsPrelratity ol Spavabiecl canye-GR oo L of 1R ar pHppta A0
into tie | Bbdpresdor §HaIOl té Inletl dTicBmbRAsdr! 6h derpdridif QTS fedhic& hanber
(simlar to that 30 seen in Fig. 21) or, injected through intake val ves
16-A, or it nmay. pessun¢ and debsity of th®s&@hGayxharge going through intake valve 16-A.
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directly into the conbustion chanber at point x during the

paseed poi mt i1 ho 85 SuRceE refired REiAd R oBecgRlh Y af HEnyH Htheie "o

passed point x in the co can

injected | ater ang’iisithubre case of diesel operation can - be injected at
t he usual point for diesel oil injection, perhaps into a pre- 5
conbustion chanber or directly into the conmbustion chanber, perhaps as Fig.
21, or directly Q. I Af .er. ' -
t enper at ur e- and- g‘ensi %nggléaecﬁ'ﬂ%t%r%\é%-rgif T%moséh%g ﬁ??"’%% ébsatlk)%‘cétr’leﬁnnﬁoén(ﬁreesa‘?d | f

used, conpression of bijgt ledstoHecapressor @ and has Ndd ifs temperature adjusted by
bypass systems or charge-air cooler 10, is introduced into the cylinder 7
through intake valve 16-B, which. is opened by a small lobe on cam 21-B
20° _ at near bottom dead center, at the end of thé power stroke (perhaps at
bottom dead center) after exhaust valve(s) 17, l;l' have opened earlier say,
at 40° before bottom dead center, for exhaust biowdown. The exhaust
valves remain open after bottom dead center for further. scavenging of the
cylinder 7. The intake valve 16-B closes at near bottom dead centér.
| 2. After the power stroke is complete and cylindér 7 is filled with fresh
~ charge, the exhaust valve(s) 17 is left open fora period of time ﬁer the |
piston has passed bottom dead center (with intake valve 16-B now closed)
in order to further scavenge the power cylinder with the fresh air charge

30 - present and further, in order to 'esfablish a low compression ratio of the




fuel present, is ignited at the opportune tine for the expansion .stroke,

~ (The . WOHsHN2655i on ratio is established by the displ ace®CGIHsImes0s: t he
cylinder 10 remai ning after point x has been reached, being divided by

t he vol une of the conmbusti on chanber. The expansion ratio i$

determ ned by dividing the cylinders dot al clearance volune by the
vol unme of the conbustion chanber.) 7 Now t he fuel -air charge

is ignited and the p M&n ' ' addl t he
conmbust ed gases expan@. eNgar ﬁ%&lﬁ?@ﬁ%b@&%{eg@b}%ﬁeéﬁétl%%dﬁ?a&d%?ﬁn@e?r oke
the exhaust val ve(s) vdldme temainfig at dnchdifteofald extdast valves 7efldsutd, ®inp Y
scavenged by bl owndown and by | cop scavenging at the end of the power
stroke and | argely divideddytheyolume ofithe combustienehambennd tinme. 20

It can be seen that the later the point in the conpression stroke that

poi nt X I's reached (the later the exhaust valve is closed), the |ower
| s the conpress3on  with thé eyfittieP 7 noWeHifeaon e frésiaif, e Ldifpredsith kS
heat ed duri ng conpression. y ' 't can al so be sesen ?Eg{&t%ﬁg
| at er the tenperat ureontinues and, arjonset point thdrextmpastdalvei 19 is olosatlarkd, the | ess
work will be required of the engine to conpress the charge, the later

part of which has rectUMRIEsSIALbREIRSoH2 small spmpresan atigy Thdsmakesitpossible

and Y Flel econayie RS MR Berefre iR A, G2 SGRRMARE NG, QSR S0 e
with the S eCoNgkitinués, h&ﬁ@md@ﬂidﬂ?%%eﬁlhﬂ&tﬁabﬁﬁgé Redathd y and the
total charge wei ght 30 could be less than that of a conventional engine
and wi th t i ext endeeprespriate peint néar top/gvad g£te8R! the power stroke occurs.
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rati o produce even better fuel econony. _ During light-I oad
operation of thys 2- gl xHepnativElySwRBIbREtef hbWer if r@ifdfted dhecond @, guch
as vehicl e cruising g‘tr) I'1 ght -Fﬂggd pogver E:gEneﬁralt ."%‘ﬂ et'he e(s:%%g%%or al re > 5
charge can be el i ni ntmperdtyreeidpsted acHargghs njectediinto thacplimder J1bydntake A

valve 16-A opening and quickly closing during the compression stroke at

15 - the point at which the exhaust valve closes, or later in the stroke, to
produce a more dense charge in order to provide the torque and power

desired of the engine.

(b) When even greater power is required, the secondary air charge can be
20 . increased in density and weight by being passed through one or more

intercoolers 10, 11 and 12 and by increasing compressor speed or by

cutting in another stage of auxiliary compression or by passing more-of the

charge air through the operational compressors.

25 5. Near bottom dead center of the piston position, exhaust valves 17, 17"
open and the cylinder is efficiently scavenged by blowdown and by the air

injected by primary intake valve 16-B.



temporari)y W@ﬁﬁﬁﬁ% val ve disabling systens Eton, Cadillac, etc.) or air
?

can be f to intake valve 16-A and the engine stiF¢THSHHNR -
greater -fuel econony and power with the air charge being supplied by
conpressor 2 or | through conduits 15-A, 110, 32 and intake: val ve
16-B. 10 The engine 100[err] of Fig. 979 : " Fig. 9-Bis a
schematic representation of a six-cylinder reciprocating I nt ernal
conbusti on engi neDeiled Dekcrigtionlof itte @peratidreofthe engiae 100°ddFig.9al to the

engi ne 100[ err] Fi g. ‘? %ge characteristics and operation and
structure of the engin ei'b'b?@? pf thg powgr (Isp)gtroke pf the pi »@ethags piabolti | ar

to the engi ne 100}j®n{.k Lg. t necessary to,point
out specific poi n{tft{) °’-§{b§ t’latﬁgte?%g%}xq%rﬁﬁ% é)[fﬁstt(g} $2the exhag é’ra};‘ing?l open
and structure ar efopekhagpsiowaswiesRrtRat@16W RessiR AR M%gta?r dofifuit32
sections on characteristics, structure and operations oth brief and

det ai | ed) pred ouffbm conduit ?}Qﬁ asbommabslmhoffae:p&cﬁ annldohqatl;e‘ssqi Der dlieppatively of
Fig. 9. 20 . T - g(g lpoi,% 0 i stinction between engine
100[ err] and engi%"ﬁé@[“e‘ﬂ"ﬁ“ﬁ -B suppliegd by agwesswee regilatar valve 2% frement s an
enbodi nent of th (ﬁﬁtg.b Nkl L0 (o]1+elg ors 1 2 are of
alternate types. ecTha %hg(,igﬁghgdg[%x%%?gwéﬁg?ﬁ’#&?@d]‘:‘c@h&@é@%‘fghamh?aki S
shown as a Lyshol valvetlGByinwahp cytiier 7( Mawms@%mm&ssmﬂyraﬁeﬁsé&dﬁgaéa)fape-

25 conpressor of engine 100[err]) and the secondary conpressor 2 Is O
the turbo-type center Chperiaps sbptiom dead deptenoEnhauspealvds 170einair dpen datingough

conduit 32 frgm t 11 (designated . as 106 in FLg. 9) and

opt i onal shutlibof 1&8 ggﬁ%}gaéggﬂg’. °§H2RM§S€°&68P® sﬁ:ake °fp‘s'an#algé’%\ﬂa9€%" hignpwof
only two cyli ndergfigiknily Sca9&ieddy BidwdSwh! ; L . 4 nt ake
runners (not shown)l d?sitnriabté}ge alyr fvrvom cgﬂﬁgﬂ&%%ﬁﬁ\?gbtngtgngg%qyﬁé?d of the

30 intake val veduring-the cgmpriessiemsrake, thercylinder 7¢ nowet filled SAthsfeshlairethean "ai r

box" or WO 98/xg2653 \ . . . . .
PCT/ US97/ 09072  cxhaustvalves 17, 17' can close. But since a low compression ratio iy Jesired, the

i fol ds whi ch diyhbd ' foihe | 6- B
Ref er 1 ng now o et Y L1 7¢n Heheld bnlurh e plbBH Bas RatER ol

oper ati ng sydfemisdesirdao efiallishahe tdmpressiomnasion fAtForafteP tiRNtndbxthauSt-Blveh Ut
has an 5 optior}al gdge,d feature in that the secondary intake valve 16-A
has an anci || ary !7aand lya apeclosed, pseqendary chergewf | high prepiues; semperatargye- ai r
back-flow from cyl . : i ] revent . back-.f| ow
from occurring dur*l%%%t%iw%lg%?segéé%ﬁ&&gsw Sy chllnppes&rfas canagélmjec(f\ed by.
intake valve 16-A into the same cylinder, after which intake valve 16-A closes. In

addition, when very high torque and power is needed, the density of the secondary

20 charge-air can be greatly increased by cutting-in compressor 2 or by increasing
the speed of compressor 2, if already compressing, as in Fig. 9, directing more air
through compressors 1 and/or 2 by valve§ 4 and/or 6, and by routing the charge
wholly or in part through intercoolers 10, 11 and 12. |

25 In this system, regardless of the point the_exhaﬁst valve is closed to
establish the compression ratio, the primary fresh air charge trapped in the
cylinder 7 will be lighter than normal and the compression ratio will be lower than
normal, therefore, if needed, a highly compressed, temperature adjusted air charge

' canbe injected at exhaust valve closure or later in the stroke, to provide a heavier

30  than normal charge but with the temperature rise being restrained by the cooled




“stroke of the engine of this i nvention, should the cylinder --_pressu're .
appr oxi mat avons/02653 exceed the pressure in conduit 15-A befporaudevesornt ake
valve 16-A was fully 10 closed. (This optional automatic valve 26 could be

of the spring-retracted disc type, or could be any type of one-way
valve.) An automatic valve at this place could be used to regul ate the
pressure ratio in cylinder 7 during the coression of the charge. In

t hi i nt ak I 6-.A | d be k ‘1 t d
center - val ve 2R W4PT T SPETERIoRGuKeE T e ZRENBE Teieotes e pemaaldur | ng
15 compressi 0NmedrléidctiOf cllePieSturs WhoH Sorfibustddifof BREMBrquE ML BEREPHE: e

use of automatic valve 26 would allow the pre at1o

engi ne to be adstilswith abgxpansion ratiogrestertipn tiei cognpréssiopratisur € i n condui t
15-A, with intake valve 16-A being kept open to near top dead center
of piston 22. The ancillary valve 26, if present, woul d al so inpart a
tangentiall x oriente A [ . 0 anbust.i on harge as
woul d al so, )Ss hr oudi ngorém}# h?ag%gg@éﬁgg%li@% Oavg, oravaimgﬂséxﬁgar F?é(i'IbO[ err] of
Fig. 11 . phantom) d7¢the high'{iles3@N ih@kEValve dduld tiBpdRarily résHANth itake
cylinder reciprocating i nternal conbustion engine 100 " wth one

at nospheri c ai raif,or akkd the malwk 1644 closedoThiswouldadd yo thedael €camomy of theonl y one
7f) of which is sho in a sectional vi and . . . assocj ated pistons
(22a) - 22f oper aqqgu;q.,vgltqggmcsk étl W%ss%"réwaﬂ‘* supphdpg aig fq eenduit 32 and are
sed for producj Nt C O | | O s 19a
u DL Oxl ke RANR1 6118 i HERIOR aaéixﬁﬁeﬁ ihe%ﬂu«%rgaﬁg BEGid Bcbad

- 19f r‘espect lve primary c¢ essor In thi's e-acting

reci procatilfy tampethe ait bypsssvalvbi6an baiopénedsoahat airqyuehiped by compsdisond
supplies 30 . pressurized air to one or nore cylinder intake valves 16a and
1 6b. A seconda¥quld be reqymeddn pars ggwholly to the inlet conduit of the compressor 2 with
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conpressor 2 ofmtﬂﬁé)rE?fé’ﬂlgpﬁs??/%teaklm§%ﬁ%%heﬁeh series with conpressor 1. An
air inlet 8 and associated inlet conduit and manifolds 13 and 14
supply air charge whi ch has been conpressed to a higher than :
at nospheri c pr essur eAntapcillagy\autompsic intake valve 26 .idg. Hhnanbe artahged asishewppl i es

charge-air 0 twg..i nfake val ves, igh intake .5 valves .and 16b :
operate i ndlésgenl\é\@:ﬁﬁ @?69 PrEX e 28y R%&'ﬁ%‘?’ 08 o 'B?ﬂ‘fbm?ﬁgmg'é'r#éé‘g if the cé@f’ﬁieﬁder.
Ihnt ercool ers 107 plessuté Shokdd o:ﬁﬂi%ié&'ex&éﬂd"tﬁé?ﬁsstﬁe incoRBit 05K Guiifeet O
elp control the air charge density, weight, tenperature and pressure. The

i nt ake v atorepression stioke of pistondi2thefiore thecclosp oEivtake valvatlibeAof t he
engi ne. The conbustion

-
-

. Alternatively, the ancillary automatic valve 26 of Fig. 10 could be used to
20 provide a constant or a variable pressure ratio in cylinder 7. In this case valve 16-
~ Awould be kept open to near top dead center and the closure time of valve 26
would be adjﬁsted by the pressure differential in cylinder 7, controlled by valves
3,4, 5 and 6 by compressor(s) output and by any throttle valve present. The
automatic valve 26 could be of the §pring—reiracted disc type and could be

25  fabricated of nietél or ceramics.

Fuel can be car_bureted, injected in a throttle body 56, shown in Fig. 15
through Fig. 17 and item 56 in Fig. 19 and Fig. 20, or the fuel can be injected into
the inlet stream of air, i_njectéd into a pre-combustion chamber (similar to that

30 seeninFig. 21) or, injected through intake valves 16-A, or it may be injécted



chanber s, ar ewg) gaffleds0 est abl i sh the expansi on ratio of the engcRrrIsIHbe72
The engine 100 of Fig. 8, Fig. -9, Fig. 10 and Fig. 11 have camshafts 21
fitted with cans and are arranged to rotate at engine crankshaft speed in

order to supply one power stroke for each power piston for’each
crankshaft rotation. 15 The eng|76e 100[err] shown in Fig. 11 is
characterized by .a re extensive ansl on, process, a | ow

- conpression rati (9“'8 Icg"wsmbﬁb ta?"‘m"d‘PrE‘gﬁ%%"t hepsi-commrggsion

varying in wei ghE rf)lEé)m hﬂEQfPﬁee& at‘l’l&?ﬂmer]ﬂtaﬁbz he %g%’dl @énttﬁﬁlr} e comBresé?&{ el

and capabl e of se ectively providing a nean e der "pressure

hi gher than can sireke: CTiveft) canalsocberinjegteddater and in alidiease emems er@tién &mvi ng
20 simlar or |ower naxi numwail i nder pressure. Engine cont ror nodul e

(ECM) 27 ahe injested A the psual peing for hiesgl cihinjestion, peghapsinte a pae- shown,
provi de a systemfo ntro t he char SS nsi t
tenperature, and® éﬂs%?d’hﬁ@gﬁr (Hr‘% ﬁ?é"m the'c “W%F“ﬁg)mc Eﬁe}q??ﬁéﬁs i ¢h
allows greater f g,rl?my ti . | .f.0r que
at all RPM w't tholv{/@ég ti ﬁ %ﬂgsfgﬁgﬁi ssg? angv@@saﬂg alr
conpression i gn| thd'gehgpbmmjbcteé,le asedatmnmtsmh ofithé sharge somitinaéd hdwaitly e

timng %gemvmth t.he ECM 27 can al so control the tinme of opening
and cl osing of t k! present, isjigpitadeat Hha cRPOTYRGUIRE farihe XPapSioR stroke.f (The her

d t
Chanber to al| o PpHEtp R ofablished by, wsiliithde VBnine Sl CARAEL 7" ¢,
| ow | evel s ofg botdmditikig afenpeifbk h@s’be%ﬁqleaeaéd Weingdi AHESEY MeSolume oMQe

98/ 02653
PCT/ US97/ 09072 _ combustion chamber. The expansion ratio is determined by dividing thE iylmders

Bri ef Description_agf eration of engine 100lerr],shown. in Fig

The new cycl e enéﬁ'%éﬂ%ﬂc&rvp ux%eob)':%%og{{nq %Pt&e ﬁ?‘bh“%‘f’f‘lcb?'@h‘?ﬁ) engl ne that

attains both high power and torque, with [ow fuel consunption and |ow

pol I uting 5 em ssions. The new cycle is an external

conpr essi on type conbmhiwﬁlnfuglednechargusigmtedmdtheWw(MDmdeﬁﬂmstomﬂzke

air (all of ich. is conpressed,in power cylinders in

( Y\? takes place as &e combuste gases expand xlear bottom dead center of the power

stroke the exhaust valve(s) 17, 17' open and the cylinder 7 is efficiently scavenged
by blowdown and by loop scavenging at the end of the power'stroke and largely

during the piston 22 turnaround time.

20- It can be seen that the later the point in the compression stroke that point x
is reached (the later the exhaust valve is closed), the lower is the compression

ratio of the engine and the less the charge is heated during compression.

It can also be seen that the later the temperature-densxty-adj usting charge
25  is introduced, the less work will be reqmred of the engine to compress the charge,
- the later part of which has received some compression already by compressor 1
and/or by an ancillary compreseor 2. In some cases where the load is light and
fuel economy important the ancillary compresser could be bypessed with the
secondary air charge perhaps eliminated tempdrerily and ihe total chérge weight

30  could be less than that of a conventional engine and with the extended expansion



conventional engines) is conpressed by an ancillary conpressof. The 10
t enper at ur ewo sam2é83 t he end of conpression can be suppressedpéymgﬁogg;z dir

cool ers, whi ch cools the intake air, and by a shorter conpression
stroke. During operation air is supplied to the power -
cylinder 7 at a pressure whi ch has been increased by perhaps from

one-third to several atnospheres, or 15 dheater through an air intake

conduit 15. Val yg.: e ressure on the top of the valve stem
froma very small\f 'qllg@g‘?%n&gaﬁgﬁﬂéﬁ?n%n%hort period of tine near

bottom dead center position of piston 22 in order to scavenge the cylinder
and provide fresh charge-air. Exhaust valves 17, 17' open for exhaust
bl owdown s| i ghtDringdight-toal mpedation of this 26tolensife dn@imd(Fid. 9%ma¥§0i NY
air. The cyli nd(ar 7 is 20,.-effigient]y scavenged nostly during the '
turnaround ti e 2op) %FE%MCIEQ? cryising gr light-load powerigeneratien, thexsecomdary air

canter of pi 2t og 8y BELOCmRARY dlsabling Rt bR it BEX ot o 1 ater
time the ceshpotaily\(edvefal Valve ERablOSSRmsHoNTRRROLEY of GIRAEHS! ON Of

the fresh air charge starts, which establishes t npression ratio
of the engine. sbutiofftointeke valie 162 andthtangine wiill praude/gredtér fiel eoasmy’ any

point later, the (?econd Jntake val ve l6a ang per haps 16b, by a second
| obe 21-C is, pP® B?W‘Whﬁ"ﬁ é":é'a{gﬁ e yaRlicd bypsampressor 2 or 1 threughnper at ur e

and density adj siditsQ534,990, 33 aliSR - An intake val ve
disabler 31 in Fig. 10 (theré are Sga@tgrvgveég l?’he market, for 30 exanple,
Eat on Corp.l@&nd Cadillac) can disable intake valve 16a when |ight-I oad

WO 98/ 02653 -
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operation does not r olye: [ nean_effective cylinder pressure.

Alternatively, ??ér;g ﬁ;uls‘?a %@g@@@&&fﬁ?‘?ﬁ%\ﬁﬁé‘%@@?}@ﬁ TRIREAUNE or

partially to reimérhalonibastici@ngitie 1002 whithlis fr thd o RRIGeritichl Q%geﬁsé’i‘ﬁeough

t he conpressor 2 _i.n order to relieve the corg)ressor of conpression
an

work during | i gheQ’|ofXie. §p drhechamcterigtinsand eperatjon and stristure bithessginall0e™® can

re-circul at aLfeQr i r. ed by co sSQr 0 denmand
in order t OPSI’ gdéﬁpel E:%?r %rgg%?%%gﬂﬁ% s'é’ﬁgarng%ﬁ’gi%ﬁ’.“e T8t Fig 91a“£ excephes |
suggested, pref pecessdryT! ot it spRETPIME oPBistiNQionS¥hch hhac BRI operation

and structure are not repeated here. Reference should be made to the sections on

characteristics, structure and operations (both brief and detailed) previously
_presented with respect to the engine 100° of Fig. 9.
20
The major point of distinction between engine 100° and engine 100*®is
that engine 100*® represents an embodiment of the engine 100° wherein the
compressors 1,2 are of alternate types. That is, in 100*®, the primary compressor
1 is shown as a Lysholm rotary compressor (as opposed to the reciprocating-type,
25  compressor of engine 100%) and the secondary compressor 2 is of the turbo-type
(as opposed to the Lysholm-type of 100°). Although éonduit 32 from conduit 110
(designated as 106 in Fig. 9) and optional shut-off valve 33 is shown supplying
intake valves 16-B of only. two cylinders of the engine, it is understood that other
intake runners (not shown) distribute air from conduit 110 to the remainder of the

30 intake valves 16-B of the engine, or that conduit 32 supplies an “air box” or



100[ err is. . 1. I ntake air at greater than at '
S a\{lﬁ#&/gzﬁ%g ° pe;'g’gﬁ;p%?sor

pressure th en conpressed by at | east oné

and has had its tenperature adjusted by bypass . systens and
charge-air coolers are introduced into the cylinder 7 through ‘

i nt ake val ve 16b which is opened by a very gguall |obe 21-D on cam 21-A 15
at or near bottom dead center of piston 22 at the end of the power-stroke,
as exhaust val vemanifolds whighadistribute the aindelald of thetintekevalvésel6-Bper haps 40[ err]
before bottom dead center) for exhaust bl owdown. The exhaust valve 17

remai ns open through bottom dead center for efficient scavenging of the

cylinder 7 by bl owdo Walops }&birfal s 20
t he fresh high- pressme?%yﬂgégggéé?@{gg%ﬁ?? éggg@e‘iﬁ%ééeﬁ;ﬁ%’ﬁ\g cyll ntggrgé‘}e :
2. After the pperatingsystintas descabad for thelengine bAPIR 9vad Fis 918, Wit has &i t

open for a ) period of time after the piston has passed bottom
dead center (¥ t loptional rdded feature in that the segondary Btakeonivel 16sA dips an angillany ¢ o

H
continue to scavenge.the.power cylinder 25 . {th.the fresh air
charge and furt hé(%,q’eizh V@P@b}s a.f’f?"éé’f’éﬁpf%’ ntachafﬁﬁ'mrba"kyﬁow from'ey] h%!ssi on
ratio of the engmpg fehiife WANRERIR! 1AL AR BN St i
by the displ acedrl"([:iflsl, ientgger vol ugrregﬁrhgir:%i% ng g‘?h?he po’i%gé ro t%gorggﬁgsdg?
val ve 17 cl osur e strekenof the enginelofthistineentiohy sheulf the blindermpressure approginiete or

WO 98/ 02653 i i ) i
PCT/ US97/ 09072 exceed the pressure in conduit 15-A before the intake valve 16-A wasdully 3.

Wth the cylinder O £ | ] e | | ' 3 ric
LN LS oYL AT SCEiobet Ytk Rl S Bleeld ol Bt e BRI RUIRRR T ©
exhaust val ve i sflepoesbuld BeRiyeype 6fontedhyvalv€) An AGMhti€ P4IPE B6hisiladeat | 0.
This makes it possible to | essen the tenperature rise during the 5

conpr essi on st r okeuld bsnsedtogegulate dhn prassute ratio dn cylindgrid during therpompgessivant |
and the charge is.fired at_ the apptqpriate i, Nt ar, t dead cent nd
the "B ishoce?, e R0 ke vabve A ol kel B et Bp feady
any point deemed &Rey 9RE 26 GudinatibAlly! d168inPthedhtaRE bé1B® vhive 16-A during €xhaust
val ve has cl osed and conpression of “the charge has begun, a

secondary deh%i t gomapressiomyigmition and paiverstrokle af the changge Furhertere, \heusead

through Tntake Ve X et valve 36 would Mow the pressure tatio of the sngine 2 be adjusied by

simply adjusting the pressure in conduit 15-A, with intake valve 16-A being kept
open to near top dead center of piston 22. The ancillary valve 26, if present,
would also impart a tangentially oriented swirl turbulence to the combustion

20  charge as would also, shrouding of intake valve 16-A.

The engine 100" of Fig. 11
‘Referring now to Fig. 11, there is shown a six cylinder reciprocating

fntema’l combustion engine 100 ' with one atmospheric air intake, in which all of -
25  the cylinders 7a - 7f (only one (7f) of which is shown in a sectional view) and

associated pistons 22a - 22f opem@ in a 2-stroke cycle and all power cylinders

are used for producing power to a common crankshaft 20 via connecting rods 19a _

- 19f respectively. A primary compressor 1, in this figure a double-acting

reciprocating type, is shown which, with an air conduits, as shown, supplies

30 ° pressurized air to one or more cylinder intake valves 16a and 16b. A secondary




thf_ou_gh I nt ake val ve 16b. Corrbressi on continues with the'se_qondar__y.' air
charge inj egdsmaessf uel is added, if not present, the charge pcTnissfdoss and

15 conbusti on produces a | arge expansion of the conbusted gases
pr oduci ng great energy. This energy is turned into high torque
and power by the engi ne. (b) When even greater
power is required, the air charge can be ifftreased in 20 density

by i ncr easi ny COESED? oL el hrAmTPE i hoRB inetes Ul SR |2 Agri
auxi liary conpr; [ d: : | Lyl 2 1Ag
exhaust val ve 1@&2E%ﬂgla@toggt%églﬁﬁ%ﬂgp%ﬁta%fo\l/%sp?e&??grkggﬁpgﬁjb%ﬁ} tered
tenporarily to which&asbechicompressed 1 alfigherahar atRiosphiefiepresiresloya cylindera

| ar ger 25 . charge. . - . 5. Near bottom dead center of the
pi ston, exhaustintake gerduit/l 5 which sppnlies sharggrair to two intake valvesywhich dutakes
scavenged by bl el s 381 BY obdlfie Sidepk i & ehih dhBR: Ypen into the same

i nt ake val vé 16D.
PCT/ US97/ 09072 ¢ylinder. Intercoolers 10, 11 and 12 and control valves 3, 4 [Sand 6 are f&d to
Det ai | ed Description of the Operation of the engine 100[err] of Fig. 11

Near the end ofheipeconimithe 4ifchargesdensity, wdighthmpesdture afd pregartiaPhe aftakebout
40[ err] before b?ttom deaqg center position, of gi ston 22, the exhaust val ves
17 open 5  foRleESREumedLQ, thegompressiontate of the GRsIpe-c $heipembystion| ows

through air corlﬂ‘%;b' . f . I f . shown in Fig. 11,
t hrough an intake vgfsvaéeil toers&'ﬁhl nggeghe scy llaﬁ 8?61?,6?1?1!:‘2' cylinder 7 is
scavenged, 10nt ake val ve 16b cl oses. (I ntake val ve head 30 can be

recessed as shown in_Fig. 11 in order to forma pipe-Ilike openi ng
into cylinder 7 so tHagengirenl Q0nf Figcf, Fig. & Fig. d0nd Figs 18 bays eam shafis@dd as 10

much as 500-530.psi. i.Ss feasible, the  small. |qbe .21- am 21- A of i ntake
‘val ve 16b ﬁitg%dswp.ﬁ c%{ngmqb?re BFﬁgﬁediP _r?tﬁg %ieﬁfﬂ.“f) F@g@_ sﬁ?ﬁ'dl’ﬂ/f?f‘gﬁ s

di rected downwegufipfyQdne power S1P6K2 fof SacADWRE pisthH fo SachcrankShaffdifionPi St on 22
turnaround at bottom dead center pi ston position.) Exhaust valves 17

remai n open during the first part of the

15 The engine 100" shown in Fig. 11 is characterized by a more extensive
expansion process, a low compression ratio and capable of producing a
~ combustion charge varying in weighi from lighter-than-normal to heavier-than-
normal and capable of selectively providing a mean effective cylinder pressure
_higher than can the conventional arrangement in normal engines, but having
20  similar or lower maximum cylinder pressure. Engine control module (ECM) 27
and variable valves 3, 4, 5 and 6 on conduits, as shown, provide a system for
controlling the charge pressure, density, temperature, and mean and peak pressure
within the cylinder which allows gfealer-fuel economy, production of greater
power ahd--to'rque' at all RPM, with low polluting emissions for both spark and
25  compression ignited engines. In alternate embodiments, a variable valve timing
system with the ECM 27 can also control the time of opening and closing of the
intake valves 16a or 16b or both, to further provide an improved management of
conditions in the combustion chamber to allow for a flatter torque curve, and

~ higher power, with low levels of both fuel consumption and polluting emissions.



conpg essi pn (&@cb);,oﬁsgoke of piston 22. The cylinder 7 is now e;,&/ab%h% 15
scavenged by bl owdown and by | oop scavenging and at any point during

conpression stroke, the cylinder 7, now being filled with fresh air, the

exhaust val ves 17, 17" can close. But since a | ow conpressioh ratio
I s desired, the exhaust val ves 17, 17'7ran be held open until the
pi ston has reached the point that is desired to establish the

conpression ratio. At, or after the tine exhaust valve 17 20 cl osed, a
secondary charge B’; Pbggz' , ' i ch has

been conpressed by ’ ST “ected byt he second
i nt ake val ve 16amg klcidesdine d00'P 0 tom
on the -first valve 16b W ?% oﬁ%heqjsangf?glm aljug? W%ghﬁi{lgpgge and

power is needed, atainsieothhigh pafwer hrd torque, withdowdueli donmthﬁl giddawl )bllutmg
increased by increasing the speed of the primary 25 conpr essor f
cutting in an he?m!s“F'Qg% of conpression, as in conpressor 2, F| g 11
and routing the charge through aft er cool ers 10, 11 and 12. Al so the speed
of conpressor 2 can be increased to shove in nore charge on the back end.)

Conpr essi on woul d cont The/Bew tfdle & feXidrnal BRY ﬁieﬁ%ﬁ%@fx&?&yéf@%%ﬂe

added, I f not present, the charge would be ignited and the gases
expanded agai nst @Ic&m@lhe lmﬂcefm(allrwé“ﬂmlmscempndsmd in the m&&yu%&s:n
PCT/ US97/ 09072 81

For |ight-1oad op‘@"é(?‘i“&ﬂ?al epaings) ‘S&OWP&%?P%I’XE‘F“&F‘W\?B“‘BT%%% dhe31 shown in

Fig. 10 on t | #m{ \
air, or hol dhm %%Fra\gﬂ'%ltg%é@ va &Qngnaﬁr ose %Eldfsu ﬁgpaégg{%%‘%’gg?’uel
econony of the enghich coolsthe mﬁktarrnﬂidbﬂﬂxortéﬂéd)rﬁﬁrehdn@hitrdl&ad operation the

shutter valve 5 could be closed and the air bypass valve 6 opened so
that air punped by conpressor 2 would be returned to the inlet

conduit of the conpresgQ: sion ta ace.
the sanme manner val vesﬁgll:"[%é(c)irwl£ t(E:bg"uu"’br %Eé?;ﬁ%ﬁn%gtﬁp%wer cﬁhl‘ge?? abglpﬁe@sgre _
punped through bagkich ha$ beeniifdradsed b9 Peftaps ROR dtiethird do selr@ral atmosgheres or [The
ancillary automatic intake valve 26, Fig. 10, which can be of :

spring-returdéd dBredex ﬁytwgh@a airiptake eonsiyasd S. Aéalet bétnopens by g»resa!m'p oncheptopv ent
DY g cqur s PSSl SO o s A B R
conpression stro kr&af)fsotﬂirﬁ HQd'aB cedtet Positibe BPﬁl@toh P03k Srderkd atieNAd cyildased
conpletely. (As in other engine designs herein
and provide fresh charge-air. Exhaust valves 17, 17' open for exhaust blowdown
slightly beforc intake valve 16b opens to admit scavenging air. The cylinder 7 is
20" efficiently scavenged mostly during the _tumaround.time of piston 22. During the
first part of the compression stroke, perhaps as early as 10-20° after bottom dead
center of pilston 22 position, the first intake vaive 16b closes, at a later time the
exhaust valve 17, 17' closes, at which point compression of the fresh air charge
starts, which establishes the compression ratio of the engine. At the point the
25  exhaust valves 17, 17 closes or any poi_n.t-l‘ater, the second intake valve 16a and
perhaps 16b, by a second lobe 21-C is, preferably, opened to introduée more of |

the temperature and density adjusted charge,'_ if needed.

An intake valve disabler 31 in Fig. 10 (there are several on the market, for

30  example, Eaton Corp. and Cadillac) can disable intake valve 16a when light-load




~presented, the optional automatic valve 26 shown in Fig. 10 can be utiljzed
to .~ cowbroslzadsBe pressure ratio of this engine. If the irtekgoymssre 16a )
is kept open to . near top dead center, the closure of valve 26 and the
pressure ratio of cylinder 7 woul d be controlled by control ‘val ves 3,
4, 5 and 6 and by conpressor speed and 20 by any throttle valve present.)
Aut omatic val ve 26 woul d seal the intake f7®m conduit 15 during the

| ast part of the conpression stroke, .ignitigon.of the charge an
during the pomef’p?f“tr‘l%k oes not require a high ez t’K‘éWlB‘ge’c%fFﬁgfeet@ée,m?tfﬁe t ed
in a throttle bgy; | 6k (ABV ?(’#ﬁﬂ bSparttl ! ' hd.orl9
and 20, or the fuell cgﬁ&b‘gﬂ%nﬁ ect?aglil toeﬁgc’llbﬁ?]g? st}yetg%g‘:%‘ﬂhgosgh%iorr, or

i njected into aalofthewhagstaicback iaohgh thecomprassert2eid ordur e gelieve thgk e
val ves 16a, 16b, (the latter during its second opening by |obe 21-C on cam

21- A, or CPmPressor i9f compressien werk during lightleadaperationh Additionalinaitber at
or past poi X1l exhayst - ¢ r,essiaon. straok The fuel .can al so
be injected 1at B*&g%ggllvﬁ“tcﬁ%r%%%ﬂ%f Pg%%algpgé‘x&mr@gg}pgﬁibgﬁoglgﬁesgg 1i‘f‘\‘]‘ ected
at_the usual poléthaddin &6 redtick chitz@plebife amPddhsity. VO 98/ 02653 -
PCT/ US97/ 09072 82

into a pre-conbustion chanber or directly into the conbusti on chanber or
directly onto a gl ow_pl ug. Aﬁter-%he t enpe urenand-ggpsity-adjustingAair
char ge has be&e;shggssted preferred sainod.of Anetatiop of thsmewycla kneine
continues and W {Ukls: presént, is ignited at the opportune tine
for the expansion stroﬁe. (The 5 conpression ratio is established by

t he di spl acr® vol ume of the cylinder remai ning after point x (at
exhaust val ve closure) has been reached, being divided by the vol une
of the combusti dn chitbks air gtgreatenthan atmosphericpressungdhashas beest dompressed

dividing the cylindegs tal clearance volu the volu f.th

~conbust i on c h&m@,\@aﬁq%\ﬁp TRE s§q5‘gp8 h‘?ﬁ%dﬁgrt&@p%@:%gﬂ%‘bh S&Fsﬁnd
the power stroke of sJdems MMddHAFzeladr ERHAS aRkl iRGSIRE] 1S tHeQUYRHELCOMERBRS
expand. Near bottom dead center of the power stroke, the exhaust -
val ve(s) 17 opens anintakpevalve 16bawhicll i§ epenéd by a eyl small lobe 21-BPreneamy@trA f i r st
by bl owdown, .t hen by ]| oop s engi ng by ajr. framintak | ve 16b at
the end of the power? ?rr‘gaﬂ’ég%i/°"§ﬁﬁ‘€‘fe9}é5f’tw{°“%aig‘e end °¥?he povyer-strgke. e

seen that the |ater hoecHQkValvels)178, CRMNVED &Haﬂitﬂ@%&ﬁ&(%ﬁﬁ § B X
I d d, the | ower

(the later the exhaust valve 1s Closed) Is reache s the
conpr essi on before bottom dead center) for exhaust blowdown. The exhaust valve 17

remains open through bottom dead center for efficient scavenging of the
cylinder 7 by blowdown and loop scavenging. Intake valve 16b closes as -

20 the fresh high-pressure charge very quickly scavenges the cylinder 7.

2. After the power stroke is complete the exhaust valves 17 are left open for a
period of time after the piston has passed bottom dead center (with intake
valve 16b now closed) in order to éon_tinue to scavenge the pdwer_ cylinder'

25 with the fresh air charge and further, in order to establish a low
compression ratio of the engine, the compression ratio being established
| by the displaced cylinder volume remaining at the point of the exhaust

“valve 17 closure being divided by _the' volume of the combustion chamber.



raitﬁi-o of, t hg,Sai88 and the less the charge is heated during peqUiofasie":
It can al soevb(g seg% that the later the tenperature-density-adjusting cﬁarge

20 is introduced, the less work will be required of the engine to conpress
t he char ge, the later part of which has received sone conpfession -
al ready by conpressor 1 and/ or by amfgancillary conpressor 2. In sone
cases where the load is light and fuel econo i nportant the

anci | lary conpressor Withitee @éinﬁwbs%‘é'(ﬁ“ﬂﬂﬂﬁmﬁ’@h air which ésaesn amasphéric char ge
per haps el i m nated terro\o\’]arid&%gglrﬁgﬁéilgﬁéﬁ)%{mﬁg% E‘“gée‘;‘%?%ﬁéggf’ﬂt oul-d be

| ess than that of a now to
Fig. 12 there is ShOV&hﬁlld?'irﬂ%éWcﬂoééE'éﬂﬁpx@&sﬁﬂf rs¥or &small Ris€ibn PR d

Di esel. engine conpared to the engines of this !i%r%ent{oﬁ, asﬁ%’ﬂ’na t?wee
stages of i ntercool ediomakessis pessibled lasskm thettampemgere rife duringthe d
conpression _30 indicating, a conpression ratio, of gpproximately 2:1, which
arrangenent Ps VSompressionstroke. Compression continues, fuel is added, if not present,

/ / . . .
Cugestod for - opt | mufddbesharss i fired 3t ths aRpQprials PoiALnSER tqm dead coptir and the

invention. (The powerdfrbite cufsi - 13 and Fig. 14 show some of the
i nprovenent sof the engine of this invention over current heavy-duty
2-stroke and 4-stroke engines.) 5 There are several features

that i nprove the thernal, efficieéenc h of .this |nvention.

f ot i .
Greater power t & wei JRY Alterptivelyyaf 3&"6% fe”gglég%@é‘?te@ﬁﬂ'feﬁgn?\ﬂ ter the
less fricti qgal ! 9559829%\?3é"@ae|?€h§§ @%d%@@%h@si&ﬂ £ the'chaife has b%lpll gher

t her nodynani Icrency, which 1Ts shown Tn-theorétital

.consi der ati ons.. Ther aeedrila/ density and tempefature-adjusiet iatri chagy cgabs $njedted
"staged" conpression gr ocess even wth external 10 conpressorswith

associ ated piping, i b intekesvalve Koptand pediaps by asecondiebec2 -6 o cam 21-Hgr y
>o 00 e (¢ . geom @ -
ogurfioant ener 0 SRR thETvtl 100 ARbRAT o0kt BROBHNFS,

intercool ed stages t fthrge injection) fuel ieidded) iCRdtr&sRat, tecchAfYe i€ piee ahd t he
sane 500 psi in a conventional engine. A nor mal engi ne uses

appr oxi mat ell§ 20% of combustion praducsy 2 hargelexpansion of Sremombusted gasesPprodusing ai r
charge. Cal cul ations show a sigpi ficant. ener avi ngs _in an engi if the
-air is conpressed i ﬁrﬁgfg?r%'oﬁgﬁ egfrgg&t}m&g’%{p?gg# by %’r@od‘ée’ i Pfqg‘?ﬂ y two
stages to 531 Qggin@ga 13: 1 conpression ratio) reduces the energy used
by 15.8% over '

(b) When even greater power is required, the air charge can be increased in
20 ° density and weight by being passed through one or more intercoolers and
by increasing compressor speed or by cutting in a second stage 2 of
auxiliary compression, Fig. 11. Alternatively, the timing of closing
exhaust valve 17 and of the opening of intake valve 16a could be altered
temporarily to close earlier and to-open earlier, respectively, for a larger

25 charge.

5. Near bottom dead center of the piston, exhaust valves 17, 17' open and the
cylinder is scavenged by blowdown and by the air injected by primary
intake valve 16b.




conpressingto the same 531 psi level in a single stage as does the (to and -

“the Rvessb2esy cl e engines. Three stages of ‘i ntercool ed mrmpssanssTan’
rai ses the savings to 20 - 18% . This is the ideal. Degradati.on fromthe
i deal shoul d not exceed 25% whi ch | eaves a 13.5% energy savi ngs.
This 13.5% energy savings tinmes the 20% of a nor mal engi ne's power

used for conpressing its own charge, is a80 7% efficiency

i mprovenent by the conpression process alone. This is one of the advantages
of this engine which adds to the other thermal efficiency

| nprovenents. Th@a{leVDestriptioh BPIHE ionf'the eriMDOM dfiFid.Nq ! ar ge
expansion rati o provides I np | errl . torque, power
and durability whil eNearvhe embofithé ponver(( st} strelss aftthe piston 22)\berfifps0t Gbout '
PCT/ USQ7/ 09072 : . . . 84

Note 1 - In Fi ¢*0°bsefore boitom dead eantar pasition pf piston 232, therexhaushyalyes B epent he

donsi ty, 5" b Baist SRNEEE by AE R oSt i s B G,

conbustion chant®efromGhaiifold 13 and 14, as showtt ﬁﬁF@hﬂgﬁmﬁgﬂﬁhﬂ&éW b

regardl ess of the density, bypunping in nore charge at the

back- si de. into the cylinder 7Rthk eylindey 7rip seavengedgintaks valviedi6b closes hdmmka chart
whi ch conmpares variou oper at.i ng, parangters, of .the _engine aof this

i nvention (B) w YFIH?E 38;?@?5’5’?%5333‘135%% H@Eei’smﬁdﬁ'tﬁm apipgdikey - dut v,
2-stroke diesel ¥ Qi aieic hi pq,hrg;‘_L r own
for engine A ar%&%‘ﬂgg tr%or ‘?a%’g@"a‘f‘?‘rl]‘gh%‘a?%ﬁ}é?’é? gur s hlEHE’fcg)?'[t a'fcﬁgﬁfgl?%e,

e.g., conprissimoch ad 500-5300psh issfeasible] thepmah lobec -Dohaage2 IdAnsfiihtake valve
etc. The parameters chosen to illustrate for engine (B) are given at two

different —  lGtlgerinaggalblast obthebisherremire ait Whishir directest davepwardifory
i fer ent 1 ever SoppotBgipe ypfdor iy ahdt 5832 FtnRRind iR R uont Bt

densities and epipRRPosifiond EfdaustVdives? réidinioPby SAiEEIRE First part of the) St eady
state power density inprovenents for eng ne B even at a substantially

| ower nomi nal ceampiTessian@ndhstroke ofigiston 22 fEherayliaderohig mewsiffieientdy i 0 as | ow
as 2:1 as._sho in,Fig 10...The columms showinhg | ow tenper.atures at
the end of Bo  ScelTHESE by blowdinm sudbyclorp seaveniing At sy paly <GB HE o1
ratios indi cat ecomfibssion stroke] tB¥RYlinIRt: 7 Mdvh Beingifitled With frdsRdirCiesthanyer

| nprovenents of engine (B) over engi ne (A) even at the | ower noni nal
conpr essi on r at Yabvesrld, hd canslose.hBut §00%a low compression ratio is desired, the exhaust

valves 17, 17' can be held open until the piston has reached the point that is
_desired 1o establish the compression ratio. At, or after the time exhaust valve 17
20 closed, a seéondary charge of high pressure temperature adjusted air which has
been compressed by compressor 1 and/or 2 can be injected by the second intake
valve 16a and, if desired, by another lobe 21-C (in phantom) on the first valve 16b
into the same cylinder. (When high torque and power is needed, the density of the
" charge-air can be greatly increased by increasing the speed of the primary '
25  compressor 1 or by cutting in another stage of compression, as in compressor 2,
Fig. 11, and routing the charge through aftercoolers 10, 11 and 12. Also the speed
of compressor 2 can be increased to shove in more charge on the back end.)
Compression would continue, for a small compression ratio, fuel would be added,
if not present, the charge would be ignited and the gases expanded against piston

30 22 for the power stroke.



Referring, now(} . 14 there is shown a chart which conpares the

various oper Y gﬁéﬁ%ameters of the engine of this invention (WW’F’H"W@
operating , paranmeters of a popul ar heavy-duty 4-stroke_ di‘esel engine
(A). When conparisons simlar to those of Fi g 13 :are nade,
steady state power and density |rrpr0\éqrrents are much hi gher since
engine (B) fires the 30 denser charge twce as often as engine A for an
i ndi cat ed steady-state power WO 98/ 02653

PCT/ US97/ 09072

density i nprovenent ofFowehtrl@aéppmmeSbmffvalve (oravalve dmalfkf]alr stiowy inow

to Fi 15, th h
rgprlegenti ng tﬁre%ég'lgos he Bfn%uailf vneglté;&) ﬁ?ﬁwﬁ’gg 6%]39‘! %d“%%allr’eﬂrémlﬂr
cooler 10 5  fqRe @ik VaRe 6&@1?1)5@%1;3?@ § wou di"%] dlotdkeﬂﬂf EdRbny Gt

suppl ying two mani f ol 1 aving separate-alir co ers 11
and 12 and chér getlemimatively, dumtglki@htllsacﬂdpbrami thé Bhutp dalke $icogldarcdiosed ahd ol d
having three cylinder_ air intake runners 15a - 15c, 15d - 15f,

respectivel y. Théhegigbypaspyalye § OPiIEd@péhﬁtal?@Wd by compresser %lwouldebeengl nes

L2 B R o v

-and 14 with an ?larcecnﬂhe@maemamaewaweslsl&h&é&f&r&&ﬁgah'om ir b engl ne
of Figs. Figs. 9-10. For light-1oad operation e shutter -

val ve § can be cpumpddﬁmdughbackttm&eantakby%e‘écmmmsoﬁlof conpressor 2 (if
conpressor 2 65 not supplying primary air charge directly to conduit
32 and intak&val ve 15- B) can be opened fully or 15 partially so that

part or all of the in Eﬁ{nﬁilfuﬁ}xf&&[{&r 18&&9%1%%“&2616 HHEED e %f‘tﬁ

I nt ake of conpressor € Of nho conpréssi@h dccurring % Al so,
t he shut t espring-seeurdeddise pe] emtRY adangétn ab shooineRlg. Hﬁ@@p&geﬁthﬂy air
charge away from the coolers 11 and 12, the air bypass valve 4 would

be closed to prebaiflowof charge-airiintoconduib S ifithe pidindsupressvre ﬂwkhefnlﬁborheat ed

ai r back through h val v bypass
val ves are both %%gggl%rﬁg sh“le §Q§ @'ﬁﬁps gﬁ*}?ﬁgth% ¥ cge f‘gﬁsﬁrﬁfeoﬁﬁ%?‘?g#d

and 14 for a1} OWbélIBF&SinEdke hranﬂeq@aﬁa@emse& SImple@fy. -(A336 other englﬂ@eés?éds%em

Pr ef erably conpressor 2 would be kept operative in order to supply the

primary air char g@sm’wd)mbﬁwwmndlmtt@nati@valeQdmwmmaﬂag MtandensiliBed or a

fore econogi n(irol ﬂ?ec;?r\égsﬂ% fatlo oP fhifengine, I%the intake valve 16a is kept open to

near top dead center, the closure of valve 26 and the pressure ratio of cylinder 7

would be controlled by control valves 3, 4, 5 and 6 and by compressor speed and
20 by any throttle valve present.) Autdmatic valve 26 would seal the intake from

conduit 15 during the last part of the compression stroke, ignition of the charge

and during the power stroke.

Fuel can be carbureted, injected in a throttle body 56 in Fig. 15 through -
25 Fig. 17, and 56 in Fig. 19 and 20, or the fuel can be injeétcd into the inlet stream
of air, or injected into a pre-combustion chamber or,'injected through intake
valves 16a, 16b, (the latter during its second opening by lobe 21-C ori cam 21-A),
or it may be injected directly into the combustion chamber at or past point x in the
exhaust-compression stroke. The fuel can also be injected later and in the case of

30 - diesel operation can be injected at the usual point for diesel oil fnjection, perhaps




25 Referring now.to Fig. 16, there is shown suggested val ve
positions fgoogm2ess suppl ying manifolds 13 and 14 with an ai pPCThBYD®T2
opti mum for._ nedi um| oad operation for engines of Fig. .16 or for- the
engi nes of Figs. 5-7 and Figs. 9-10. For medi um | oad operation the
shutter valve 5 of conpressor 2 is closed and the air 30 bypass val ve 6
woul'd be opened to pass the air charge uncd&® ed and wit hout WO

gg{r? 623:73 / 09072 into apre-combustion chamber or directly into the combustion chambeg or

compr essi on 10t ifecti9lfa BbwSATR" AR e enfRA eSSl 8 Bt Wiarge 2N

cl osed air bypass valfve 4 e alr arge now conpresse

conpressor 1 has beexs injédpel, ifnised,conipeessioh of therdhargedontitues and Withuelh t he
air conpressed and heated conpressor 1, for medi um| gad operation.

at ed, by
5 meseatis iggited ot the oppeytune time figs the expansionfirokes (Mefest ed

| io f i di .1 ' RN f t [ f
Fros 527 and Fi el igf s A BORIY, B alshfleed Yoidne bf e ciinfB0! P02 U
duty, high powerregiifihg aRE9ofitixq@t exbatist vaive closure) B bdenRiched Heingalivided ves

3 and 5 open and both air bypass valves 4 and 6 cl osed 10 conpletely so
t hat the pri mar ybytheyelue oftthp cembustionichamperr Jthe espansibnaatie isadetermined by

stage of conpression has beep nad perative for Xi_mum conpressi on of the
charge and the e‘?iﬂ Re wa%r@@tﬁgﬁswﬁrgv‘ﬁmiw %Y?)‘H%‘&ﬁ'@‘i%@sﬁ%l ers
10, 11 ar & .l les | rge to
mani f ol ds 13 angﬂﬁf%e{'.? W&g{ﬁ ?lgaxfﬁ%k ngi ‘r{fgéﬁ/l O\i/%/egdrﬂl cy ?R%’Fs t¥°(§(rgb?

heavy-| oad dger apiswon 22 thlkes place ds tRcombudted gases ¢xpangh Neanboteinh dedd sefiter of
cylinder pressure for high torque and power with . maxi_nmum cyl i nder
pressure being t¥e peweesteake, the exbayst valya(s) }7enens ande cylinder 7 is efficipptles .

Referring nowto_ Fiqg. 18 here i.s shown, a,schemati c draw of, an_ 20

A ter nat Pve typescayeissd Brst i biBpiiRyE. BEF vf 100pER ey i B amaRE iV,
and Figs. 9- 16b atXhe &fbffthE pswdr ok br @Ry 8R&Gf this invention and a
system of providing a system for cutting out the auxiliary

conpressor when high charge pressure and density is not needed. For
relieving c ressor 2' of wor i f, the ai L _conpressed b .
conpr essor gl_rggoes not ﬁ&n B? Feee&%%%lag% E}b"iﬁ({’m{s‘ﬁ r@%%?‘\’/pﬁvé%l%r-oﬁe that poipL X,
the 25 = pri margh@jater the&G8hst VA iSElo¥ed) Kreiched, the R5Ast ishé cBMprda¥iBASS
valve 6 i s opened so that air punped through conpressor 2' can

re-circul ate t hratiglof thegngiresand the lessiths charge is heated during compression.

-

It can also be seen that the later the temperature-density-adjusting charge
20 . is introduced, the less work will be required of the engine to compress the charge,
the later part of which has received some compression already by compressor |
and/or by an ancillary compressor 2. In some cases where the load is light and
fuel economy important the ancillary cdmpressor could be bypassed with the
secondary air i:harge"pethaps' eliminated temporarily and the total charge weight

25  could be less than that of a conventional engine.

Referring now to Fig. 12 there is shown a pressure-volumediagram for a
high-speed Diesel engine compared to the engines of this invention, showing three
stages of intercooled compressionand a fourth stage of uncooled compression

30 indicating a compressionratio of approximately 2:1, which arrangementis



reli-eving the_conpressor of conpression work. WO 98/ 02653 "
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Referring nowto Fig. 19, there is shown a schematic draw ng.of the

engines of Figs. 5-7 and Figs. 9-10, illustrati-ng neans of control Fing
charge-air density, tenperature and prggsure by varying directions of
air flow through various el ectronic or vacuum operated val ves and

their conduits. Suggestedfor optimum power, with efficiency fmdhe éngineanfithis invehtdonydThe r
pat hs possi bl e by using, hollow, . rrows to indicate heated ai.r hs
and solid arrows tcba‘i‘ﬁr'é&tlé apﬁglgrdﬁéﬁ%ﬁ%@e o?the ’mPWt"g‘F‘E%Péﬁ"f&Wmﬁgﬁhés
thereby indicatin TR 1 t ol . :
thermastatically g‘%@‘ﬁé’@?%ﬁﬁ%@-‘ﬁ‘é‘?ﬁ& glsﬁégé y dft\?ﬂﬁ( ieﬂ%mfsh)e air charge

into two 10 different paths. Alternatively, all of the air charge can be
directed past the air coolers or all can be directed through the air
cool €rs, as shbwn in FiTherel@e seNerad features thatfingroveshesthormal pfficieney ofthe sagine
out put of conpressaqr, |, and, conpressor 2 can be .. ., vari.ed b artjally or
PUI Ty opent ng. ai + cB B QA Qreaoprves (S peigh et Rpyde & sml g withc
or both of these ‘iéHQ‘f{i&ion\Aflhéfs‘éé-Tlféhﬁé}%H@x Bﬁﬁtiomﬂkﬁxﬂiw érfnoliynamit
suggested for controlling the various operating paraneters t he engl nes
of this | nveptleefficiency, which is shown irRieeretical gonbiderdtionk. Ther@fre alsoer e i s
shown s a schematic draw ng depicting , _an alternate arrangement in
whi ch an el ectri c definite efBiciepeywgainsin ay'siaged/ sempressionprocess aperewith extemab  any
of the engi neﬁoof t he preser invert1td' on. ot 1 Chgrager-ailr qul ﬁ] stﬁ)ass
(ACB) "Shut t erVal“PWPIESORs Wi associated piping, IntercoRicrs ng aEErepi§: Gt e * 8¥ES4 bed .
aspects of prefer nRgy Gomikibat el mﬁ%tssvhaﬁairim edsbdish iteRloofedlsta@Bs. i Ikss
connection with anygjofgéihe engi%%s (4-stroke anéﬁg—_ _stroke§a%of t he
present inventi on.energy is used ucdmpressingd charge3o §0QIpsi im2.8 witkintprconled stages than
bypass -sol enoid (ACB) ,val ves. | charge-air_coqler bypass control
the intake air is!d ?éﬂ&ﬂnﬂéﬁﬁgﬁh%%&e&“’g?‘ﬂ? 500psi in a corventionalengine. A

normal engine uses approximately 20% of its own energy produced to compress its

15 ownair charge. Calculationsshow a significant energy savings in an engine if the
-air is compressed in aftercooled stagés. Compressinga charge in only two stagesto’
531 psi (a 13:1 compressionratio) reduces the energy used by 15.8% over
compressingto the same 531 psi level in a single stage as does the Otto and the
Diesel Cycle engines. Three stages of intercooled compressionraises the savingsto
20 18%. Thisistheideal. Degradationfrom the ideal should not exceed 25% which
leaves a 13.5% energy savings. This 13.5% energy savings times the 20% of a
normal engine’s power used for compress_ing its own charge, is a 2.7% efficiency
improvement by the compression process alone. This is one of the advantages of
this engine which adds to the othei‘ thermal efficiency improvements. The low
25  compressionratio, along with the large expansion ratio px;ovides improvementsin

efficiency, torque, power and durability while lowering polluting emissions.



30 valves 3 and 5, independently of each other: either (a) valve 5 .
direct’s thewlainess WO 98/ 02653 . ' “PCT/USI7/09072

PCT/ US97/ 09072 - . ' . 88 . from
conpressor 2 directly to the intake conduit of conpressor 1 or (b)' through
the charge-air cooler 10 before flowing to the intake conduit of conpressor
1 Valve 3 directs the flow from conBflessor 1 either (a) to the

cbndui t 111/121/122 l,eadi directly to t .. nt.ake manjfol,ds 13 and
14 or (b) it passes #pée5!-[ng%a?ggletgve}%lﬁpgﬁ&ﬁ@fgyﬁt%gme S'Fgfs 11 and
12 before it flows tGopRRhLRdPdikdle Mificalés the theoretical volume at 1Rk §FoGeP ersit T O

nodul e (ECM 27 can control the air cool er bypass valves 3 and 5. The
bypass. val ves may be ZTheslentityds kdpy piethatleved at the petsial cimbustionahamber volumof t he
air charge in either direction or valves 3 gnd 5 may be of a helical
solenoid 10 or ot he(FsiﬁPM@bdfd“m#@e\mrfﬂ?’@&FF ei’@%‘}/“ﬂaﬁ‘)tvgbpu’f‘ﬂ@gﬁ?w@narge
t hrough bypags | L ppd 122 and part through air coolers 10,
11 and 12 for§ fine cg%?%wt(})’%b]a%}swthe tenperature and density of the air
charge. The ECM coul d receive signals from sensors such as an engi ne
cool ant sensor, a crankshaft position sensor, throttle position
sensor, canshaft posiRéfemingamowdo Fig 1Fathefeds shesm aichare whichsompares Variowsens or
and a heated oxy%en SENsor . Cont r.ol

Al Val A
Qut | ne- To. pr o PGBUBEPRRTISIE PY ok SPERR 0! HFCRYEREn G0 Vil he PPABShgi ne 20
ti didai q o ci i b
Thlvas 4 COn patfiery of € popdlpreatduh DbrdkOBEA oy SAERE RAVE, [ o YPASS

possi bly vadOum oper at ed, or they could be helical solenoids or other
type of valve which cQuld open part .way or_all way in_ order to
re-circul ate part or HiePammeters SB‘P‘VT’@QMF’S@C@\E(@I@ the\peyingh Operating parametarset s
110 and 8 of co n ' L0 Lrely
the 25 purpi naobiacaigine, st gofpkdtsidhiglo, babagEiepughidt, BkGe Ebie7, ¥
Si nilar aret@ M Fatinfetefs chbsenb Slhsar fopaidine (B)Qikt gives ateradifferent

addi tional stages of air conpression if additional stages are used.

lower “nominal” compression ratios with corresponding “effective” compression
15 ratios, intercooled and umcooled, for two different levels of power output. The
columns showing charge densities and cxpansibn ratios indicate the improvements
in steady state power density improvements for engine B even at a substantially
lower nominal compression ratio and an effective compression ratio as low as 2:1
_ as shown in Fig. 10. The columns showing low temperatures at the end of
20  combustion, and the column showing extended expansion ratios indicate much
“lower polluting emissions. Indicated power improvements of engine (B) over

engine (A) even at the lower nominal compression ratio are no less than 50%.

" Referring now to Fig. 14 there is shown a chart which compares the
25  various operating parameters of the engine of this invention (B) with the operating

parameters of a 'poplilar heavy-duty 4-stroke diesel engine (A).

When comparisons similar to those of Fig. 13 are made, steady state
power and d'ens_ity' improvements are much higher since engine (B) fires the

30 denser chargé twice as often as engine A for an indicated steady-state power
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The operation could be thus: The ABV valves 4 and 6 can be cantrolled

by signals fromthe ECM 27 to control the opening angle of valves 4 and 6
to provide the optinum air charging pggssures for various engine

| oads and duty cycles. When ABV, 6 is opened partially sonme of the
ai r punped t hr ouglensity improveniens 5180% iosempagaedA)ack into the intake 8 of
conpressor 2 to reduce conpression pressure. Wien ABV 6 i s opened
fully all of the charge of conpressor 2 is passed back through
conpressor 2, thus co r . u . |- no
pressure increase. Therﬁ) é;fgs %Oézgﬁrﬁd%rl?’ ﬁ%ge lgghn%w?%:g&emc%%‘%@g%xwmﬁ%‘%hp
coul d bypass SO”&eﬁt@sénﬁﬂg@ieren@ﬁx%ﬁ BEFips "R Figs 901 Be/ith a sépdraetairlddoler 100
the intake conduit 110 of conpressor 1 in order to reduce air charge
densi‘ty. 5  for ancillary\tompressos 2awith thgeprimary compnésseni! supplying éwo
arrangenent of ECM 2 ont ral of charge:air,. cogp]er syst.em f or
vari abl e val ves @@ék&&w@ Iead dieying separatd air coglerot gnd ﬁi@@é}a@%a
turbul ence of t NGoARLOAYHUal 153 ke haVRRAAEH aisBIAHAVG thiRE cfinder 46 Shiafs
power and torque Tevels ‘and em’ssions Characterrstics-in the power
cylinder of the etgherelS5a- 15¢, 15d - 151, respéotigelye Thertgine ofiBig. hiopeaatdsthde

moni tored by ECM 27 in order to _effect . Broper engi ne conditions_in
regard to controlsame apthe apgings of Higantt7 @nd kigsedi18@nd derezbows suggestsd velying

ersor 0 SNSBY RgoHE bor s bR o8 bis bl SADEE bl Bl o iR 5 21 ©
posi tion SR 94 witd 45 Ofde @@ﬁﬁﬁmq&%ﬁ% opRIdIRH Y theeHYRReAd Ui s,

'sensor, a heated oxygen sens and/ or ot her sensory inputs known to
be used in inter fa¥ andRigssd-ildnFor light-leadppeesion2the shutter valve 5 cantiesldsGiland

can control both fhe shutter, v I¥es 3 and 5.tand the ajr b as§ . . val ves
4 and 6 in order 1% ?’Pﬂséi"ﬂ"?%é’_ SOPrESSAr 2 @ Wﬁqswgi Efé??ig‘fl}? PREPEMAY and
}:)gg) arsg;y(r)g 0$t2 algkr A tireOf foPddnbfit 99 bxd MtaValve 15-B) YA BEéfata fully or

15  partially so that part or all of the intake air of compressor 2 can be returned to the

intake of compressor 2 with little or no compression occurring there. Also, the
shutter valve 3 of compressor 1 can be clqsed, bassing the air charge away from
the coolers 11 and 12, the air bypass valve 4 would be closed to prevent re-
circulation of the now compressed and heated air back through compressor 1 and
20  whose shutter valve 3 and air bypass valves are both directing the air charge
uncooled into manifold 13 and 14 for a low density heated charge for light-load
operation. Preferably compressor 2 would be kept operative in order to supply the
primary air charge through conduits 110, 32 and intake valve 16-B for a more
economical scavenging-;charging system. |
Referring now to Fig. 16, there is shdwn suggested valve positions for
supplying manifolds 13 and 14 with an air charge optimum for medium-load |
operation for engines of Fig. 16 or for the engines of Figs, 5-7 and Figs. 9-10. 'For
medium-load operation the shutter valve 5 of compressor 2 is closed and the air

30 bypass valve 6 would be opened to pass the air charge uncooled and without



90 Al ternate Combustion Systens ' , Referring now to Fig.
21, there wppo8)eeks @ schematic transverse view of a Pr SCHATRNEdIOTON
chanber 38', a conbustion chanber 38, a piston crown 22 and. ~ associated
fuel inlet 36, a sparking plug 37, an air or air/fuel mixture inlét 8 '
duct, 5 I nt ake val ve 16, an exhaust duct 18" an exhaust valve 17
suggested for liquid or gaseous fuel8@®peration for the engines of
this invention or for.an%/)tgt her, internal

t.i [ .
There are many SBPIESsiono the itakeo FBF‘pEﬁﬁﬁfr]eg’g?rg%ﬂ'gg giﬁ’gtrre]‘ksqqg‘l‘ng SP‘?)n 10

combusti on for i L Q. ti . _ _ "
combustyon 10 (RGP fltti) 35t 84 U N BT T
al cohol s and gapg&oti intercoolers!f harifMdPES st Kwith etiet fecdnipressed akdhéengi ne.

One good SI system would be sim|ar to the systemshown in Fig. 21
for conpressed bwueempiesspsd, fop madiume-load aperasion, gasol i ne, al cohols or
diesel fuel..In this system an extrenely fuel rich mxture 15

constituting the entire fuel charge is, preferably, injected into the |
pr e- conbust i on RERAHIER0W Fig 17, thet8lis SoWinth QiR gbsPikRgid foF ough f uel
duct 36 with or without ait gbI ast |rllsj ection%ghe al r%arge, some of
whi ch can acconpswidingthefengine ofi Bigy d 7o fidrdhe enginestof Figsop+7emaddRigs. 0t10 itk

pre-conbusti on chanber 38' by piston 22 during the conpressi on
stroke. Additi omhighslensify ainchargefor heany dyihighhpewerroutnut operation. teigoty

I ntroduced into ' [ ' ' Kk r thé
corpredsion | sHoWS oM SRR v AP hnds bRE b e bURAK Fuibhd £4fa R E1o80
second conbl(st i eempleRBEsd that the primary stagd 6 RIpréNsidAGS op@ative 48 aMdebdhda | ean
m xture. . The two-stage conmbustion systemshown in Fig. 21 will

operate in thi sstagmefgompression has been madepperativetfosmaximynt compressionjefjthe

Pre- conbust i jn th -conhust.i h 38" .when fuel |
O O e o e R AR B8 R T B stBpaiSh. 1"

i gnited (injectggg m{o;ﬁﬁaﬂwac&l‘éa?va&mﬁﬁdﬁgﬁ*sﬁ% e &) MAdifMd I3 kipr4 00l er,

30 turbul ent” charge and | ower™ peak 1enperatures and pressures
greatly reducesand to thOeggEnEGBBRr cylinders for heavy-load operation. This produces a
PCT/ US97/ 09{)572

g

very high mean effective cylinder pressure for high torque and power with
maximum cylinder pressure being the same as, or lower than that of normal

engines.

_ Referring now to Fig. 18, there is shown a schematic drawing of an

20  alternative type of auxiliary compressor 2' for the engines of Figs. 5-7 and Figs. 9-
10 and for any other engine of this invention and a system of providing a system
for cutting out the alixiliary compressoi' when high charge pressure and density is
not needed. For relieviﬁg compressor 2’ of work, (if the air compressed by
cémpreésor 2 does not go directly to conduit 32 and valve 16-B to s_u;'yp'ly the

25 primary air charge) shutter valve 5 is closed and air bypass valve 6 is opened so
that ajr pumped through compressor 2’ can re-circulate through compressor 2, thus

relieving the compressor of compression work.



91 . woodiliss or mation of oxides of nitrogen. The conmbigedidosinzt he -
hot pre- conbustion chanber wall and intense turbulence

pronotes nore conplete conbusti on. 5 2. ‘

Post - Conbust i on(second st age) Post - conbustion takes pl ace at

| ower pressure and relatively |ow 87 tenperature conditions in

t he space above the piston in the_cylinder as the ) _ gases expand
fromthe first stage Refergngnewto big. dfahersis shaven 2 sehematit deavying of the :

proper. If there is. addit.io fuel i h |.i nder pr oper he .
eaner i xtur -1 o gnes of Fie 354 wn Fen ) G iuyebion el Sffairolie shosasair
pre-combusti on CRapRE ¢ Exthr®Und pressure b il BRRbiBALS Cai m xture
of bur.ned gases preventem}Ey ﬁrt%gﬁe yvaryl 3 fcolr nat?%ﬁﬂ%?%}l es of

ni trogen. Excess vanioys electionizioy vacwunh opeatad tvalves aminlieir konduits.

ext ended expansi on process assure nore conplete conbustion of carbon
nonoxi de, hyd?ocarbons, and carbon. 15 The results of the

S1%re: hi gher ther 1Y MPSNE UGB HRAS 3P b pouERE Bl B 7 O
along with a coohgbwsidmidichtediztted alrPafHs 2n8'$6lid Rrowotd inllicaR R ndpd

I ncl udi ng oxi des of nitrogen, 'and in addition for diesel fue s? | ower
aromati cs and painrtercoblad eis paths thereby indicating hdve thargée-aiy temperatardsicgn b2 t here

il sing T 3ot eI o
2-strok \ Lg. t - | il
Conuack® TON0e Wi’ MGUA, o POeT ARG BB ||

operate in a 2-Stoslés o2&l cas b€ ligected through the air cooli, 4hbeinis Fan) 92 Aléd, oke

engine with all %pwer cylinders double acting, t he power to wei ght
rati o can be douBiged9shews how theapressuranyitpit of cp@pressprdrandicempressorcd ¢ r

fires and the ot her d_is.scay ed on each stroke for noni na e 30
stroke cycle engil;}%éef?y? Al o iﬁ@g OBfRE A1 %ﬁpﬁsﬁr‘%ﬁﬁﬁi ﬁ"b8°§§¥ c?gxglege?y
doubl e-acting  closif ch8oPBERDS these control valves. An engine control moduleg&ECM) 27

PCT/ US97/ 09072
15  is suggested for controlling the various operating parameters of the engines of this

invention.

Referring now to Fig. 20, there is shown is a schematic drawing depicting
an alternate arrangement in which an electric motor 34 preferably drives the

20 ° compressor(s) of any of the engines of the present invention.
Charge-air Cooler Bypass (ACB) “Shutter Valve” Control

In this section are described aspects of preferred control components
25  which find application in connection with any of the engines (4-stroke and 2-

stroke) of the present invention.

Outline: Valves3 and 5 are. charge-air-cooler bypass solenoid (ACB) valves. In
charge-air cooler bypass control, the intake air is switched between two routes by

30  valves 3 and 5, independently of each other: either (a) valve S directs the flow



power cylinders in the 4-stroke engine of Fig. 1 through Fig. 7 and Fig. 33
converts theyooamiess to a 2-stroke engi ne because one end of powRUSYleMIEr |S
scavenged and one end.is fired during each crankshaft rotat.jon. 5

In the design of Fig. 22 needed variation of beam 39 length is '
acconpl i shed by the beamend formng a scotch yoke 40 and fitting over the
Wri st . pin 41 of the piston. 88 The doubl e ended pi ston
22" can be link t . 8y (G t the

. £26m cQg@?é‘ss&“ﬂd&gcilg,té’ Hie 1}1%?% Wo%%o&ngeﬁ%&q ortby @n&@ﬁg

| ower end 42. A conn I'ng 1 od & et ween i nt of

the beam and t hihe ch@pkattabble 0 before flowing to the intakSeaRitidfeompdsksinaf t 20’
Itself does no nore than transmt torque, its main bearings wll be

very lightly | o¥alad3 dirccts theeBonvifrom corhpressor § eitherl () todbe torduit 113/1244280r t i ng
casi ng. Because of. the | ever action, t cr.an not, shown as, half the
throw of the p?@?‘i’ﬂgg{'f’ﬁﬁemé%lm&;‘ﬁ"baé“gﬁ%stlélﬂ‘é,]g‘@ér@)‘FR@ FaWCS?FEFarge,

cl osely Sﬂ?&%ﬂ-oﬂh %ﬁ-aglaééic | ; '

The corrpresssi on ratho can be ¢ angg ?E‘%@Sﬁ?f@%gﬁ&&ﬂg°rﬁ§nfgfg‘?&%
shortening the effective |l ength of the beam 39. This can be done by the

| ower pi vot plate 42 bei.ng attached to a block 43 pounted slidably in
a fixed block 44 An eggige contypimoduls GEIMN27 eancontrohibe air copleabypassby a

servo notor 45. The gear a rot at ed by,servo not.or 45 is.much Ionger'
Chan the gear _4YAVeS T HHLS-oBiehypastyaives Tusk et X3 Vpg S pass B BF Beins

bl ock 43 and r o4fthé firdBargd &l eithef ARekiondr VaRek3 4Ad 5 dmy beTaHeNital@BRhoid e 1O
slide back and forth on gear 45a as bl ock 43 reciproCates in bl ock

44 Thus asiOa doreghér, type oftvaiNedwhich sampase gar of the:air chatgedhrangh biypassshi f t ed to
a 13:1 rati,o..f | e friction and stress an, par This could al so
be i nportant t oconduits ?%]I ?‘?ﬁ\ﬁ}s’é’d@@“éﬂi"@&’é‘fﬁ°?lﬁ’§l 12).’1 and %@%@2@5@1 of
PCT/ US97/ 09072 e temperature and density of the air charge. The ECM could receive%?gnals

from sensors such as an engine coolant sensor, a crankshaft position sensor,

throttle position sensor, camshaft position sensor, a manifold absolute pressure

15  sensor and a heated oxygen sensor.
Air Bypass Valve (ABV) Control

Outline: To provide optimum air charging pressure for differing engine
20 ;)perations conditions, the ECM 27 can send signals to control air bypass valves 4
~ and 6. These valves could be on-off solenoid valves, possibly vacuum operated,
or they could be helical solenoids or other type of valve which could open part
way or all way in order to re-circulate part 6r all of thé air charge back through the
inlets 110 and 8 of compressors 1 and 2 in order to reduce or eliminate entirely the
25  pumping pressure of either compressor 1 or compressor 2, or both. Similar
arrangements of air pressure control could be used for additional stages of air

compression if additional stages are used.



Referring nowdd ?gg 23: These sane advant ages hold true forpblm,sgmgo-n
al ternate design Igure 23) in which the pivot 47" is between t

connecting rod 19 and the piston 22" 5 . The neeﬁed _
vari ation of the Iength of the beam 39 (shown in phantom connecti ng
the piston 22" to the connecting rod 19 canB®e acconpli shed by

f tch ke, 40 h tti th t 41 of

the o Biston b2 THE OBEAERa bR OB SHE AN\ SRR PR Canbe SETRUER | he
pivot 47" on they, r{éean%

attached to a non n&l\}aalg?'ldhp{ ??%2‘9?@%@%& eéerxligl ne !'Jm(g{ est42ar§‘r(¥1 nal end

of beam 39' bei ngm&hl&ﬁh@bﬂﬂnﬁxﬁ arohafying pr@ssudsh foPvarious ehying 164dS add duty
Alternately and preferably, for heavy duty engi nes (nmarine propul sion,

power product i oncycdase WherhABYofisropengdspastialiyosors efitbe aiz pumped through wi th a 15
conventional piston rod 39' bei r.ranged i sto and a
cr osshead 2050 W*ﬁiésﬁﬁﬁ‘?@%cg E%dm?g“etg\s@e"\%'&ﬁ &érﬁg‘é‘}?ead 20' and
t he crankshaft ower

[ ( ress:orhe engi ne S?A Y8 ?R/egﬁ? f\%ﬁ%!)ﬁh@ﬁﬁrﬁgep

cylinders when used int 1S 1 especially

of inportance \Ahecfmplgssaaiz ippaseed baek diarsugle coraprdsson @) thag compressor2 only pumps
readily available, e.g., for, marine use qQr for power generation.
These doubl e- endtg chmstshreu&lmthgomssméa@e@sn g Sysiern CMWQFk thefsamp for

designs of this n

There i s shown ab'-g c%gkva}?‘lghccot%? %agsr Wpne of the aﬁ%&%{ge E’g'f’ CPW% egé‘oﬁ ba4k

crankshaft, 10w feeRGhiakdcoran 110'of é&ﬁpﬁegsorqriﬁ ofde? efedaék air charge aé}@wy ng a

means of prOV|d|ng extra burn tinme of a conventional 2-stroke or 4-

stroke engine. . WO 98/ 02653 _

PCT/ US97/09072 With this arrangement, combined with the arrangement of ECM 27 control

~ of charge-air cooler bypass'system for variable valves 3 and 5, the temperature,
density, pressure and turbulence of the charge-air can be managed to produce the

15  desired power and torque levels and emissions characteristics in the power

cylinder of the engine.

Engine conditions that could be monitored by ECM 27 in order to effect
proper engine conditions in _regard to control of ABV valves 4 and 6 could include
20 - athrottle position sensor (or fuel injection activity sensor), intake air temperature
sensor at various points, manifold absolute préssure sensor, camshaft position
sensor, crankshaft position sensor, exhaust temperature sensor, a heated oxygen
sensor and/or other sensory inputs known to be used in internal combustion
engines. | |
25 _
The ECM 27 can control both the shutter va]veé 3 and 5 and the air bypass
valves 4 and 6 in order to maintain the optimﬁm air charging density pressure and

temperature at all engine operating duty cycles.




94 : This | ayout for 'any engi ne provides for double the piston
22' turnar Oywesosmzess . ti me of a normal engine during the crit peglusbidodrz
period. This is because piston 22 - top dead center (TDC) oceurs at
bottom dead center (BDC) of the crank 48. At 5 this point, crankpin
notion around piston 22' top dead center is subtracted from t he

strai ghteni ng novenent of the connecting r8 19', instead of being added to

it as in ver}t ié)nall, iJies. Reversing the usual action slows

pi ston travel aMﬁ%, resulting in nore conplete

conbustion and furth | 1 561 s che : urn
Rgggg%ﬁ%\gw 251882 is showh a schematic trank0Ers8 ¥iehfofd!"

time provided by the ‘can be I nportant

engi nes of t hi spiersotbustion eliatnbied 38¥ céhbastion chiraber 38¢ 3 plsorairgwi 22 and
Operation of the engine constructed and arranged with the additional
bur ni ng tine wogisacipeddn inlgtds, asparkinghlne 37.andlirerainfuet mixtureinlehy' iduet,

D Pective prbss b yaficyesn SRR i 16 8 ERORISFIRVER FiksctB foriidet v o
conbustion ti neghdaais Mleh\§erdtivi Bthe 'engi_nes ¥ thisSn{ritidH Ok Bt 28Y Sther Biiternal 04

pol l uti ng em ssions. _ I nce the crankshaft 48 in Fig.
itself does no ommbustionenginensnmit torque, 20 its nmain bearings will be
very lightly loaded. As a result little noise will reach the

supporting casing. Because of the |ever action, the crank can have as

s e R A

of the fulcrum, and can canm

cl 0sely spab®ed pombustiowifogthe snginenifithis iventionas shown ihdFigs1 tierdapi Fig?33.
This | ayout al so provides for nearly tw ce the conbustion time of a
conventional en§very fuek fram avigas & heavydiessl fuelp dn¢luding the slcpkolpandigassops st on

LoD 0280 BN G b5 Sarled T o9 B S8 e Loct TR st vichfa £
PCT/ US97/ 09072 1o the system shown in Fig. 21 for compressed natural gas, propane, hydrogen,
gasoline, alcohols or diesel fuel. In this system, an extremely fuel rich mixture
15  constituting the entire fuel charge is, preferably, injected into the pre-combustion
‘chamber 38'. The fuel could be injected through fuel duct 36 with or without air
blast injection, the air charge, some of which can accompany the fuel charge wﬁuld
be compressed into the_ pre-combustion chamber 38' by piston 22 during the
.compression stroke. Additional air with or without additional fuel, could be
20  introduced into the cylinder proper either on the intake stroke or on the compression
stroke through intake conduit 8'. In either case the second combustion stage in the

cylinder proper would be with a lean mixture.

The two-stage combustion sysfem showh in Fig. 21 will~operate in this manner:
25 |
1. Pre-Combustion (first stage)
Pre-combustion oc_curs in th_e pre-combusﬁon chamber 38' when fuel in an
amount much in excess of the amount of oxygen present is injected and
- ignited (inj ector not shown). This oxygen deﬁciency along with the cooler,

30 turbulent charge and lower peak temperatures and pressures greatly reduces



95 . . Thewoeemgizgss 100[err] of Fig. 25 " Ref er r POy /usdWod002

Fig. 25 of the drawi ngs, there is. shown a six cylinder reci procating

internal combustion engine in which all of the cylinders 7a.- 7f

(only one (7f) of which is shown in a sectional view) and associ at ed

pi stons 22a - 5 22f are adapted to oper&le in a 2-stroke cycle and all

cylinders are used for . praduci,ng power to cQ n_gcran ls}Baft 20 via

connecting rods 19a - ?,fonnanoﬁ O?rﬁg%eéc?{)ggﬁgén'A &W%@Sﬁmﬁ 05 f)ll\f’é;?'%ii r

to scavenging ports 52ZoRbudiidh chmber wall aaatimeﬁs%lm?émgncebiony&wﬁm?ée%ﬁeé
16 and 16’ way

conduit 32 and to cylinder charge inlet valve(s)

of conduits 15. The ergmbast@n.Fig. 25 is adapted to operate in a 10
2-stroke cycle so as to produce six power strokes per revolution of the
crankshaft 20. To this end, conpressor 1 takes in an air charge which

may have been PrREN. jecte conpressing to a higher
pressure, Vi asanzéqm @%ﬁ%ﬁgﬂsg&n&tgﬁ)ves 5 and 6 through an intake
conduit 110, |eadi ng HosQEBnNEROS SEREs lie WRYlower predéurk NAR] CRMtRElY1 Qow!
bypass conduit 104 and shutter valve 5. During operation of 15 the’ engine
of Fig. 25, conpressonerperatues conditivnsnirs fiecspace abiove the pistgh in thecylogenanthe

8, pre-conpresses the air char into_conduit 101 | eadi o control
shutter val ve 5 BRPRS P %S‘%@@t $tageprgrrombustion s eEinip the cylipder

shutter valve 5 and. ai ; : f J s alir 99%135-
charge through inter CSE‘F%?P%&%‘F lstaﬁ?‘%%ghl\fﬁe@mﬁgcéggflgép E‘@S&ts‘@‘e'&n uf?t?ﬁ% 4
to conpressof0l. The d4gritedbgnisis plasmadikebRistfesin'the pretorBustichRRMBES The Jowy
it's associated piston 131, and the conpressed air charge is forced

through an outl et i ntdemparatyre gpdstbar admixtvefefr bumedustses omevgntcany dadkert o

control shutter wal ye 3.whi,ch . ..f open, directs the air thtough
intercooler 11 and 12 f?xana\ﬁonofmﬂgfﬁ qf&"a%g%BEﬁ%’s fﬁ’ kol {ongfwgﬂlgggat}or{, g’f%‘&ﬁh a
conduit and air bypassgxialsexpankibs Process assERmdked 8thplRR donsBustib® oftichrbon
charge back through inlet conduit 104 of the conpressor 25 1, or valve 4
if fully closed, diredtanoxide, hydrodabansandeatbonm conpressor 1, in '
response to ?ignal s fromthe engine control nodule (ECM 27, through the
intercoolers®1l and 12 or through the bypass conduit 111/121/122 into

mani f ol ds 13 andnldreshf81bf théenkihed0! thié¢, @VEnEANSiAY the braltbmBldAYC
to distribute the conpressed alr charge by neans of branch conduits
15a - 15f to inl ehambeénd85fFig.20 are:ahighdr@herial ¢fifieienyies dubdo thesgreaterexpandiore
remai ni ng five power ciylinders Z‘g-?f. n i’;\n \ V\?Q Q2653 ., . . )

PCT/ US97/ 09072 along with a cooler exhaust and a lower level of polluting emissiap including

al ternate enbodi ' d,.of : I (len0:: Se ' ' : it
52 caven ks ot fabEa e iR RHiofl U SEPERTORG: Aot iFa A | |
50 and pressppe

Referring now to Fig. 22 there is shown a schematic transverse sectional
view of an optional cylinder of the engine of this invention which will convert the
~ 2-stroke engine of Fig. 8 through 33 to a one-stroke cycle engine and will convert
the 4-stroke engines of Fig. 1 through Fig. 7 and Fig. 33 to operate in a 2-stroke
25 cycle. ' | '

By building any 2-stroke engine with all power cylinders double acting,
the power to weight ratio can be doubled over the basic engine. One end of the
cylinder fires and the other end is scavenged on each stroke for a nominal one

30 stroke cycle engine in the engines of Fig. 8 through Fig. 33. Use of double-acting



~reducing valve 25 to atr box 51, through conduits 125a - 125f to scavengi ng
- ports wosso2esaf . 5 - The engine 100[err] skewusonodory. 25 -
has a canshaft which is arranged to be driven .at the same speed as

t he crankshaft in order to supply one working stroke . per revdlution
for the power pistons. The conpressor can be reciprocating, - conprised
of one or nore stages of conpression with 88e or nore doubl e-acting 10

cylinders, one is shown, 1.in Fjg. .25. The _conpressor _can be driven by
associ at ed P°B’8‘hﬂé@\df’ﬁdn&?fu‘g Qs %‘@Pgﬁk%nﬁé&“ﬁg Figh ::}@Hscf ah Have throws
of different le . J . j r the air
conpressor(s) t E%%%%engﬁf{qgﬁ-gé&e%&g%ﬁ%? Q}r‘é%ﬁg%gﬁﬁﬁgﬁg _
conpressor 1 caBcdiengid atdione)end iSHeaddrifg sduhsdiaikshaft rotationfot  shown) whi ch

is driven by a gear neshing with a step-up gear nmounted on 15 t he conmon
crankshaft. The ancillary rotary conpressor, a Lysholmtype is shown

2, can be driven by - pul ] ey bei rotated b ri bbed V-belt and has a
st ep- up gearéarrangegnﬁ'ﬁp%é’&?qf @@9&3@@}3&%&{%% CBEBIS gr i ve shaft.
The rotar Sl Heai! | PR :
speed drive, as)éfn - {sﬁé&wg%rre ale?lg?g tng%\éieontgg.yaééo ﬁﬁﬁggveﬂﬁe%t
operation of engimél 3DBEpistdgn.shown in Fig. 25 is thus: Charge-air is

i nducted into the inlet opening 8 of conpressor 2. Fromthere it is punped
t hrough the conpressor 2 where it is directed by shutter valve 5 through

s ditected tot ndedotbleicaiet ol 220 Birthe iadh e BHRER viRIcH byt
by conpressog | thdt ppuéidatith€lower end 4DUAl @hnétling fod m'siqétﬂearbewée}s%@ whi ch

directs the air charge either through Intercoolers 11 and 12, to
mani f ol ds 13 andnidpoint of the beam and theicrankebaft 2@). to air bypass val ve 4
whi ch can direct a part of the charge back through the inlet of

conpressor 1 or valve 4 directs the charge wholly or partially to the

shutter valve 30 3 ' i h ' :ough
intercoolers 13 and 192(% egtpe i:'jllama\;‘lt‘\nbﬁ92:(3)/ %szeggegﬂom{}Mn‘?:ran%ﬂdrahé,ms%]ﬂ :

PCT/ US97/ 09072 bearings will be very lightly loaded. As a result little noise will reach tBe

directly to nifolds 13 and 14 which djstrihutes the tenperatyre-adjusted
char ge- 19‘3 aPPP%ns:mrwdeéewuﬁerﬂfJé]be if&?%&%éﬁ%ﬂan%m bovandis bgﬂbf
cylinder of the j ' a'ﬂ%%' ' I i ) and
conduit 32' di ré@?g}gﬁps@gto&s}m %?(&& an &%@%@gikg\ggi\}‘gﬁgf@ b?)PtQéSWSZa -
52f in the bott apacetl pind havitgy substantial 6Werldpfot kteengtit. ernates - 5  enbodi nent

(shown in phantomin Fig. 25), the scavenging air is directed through
pressure reduction valve 25, arranged on conduit 50 to provide and adj ust

The compression ratio can be changed by slightly lengthening or

D

20 ‘shortening the effective length of the beam 39. This can be done by the lower
pivot plate 42 being attached to a block 43 mounted slidably in a fixed block 44
and in which block 43 can be moved slidably by a servo motor 45. The gear 45a
rotated by servo motor 45 is much longer than the gear 44a on the screw 43b
which is rotatably attached to block 43 and rotates against threads in block 44,

25  causing gear 44a to slide back and forth on gear 45a as block 43 reciprocates in
block 44. Thusasa diesél', it could be started at 20:1 ratio and then shifted to a

- 13:1 ratio for less friction and stress on paris. This could also be important to

allow use of alternate fuels.



scavenging air pressure from corrbfessi on 1. Anot her option to i he
mani f ol d “ai r“ﬁ?gg@ﬁﬁa-for scavengi ng the cylinders 7a - 7f sl{%z)a%

mani f ol d . air through conduit 50, air box 51 and intake, ports 52a -
52f without reducing the 10 pressure frommanifolds 13 and 14. The air
woul d be used at full pressure for sca\ggngi ng by the scavengi ng ports
52a - 52f in Fig. 25 and through inlet port 52" and exhaust port 52

in Fig. 30, which por tRefe@dingmiofn toFig. 23ndTHe8¢ sameihdlahmges hold troefdrthet ed nuch

smal l er than nornally done. In this instance, although the sc,avené;i ng

ports were smal | elteratgdesigntFigure BB inivgrieh the pivpt 4drishetwsen the roanacting ro

scavenging air d Jhe ve {,ficient. Several nmeans of scavenging the
it Hisfa 22

cylinders are su o Fig. 26 illustrates nore clearly (although
in phantom the preferred system of supplying | ow pressure scavengi ng
ai r. Conduit 32' and valve 33 (shown in phantomin Fig. 26) channels

air fromcondg§it 110 The neeledvariatiopof tiedength bHthedesmil9 (Sitowringthastopp! i es
scavenging air to air box 51. ne corﬁtrol nodul e

20 T i .
(ECM 27 (see, ffonaseingthe pistog 225t the saRRSSHing rO‘P 19 ceﬂ%e\?ésmsp ished BY and 6

in order to adjust the pressur er.atur ' g

charge going to tgﬂ@%&g@ﬁgﬁﬁiﬂgﬁﬁn&%"aa u&\?ﬁgggg?tg%gﬁcta lngélogé S vel y -
direct @ PQikbRN2" Bribg gﬂd’cﬂ{g Bdoubld ﬁdﬂﬁﬁgﬂliﬂ{ 83 befviee thd pieod 7 os iR ge
to scavenging ports 52 25 and can control valve 53 and val ves 49' to open

or close to sel eclulartm ofibeam 39" with the pivotvid heing attactied dela ngnranavebleart 48 ofo
control ‘a var.i abl e-val ve- happeni n cont,rQl .systemtp adjust. the | ve
openi ng ti me Wnd e FEgingAn eéﬁgﬂ%ﬂ&n@_ ofkean 36/being’ "‘IOHP%?“&&I gcilggé%%\’@
exhaust val ves l7b}j£1p{ne4 ationship to the degree or angle of rotation
of crankshaft 20, “in"order to adjust the conpression ratio of the engine
for 30 opti mum performance in regard to power, torque, -fuel econony, fuel

WO 98/ 02653 . . .
PCT/ US97/ 09072 Alternately and preferably, for heavy duty engines (marine prgpulsion,

characteristics I g6l . " rred
operation of t he%&m‘%%@dﬁ%ﬁﬁﬂgﬂp@g@gﬁeﬁﬁﬁ#ﬁ?g{&ffg tclmszzl r? otlﬂi%se% o & manner :
After bl owdows anghnvemicabpis@nabdd B9 deitig driaciged Hetvaen piston22phmd e ctokshead 20°

cylinder is now filled with fresh air, and piston 22 has cl %ised exhaust
ports 52 and with a connecting rod 19" between the crosshead 20" and the crankshaft (not

shown).

Double-acting power cylinders when used in the engine of this invention
20 will be especially of importance where great power is desired and cooling water is

readily available, e.g., for marine use or for power generation.

These double-ended, doubi:&acting cylinders can be used in all of the
- ' designs of this invention. -
25
Referring now to Figure 24: There is shown a schematic transverse
sectional view of a crankshaft, tWo cdnnecting rods 1-9' énd 19" and a beam 39
showing a means of providing extra burn time of a conventional 2-stroke or 4-

stroke engine.




the piston 22 is in its scavengi ng-charging stroke and iis rising with the

exhaust wo od/edexs .17 still open, at any point, perhaps as pQﬁf,ﬁsg-mgmiZO ta ’
90 degrees before top 10 dead center, the exhaust valve 17 is closed to '

establish the conpressi on ratio and begi n conpression, intake valve
16, 16' are opened at that tinme or later in order to produce the
desired charge density and wei ght desired94the conpressed air charge _
or fuel air mxture is injected through intake valve 16, 16", intake valve
16, 16" is t hen cl osed. Conpression of the charge which started at
poi nt X, the point s wth
the conpression rat f@ﬁgﬁ;&%:ﬂél&gﬁ%ﬁ&%%%&ﬂg@@&ﬁﬁgaetr #(gg’rgance
vol ume- r emai ni ngméebf zi)ﬁobrmalx he ¥riti€ burn penodcqm%b&ixssbﬁm

vol unme. Fuel can be inj ecte |nt e secondary onpressed air '
stream being i @Bd@@m@ﬂDﬁéomﬁoﬁgm dﬂandr ((BDG?)”Qfethe erink 480 At a

pr e- conmbusti.on chanber ne i s_.shown in, Fi

directly 207 i n‘?‘ @éﬁfﬂﬁ%ﬂoﬁlﬂnéﬁ’gﬁﬂﬂsm&% 3 CE’P%"S Ct‘?diﬁ%fEe val ve
16, 16", the fugk o4 ghtening m cﬁ?&ﬁmf Hfhe E&&e@&cgo%ﬁ%‘ %téaﬂto?bEﬁg Abdflo iPf the
char ge svm ri for a s rat| ar ge nbusti on proces or as in
conpression i gmstmdommgnm ehgines. Ruevelsing the asiat detion slows ﬂisfoﬁctfdv)ﬂ aroted t he
conbusti on chanber, perha s directly onto a_ gl ow pl ug, suggest ed
pre- conbust i on By Fesul swraprerr@mp%smhwtmmdp‘w&heéac@smgmmr¢mous| y
during part of the expansion stroke for a nostly constant pressure

conbust'i on process. : The fuel-air mxture is ignited by
spark plug,10by CONMPrHgsdxea bustitk Provided by the desiB o V\Q@Eéi'go@ﬁnﬁd?ﬁnﬂﬁ' nt
deenmed nost efficient, preferably before top dead cent er 30 of the

conpr essi on strtbkengmeqnfsthlsm%mmﬂ'm@)@ar&lm@lesejlcgclofengmsi on 22 takes
WD 98/ 02653

PCT/ US97/ 09072

pl ace as the expandi RGESE ' t enter.
Near the end odfjp?he po$€5§$¥%£§ls%§%ﬁaps u(tlgﬁ%‘[tgr rf&Eg?agre bottom
dead center, schureingiting: would beﬂm&ame&%th&ethummmseﬂthmmenﬂdmpmmtmgl me

exhaust val Ve(i%{ é? in e gl ne head are o enegf apnd a rapid
bl owdown arld g rRar ?"éi&é»g PicomPressionrratios with g megp ghfectiye press in
Fig. 27, Fig. Ztﬂangérﬂlenﬂ&g %Eésﬂmt%@&xﬁ&e%@iﬁb&ﬁkﬁnﬁrﬁ@ﬂﬁﬁ%ﬁé %tﬂl:é’es

17, 17" remain open past ead center an or a sign part of
t he s cav ewhileyprodiicing evendpssyiolloting emiskions.n or der to establish the
engi nes conpressi on ~ ratio.

Since the crankshaft 48 in Fig. 24 itself does no more than transmit torque,
20  its main bearings will be very lightly loaded. Asa result little noise will reach the

supporting casing. Because of the lever action, the crank can have as littlc as half
the throw of the piston stroke (deﬁending on the point of the fulcrum), and can be
a stubby, cam-hkc unit with large, closely spaced pms havmg substantial overlap
for strength

Tﬁis laybﬁf ajéo 'provides for nearly twice the combustion time of a
conventional- engihe during the critical burn period. This is because piston top

dead center oécuts at bottom dead center (BDC) of _the crank.



10 -, | \58]:%555'9 now to Fig. 26, there is shown a schematic draw ng

showi ng an engine simlar in structure and operation to fﬂ@“@ﬁﬂpﬁg
100[err] of Fig. 25, having two conpressors, but differing in that
conpressor | is depicted as a Lysholm- rotary conpressor, and! :

conpressor 2 is depicted as a turbo conpress®85, and havi ng one air

cooler for the seﬁgndarﬁ c%ﬁgrﬁaf ; two air coolers for the 15 primary
conpressor, dual ter controls, air bypass controls and
conduits for different I ul e
(EM 27w o RO B e 25 SRk R ERE RO B8l [REY

density and réciprpéating ifitethal ébrﬁblﬁbﬁbn efigifié iitwhichx@ ofekd éﬁﬁxdetstﬂautwand
em ssions characteristics of the engine. Alternate sources of

scavengi ng air ar Emyenm(7f) efewhich isshown inasectipnal view) gnd assoeiated pistans 228 -by
f d t 32 h , . ,holl f

uncool eﬁogoﬁkress%%fﬁffdﬁq?ﬁp@oﬁeﬁas st et ki g wsed o o) oo

shown are air byp ﬁﬁui(ﬁgéﬁa}eﬁ ?ﬁﬁoﬁ?ﬁ%ﬁkﬁ@h@ﬂ@é&@ H@gﬁ)laﬁ lp% l391I he

shutter ch1s and one" o artly

open, the Iatter tespettively. Acompml’zr'sﬂppﬂesﬁﬂ'rtb s@dvehgiag PORE 92 by wagbfcont r ol
the charge tenperature ht and 25 denS|t¥ as re ui red for best engine
per f or nance. optional Sh“"O%R’éaﬂ@rﬂ -Myandenduit B2 gnd toyey mderdram lslhbmivdﬁk '
system of efficie ' f t exhau r.oduc t he

e%gl ne of Fig. 2 5[‘6 and 16 \Rb%g%/tgg%égﬁtsol TR engine o %tl:eg 2§ a&'aptted to operate ina

PCT/ US97/ 09078)  2-stroke cycle so as to produce six power strokes er revolution of tHdQ&rankshaft .
Scavengi ng System own of exhaust occurs at

from about 40[ err20. b'éﬁ dnéemxbtcbmprﬁwd takestir an a1r chargtemrlpeh imaphaxﬂé)b&ﬁ[ err]
after bottom dead_cent exhaust val ves 17 opening a

appr oxi mat el y t heP'§¥iP8S Sﬁge?tﬁg to,comRressing;toa hjgher pessurg, Y‘é#ﬂlaﬁml‘@ﬁ@ﬁtml
after bot t opRIRA"S P ﬁu&i@ﬁﬁ‘h@ée Bbrfufty l%zlé:_g@xgig é‘ﬁrx{gé o gre%%% angw ing

a | ow conpression ratio
suppl i ed from a neffinfepdosbie lDlDrrbgpmlnencmxprmﬂrshuttérOzal\ree‘ﬂLlDimilm dperationdt on

conduit 50 or erably Eca&gngl ng air_can, be supplied from condui t
32" from anci lI"1 \?“’EB&‘BF ofErg: cocrmﬁﬁﬁmrzwcswaﬁ@wphqrw aintheoughdalet opening

: 8, pre-compresses the air charge into conduit 101 leading to control shutter valve

5 which in response to signals from the ECM 27, to shutter valve 5 and air bypass
valve 6, will direct the compressed charge through intercooler 10 or through
cooler bypass conduits 104 to compressor 1. The air charge is compressed within
20 compressor 1 by its associated piston 131, and the compressed air charge is forced
through an outlet into a high pressure transfer conduit 109 which leads to control
shutter valve 3 which, if open, .directs the air through intercooler 11 and 12 to
manifolds 13 and 14 or, if closed, through a conduit and air bypass valvé 4 which
- can direct part of the air charge back through inlet conduit 104 of the compressor
25 1, or valve 4 if fully closed, directs all of the charge from compressor 1, in .
response to signals from the engine control module (ECM) 27, through the
intercoolers 11 and 12 or through the bypass conduit 111/121/122 into manifolds
13 and 14. Manifolds 13 and 14 are constructed and arranged to distribute the
compressed air charge by means of branch conduits 15a - 15f to inlet valves 16

30 and 16 of the cylinder 7a, and to the remaining five power cylinders 7b-7f. In an



bottom ports 52 open shortly before exhaust valves 17 open. Bl owdown occurs
t hr ough-.botwewspgests 52 out t hrough bottom exhaust conduit apgrigsmeeR3 to
mai n exhaust pipe 18, at sane tine or shortly after, exhaust valves
17 open and 15 Dbl owdown of the exhaust occurs both at the top of the
cylinder through exhaust val ves 53 17, and through exhaust

mani fold 18 and pipe 18 to the at noSphere. The exhaust valve 17 then
stays -open t hr ohggdinale ehbBiitend Thstead &f fRbviding sca’wﬁe’ﬂgi_n%_rm' tRfougk Ranthhic Phar ge
stroke for additional scavenging, this part by positive di spl acenent .
Duri ng this scaswavending giné provigled through shue-offistaluest9 and| coadiv S0rand @e@ssurdre

cl osed at any point, after the first 2Q percent of_ pistgon 22 travel. Now at
any .  point r%uslng&fvsr?éé? axrbeémgamwhfqon wts 13%n 15 Ei0iscayenging pRRB s
valve 17 can cl gse_ sor and intake valve 16' open to admit pressurized air
whi ch has its téenperature adjusted to what is deened proper. The

| ater-in thesexhaust-charging stroke the exhaust valve 17 is cl osed,
the lower is the conpression ratio of the engine 25 established. If
closed early enough iTheengined00% shayorimEigdSohasasamshafiwhish inarranged to beich as

13 or 16 to 1, i,f. closed |later the.effect,ivwe coppression rati Q.can be as

| ow o : driven AR sais speed At (e rApksARin PRAGT4 S ne vodkine Stakg © pe
conpression rati : tﬁ@ﬁd‘w . ' nﬁ:?% R,egaﬂr I: - 22 has
reached top deaggrcrg‘r’l henrl?ﬁ]ﬁ?e airr é"?‘ﬁp’l’%ﬁg‘:“’%& vvlts terlr)gerfpééﬁl{?re{ehnéénsi ty and

pressure adj ust esmprisedads ona bt mbdue stagds\of 30mpression with chedr nfveededkdsadtihg nt ake

valve 16. Al of the operating paraneters WO 98/ 02653 . )
PCT/ US97/ 09b 2 cylinders, one is shown, 1 in Fig. 25. The compressor can be driven by pgspciated

suggest ed woul d, end - t L) %ﬁl . ngi .

requi renents, ef%ﬁ%’c@%&%é?gé&s’l ons co%@i%?%?]ﬁlo}%gggﬁg%ﬁgdgﬂe@?&ge\é\'gg’.s ,
An engi ne cont r @dr diffefehelendthMistaly strokes fst\ihe dit LomPRENPE) tHAAShdse of ik S
critical control valves of the engine which can be adgvusted according the

condi tions si gnabwer pistons clnragiition, ¢ompresser il ¢ar be driven by & secohd crankshafl.
Referring now tg Fig. 28 ..there.is,.shown a second.systemof efficiently
scavengi ng the g‘ho isﬁ%w'i)fw'll—‘f:g.‘s %5‘{“ bi'(? gear meghm%c‘fvé e‘%sg?‘ﬁ'ép %tnéo niyd 1 g. 28)

15 the common crankshaft. The ancillary rotary compressor, a Lysholm type is

shown 2, can be driven by a V-pulley being rotated by a ribbed V-belt and has a-
step-up gear arranged between the V-pulley and the compressor drive shaft. The
rotary compressor 2 could also have a variable speed, or two speed drive, as in -
some aircraft engines.
20
The operation of engine 100% shown in F ig. 25 is thus: Charge-air is
inducted into the inlet opening 8 of compressor 2. From there it is pumped
through the compressor 2 where it is directed by shutter valve 5 through the
intercoolet 10 or through a conduit to air bypass valve 6 where it is directed to the -
25  inlet of compressor 1. The charge is then pumped by coinpressor 1 through the
outlet valve to shutter valve 3 which directs the air charge either through
~ intercoolers 11 and 12, to manifolds 13 and 14 or into a conduit leading to air
bypass valve 4 which can direct ‘a part of the charge back through the inlet of
compressor 1 or valve 4 directs the charge wholly or partially to the shutter valve
30 3 which directs the charge wholly or partially through intercoolers 13 aﬁd 14, or



Exhaust bl owdown occurs through exhaust valves 17 only, with . -
scavengi ng aVO 18268} supplied by compressor 2 by way of conduPETAS9709872" 15 -}
alternatively frommani folds 13 and 14 t hrough conduits 50 past control

val ve 49 and optional pressure control 25 into air box 51 and

t hrough scavengi ng ports 52 in the b@ftom of the cylinders 7, up
t hrough the cylinder 7, out exhaust valves 1 and t hrough exhaust

7
pi pe 18, with valditectgtomppifolds biand 14 whichdistdhufesthe sempgratursadjusted chapge-

approaches bottom .center, i n..the po ' EX Lon. Shi: [ 52,woul d
20 b6 uncover A BeTfdR st Vet 1Lt RBRR BB SBERer R bhgIng Pal
woul d -be | OFf-&i5d- 6l cohtf o wallve fhdt sROWhPARIORESt 32 dive6ts Wititd QirBHRSN and
conmbusted products t hrough exhaust™ val ves 17 whi ch open perhaps

before ports 52 ftoscavergiagpans2a - 52f in the twmdovef cylinders @a t 3fn Inthe slternatede

constructed tQ ope t perhaps 40[err] before bqott om dead cept er, and
could close aP t & HE“H&?W’BPPIP&P“‘BF’S‘P(E&S{;’@@ the sqayenging;air Eﬁ?EFdsLRWb‘E]é.

The exhaust val V%?esﬂre%%llcﬁo{é%ﬁ% Qsoﬁ%ﬂxggcli angrfoﬁ’d%tt%%%%&e ?'ﬁdn&ﬁ‘is‘ and to

closed to aid in'scavenging by posTtive racenent "By pr's _
establish sthRnpMmpi airgste FARTEAA ToMPrassibh Q. WotHer bftiebloredudifetheby t he
poi nt at whi ch exhaust val ves 17 cl ose. WO 98/ 02653

PCT/ US97/ 09072  manifold air pressure for scavenging the cylinders 7a - 7f is to use thegmanifold

During this scavenging-char gi. st,oke.of .pi ston th LI nder .7 .bejng
now filjed with & R SongiEs0, pirhox 51 aad _ e;pq{éf,‘%é%gf@t@ uLTEduGinE s 1t
after the 10 lphésShroHforhHanf8ids 3 2 191 THE Sk bukPbd EUS full Yhesdibe fRY
poi nt exhaust val've can close and 1 ntake valve 16 cah open to

adm t highly pressavenging byithe sdaverlgihgporitd S2a -$2f irt Bigp2$ anditheoughdnkte perit 53"

adj usted to what is deened proper, The later in the __ Xhaust - chargi ng
stroke the exhaugpdgzhapst R‘FE)?% 1% Figs 46, Whick ppgihesa-74f, §31@“€f5§et"PPanbe
compressi on rati Qofliddi A SfalR? AR HARREY ddde. Gh B3S HhsfiBb RiBGHARe L N
effective conpression ratiro can be as nuch as or 19 to T, If

cl osed | ater the sedvdenging\torts were siislleptiasnctal, akd Kighethenosnd] gresssre2: 1.
Al'l of the operating paraneters suggested 10 woul d depend on the duty

cycl e of theléngiseevsngimgqir wouldbe verpfficiente feyeral means of segvepgingdle and

cle " . 4 ¢ ol . .
Control modute 27 RRASH s alacstA e  FRC 26 rates rogs ipacty (fig RIS
various oper at i NGhaftof) theprefedRd sy femdTdupplying V2 bEsire cavehging 8! Tonduit

~various 15 sensors.

32' and valve 33 (shown in phantom in Fig. 26) channels air from conduit 110
from compressér 2 to conduit 50 which supplies scavenging air to air box 51.
20
The engine control module (ECM) 27 (see, for example, Fig. 26) controls
valves 3, 4, 5, and 6 in order to adjust the pressure, temperature and density of the
charge going to the combustion chambers and valve 25, and can selectively direct
a portion, a portion at a reduced pressure_bf the aii charge to scayengi_ng ports 52
25  and can control valve 53 and valves 49 to open or close to select the mode 6f
scavenging desired. The ECM can also control a vairiaBle-valve—happening
control system to adjust the valve opening time and duration of opening time of
inlet valves 16 and exhaust valves 17 in relationship to the degree or angle of -
rotation of crankshaft 20, in order to adjust the compression ratio of the engine for

30  optimum performance in regard to power, torque, fuel economy, fuel_



Referring nowto Fig. 29, there is shown a third efficient system of: L
scavengi ng wiomsepegsne of Fig. 25; 20 Scavengi ng Syst em gctissgnose)
Thi s scavengi ng system woul d be that shut off-valves 49° would be cl osed,
(or valves 25 ‘and 49 could be elininated), with bottom ports openéd to the
at nosphere by valve 53, one inlet valve 1l6gheading frommanifolds 13 and 14
to 25 cylinder 7 could be opened for a very short period of tine by a
cam perhaps by characteristicsafd td sdaodriimode desirelat has a | arge | obe to open
t he sanme valve (as 21-Cin Fig. 11) at a different crank angle, at
the sane tinme ports 52 were uncovered by piston 22 and exhaust

val ves 17 were ened,. The hi regsure air wqul d, qui gk . . L.SWeep
conbust ed gaseso‘ﬂm%rﬁ&ﬁ' ?P’s’gg??aﬁﬁ'eegﬁ’f‘éﬁfsccyh\é\aFVe‘ggY?,mﬁ{ﬁ'ﬁg‘ﬁ“fﬂB?r 30
respective exhaygdngtkbes 17 and 17' to the atnosphere. The intake valve 16
woul d WD 98/ 02653

PCT/ US97/ 09052 103
close quickly, no later than the tjme exhaust ports 52 closed. The exhaust
val ve woulAfterdiewdovapand scayenging ofdhe exlinden | hastakenplaes the he

reduction of the . . .. sion rati.o o he enaine. Alterpatively
bott om exhaust \Fé{}'()‘_é% 1%%0%13}?@%@%&*1 arr, andtpxstgpggixas gﬂﬁe%a?‘gﬁ‘ﬁtPBﬁ? Sg??‘g 52,
vere uncovered ke pis®h@2 idf itﬁéb@éb’ﬁln@léﬂai‘@ﬁ%%ke and is Fsing VRt tHle @kiBAsOPEN
earlier for blowdown, air fromthe airbox 51 supplied by conduit

32 woul d bl ow i vabyeddrstidl qpenat @ny peint pgehaphas eaylyiasd@p o799 Hegreesbeforhdepst

val ves .S scavengi .char gi ng

7. L i t -
sttoke the éQha&s?&e%ﬂ‘%‘hffXP@SEY%%"eh7 §t°l%§°9g‘§ E%‘sp Iﬂffo‘?"l’ﬂp" ‘E{]‘%F‘?ié“ i rst

20 percent or s S . 22 t D& :

val ve 17 has cl ?seg@,d%th eégély flrrlltij%r@@vgel@hb@%w%ﬁ g%ﬁ{ﬁ?ﬁ%ﬁﬁ%ﬂd?rgnd

t he  pooduce sis desiredithadgedansitg alb *eightdaired Ihe compressed airahargei st on
22 has reached tof L. . .dead center, additional (secondary) air .
charge, wi th t erddvelairraixtiun is imigcied dhrough intake valys s 46ir takevabiedd, 16 i

I nt roduced when b ' ' Ve . . d/ or
by anot her | obe -%g%rﬁi ’ ﬁ]ogﬂbgégr?@g cogrtﬁ e(e‘g%gékz‘bﬁ&%ﬁf}%kt l% ié‘@({)‘ptg% P?\é’ﬁﬁ@

sane i nt ake 15al \ekhagaviive AV was tlobéd; comptiriuas Winh thacamnpression mitig @efiged woul d
depend

established by the cylinder clearance volume remaining at point x, divided by the
combustion chamber volume. Fuel can be injected into the secondary
compressed air stream being injected into the coinbustion chamber or injected into
a pre-combustion chamber (one is.shown in Fig. 21) or may be injected directly
20  into the combustion chamber. After the closure of intake valve 16, 16', the fuel or
more fuel can be injected into the midst of the charge swirl for a stratified charge
combustion process, or as in compression ignited engines fuel can be injected
" directly into the combustion chamber, perhaps directly ontoa glow plug, if
Suggésted pre-i:ombustion chamber-is used or not, and can be injected
25  continuously dui‘ing part of the expansion stroke for a fndstly constant pressure

combustion process.

The fuel-air mixture is ignited by spark plug, by compression ignition, or
by glow plug at the point deemed most efficient, preferably before top dead center

30  of the compression stroke of piston 22. The expansion stroke of piston 22 takes



on the duty %ﬁ?g{athe eng;i nes, e.g., power requirenents, efl,]‘(j_l%s%%%ﬁnd

em ssi ons consi lons and.the fuel used. The later in the

exhaust - char gi ng stroke the exhaust valve 17 is closed, the

|l ower is the conpression ratio of the 20 engine established: If

cl osed early enough the-effective conpressigﬂ rati o can be as
much as 13:1 or . ' ct i | on. ratj o can
be as e s e gpéttfity e forte e Blstdi o SEAERY 53 e Nefi s
could control al |en@5fﬂi&8;o%ﬂ§&dlde9ﬁ§h&;ﬂﬁﬁbﬁt&fb° ®fore bottot? dedd Rnf?HcBfenging
Referring nowto Fig. 30, there I's shown a fourth systemof efficient.
scavengi ng t he epgits 82 afe uncgverad; near the sange Gme@2BABt valve(s) 17 in the engine head
PCT/ US97/ 09072 . . . 104

Scavengi ng Syst ePRERFandpyapid blowdown and scavenging trkes placs Bany,f fourways

bl omdown occugs e int : t rt of
t he bottom scgverﬁglgng p%r?g'%gpl%?’ﬁgb%%%{% tﬁ%e or e ° %r}ﬂc%g§¥lgﬁ1%é2%d
center, perhaps 40[Er rdmaifbferbpait/bittone et YenterdndFor 4 SighifithitartidTehd OpP
exhaust valves open. At the tine bottomports 52' are opened, or shortly
after, exh&eayenging-¢harga-adiustingstroke iperderiio establishitheengidies cardpregsiom
bott om exhaust que 18 I s al ready open, and exhaust bl omdown occurs
over the next, 48 so after bottom dead center, with scavenging air
being injected through at | east one of the 10 bottom ports 52" which has
been constructed to receive pressurized air fromair box 55 supplied
by. conduit 3P0 or 50 Refestnginew to Rig. 26,ahereiis showéd a suhematie draevidy showing an

pi ston 22 and the-pressyre.in cylinder 7 has dropped below the pressure in
ai r - box 559“&?‘? %‘F‘“{%F"c %m@é“e andoperaioado thsenging lqusf)‘%f&&r?eﬁhaﬁnbpen
t hrough a signifj ef. ecor -charge,stroke of
pi ston 22 for adg???%rﬂgﬁessso Eﬁgg(gﬁ%négﬁhab@’%gﬁg Tgw%ﬁgcgﬁd;%e OFMd in

order to establ i sdtary dofpresedn asbconiitedsat 2 & depicted as a turbo comprB¥sot,2edt hi s
scavengi ng-charging stroke the cylinder 7 being now filled
having one air cooler for the secondary compressor, two air coolers for the

15  primary compressor, dual manifolds, with shutter controls, air bypass controls and
conduits for different air paths. Also shown is an engine control module (ECM)
27 which can control charge and scavenging air pressures, density and
temperatures in order to effect the desired output and emissions characteristics of
the engine. Alternate sources of scavenging air are shown, the preferred one

20 being from conduit 110 by way of conduit 32'. Air paths are shown by arrows,
hollow arrows for uncooled compfessed air and solid arrows for cooled denser air.
Also shown are air bypass valves (in this case both closed) which, with the shutter
valves (one of which is closed and one of which is partly open,.the latter to allow
cooling of part of the charge), can control ;the charge te_mperatﬁr,e; weight and

25  density as required for best engine performance.

Referring now to Fig. 27, there is shown one system of efficient

scavenging of the exhausted products of the engine of Fig. 25;




with fresh air, exhaust valve 17 may be closed at any point after the first

20 Pavoosize8s so of piston 22 travel. Now at any poi ntp@pg_bggmponal've ot
17 can close to 20 establish the conpression ratio and inlet ‘'valve 16 can
open to admt a secondary pressurized air charge which has iits

tenperature and pressure adjusted to what 1b§ deened proper. The | ater
I n the exhaust-chargi ng stroke the exhaust “Val ve 17 is cl osed, the
lower is the cos@ieAgingSysi A @fig.t27¢ engi ne established. If closed

early enough the effective. conpression ratio can be as much as 13:1 or
22:1, if 25 closed later the.effective conpression ratio can be as | ow as
2:1. Al of the oper at i ar anet ers. suggest ul.d depenq on the
duty cycle of the enBMgfoym 0&9“@%"?399%%‘“3 ‘Emi“ﬁgej"%giesb,‘m@ﬁ‘f"égéi’ﬁ? and
em ssi ons consi | B f - f e
controll ed by aﬂeﬂgg% %2%%n%%%%§egamt%“fnélcéé%%%%mes W%?%’ﬁ%%

rel ati ng corgdi t agpaéximatetytHedameaings the paits 83 artherdd 4id refmaini @ftep the 30
ECM 27. WO 9“5?}?(?;265?:"@"2 p@ . ﬁﬁ@ﬁéﬁ.

PCT/ US97/ 09072 bottom ports are closed by piston 22, and closing later causing a low coxppression
Referring to Fig.,. 31, there is shown a schematic draw ng depicting an
alternate arran%gﬂ‘ent I n which an electric notor 34 preferably drives the
air conpressors of an engine simlar to that of Fig. 25. 5
Referring nowto Fig. 32, there is shown a schematic drawi ng show ng the
2-stroke engine of FBepveigingait cahde s@fplied dronax imagifoldl witlopethgmmpressams- 1 for
suppl yi ng bot h scavengi hg .and chgr,ge- air. Also shown are a shutter valve 3
and a0 aj fedpgipg ¥alvg 2P v candyih pQ ex praferably seaveaging,ay qan bg suppliede and

scavengi ng air : I ' f ' ust.. hl own
out of the cyl iﬁ%&r&gg tt g%ﬁéogﬁ@éll@%o@q%ﬁzuéﬁogéﬁg%gﬁﬁﬁd& tpgfg 0 the
at nospher e. ThubBottdae pengsheper shioitly befdre@XBaust valveel T pell Bldowadwit becuksat s
described for the engine of Fig. 25 and described for the engi ne of

Fig. 25, Fig. 2throyghgottom partssd2 ous thippugh battpm gxhpustagnduitiam] yalves3 toanaia
h i ' : dulg (E 7 ' '
vaives 15 i oPRERSHIR X, alBEN it o Macd n B SuBRRARI 17 Bt el L L e,

density, weight bleWdown of thdb@ast oRcurs Bethid ﬁldibﬁ%ﬁﬂk@:]yﬂﬂ&rlﬂ&bﬁglﬁéxﬂahﬁ .
scavenging air to achieve the desired results rromthe engine. Arrows

show t he pat hs palves 33 andf 15, andithrought exbayst manifold 18’ and pipe 849 thgi r ‘and t he
cooled (solid arro Il nd for t charge-air, to pass . t hroough
the air bypass Q}g}o\\é\@ﬂéle.atfx?e)ﬂﬁua ‘@ie{]ﬁmﬁﬁﬁﬂgﬁ"% 6!’5‘528&%{*“’8@%&%@’?

wei ght the 2nd or exhaust-charge stroke for additional scavenging, this part by positive

displacement. During this scavenging-charging stroke the exhaust valve 17 may
20  beclosed at any point after the first 20 percent of piston 22 travel. Now at any
point with cylinder 7 being now filled with fresh air, exhaust valve 17 can close
and intake valve 16’ open to admit pressurized air which has its temperature
adjusted to what is deemed prbper. The later in the exhaust-charging stroke the
- exhaust valve 17 is 'cl'oséd,‘the'lower is the compression ratio of the engine
25  established. 'If closed early enough the effective compresSion rati6 can be as
much as 13 or 16 to 1, if closed later the effective compression ratio can be as low
as 2:1. Atany point-aﬁer exhaust valve 17 has closed, and the compression ratio
has been established, and before piston 22 has reached top dead center, the air
charge, with temperature density and pressure adjusted may be introduced by

30 opening and then closing intake valve 16. All of the operating parameters



20 .., .and ¢ enwﬂ g@ for optinum engine performance. pﬁ"@ﬂ’é@?’i ]

100[ err] Systemof Fig. 33 . : Referring now to Fig.

illustrated a six cylinder internal conbusti on engine jn which part
of the cylinders 62 through 65 are used for 25 produci ng power and two of
the cylinders, cylinders 66 and 67, are usedP? or conpressing the air

necessary to oper Qﬁ e, . tn.this case
preferably a Lyshsg_k es_?ype&nlgggﬁegg nﬁggggtgg?a?%gdgﬁer?ﬁis%ﬁ‘eégé'tp%‘?%rssure_ air
recei ved through raquirdniént effitiency adndisslohd Wnsideratibhedrtl he Akl @ssr cyl i nders

66 and .67. A shutter valve 3" and air bypass valve 4' recirculate the
charge-air back 30 through conpressor 57 when both are open, to | essen
E,glr-}) Lg;??gg\g?rz k and An er\x/glbneggén(gr% ?n%dule (ECM) 27 is shown with connectipgg to the

reduce char geczdensiq.i ' : af | | val ve 4'
IS . ~cl gsgd S ux??&%n&ﬁ{w%&%%%&ﬁ&%&%?ﬁ E%E%%gﬁ%‘gﬁé o{%@é‘g{%r char ge

to the cylinders conditionssighatet @rthe EOM 22 dront eafnsisensets/in thélerpiger. t 0 nanage
conbustion tenperatures and tenperatures for opti num performance. 5
The second stage of conpression is transferred from conpression

cylinders 66 and 67 t h conﬂgi .S 0 202. to shutter valv - .Whi ch,
when ol osed, " seraeTHE BB FAE 28 tier P ShOPR AStiohe cusfermial <Sarictil
intercooler 11 angdavenging the&pind ofXp. 25 the engine nanifold 58" in a cool ed
condition. If opened, sﬁutter 10 valve 4" directs the charge-away from

cool er 11 t hdBugh conduit 203 and 205 to t he power cylinders w thout
cool i ng. ; . Bg haviIP?F_it canshaft arranged to rotate at
one-hal f crankshaYavVelEing System B (Fig. 28), i e 100[err] operates in a 4-stroke
cycle, with a |ow conpression ratio, an 15 extended expansion ratio and

hi gh nean effective cylinder pressure when operated in a manner just
as descri bed herei n f d@xhabst blovgdown edcufs through exhaust valves 17 only, Alitler nat i vel vy,
the engine of Fig. 33, ., with one or_npre of its cylinders . ,.,acting as
conpressor cyl i n#63¥Enging arheingsupplied by gormpressor ?i’d@’éﬂi’ of gopduit 32, on

15  alternatively from manifolds 13 and 14 through conduits 50 past control valve 49
and optional pressure control 25 into air box 51 and through scavenging ports 52
in the bottom of the cylinders 7, up through the cylinder 7, out exhaust valves 17
and through exhaust pipe 18, with valve 53 being closed. In this system as piston
22 approaches bottom dead center in the power expansion stroke, ports 52 would

20 - be uncovered by piston 22 and as blowdown occurs pressurized air would be
injected through all bottom ports 52 and would sweep combusted products
through exhaust valves 17 which open perhaps before ports 52 for the exhaust
blowdown. The bottom ports can be constructed to open at perhaés 40° before

~ bottom dead center and could close at the same point after piston begins its

25 second stroke. The exhaust valves 17 could remain open.aftcr bqttom. poris 52 are

closed to aid in scavenging by positive displacement by piston 22 and to establish
- the desired compression ratio which is establ'ished By the point at which exhaust

valves 17 close.




20 crankshaft speed, operates in a 2-stroke cycle with t-he | ow .

conpr essi onwpaglesssshi gh mean ef f ective cylinder pressuperasshmon _
ext ended expansion rati o when operated . in the manner described herein
for the engines of Fig. 8 Fig. 9 and Fig. 11. Still

referring to Fig. 33 of the draw ngs, addi,‘ l;onal fuel savings can be 25
achieved in any of the engines of the pres @t I nvention descri bed

her ei nbef ore by Dutitg thik sédveRSiA Rig sHORE bf pisioRD2aRe &Ylindef 7 BOMR' €SSOr
retarder brake. For g di scusgéiioggg??heg di scl ogied ret arder brakgi,ﬁgthi S
si x-cyl i nder engowdilledGfith fréshraip thesexhasst valve 17 amay befclosed acamyi paint after thei s

I nvention which use externally conpressed ajr t hrough Fig..

Fig. 1
33) to.either f&rtEOPSmentorsqnfpisten 22 BﬂvqlmNew(%égy point gxhapstadkee Bican

engi ne. per f or Mpgge o fuodle'valye Bl opbh okt highly fbtiiPwiRERRE RSOT 57A

PCT/ US97/ 09052 temperature and density adjusted to what is deemed proper. The later 1@ the
operatively connected to the drive shaft of the vehicle (not shown) or

geared to the exhaustehargiog strokethe exliausalenty istclosed, thelowgy isthe ¢ffeetivedur i ng
braki ng or downhi | | ) fravel which is, utjilized 1o suppl 0 essed air
to the engine pGVKE‘PWéVPPﬁQf@r‘gtg‘? ¢pgine esta ‘ﬁl%ﬂdlt rlgﬂgfféicaﬂﬁﬁﬁgdlhﬁ‘gg?{e%‘@n an
econom zer i s CQuplfsith i\ elas bRz 15 or 2910 1.3 clodlaflp Helreefige L1 T8 10
whi ch the econom zer reservolr air pressure was sutticiently high
for use in the pompressiphiratibotan befas ldve acRgi el of the operatimgparameterssuggestas or
can be clutchably di sengaged or air punped by the conpressor(s) can

be “bypassed!8acwould depend gndhe Gty eyde ebihgeagiosy, €L powver FRAMIEBEASHpr essi on
wor k woul 8.l M f the. [ reljef valve 60 prevents
excess build up%ﬂ? enc?’%dﬁﬁ'&sgoﬁ’lsgoﬁsﬁ&%ﬁ@mg%?‘g?@s@?l\r}g"leérl'. A val ve 61 (being
in this arrangenent, a reversible one-way valve) allows air fromthe
reservoir to be transferred to the manifold when the pressure in the
reservoir 59 is hi ghekn engine ¢antrohmodula23fiesuggasted fiirassas shotvn for contrallingj r

IS needed. Int case of epgine constructions having.conpressiof .. . .
cylinders, each %WO&QPS’ﬁE‘g%F?WMSSFﬂ q;?eangﬁla rswgalggﬁrog}ngns *Be'MG S Pt ed
during 15 tyhisgemepyve air operation. time by shutting off the admi ssion
val ve so that no net wor k woul d be done by the conpressor(s) until

t he mani fol d-reservoir pressure dr opped bel ow operating | evels.

Several systens of dﬁfé_tlvghéggﬂﬁ:ﬁ,:zgg rngig'lsk\ll(?\gnathirdefﬁ{:i%ntds%'sst%Hng in the

art and/ or have been
scavenging the engine of Fig. 25;

20 ‘Scavenging System C (Fig. 29)

This scavenging system would be that shut off valves 49' would be closed,
(or valves 25 and 49 could be eliminated), with bottom ports opened to the |
atmosphere by valve 53; one inie’t valve 16 leading from manifolds 13and 14t0
25 cylinder7 could be opened for a very short period of time By a cam, perhaps by a
small lobe ona cam that has a large lobe to open the same valve (as 21-C in Fig.
11) at a different crank angle, at the same time ports 52 were uncovered by piston
22 aﬁd_ exhaust valves 17 were opened. The high pressure air would quickly
sweep combusted gases through ports 52 and exhaust valves 17, through their

30 respective exhaust pipes 17 and 17' to the atmosphere. The intake valve 16 would



20 -, .. wWdesi3e® t€rnate arrangenment, the conpressor 57A Imgg%mied

and the air storage tank-59 is used to store excess air conpressed by
t he conpressor cylinders of the engine during braking.and downhi |
travel. In this case, the valve 61 is a two-way val ve and a'bl ocking
valve 70 is placed |n the manifold 58 betwed®3the conpr essor
cylinder(s) 66 6 f st

travel or duri ng k| ng,fy ?‘ﬁlhgﬁgaﬁwﬁéﬂgﬁ xchaﬁ%dgg(gts\;i!/leg:iedr?g‘go\(riil}%ressaL(SLlr-)t v;an(?

wor ki ng cylwcnrl@ranam opéxi fir filiretier ¥cavehging dnd Foruke redudtiondsfithe 62- 65 are

deactivated, and the two-way valve at 61 is utilized in order to
divert the air ccmpmm rafjo ofvhe engine. Alemmetively bodgmiexhaust walvenibweauldbgge

}:’%[I]'}( Ugg7 /09072 © oseg anc? as bottom ports 52 were uncovered by piston 22, exhaust, yalves 17

Wen it is des r%&]&’aﬁ@%ﬁ@ﬁ Hi€iof Wa%wﬂoénglthrhe’aﬂﬁoP?»P%ﬁigﬁgdﬁz lcYfdut0

bet ween t he conpr essor .an e expa er cylinders I's opene e two-way
val ve 61 is cl ose2 waénld bhgv ints porese5Dand seaeengt ithecylinderd7 thicughl exbiust galved ve

70 and t he two- may val ve 61 are opened. If desired, the conpressor
cylinder(s) 66, @7 are deactivated while in the reserve air operation
node, as descri bed earlier. Al so, a Jacob brake (a prior art retarder
brake) could supply conpressed air to the air reservoir tank.

Operating the engi ne QhurifSis“@avnging L&hﬁf&%‘ﬁkﬂl&thé@&ﬁﬁﬁvhh@l’ﬁ@@lo%ﬂata
effective pressure (nmep) of the engine for 20 percent inprovenent in power

and ' ef fiDci qoint aftetihe é'lrsté!@mcmegt ool aftpiston 22rirawsl o A anyipeint g&ﬁ:rm;hatistre

Feature woul d pe oabicd T Plasel b PRy bAnE BasUipdouthBrshaly apdhes heavy
traffic or in hil 9&%}1 tm? m'sﬁbhﬁﬁdei}@hﬂg‘r?%f?gre ?ﬂas]rg&hed tgp

hor sepower uses 1 pounds o m nut e’ , nergy o
br aki ng erdead bmmdadmtxéﬂw(sewn&aqeaﬁcbharge, with témepezatarendsnsity andser voi r
59, a ten or fifteen m nute supply of conpressed air can he

accunul at ed and Pressug adinstedds dtrgdyc Hoen needed} g 2 %eFﬁ%}malﬁRH@WctWe
eser Yol PT35S IOl Sk )€ i, D ol o,
cylinder valves aagletiftahe (aid Agait) AR P SieCdpRf#iRg pariitsiers Q@gé@ﬁkd Wduld dghd to

on the duty cycle of the engines, e.g., power requirements, efficiency and

emissions considerations and the fuel used. The later in the exhaust-charging

stroke the exhaust valve 17 is closed, the lower is the compression ratio of the

20- engine established. If closed early enough the effective compression ratio can be
as much as 13:1 or 22:1, if clesed later the effective compression ratio can be as

low as 2:1.

~ An engine control module could control all of the conditions required of

25  the engine.

Referring now to Fig. 30, there is shown a fourth system of efficient. |

scavenging the engine of Fig. 25.



conpress the air charge needed by the engine. ) _ Using the air
reservoir H5®o 9slagssengi ne needs no conpression build-up for 2pcrrséihing
and as soon as the shaft was rotated far enough to open the .intake val ve,
the conpressed air and fuel would enter and be ignited for "instant"

starting. Furthernore, the conpress % air could be used to rotate the
engi ne for this neans of starting b? (‘)‘peni ng i ntake val ves earlier
than usual to tRBeavenpmipBysteiny D (NL3W)! O begin rotation and firing as
is common in |arge diesel engines, thus elimnating 30 the need for a
starter notor. Alternatively, the conpressed air could be used to WO
I?’g{r? 628; / 09072 In this system exhaust blowdown occurs through the top exhaust)¥alves 17

charge a "hydrog} pit&iol Lﬁ"il?ﬂr% ' | Sy eavy-duty
di esel engines. ah ghﬁaﬂ ﬁ{og'ﬁscgloﬁﬁﬁ%@g?ngjﬁwﬁeﬂg?%?’gﬁfgd

enbodi ment , 3§ hebotesin dead center] perkias @0% @nd sinfultanbSushyswith @k juso#fdrithe toped t o
"motor"” the engine to allow a vehicle such as a bus to _ pul l. away from
a stop and oper gxhaustxalves oper. oAt the tigee battopnpert?2' arerapened; ot shartly afier,

e O B 3 S, 258 SR oA A 1
Refer ring now t g dijeigy Gn, hiPEali biRAdovh SCRATBICE the RRT ABEH BldeRp Of an

engi ne 100 in accor ce wth an alternate enbodi nent or the present

i nvention bbttom drddecentdr) with scaveniging air baingdnjected throughoatilesst oreoefah®t i ve,
stationary, or electric _ . powel generating engines, or any engine

~appli cati ont of bpttem PPﬁ%é%tWBWE?’éﬁmsW 0 Teceiye RIBYSurizeshair AR alheed,
whi ch have adeq 4.0 . y ' ' i | abl e.

N Fig. 34, a r Labps uplisl by oBRE! 38 br 365 fohl ik B8 Bous 52 are FhénsB?

or nore intercopistm mrtﬁéﬁieﬁsurshﬁ@@ﬁdelﬂf Rdsalrapped beltwpthiegiedsaielin itibok e
condi ti oned charge-air (both high and | ow pressure, if needed) for one or

nor e eng ij Aes Afier portssS2' sedrexhauss valves g@?m-ppmnfbmg?ialca;mﬂﬁmt ;
' ' i i 13 . 14
by Condut - 1oAY g H8 SECHHHE exbaistiRed SR o Bitan'2d for BRBLOR {eeneaiBEC

for exanpl e15 Fi 8y pdsiti®¢ displdtement and B &0 Rs@BIEHA low soinpressidr@tioengi nes of
this invention receive air fromthe

During this scavenging-charging stroke the cylinder 7 being now ﬁ.lled

with fresh air, exhaust valve 17 may be closed at any point after the first 20
percent or so of piston 22 travel. Now at any point exhaust valve 17 .can close to

20  establish the compression ratio and inlet valve 16 can open to admit a secondary
pressurized air charge which has its temperature and pressure adjusted to what is
deemed proper. The later in the exhaust-charging stroke the exhaust valve 17 is -
closed, the lower is the compression ratio of the engine established. If closed
early enough the eﬂ'edﬁve'compression ratio.can be as much as 13:1 or 22:1, if

25  closed later the effective compression ratio can be as low as 2:1. Allofthe
operating parameters suggestéd would depend on the.duty cycle of the engines,
e.g., power requirements, efficiency and emissions considerations and the type of
fuel used, and can be controlled by an engine control module which receives
signals relating conditions in certain engine areas and which are relayed to the

30 ECM27. '



at mosphere or alternatively receives |low pressure air froma | ow pressure
condui t WO, 282653 om conpressor 35 25 An al t BERA{SA7/09072
arrangenent, also depicted in Fig. 34, for providing conbusti on
charge-air for any of the engines 100 of the present invention isito
provi de charge-air fromconduit 15AR which 4pgoplies waste or "bleed" air
produced in industrial processes. The air is supplied either at 1 or 2
pressure 30 levels. The lower pressure, if needed, preferably is supplied
E%T?ngg} 880;26 ngegrgrlxgo %6153 31, there is shown a schematic drawing dep'icﬂsxg an

pressure fromth?ltém&t@ah%‘%éﬂéﬁgi ﬁi‘cﬁaﬂ%lecﬁi?:‘”tﬂHﬂo?ﬂ?@?bx’éﬁ RirfveR HiRSHRUT ©

regul at or valve (25a leadihg to | ow pressure conduit 15BRJ. The arrangenent
is si m | ar compiebsorsof raginersimilar toahatof Fig. 25- A, 15-B and valve 25 in,
for exanpl e, Fig. 5 wth conduit 15-A representing the supply
conduit 15ARJromthe waste- 5 air supply, and with conduit 15-B

representing conduit dn Fid p34 . The ,use_of. renmot,el y
Conpressed it el t heFEGAangY fo EE”37.dhprs it hoampsebematie dfiing e g,
the engines conpRadRE englne &f FiB! 25 &RIOFi! 26 44 haVing ddy oR€Edmbressor 1 fi
conduits and val ves 3, b,:eS, 61'Eof t he lgharge- air gsup)p')loy eqﬁ?p?r?rﬁt , or

provi di ng t he 10supplyingsthiseavengimgaintlicharge-aiturAlsgshownedre ashuthar vabred aslsi on
process (and prior ,t% intrﬁduction to the manifolds, 13, 14i)' Thui,
the eqyi pment of 2 A& b¥pRss valve Govalyes 16 and Yitoniralling Fiargs 386 seAvensing B

t hr oughout t vVaLl b ' . t!ﬁgw | : | ts
of  this inventi oﬁ?lk'?ésjﬁp%{e er gtglrélleg%g%é’ﬁ%%set upd(f“én ?\F‘tgdggﬁ@@yl&mg%%%gb S’

desi gnat ed by dasbegobgh@hadst cBndiiirl] 8otthe amgisphiére! Thus/the ichgine df BYg. 69san 15
The charge-air fromeither of the aforementioned renote sources is

preferably perfernbeilielihe foptsodasprabed fgr thesnging of Fige 2iand descgibed fordhg) 14

Fomot e sourcan| SghEPEER 25 Fig BROFIETEY Ky 4 Pig 9 BEIBLIPR B ARELINC
In the remotely Wﬁ%@ﬂghe%mr& hodule({ECMY 2P andohntcBbRstoydridis mlves

conpression, can be throttlTe-body injected, port-injected, or directly

cyl i nder 15 i inj erdertd. manage the charge and scavenging air temperature, density, weight and

pressure, and the pressure and path of the scavenging air to achieve the desired
results from the engine. Arrows show the paths possible for the heated (hollow
arrows) air and the cooled (solid arrows), air, and for the charge-air to pass
through the air bypass valve 4, all in order to adjust air pressure, density, weight

20  and temperature for optimum engine performance.

The Engine 100* System of Fig. 33 | _
Referring now to F ig. 33, there is illustrated a six cylinder internal

combustion engine in which part of the cylinders 62 through 65 are used for

25  producing power and two of the cylinders, cylinders 66 and 67, are used for
compressing the air necessary to operate the engim::. A supercharger 57, in this
case preferably a Lysholm type, is used to boost the atmospheric pressure air
received through air intake 8', before the air._e_n_te_rs compressor cylinders 66 and
67. A shutter valve 3' and air bypass valve 4' re-circulate the charge-air back

30  through compressor 57 when both are open, to lessen compressor work and




Regardi ng Pol lution Control 25 Referri.n-g -now to Fig. 2 and Fig.

4-C there i swolhenssss nmet hod of furt her reduci ng pol | Utfﬁﬂugﬁi' 'zohs
in any of the engi ne enbodiments of this invention whi ch*i'ncl udes
re-burning a portion of the exhausted gases when and if required. : In

the 4-stroke engines of Figs. 1-Fig. 3 and_in the 2-stroke engines herein
depi cted having a single air intake, the ei'lqgust outlet conduit(s) 18 have
a shunt 30 COoNnghdi | N r 0p:Jn the
o et ?giﬁ%eu%?ge(de‘r‘x\g’%% gcﬁ} éf;ggl\?aa)opkfaﬁgh. Wﬂeﬁ%ﬁpb}pgﬁ Valve®Pid N L
PCT/ US97/ 09072  closed shutter valve 3' can open or close to send the air charge to the cyfdders

18 to a port 204 ir} he side of intake conduit 8. A proportioning valve 201
i s . si t uat tRPled orycopled espestively,in rdes do manage compwationtenperatures ady

restrict the flo f fr. | - into conduit 8, while at the sane

ti me opening thewp )Ffat%ﬁf({rc?ppﬁIQHégﬁgwce‘ conduit to selectively
allow entry f exhaust gases to the intake conduit 8. This 5 val ve is
vari abl e and nmechanically, electrically or vacuum sol enoi d operated and
preferably control | edThysezond stggnef commpressionnis trahsferéd pmaompesssionl 144 in

Fi g. 35 anq. Fig. 36. 6&h's ajlows the re-burning of a portion of the
exhaust ed gases, SYHders 66 and 6] throngh gendyits 201 207te shyfisr vakve 14 whichawher t ed by

t he engi ne contr | t j ensor uch as
an oxygen sensor O SAYE e bompressed clERERRARN Bpdfi o0 I BREGTr 11 e
Exhaust gd gases emsiait295 ththeupbine whifold $92n & 85016€ condition. F8pM, ki t her
optional cooling fins 202a or by passing through an optional

i ntercool er Yot valyghirdireststhe ehargeawan fomreoksr 1 ithroughe constuit 208 add 205 to
Wth reference tg Fig 4 LN .enqi nes ;having only one atnospheric intake 15
s mafter Etinde 7y B

conduit but having Mgnd conduits, such as conduits 15-A

and. 15- C of Fig. 4B, a shunt conduit 202' |eading fromthe exhaust
conduit 18 is divided into two shunt conduit portions 203a, 203b,
each with a proporti oBy hgvinglits caiedt arranged tcffdte apomealfirgarkshafs speed, the
selectively adm t exhﬁ@sjt ed ag%ses o either or, bqth of . i nt ake val ve
16-B (through con®i% raicsIR@ ptrake cYFiguMith adovrompressionaticeano  val ve
16- A (by waysof SeéHdedt | o O oportloni| al ve

209a, 209b woul d all oevbé%:ﬁ{eyrarg&;}p%?atfiugﬁﬁz)era)’ﬁgﬁgwéf&glﬂgé}gﬁsg@é??&c#gases to
enter its . opesatedt in a/mapmer jyst adesctibédchereintfor theiengineof Fign8e of fresh

air if necessary. The exhaust ed gases can be cool ed by optionally
arranging fins 202a on conduit 202

Alternatively, the engine of Fig. 33, with one or more of its cylinders
acting as compressor cylinders ahd having its camshaft arranged to rotate at
20 crankshaft speed, operates in a 2-stroke cycle with the low compression ratio, high
mean effective cylinder pressure and an extended expansion ratio when operated

in the manner described herein for the engines of Fig. 8, Fig. 9 and Fig. 11.

| Still refen'ihg to F ig. 33 of the drawings, additional fuel savings can be
25  achieved in any of the engines of the present invention deécribed hereinbefore by
use of an economizer constructed as an air conipressor retarder brake. For
discussion of the disclosed retarder brake, this six-cylinder engine 100* represents
any of the engines of this invention which use externally compressed air (Fig. 1
through Fig. 33) to either fully supply charge-air or which use it to enhance

30  engine performance. The air retarder brake illustrated has a compressor 57A



and/-or 203a, 203b and 203c or by passing the exhaust through an_.optional 25
I nt ercool er 1) before the gases are introduced into ;qgriiqufoyon

i nt ake(s) of the engi ne. : Alternatively, .as shown in
phantom on Fig. 4C, one shunt portion 203a is di verted (shown as
203c) directly to conduit 15-C and provi ded1@fhere with a 30 proportioning

val ve 209c. WO 98/ 02653 ) )
PCT/ US97/ 09072  operatively connected to the drive shaft of the vehicle (not shown)jorgeared to the

In the engines of_Fidq. ' 7 ' ' : WG all ] es 8,"
o, oo v srsneiis croRRRATPhnd 19183 e IR Bhadnd b gl
bei ng under st 00d, travel whichQ¥\GtileZed t6 Baply edifipiebsed airto Meehgin® fover Y imfepieiae.
5 : In any engi nes having dual air intake conduits or dual air

paths a portion thetransfér manifoid 68dSuchsaseconomigsr isqoupled éth mainregernis 52t
necessary, in _fromope to . , three points.and controlled preferably by
an engi ne contsrola‘#dﬁﬂ"gq% “HYQ“’ thgec%@ﬂ@’??ﬁﬁ’&gé%?ssﬂge W¥&hbust i on
and em ssions ch L1 4 St . | -JHYRR u | S:.Qf
parti cul ar i npor %‘ﬁég%ﬁhg?%s%?mf t&:glp ogg%&éﬁd%ﬁ . é&ﬁ{e’ {%oér@%n%nt Load
and Speed Engi nescompressor can be cliMbieibdpgisérnpaged epdnpanpeiclsy the chiprdssor@)oamg
specification describes 15 enbodi mrents and representative engi nes of the
present invent i orbeiypassed back to the injgitof thecompressor(grodhatae compression warkick
bus, autonobile, ta train,a pl ane duty, cycl es and deseri -
Syat ems. and met oo e e BE telali e, b it € ¥6 pRYRR ER Bl e o o
Invention fings UseitdsuRRR et teSdvbir! AORIR &1 (Iﬁixﬁ‘ﬁ' ifl '?hi?%ﬁ{gteﬂi%ﬂt, a reversible
torque while maintd ning optimum fuel econonmy and 1 ow pol | uting em ssions
in 20 | ess conplane-wmgvaies) allows hirdsm therresereoiptoche tcansferrad to theauanifedd speed
engi nes. Fig. 35 and Fig. 36 depi.ci_alternate . enbadi npnts the.
present inventi onW\_}SFﬂ § pressure “Ee‘rli‘ﬁ(S‘Eﬁef‘?&‘l"té9 ‘érhég. ) é’éﬂ%&ﬁ“\?@r&a“%%m

| oad and speed engLp&Ss (&dd. 1o BE case of en F@E&ﬁiﬁcﬁ&’/ﬁfavﬂﬁ%ﬁﬁﬁﬁés@ﬁnand In
~other-stationary-or 1 ndustrial englne applications,

cylinders, each compression cylinder of the engine can also be deactivated during

15  this reserve air operation time by shutting off the admission valve so that no net
work would be done by the compressor(s) until the manifold-reservoir pressure
dropped below operating levels. Several systems of deactivating cylinder valves

are described in the art and/or have been mentioned previously.

20 In an alternate arrangement, the compressor 57A is eliminated and the air
storage tank 59 is used to store excess air compressed by the compressor cylinders
of the engine during braking and downhill travel. In this case, the valve 6l isa
two-way valve and a blocking valve 70 is placed in the manifold 58 between the
compressor cylinder(s) 66, 67 and the working cylinders 62-65. During downhiil

25  travel or dﬁring braking, the blpcking valve 70 between comj:ressor and working
cylinders is, preferably, closed, power cylinders 62-65 are deactivated, and the
two-way valve at 61 is utilized in order to divert the air compressed by the

compressor cylinder(s) into storage tank 59.



e.g., for punps and conpressors) outfitted in accordance with the ,
princi pl es whoke2685  present invention. . The ENngi ne mfraisdfodmrst em
of Fig. 35 . Referring nowto Fig. 35 there is shown is a '
schematic presentation of an engi ne which represents any of ‘the
4-stroke or 2-stroke engines of the preseil'# 30 invention outfitted for
constant | oad and speed operation. The ba % conponent s WO 98/ 02653

PCT/ US97/ 09072 When it is desired to operate the engine normally, the blocking ¥d&e 70 of
t he engi ne 100, such as conpressors 1, 2 and optional intercoolers 10, 11,

12 ( showrbetwesgsi the tompressort ahdh thierexpanies sylinderssis opénet arld dentsvo-way ar e,
preferably, Jgped, far .opti mum pperat.in araneters havin ly the

des on
basi ¢ .conponent@lve 61 ls'%ﬂ’s?‘llre Rg BRISTVE 3Htapgrakion the lQF&F‘%Se‘é%“"’a?‘?%pas's

val ves and t hei y 'q;aﬁg_ A ' [

previously desctpfgzgq%#bo [ régna?g,ﬁcélfg %ﬁd&?@%ﬁicoﬂﬁ&s@iﬁl?ﬂﬁ%&)ﬁ, ﬂ\ or der
to reduce wsi ghdre deaetivated shhile i tiRotedeyvendir Gpeititnl ifdde, ho\ddschibed earlier. Aso,t he
engine 100 is shown as outfitted with a first ancillary conpressor | and a
second anci | | ar3Jagobrprake {oprior artystarder drakeh eenld sunply compressed airio thestiown i n
phantom and intercannecting conduits, all operating as would be understood
with-10 ref ererﬁﬁeév?'f)(al"ﬁe previ ous detail ed descriptions and operating with
two stages of pre-conpression of the charge-air, intercooled or

adi abatical |y conpressed. Fig. 35 shows a preferred setup
for power gener ati onOperafingthg engint ba reserve airesupplyesoudd ihpriose thevaedn on. The
power output shgft 20 of .the engine 100 is coupled, 15 schematically by

|l ine 140 tJ%ov&ﬁqlﬁﬁﬁFs%fme@@f ;}?ﬂengﬂ?JP%?Q)Peri% isgproyementdn power and ect ri ¢

pover output | fedd? wils LA A6l oBlloh RGO ARONAUBES LS Shaft

20" of generator r ower °produce gener at or
141 is dedpredting dithe fiRewe aik43 and rel ayed to control unit and
governor 144 which contains various relays and integrated circuits to

gquantify the power output and to 20 send nessages by line 145 to fuel/air
control (not shown) uel |ine, 148 and ,... throttle 56, _andsior by |ine
149 to spark cont rolf@Sffeaag'Qfg%‘)é’? og'é ea”%&ftfoﬁgl %Bléllg 1} rerey esPe%’g@H?-i gnited
engi nes andysor ﬁesavf aafficGrSa Al RScoulitrp U Bbr dialifple, i Enginé plodBbing Q00
engi nes having fuel injection systens, e.g. for natural gas, gasoline or
di esel fuel,  horscpower uses|ad|7 poundgofair peraninutel Thereforddf enesgy ofibrakingt he
fuel input, s pev%gre%poq'eé) 1unt tP\leJ tcor?x}c:n'essed air in the economizer reservoir 59, a ten or fifteen
minute éupply of compressed air can be accumulated and stored during stops and
down hill travel. When the reservoir pressure drops below the desired level for
20 efficient operation, a solenoid (not shown) is used to reactivate the compression
cylinder valves and they (with the supercharger, when needed) will begin to

compress the air charge needed by the engine.

Using the air reservoir 59, the engine needs no con_lprcssion build-up for
25 | starting and as soon as the shaft was rotated far enough to open the intake valve,
the compressed air and fuel would enter and be ignited for “instant” starting.
Furthermore, the compressed air could be used to rotate the engine for this means
‘of starting by opeﬂing intake valves carlier than usual to the expander cylinders to
begin rotation.and firing as is common in large diesel engines, thus eliminating

30 the need for a starter motor. Alternatively, the compressed air could be used to



25 - . engi ne 100 and hence the output of generator 141. Control unit' 144
al so sends W°-98’°§f55na| s to control the proportioning valve 28?,"%588%97%
Fig. 4 and to proportioning val ves 209a, 209b, 209c shown in Fig. 2
to control the amount, if any, of exhaust recircul ated by tHhese

val ves for re-bumin any engine of this 109 invention utilizing this

feature. Further explapatjon of the conponents and 30 operation a/vl th the
engi ne 100 of t heh3sgea chydrostartent tosranksthy snging as i Forumen,ey Some heavy-duty \\p
98/ 02653
PCT/ US97/ 09072 . 114

woul d be understood-by those skilled in the art having reference to the

pr esent di scl osure. The optional intercoolers 10, 11,
12 (shown in phant on) Inaarealfernste; and 4l peeferradembddimentathe geserve ainnstesarvasr
fuel ed engines apd. are, preferahly. elinnated, or reduced, i n nunber or
cool i ng capaaS t yggﬁ qdﬁgp%h%wgégoﬁp?ﬁnﬂpé&g@ﬁ? ﬁggwtamegxc e such ag aibyg g e
possi bl e by | ow At | L

i nvention. 10 B@@Kw?f %ﬁx&éﬁ@?xﬁo gzggv OEﬁfgﬁggotsﬁrgorng??g&? %\%;hm%ﬁr}ls?}legi ne
illustrated as atideshdt@ksatest pollutiongcaies inbus atptapsaid-godelveyy wdhiélbe engi nes
of the present invention, 2-stroke or 4- stroke, which is coupl ed
schematical |y byoPeraom40 with an el ectric generator 141. The engi ne

and arrangenents are simlar in structure and operation as that shown
and described for the engine of Fig. 35 with the exception that engine of

Fig. 36, 15 10 OPRedfotély compPést&Piir émbodien@! 4-stroke cycle engine 100,
has only a single stage of pre-conpression, optionally intercool ed by
intercoolers 11, 12 (Befeming mow to Fig. Jrhaherois seew schematicacpyeseatationsd ani t h
the engine of Fig. .35 jntercqolers,11, 12 are . referably.elimnated
o edoced Tn cotigine o Biashdaance At At Spbodiment of the PROGIIMIEORT (e
engi ne 100 of t g ekyeilyiRbvidifk Shargddirtof Batife 160 dRe Ridtary, o9 eledffic 35,
t he governor, andO?oet her g nt rloﬁﬁg ang tﬁ\gbopg{lat’i on of ‘the ‘engl e and
gener at or powérgzeheratinglenginespor duy engimeapplicdtionsiof this ineermicn, benstanyor
.reference to the present di scl osure. It wil] be _seen

1 e : [ )
by the foreghi ngvariable load pehsnsed. whish hae adgawne elgpia et o waste or “bleed

air available. In Fig. 34, a remote electric air compressor 35 preferably with one

diesel engines.

or more intercooled compression stages, preferébly supplies temperature
conditioned charge-air (bbth high and low pressure, if needed) for one or more
engines of this invention. The charge-air, conditioned in temperature and
20 ° pressure, is supplied directly to manifolds 13 and 14 by conduit 15AE from
compressbr 35. The engine intake conduit 9 of, for example, Fig. 4, or low-
pressure conduits 32 of other engines of this invention receive air from the
| atmosphere or altematiire]y receives low pressure air from a low pressure conduit
15BE from compressor 35. '
25 |
An alternate arrangemeﬁt, also depicted in Fig. 34, for providing
combustion charge-air for ény of the engines 100 of the present invention is to |
provide charge-air from conduit 15AR whiéh supplies waste or “bleed” air
produced in industrial pro(;esses. The air lS supj)lied either at 1 or 2 pressure

30 levels. The lower pressure, if needed, preferably is supplied by dropping the



25 of the present invention, that the advantages sought from.the present
i nventi on akgposm2es3 common to all enbodi ments. " penliohBodrpier e
have been herein described approved enbodinents of this . |, invention, it
wi || be understood that nmany and vari ous changes and nodifications:30 in
form arrangenent of parts and details of construction thereof nmay be nade
WO 98/ 02653 - | 110
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wi thout departi ngeiPETPMAhe Majn ipcoming yaste air.conduit IAR Vithp PLESFE o
changes and regiRtdr VaRR (21t adifig flobv-Prebsurdicdni@Rit 15BRY. The hitsngehiRanged
clains are contenpl ated as a part of this invention. 5

Wi | e t.he enbodi similastothe atrangemestoi canduitst 3-An 1548 ard valwes2 Soime for example,

di scl osed herein_arge the preferred forng, qther enbodinents of the present

i nvention will sfl‘§g€'s‘l’ljai ngﬁ’é‘étlel\ﬁéé '?Wépg%ﬁ? supplyca %li}ri from thewasteo\ of
this digscl 4 ' : aak. vayi ati ons and
nodi ficati onssscaﬂ§wp$iy’-ggggﬁh1&re°§9lg}ji\s/ﬁ%t @%&ﬁdg@ggpﬁf?%% tﬁgiél 'g&'of t he

i nvention and that the scope of the 10 present invention should only be

limted by the clains _below Furthernmore, the equi val ents of all
means- or - st ep- pl us- f ufibe userof etreoieht conipresspd aic) eithars whste aivon frem compressot ended

to include any siructure, ter.ial, or act ar, perforiy e fuynction as
specifically cl aﬁ’r@ﬁmé?ﬂeﬁ‘ésatggmpff “Iﬁ?é"ﬂf?ﬁfgﬁs:lt’édﬂe’fﬁ" é‘r@oﬁg’ &FF’F‘EB in the
art of t hi ' gt & b f ; cture,
mat eri al, or act?ngtxgg?gfwlﬁegr%mbgbl\%futgyg%g% kru'? g‘éﬁdgik?ﬂg*re&égé’gglg fﬂgn W th

ot her el enenkls. air has beeitanditiomddaduming or after the compression process (and prior to
116

introduction to the manifolds 13, 14). %lél, {\1/1% equipment of the engine 100 of
the various embodiments shown throughout the various drawihg figures of the
engine 100 embodiments of this invention, is preferably éliminated up to those
points designated by dashed lines A, B and C throughout the various drawings.
15  The charge-air from either of the aforementioned remote sources is preferably
introduced into the engines near the manifolds 13 and 14 and, in the appropriate
embodiments, the low air pressure from the remote sources is introduced at

conduit 32, as shown in Fig. 34.

20 . In the remotely charged enginés, the fuel can be carbureted prior to
compression, can be throttle-body injected, port-injected, or directly cylinder
injected. |
Regarding Pollution Contrel
25 Referring now to. Fig. 2 and Fig. 4-C there is shown a method of further
reducing polluting emissions in any of the engine embodiments of this invention
which inc_:ludes re-burning a portion of the exhausted gases when and if required.
In thé 4-stroke _eng_ih_eS of 'Fig_s.' I-Fig. 3 and _in the 2-stroke engines herein
| depicted having a single air iniake, fhe exhaust outlet conduit(s) 18 have a shunt
30 conduit 202 (refer to Fig. 2) leading from a port 206 in the side of exhaust conduit



An-internal opoBgBiIds®N engi ne, conpri sing: an engi ne bl Qﬁ%"’ﬂgfi ni. ng
at |l east one cylinder therein; an-inlet port communi cat i TR
said cylinder and a source of air, ‘and an exhaust port _through which
air is exhausted fromsaid cylinder, a piston novably mounted within
sai d cylinder; . an intake val ve selectﬂ%gly occl udi ng said intake
port; an e Y udi ng sai d.exhaust rt;

a conpressor in ?I@Sf} tpgé%ﬁ?zlgéts?%e;&égta&gg%ﬂsuf% g@ﬁ?@é"%‘f’“&i"?“’&ﬁﬁl $yid
inlet por t situated at the &ital/port 2046 is Rithhged(to sElectivelyAetiridf the ' fow of

sel ectively conpressed by the conpressor ~ prior to’‘entering the
cylinder. 2. fresk aig igfo vendyfit 8,/ veliile at the sametime opening therporta204te dss exhaest ai 1

cool er i nt erconnect ed .bet ween sai d_.cqnpressor and said inlet port.

3. The engine of Cgiltf{-]lﬁﬁofLSFlepﬁyef‘_lﬁ\é\ﬁO\ggngy PgF’ﬁ'&“ﬁtrgaéﬁrmd@ intake gonduit®r Khis

S el udi ng: Sl . . f oair. . said

conpr essor, shi dVAre i vl SRR ahicadt S5oudim Syfoid Spermpdant ¢ or

sel ectively cont pesferably copttoiéd Bnaréngine cbntIRIRERYECM) RRBAAOIEI 44110 §id. her
a conpress node generati ng a conBr essed air charge or a pass node passing
h

air t her et BP 80 Kigy30h dbis 2llomisithe e-buyningof a portidreofihgextmusted gGhees,tha,

“wherein said air |.iVv nefwor k further iLnclydes neans cooperati ng
with said neans P%‘?“gte&’en\é e ?@8‘3‘?? g?‘flg adiu tﬁé?’&t"i‘%‘?ﬂ%"&"@?%@?ﬂ‘ﬂé iRy
controlling the @ iskae lehy S A, e nor e of '

density, gisggxgégﬁg%? errpe?ﬁr% rsg,éﬂ %ﬁ Wg@%&%%%{ g%gk %@aﬁ?%&tgécssur e

Wi thin said Wl i positions ifi the englitee Exhgusted piseCpassiigthrotlt conduit2 tanhesai d

nmeans for sel ectiv?l controll,in . conprise a common plurality of

val ves strat egi 599 93/13}'8 °§PBW3 coeling ﬁ%ﬁﬂ%ator%@assmg through@oroptinnalngi ne

control nechanis | . f_.sald val ye 6. The

engi ne .of claim @l&?ﬁl?xﬁdg&){ %}%ﬁ@?gﬁgfﬂ%ﬂl%t&%Plé%ag(gﬁamx'ﬁﬁ%r essor in fluid

comuni cati on between said conpressor and said inlet port,
whereby at least part of the intake air is selectively conpressed a second
tine prior to Hithvefarencerie Figs 4Gy ircenginaschaving only evrecatmiosphesic dntake

del i very netuorKkj es, neans..Lor controllin he operati on, of sai d
second conpr ié?;s o#é]l%gﬁg’ﬁ hawng a\ﬂﬁ’é‘?’éﬂ’f pg. &nﬂﬁg “Isoff"iggéfs E‘?R‘P“&‘é!l?'A ané 15-
control ling the @iof Fig)aiR)Q shixd'cofddit 261 Iagding from m&%ﬁ@{t@gﬁcﬁﬁi"lé {3 d?\%ﬂi .
means for controlling the operati'on of said conpressor and . wth said
means for cont rointg twp shvat egnduitipodionsi203a,i 203beeavh avithonpropersioning valve 209a,
209b operating so as to selectively admit exhausted gases to either or both of
intake valve 16-B (through conduit 9 and eventually conduit 15-C) or to intake
20 - valve 16-A (by way of conduit 8 and conduit 15-A). Each proportioning valve
209a, 209b would allow either a pbrtion or none of the exhausted gases to enter its
respective port, meanwhile restricting entrance of fresh air if necessary. The
exhausted gases can be cooled by optionally arranging fins 202a on conduit 202"
and/or 203a, 203b and 203c or by passing the exhaust through an dptional
25  intercooler (not shown) before the gases are introduced into the air intake(s) of the

engine.

Alternatively, as shown in phantom on Fig. 4C, one shunt portion 203a is
diverted (shown as 203c) directly to conduit 15-C and provided there with a
30 proportioning valve 209c. '




sel ectively controlling the air charge characteristics selected from.one or
nore of wO9sNmessi ty, pressure, tenperature, and the nmean gpowussaabor

pressure within said 7. The engine of Claim1, wherein said conpressor
IS a reciprocating conpressor. 8 . The engine of Claim?7, wherein said
reci procati ng conpressor includes a pistor‘112 connected to the engine

crankshaft. 117 9. The
engine of Claim1l1, wherein said conpressor is a rotary conpressor. 10.

The engine of claim1, further conprising: a second conpressor in
flui d communi cati on hetheenginsofFig dngnddiig.of having dwal dtmospheric ainintdkep8;9,,
whereby at | east part of the._.intake air |s_selectiyely conpressed a second
time . pridt sswsmrngarttﬁghaém‘wag'rflg- 4G is urtlgg ithgipsundgrstepdi m 10,
wherein said engl I Y| ' port opening to
said cylinder, n%‘ﬁ%\ﬁﬂéﬁ%%ﬁ@éﬁ ﬂﬁiﬁg’??\iﬁ‘?%ﬁﬁ%&‘g‘t&mi ses: at | east
one an air aooler; an air delivery network including: condui t
i nterconnecting said source of air, said conpressor, said second.
conpressor, said ai rIncanylesginesbaving duad airputake conduitsoriduab aiv pathis alpettiqror t ;

and neans for selectively.confrolling operation of .sgid conpressor

to operate in e‘i’q%gP“so'F gases can ﬁﬁw@‘sﬂ!lrﬂb@% &P?"r‘?&say'd'bgﬁ%%gg air ,

charge or a pa ' ' s ' essi ng.
Sﬁﬂé\/%&?nt? R b&ﬁoﬁb& preferabl?' ibgh% Oe?xhi% Qgﬁ’tpol%(’id&@éc'gin(glglzgg

means for selectl controll1ng opera sai d secon or to
oper at e, bettee nianagentent of gumttastiomaiel emissions chagacteristiogpr essed air charge
or a pass npde passing air therethrough w thout conpressing.

means for s ectively directing a conpressed air to said first inlet port

Conbusti on eng e hasfiige R EBreTEBF B almabes wif st Tufl bopBleh

novi ng through at | east a conpression stroke and an expansi on stroke ai ded
by conmbusti on taking gl ace within a cylinder, wherein the
conpression str S and Speed Engines

Whereas the preponderance of the foregoing specification descﬁbes
15 embodiments and representative engines of the present invention which are
optimized for vehicular (marine, truck, bus, automobile, tank, train and plane)
duty cycles and describe systems and methods for varying power, torque and
speed, the present invention finds useful application for obtaining high power and
tdrque while maintaining optimum fuel economy and low polluting emissions in
20 less complex engines, such as, for example, constant load and speed engines. Fig.
35 and Fig. 36 depict alternate embodiments of the present invention which
embodiments are representative of constant load and speed engines (e.g., for
electric powér generation and in other stationary or industrial engine applications,
e.g., for pumps and compressors) outfitted in 'accdrdance with the principles ofthe -

25  present invention.

The Engine of 100 System of Fig. 35

Referring now to Fig. 35 there is shown is a schematic presentation of an
engine which represents any of the 4-stroke or 2-stroke engines of the present

30 invention outfitted for constant load and speed operation. The basic components



in the .cqrrpr‘ev%sglspogq%f air and gaseous fuel within the cyli ndﬁ%g}sl%?w% age

| npr ovenent Chereto conpri sing: an external co
in which an air charge is conpressed outside the cyl i.nder; and
delivery conduit linking said conpression stage to the cylinder. *'13. The

I mprovenent . of Claim 12, further conprising1d3 i ntercool er through which

said air charge is, selectiyvely directed fromsaid external conpressio

stage. 14. Thef shﬁﬁpsmsr}éﬁts 6t 2T FOmMPpFEISOTS lr,@rmﬁe?ptmﬁlpmws?q?gﬂal Hole

-external conpresgj : ' ' ' i I r | ressed a
FaRpi phaomboel Retibl o BBREuR oSN 4 eI

second tinme outs e’c operat’i*fng an "' nt er nal

combusti on engi ndedignedifar eptinidh loperatihg faraieters having orly tiktbakiRadmponenti st on
nmoving through at |east a conpression stroke and an expansi on stroke
ai ded by conbust Tbe varigusegnipolscshutier valvessaic hypassivalvesiand theinassbeiated bypass

conpression siroke results in the coppressing of air, and gaseouys .fuel
within the condppts ﬁ?fé’ra,s O3 4l REV ch@ﬁﬁﬂ?egieﬂg’oflmﬂg% preterahl¥gi ng air
charge densities_ jim; : : . e. .

The method of ol Sminped inoRRRS R Reiahl 653 UhE SomPieRie UE SHTBREE n PR,

steps of 3s.ahpengine D) i3showi as batfiged withQr firshihcil RFPE@ApieHDr Mahdan t he
cylinder, thus generati ng %hzzre-.comoressed air charg];a. i _
118 17.  The nesecend ancillaryicampessseit?e pplional inderaeolensilfgl ktld{shawn iner

s ot e e R B S A SR TS oo
to the cylinfer. refdénce to thepreWioliodetfled-dedtriptibhs aﬂd‘ﬁécﬁ?ﬁng‘:@ﬁﬁ kWS stgesdte Step

of providing a conpression rati o | ower than expansion ratio of
the engine. 19. pre-compressiogt affthexgharge-aingntarcoolet er ndiabatiwally sompressedgi ne,
said nethod conprising the steps of: (i) producing an air
char ge; (ii) controlling the tenperature, density and pressure of
the air charge; Figl B5 | 2P [ td;llep '

cylinder of the engi nelggaghﬂ? gat a?lﬁgeprse&p &g‘{%@g‘g’a av‘?vﬁ}éggywéht and

density in a rangsgimerufithig ifvemion eThepowsrouppue shatt 20 of the enging h00 srdupledsi t y
Lo A e e e emancAlly by e 140k power input Shaft 20" of generator 141 which has
electric power output lines 142. As the shaft 20 of the engine 100 rotates the shaft
20" of generator 141, the amount of electric power produced by generator 141 is
detected by sensor 143 and relayed to control unit and governor 144 which
contains various relays and integrated circuits to quantify the power output and to
20 ~ send messages by line 145 to fuel/air control (not shown) on fuel line 148 and
throttle 56, and/or by line 149 to spark control to advance or retard the spark in
Spark-ignited engines and/or to send messages through lines 146 and 146b for
engines having fuel injection systems, e.g. for natural gas, gasoline or diesel fuel,
or to fuel/air controls, all in order to control the fuel input, speed and output of
25  engine 100 and hence the output of generator 141. Control unit 144 also sends
signals to control the proportioning valve 201, shown in Fig. 4 and to
proportioning valves 209a, 209b, 209¢ showfx in' Fig. 2 to control the amount, if
any, of exhaust recirculated by these valves for re-burn in any engine of this
invention utilizihg this feature. Further explanation of the components and

30  operation with the engine 100 of the' present invention is deemed unnecessary as it



Into the power cylinder; (iv) then conpressing the air charge at , a
| ower -t han-worsmissgonpr essi on rati o; (v) causing a preerreserospned
quantity of- charge-air and fuel to produce a conbustible m xture;
(vi) causing the mixture to be ignited within the power cylinder; ‘and
(vii) allowi ng the conbustion gas to expaq%agai nst a piston operable in

t he power cylinder with the expansion ratio of the power cylinders
bei ng subst ant i @bhd be understodd ® tksse skitled inthe @ HAVAESTefeRenica td thePresehe pover
cylinders of the engine, 20. The met hod of claim 19, further conprising
the steps of: rdipdasirag steps (i) through (vii); and periodically
sel ectively varying the weight and density of the air charge from
one transferring step to another transferring step. 21. The net hod of

claim19, further c LSt f1: F |

t hrough (vii); and gg?%\?@l‘%ﬂ%@%@%?%%l’é%%?#s@?’?ﬁlgﬁﬂl?ﬁeg%rfir.er%’ll?'arge at
substanti al |5 ttyed fangasous-of ghsvline dueled @iginesafd deprefeyabliyelimihatda? of t he
repeat ed transferring steps, 22, An internal combusti.on engine,
conpri si ng: reduced:in nugber orseeling eaparisy in the spmpressipnignited enginesthisng an
air charge; . an intercool er through whi t he conpressed. air.is

sel ectively di rlé%?%gxaasgossﬁ)le by 10%8%%‘,%“’35 an&ﬂ:mpgradpqgﬁ ﬁ’f‘ffn%‘r’%%@s
cylinders in whjpghhtdye conbustion gas is ignited and expanded,

a piston operable in each power cylinder and connected to a crankshaft by a
connecting link for rotating the crankshaft in response to reciprocation of
each pi st on; r conduit conmnunjcatin

" conpressor Hutlet toRefeEingRay t‘\/égvig ff i§ shown an englg%}lhlsmapggg-rsgpl,{e
a transfer mani . ' ' int: ; i nder s
hr ougn whi cn neige G Teeschhe B S¥fe bR InE brobieh Vel MREOLE b 4T

power cittdkegehith is coupled schémativally by iak 180 th anlédtig gadratesi4in of
t he conpressed charge fromthe transfer mani fold to said power

cylinders; and The engine and assanaermenty are\similain speturrgpndioperstion as drat sheawn
exhaust gases f &Pﬂeialiﬁjed%%re engine of Fig? 35 ngetﬁé exception that engine of Fig. 36,

15  operating as either 2-stroke or 4-stroke cycle engine 100, has only a single stage

of pre-compression, optionally intercooled by intercoolers 11,-12 (shown in
phantom), of the charge air. As with the engine of Fig. 35, intercoolers 11, 12 are-
preferably eliminated or reduced in cooling capacity in compression-ignited
versions of the engine 100 of this invention. Also, as with the engine 100 of Fig.
20 35 , the governor, and other controls and the operation of the engine and generator
would be understood by those skilled in the art having reference to the present

disclosure.

- ' It will be seen by the foregoing description of a plurality of embodiments
25  of the present invention, that the advantages sought from the present invention are

common to all embodiments.

While there have been herein described approved embodiments of this
invention, it will be understood that many and various changes and modifications

30 in form, arrangement of parts and details of construction thereof méy be made



119 23. . A webbgekesd operati ng an internal C(-:mbusti.on engi ne,P&Z{',%-,W-,hOd
e a

conprising the steps of repeatedly conpressing air charg

cylinder of the engine and produci ng nmean effective cylinder
pressure within the cylinder which nmean effective cylinder pressures
range over time fromlower-than-normal to Hrﬁ%er- than-normal . 24.

The method of ¢ Sifiod? depthflyhein e THE LU BRGHWER hEHERL By 0! O

normal . 25, An i nter ngi ne, conpri si

bl ock defining atmddificitionsss fa)ll witlig thelR6peo the hiSenBEI Elaingy/Ark RESEmplh&d as
ports communi cati ng between said cylinder and a source of air, and an

exhaust pé@@“ﬂfl“%ﬁ&%em&-h exhaust ed gases are expelled fromsaid
cyl i nder, a piston novably nmounted within said cylinder; an
i nt ake val ve sel ectively occluding each inlet port; an exhaust val ve

sel ectively ogcl udi ng wril¢hhe hbdimenty dfithe pre i@en{i@%cﬂqﬁvgﬁgm essor in

) ) . iﬁ'rb sedmt
fluid communi cation via a conduit between Sal source alr and at

| east one power disclosetbhereinlase the préferred forms, ather editsidiraérts af the HRGER
i nterconnected between said conpressor and said inlet port; means
for controlling H}Ysnaen Wil syessstitherassives éa personsakillediin therartiveviewlof ds and f or

controlling air C r.1 St €S..sel ect rom.one re of

cont 1oL n0 21T BBk ge CHREARREL L 62 pRRERLE Bl VR BRS l malRafins o
pressure within baeffected withinQié spifiind RBfe of the invelfiah and tﬁkleff%ﬁé JF9hd OW
pressure air to a first inlet port during the intake stroke o t he

piston and fH} dpresentiinnention shaujhonly be hpritesldrythb ylaims betpwe Faethetnore, thecond
the T Gompr eSyine BF S meats BN pivs Teprgion elcents @ithe SBImS PRPYATF 4 d
e conpr ; ) ; i , iare sai
means for controjphdldd SPIMRIVG ) . L] {1l ew cont r ol
val ves strat egi cz;l l'y placed gﬁgﬁa sal ﬂggtﬁgall,?r%n%wé%%l}fm'% ﬂ&eoﬁi’ﬂﬁtﬁorbﬁgi ne

control mechani sspectfivally tlaimed drdeasopmild bé afidevtosdiby patebnsakilledas the art BE
engine of Claim | east one conpressor includes a first

%‘?P’r _\é\rger ein said at ¢ ] .
conpressor, and dipelesure, jthout spggesting that any of thestrctusematerial; orjagtsfarai d
conmmuni cat i bef WRESbvISsShvI i : . said inlet port

wi th which gfasi d %‘omrg@g%yi‘}slﬁlﬁélogggm%%?’g%l?%%h other elem eéreby at | east
part of the intake air is selectively conpressed a second tine '

prior to enteri n%,ht he cyl i nder; wherein said nmeans for controlling
i ncl udes means f Whathelaimpisy | ng the operation of sai d second
conpressor.




28. The engi ne of Claim 25, _V\,he.r.eifn sai d .conpressor is a reciprocating
“conpr essor wo 2802653 The engi ne of C aim 28, wherein said recipgmasytond2

conpressor includes a piston connected to the engine crankshaft.
30. The engi ne of O aim 25, wherei'n said conpressor is arotary*®
conpr essor. 116 120 31. An

I nternal conbustion engi ne, conpri sing:

an engi neTHi : e Repinces
| east one cylinder therein, first and seg@aIM$ nl et ports | : .
which air enters said cylinder, and an exﬁaust port throug

exhausted from said cylinder; a piston novably mounted within said -
cyl i nder; an | ntake val ve selectively occluding each said inlet
port: ad-eth%t"t%?RF@"@PM?weyc PI{B8'ng sai d exhaust port;

a corrpfessor in flui gmw&&a&e' BT heS A %Elfnr& of . al nd one of
sai d I nl et poér*t&sl, : g?ﬂ‘gg‘ggt ong%glhgde;too e?fﬁm%tim&an air

delivery network i nadouthurgcatingbetween shidicoytifide@nd a@oarce 6f4ie,andlan@khauss ai d
conpressor, said air cooler, and said first inlet port, whereby air from

t he conpr essdrory throngh avhichyair is exhausted fromspideylindsr: - second
conduit interconnectjng a _source of ajr.and sai econd inlet port,

whereby air at a fi rRISIOP B {’l& ‘1’%““&?4884?‘&?3{‘*3"Y§1‘H§°’fi rst inlet port and air
at a second RINSRGKE Falvel sEEAIVRR odehidifg $36d intdke poltf €SSure, is directed
to the second inlet port. 32. The "engi ne of Cl ai m25, wherein neans are

provided to mi ni ni zeanexhidst vatve eledtively occludingosaid eehaustiportg t he cl osure of
t he hi gher l@r essure intake valv ngi ne Qf Claim 32, wherein
t

tf" 33. .The ge
mi ni m ZCPRRIRISPHR fwid SomRwiniggtion between sajd pouicq of ik and 9t ween

t he neans
the intake val ve andi fe@@oﬁyl i nder. 34. In an internal conbustion engine
havi ng a crankshaft 3 en by at |east one piston novi ng t hrough at

| east a conpressi on wherehyeatdeudt part efkthe hitake aisisiselectivellesinprssed by the
conmbustion taking place within a cylinder, wherein the conpression stroke

results in tOPEDEeNIY oSty gntgring the ayfingarn t he cylinder, the
i nprovenment thereto conpri si ng: :
15 2 The engine of claim 1, further compﬁsing at least one air cooler

interconnected between said compressor and said inlet port.

3. The engine of claim 2, further comprising an air delivery network
including: '
20 - conduit interconnecting said source of air, said compressor, said air cooler,
and said inlet port; and
means for selectively controlling operation of said compressor to operate
in either a compress mode generating a compressed air charge or a pass

mode passing air therethrough without compressing. - -

25
4, The engine of Claim 3, wherein said air delivery network further includes
means cooperating with said means for selectively controlling operation
for selectively controlling the air charge characteristics selected from one
or more of density, pressure, temperature, and the mean and peak pressure
30 within said cylinder. e
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an external i on stage.in which a secondary ‘air charge sed
W%@é&s p@:ﬁsg%o%

out si de the cyl1nder, _ delivery conduit |inking said eX

conpression stage to the cylinder, with an. i nt ercool er’ t hrough

whi ch sai d secondary air charge is selectively directed from : sai d
external conpression stage; two powe#/ cylinder intake ports with an
i ntake valve in each port; nmeans for selectively controlling the
external conpression stage and said intake val ves, and for

sel'ectively contrgl | i nphed i@indiof (UMM FSWhERIASIER bF Sdidl fieasfof Séj6divelyom
one or nore of turbul ence, "density, pressure, tenperature and the ‘nean and

peak pr essur e contrbllingsainprise & common phirality of valves stemegicdliyr pladedect i ng
| ow pressure air to a first power, cylinder inlet port during. the .

i nt ake stroke of the m]%ftgoﬁ?“g?ﬂi'dflﬁtaﬂéPFBMW%M”M?FJ@%WW“WB a
second power Bq% l after said piston has reached

bott om dead cénter. %Lb %d&ns%?do’\@/ag%ht of Claim34, further conprising
a second external conpressor in which said | ow pressure air charge
is lightly conpressed outside the cylinder and conduit directing
said air charge f&om sHiekngiemf¢laimtSe furthier comprisisg or through an air
cooler to the | ow pressure port of the 'Pgwer Cu\{nli nde{) dur i naq t he

i nt ake ‘st r oke. a second compressor in fluid communication between said compeegsos@nd
The engine of Claim 2%&/!9&&?&, t he conpression stroke results in

conpr essi ng of alr wthin the cylinder, with means for nmanaging air
char ge ‘densi tl0es t o prwherelsy at least part of themaesdinis selattively compresdedn sedond
expansion ratio of the_engine by enploying said managi ng neans whi ch
includes means for redinGPrgr enisring chpgydadernarde i nt ake stroke and

means for retaining a gymlder:t r e . i nal
conbustion engi ne, conpri sllh%l:dJ}ﬁoe&%eg?érrg@&gr%ea%tgrlc?@??}hg%%r essor for

conpressing an air Chaf;ﬁ&tioﬁ@fdaiﬁ@%hﬂ%ﬂxpressor: and havi ng an outl et;
an intercool er through which conpressed air is directed for cooling;

a plurality of power cyhareinsaid meangiforselectively comtrallingthe gircharget he presence
of fuel is ignited and.expanded; . ... a pi.ston operable in.ea
power cyli ndéﬁ and corfﬁ?@@F%E’_s?ﬁ gog?rgﬁﬁgﬂtgfsgld@eagg for °_°““°@‘6‘ﬁ3§%??%§“1‘1 ‘?ﬁ*ﬂ
for rotating the Cra”‘%%ﬂ?édrnﬂr@ssbﬁmﬁﬁséi@xﬂeﬁﬁéﬁi%&idlﬂﬁgﬂfe(ﬁ@ﬁiﬁonof_said

pi st on; a first transfer manifold connecting a 1ow pressure air
inlet with the power second compressor for selectively controlling the air charge characteristics

selected from one or more of density, pressure, temperature, and the mean

and peak pressure within said cylinder.

20
7. The engine of Claim 1, wherein said compressor is a reciprocating
COmMPIeSSOr.
8. The engine of Claim 7, wherein said reciprocating compressor includes a . i

25 piston connected to the engine crankshaft.
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cylinders through whichmani Tord the | ow pressure air is. t'ransferred to,the

power g%xgyierﬁmg eetHasBegﬂi ra&Ja i nt'ake val ve control g §do5s | on
of ‘the | ow pressure al transfer nanrf to sai d
power cylinders, l Im“m H ndurt comuni cating the corrpressor
outlet to said interco secon transfer mani f ol d comuni cati ng
the intercooler with the power : cylr Bers t hrough which manifold the

conpressed air 4s tr EeSst Aﬁlgm? Nt Vhe I}CBJ said comngreg&wgda éi?fir&??ﬁrrgfessor

an intake valve contr %rféh m ssidn o ressé

second transfer mani foI d to said power cylinders; an exhaust
val ve controlling discharge of the exhaust gases from said power :
cylinders; and 10.  Thewengine afwlaimel, fanther ebmpuisingrol | i ng operation of said

conpressor to operate in rressed node neratin

conpressed air char &% @pnicmg@s%gbﬂwggm@?mcauon etyyeen sId, Compres H'md

wi t hout conqy essing Wgﬁgﬁ) o€l ectively controlling the air charge
characteristics selecte onf one or nore of density, pressure,

tenperature, mean  wherebyatdesst part afitheintake gir iselectively cbinpreasdidch seem

cylinders after the | ow pressure, charge has entered the power
cylinders on the i nt%‘k’épé‘?’r@k@tmthﬁéﬂmdﬁ-on has begun t he
conpressi on stroke. 38. An internal conmbustion engine, conprising:

an engi ne bl ock defining at | east onhe cylinder therein, first and second

inlet ports = 1L PRSERHESHCIESN D0l WhERIPRiepihd BIEE ddfifbs @ sSUEGRCOT

air, and an exhaust port hr ough alr is exhausted fromsaid
cyI i nder; 10 a pnmomngiwabidwyﬂmdcn anﬂ whtrhmrsaa:bmgmq:ﬁmhdemmpnses an
intake valve selectiv occl udin each said intake port; an :
exhaust val ve sel ect? T YHfIRsai d exhaust port; means for

directing air at a f d&f\%@?h@tﬁr HoineRkfhet i rst inlet port and for
di recting arér‘{é% a secon oprelgfsﬁu?lg different fromsaid first
pressure, to said secodditinttbnnecting said péuirte of air, said compressor, said second

122 39. An i nternal conbustron en I ne, ngrprr sin an engine
bl ock defining at | ctRMpreer.pd W?*F@Pqe! tPPT‘P@flsﬁﬁée%@édWG‘P‘?ﬂé{l ports

commntcat| 1, b el AR A B SPUP B o o AL
pi st on novably nount iceithes :hco’mﬁr_esﬂnﬁdfé geideating a compressed air charge or a pass
mode passing air therethrough without compressing.
means for selectively controlling operation of said second compressor to
operate in.either a compress mode generating a compressed air charge or a
20 ~ pass mode passing air therethrough without compressing.
means for selectively directing a compressed air to said first inlet port and

uncharged air to said second inlet port.

12.  Inaninternal combustion engine having a crankshaft driven by at least one
25 piston moving through at least a compression stroke and an expansion
stroke aided by combustion taking plaee within a cylinder, wherein the
compression stroke results in the compressing of air.and gaseous fuel
within the cylinder, the improvement thereto comprising:
an external compression stage in which an air charge is compressed

30 outside the cylinder; and delivery conduit linking said compression stage

O R R



an intake val ve sel ectively occludiﬁg-each said intake port; an
exhaust val vVQ¥W®REB; vel y occluding said exhaust port;-and  PCTUSETAITZ,

conpressor directing air at a first pressure to said .first—inlet—port—anda

second conpressor directing air at a second pressure, different fromsaid

first pressure, to said second inletqpprt. 40. if,S a5 B
defining at |east one cylinder therein, first and second i
comuni cat i ng bet ween te fhieccydipllémder and source -of conpress i

exhaust port through which air is expelled fromsaid cylinder, a

pi ston novably nmounted wi thin said cylinder; an i ntake val ve

sel ectively occl udi ng ot ol : tg . 4

sel ectively occl tﬁl ng g%ﬁ@pg@ﬁglggﬁ%ﬁ@%’ ﬁmhercoer‘nrpnas?rl[é %fe&?ﬁé&ro;/ net \%l? K
including a first condwhith ged bir ¢charge i sefegtisely directed fronpdaid external conpr essed
air-to said first inlet port, whereby air fromsaid source is delivered to
said first inPet port compsessionstagpr essure, a second conduit path connecting
sai d source to said second inlet port, and a pressure regul ator
associated with said second conduit path, whereby air fromsaid
source is delivenad atmia; ; FrthEs r id first
pressure, to sai d‘q'secgrﬁll et ggtr?fjclalznlﬂ, Ené?ggﬁg%lhgag?%@oﬁv{ﬁ%rein

sai d source of conpreseagprasionistage iniwhirhahid air charge is compressedch secondiib t he
heat of conpression reduced. 42. Engi ne of Craim 31, wherein said second
conduit, i s open to th@usia the grknder. whereby air at atnospheric
pressure is ?hrect ed to said second inlet port. 43. The engine of Claim
31, wherein e conpression stroke results in conpressing of air
within the cylindgr, \Mﬂéﬂmwﬁpéﬁfingmmeramwbm&%im.avm%amml de
a conpression ratio | ower than the expansion ratio of the engine.
44. The engi ne of Cldaivan by at lgass os¢ pistonsmoving througlvat least 8 kempesssibn stroke

conpr essi ng of ir within the cylinder, . wth ans. for .managing air
charge vol umes to pr O\;ng@ngxpanswn %ﬁ%ﬁ'ﬁﬁig%%ﬂbvﬁwﬁ%@\“?m M 4e
expansion ratio of th | Sh & i ﬁg&g.r igf afrhe
conpressi on stroke re?apﬁgér{]ﬁh%rgi?rlpr%g%ﬂg gssﬁ?ﬁg tP(ﬁ(e%su@g?t'# m\fm?btzﬁ} n tﬁ‘g‘ﬂa
cylinder, w @B neans fand gaseoagfiuelwithin thh aylipeder,Gaidmethdod conprisidg tiee step of
conpression ratio | ower than expansion ratio of the engine. 46. The

engi ne of O ai m 38, mwgﬁfﬁ’é{ﬁ?ﬁe@?EF%FF@m?ngg%P@'mwmgsi ng
of ~air within the cylinder, with neans for managi ng air charge

vol unes to provide a conpression ratio | ower than the expansion
rati o of the engilée. Thé.methddef cdaigi 1'S; wherdih themathging stepeinoludbeatdeaspthessi on

stroke results in conpressing of | . . . .
steps of compressing an air charge prior to the compressing within the

20 _ cylinder, thus generating a pre-compressed air charge.

17. The method of claim 16, wherein the managing step further includes at
least the step of selectively channeling the pre-compressed air charge
through a cooling device prior to delivery to the cylinder.

25 | -
18: The method of claim 17, further comprising the step of providing a ..

compression ratio lower than the expansion ratio of the engine.
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air within the cylinder, with neans for managi ng air charge volunmes to,

provide a woog2esFONPression ratio lower than the expansi or}qgggwgz t he
engi ne. o - - 43. The
engi ne of Cl aim40, wherein the conpression stroke results in conpressing
of air within the cylinder, with neans for managi ng air charge

vol unmes to provide a conpr essi on rd20o | ower than the expansi on

ratio of the engjne., 4 The i npraovene ai m.25, furthe
conprising a sefé%nd %ﬂ%p?%?foc%fﬁgwgpsagdptema%m%?sﬁow%ﬂe,ggﬁddn?tgwi pressure
air charge is |ightlaongsismemespobt:si de the cylinder and conduit
directing said air charge fromsaid second external conpressor :
through an air cool €fi) produkinglanwinuherger e port of the power cylinder during
t he I nt ake st oke. 0. The i nproyenent of d ai 7,. further
conprising a second t‘é\“ﬁ&ﬁ‘“&d’r’&)?"'&?z‘,’fﬁqg’e’ ensity ang pesSUre &]ég‘aa‘ffsbﬁrg?;essure
air charge is |ightly:: ' hgﬁ,y i G It

di recting saSi dair c%é)(r:ggﬁéf%g@gg%?%} ?gggen%? eérrﬁgﬁﬁ%es%}heeseggﬁﬁgu

through an air cool en dipchdige havin a%ghtmmdsitpiné%@m@fng orh Beletv duri ng
t he I nt ake stroke. 1. he inprovenent of aim45, further

conpri sing a second aRwosphesic waightrand density to a heavier-than-etmasphetid weightandsur e
air charge is lightly c ressed qutside the cylinder and condui t
directing said air %%‘P@%‘P@ﬁ&‘?&&&“gmeéﬁé‘? i conpressor

through an air cool efy} thehRBmiphiising ISHF SRS 4t AAbwihaRAVE | during
t he I nt ake sﬁi‘(l))t(e. 512ﬂ.p Aémet ho?l o%y op?erati ng aﬁﬁﬁﬂ%#ﬂﬁg%%n

conbusti on ¥hgi ne whiatib; i ncl udes an engi ne bl ock defining at | east
.one cylinder therein east one. air inlet, copmunicatin bet ween

at | . _ 2
said cylinder and a &3 feusngp Pis-Aetermined quastity ef chargeirand fuekin paoduce 8

expelled fromthe Cyz’:cinﬁ?fs{ibleﬁﬁiixwt hod conprising the steps of:
directing air at a first pressure into at | east one cylinder; and

directing air at a s@gposhsiighe ufictursiiolHedpsivid witldintiseepowekr cyiiidepy adsur e,
into the same at | east one cylinder. ) . .
(vii) allowing the combustion gas to expand against a piston operable in
15 the power cylinder with the expansion ratio of the power cylinders being
substantially gréatcr than the compression ratio of the power cylinders of

the engine,

20.  The method of claim 19, further comprising the steps of: repeating steps
20 (1) through (vii); and periodically selectively varying the weight and
density of the air charge from one transferring step to another transferring
step. '

21.  The method of claim 19, further comprising the steps of: repeating steps
25 (i) through (vii); and maintaining the weight and density of the air charge
at subétanﬁally the same pre-selected weight and density during each of

the repeated transferring steps. —_—

heet Has Been RT‘laced

T
[




WO 98/02653

22
5
10 |
15
20- 23.
: 25.
24,

PCY/US97/09072

121
An internal combustion engine, comprising:
at least one ancillary compressor for compressing an air charge;
an intercooler through which the compressed air is selectively directed for

cooling;

- aplurality of power cylinders in which the combustion gas is ignited and

expanded;

a piston operable in each'power cylinder and connected to a crankshaft Ey
a connecting link for rotating the crankshaft in response to reciprocation of
each piston; |

a transfer conduit communicating the compressor outlet to a control valve
and to said intercooler; |

a transfer manifold communicating the intercooler with the power
cylinders through which manifold the compressed charge is transferred to
enter the power cylinders;

an intake valve controlling admission of the compressed charge from the

transfer manifold to said power cylinders; and

-an exhaust valve controlling discharge of the exhaust gases from said

power cylinders.

A method of operating an internal combustion engine, said method
comprising the steps of repeatedly compressing air charges within a
cylinder of the engine and producing mean effective cylinder pressure
within the cylinder which mean effective cylinder pressures range over

time from lower-than-normal to higher-than-normal.

 The method of claim 23, wherein the maximum cylinder pressure remains

below normal.
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