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AND | GNI TERS TECHNI CAL FI ELD [ 0001] The fol |l ow ng di scl osure rel ates

gener al | ywoaoimtregsat ed fuel injectors and 5i gniters an@Caasocioasscs
conponents for storing, injecting, and igniting various fuels. BACKGROUND

[ 0002] Gasol i ne-fuel ed engines are generally designed to achieve

manuf acturing cost savings that allow intentional design inefficiencies and
| osses due to the control nethod and purpose of throttling (restricting)
the air entering the engine and due to 10 the production of honobgeneous

air-fuel m xt ure@égﬁ\ﬁ@b%%{ﬂﬁ]@g%ﬂﬁéﬁ W}é(‘?fbﬁ grs. Gasoline

engi nes are opera T oug Si gned operating speeds or RPM
(Revol utions Per M nute) and torqudGNiTiIGRSat approxi mately stoi chionmetric
air/fuel proportions to forma honbgeneous m xture that is spark ignitable
everywhere in the conbustion chanber. Control of the power 15 produced is
a function of the degree of throttling to reduce the air intake and
correspongtegﬂ\néﬂﬂq;tlkgﬁ (limtation) of the amount of fuel that is added.

I n nodern éngi nés that achi eve sone degree of toxic em ssions reduction,
fuel is proportioned in response to the magnitude of the intake system
vacuum t o[QR0dYyi d&@he fhtowigg reiscieswra daelpées penerally tmintegrated fualdnjactorsoand| ean

fuel side' of the 20stoichionmetric.air/fuel ratio r. e G usti on.
| 0003 A e Aaas At ap DEo RS 8 Staits kRl s Bl ML gy crReR:
restriction (throttling) of the air entering the intake systemand with

el ectroni BACKGRDENE ed fuel injectors that spray fuel into the intake
system at each |l ocation or intake manifold port of a mechanical cam

operat ed id?)toii‘e \éqals\(l)ﬁhe-{%fesd %P&n‘é@ rerl}rg %%ES‘Fa‘ﬁS' diegllglalgg to achieve manufacturing
cost savings that allow intentional design inefficiencies and losses due to the control
method and purpose of throttling (restricting) the air entering the engine and due to

10 the production of homogeneous air-fuel mixtures that are delivered to the
combustion chambers. Gasoline engines are operated throughout the designed
operating speeds or RPM (Revolutions Per Minute) and torque range at
approximately stoichiometric air/fuel proportions to form a homogeneous mixture

that is spark ignitable everywhere in the combustion chamber. Control of the power

15 produced is a function of the degree of throttling to reduce the air intake and
corresponding reduction (limitation) of the amount of fuel that is added. In modern
engines that achieve some degree of toxic emissions reduction, fuel is proportioned

in response to the magnitude of the intake system vacuum to provide a
homogeneous charge that is on the surplus air or "lean fuel side" of the

20 stoichiometric air/fuel ratio for complete combustion.

[0003] Most homogeneous charge engines are operated with variable restriction
(throttling) of the air entering the intake system and with electronically operated fuel
injectors that spray fuel into the intake system at each location or intake manifold
port of a mechanical cam operated intake valve. Thus the cam-operated intake
25 valve provides the final timing of the entry into each combustion chamber of the

resulting homogeneous air-fuel mixture.

[0004] At “idle” (lowest sustained RPM) and during deceleration of the engine,

which produce the highest intake vacuum conditions, about 14.7 mass parts of air is



25 val ve provides the final timng of the entry into each conbustion
chanber of the resulting honogeneous air-fuel mxture. WO

2011/ 071686RCT/1282810/ 054364 mixed with a little | ess tiram/use@onsssss part of
fuel (or about 14.7:1) to form a honogeneous charge with the | east anount
of energy rel ease upon conbustion. When accel erating and traveling at a

hi gher RPM nore air is throttled into the intake system and nore fuel can
be added to maintain the approximate 14.7:1 air/fuel 5 proportions in the

honogeneous charge that is provided for uj L. gher I I on.
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[ 0006] Di egégt&gn%‘?jnziaggﬂ\ggtcat ﬁé%taplee ttﬁemai rﬁer_lt ering t_lhe conbust i on -
chanbés s, praipottiongrin thelbsmppenerliachasge tht impvidadgfor falise §5d HIGNGIPEWET power
that is req%i .ed to maintain an intake system vacuum The air/fuel ratios
for di esefP ﬁb‘?'ﬁes under full 15 |oad are between 17:1 and 29:1. Wen

i dling or r .Joad, this ratiao can exceed 1. W thin .fhe stion
chanber oEolbggﬁi rg@t'r_‘t?m'%tq offGpet df et u’ Qg?,SXJSi%'QI io£\e/%R a‘%ﬁr]g'@%e'ie ?Ja %:Jos
vary. BecgsitidraslePovas! whidhlmiistibrcdubbracted fésa itige edtpuo pewkr thatt thd engide f uel
as streans or droplets, it may not be possible to initially achieve a
hoxgenou@aﬁﬁ@@i"\/@- ofInt Ak rpedas W topearalionyjincludipg d@@?]qrﬁ'ﬁ?t?%ﬁ agg/egqHidNai ned
conmbusgii o ml r,@f " al QR ' iy '
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of | |§(§J| dgllf ue %r cg%)l ets e?/apo antee byﬁ%enet (Pa&tr? rllglzj sufsf | cl ent Ihggt aipE) and
t hen " cr adquirby faranieke aBcugmadaintéranaé. hot air to break | arge nol ecul es
into smal |l er conponents that can be oxidized to rel ease sufficient heat to
produce a[0006] i nDiesg! ehginesrdmaodt thmottl2 3he Gassieghg the sembastivreseambers)
' ectl Onwh% uplrg\ﬁdclasn thbeegév%rntggueegf éa\}o(l)épngz ?I%el %@sto? output power that is required to
maintain an intake system vacuum. The air/fuel ratios for diesel engines under full
15 load are between 17:1 and 29:1. When idling or under no load, this ratio can exceed
145:1. Within the combustion chamber of a direct injection operated diesel,
localized air/fuel ratios vary. Because the diesel fuel injection is designed to deliver
liquid fuel as streams or droplets, it may not be possible to initially achieve a

homogenous mixing of the fuel with the air.

20 [0007] Ignition and sustained combustion can only occur after “atomization” in
which high velocity sprays of liquid fuel droplets evaporate by penetrating sufficient
hot air and then “crack” by penetrating additional hot air to break large molecules
into smaller components that can be oxidized to release sufficient heat to produce a

continuing chain reaction.

25 [0008] High-pressure diesel fuel injection results in better fuel atomization to
reduce the amount of fuel that fails to complete the oxidation sequence to thus allow
various pollutants including visible smoke particles to pass out of the combustion
chamber. Recent advancements have provided increased fuel injection pressures,
which causes more heat to be generated in the pumping system and requires

30 greater power to be diverted from the engine’s output power in order to accomplish
the fuel pumping and fuel re-circulation requirements for cooling the high pressure

fuel delivery circuits.



reduce the anmount of fuel that fails to conplete the oxidation sequence to
thus all ow various pollutants including visible snoke particles to pass out
of the cowbustivomoshanber. Recent advancenents have provcaas2émossased f ue
i njection pressures, which causes nore heat to be generated in the punping
system and requires 30 greater power to be diverted fromthe engine's

out put power in order to acconplish the fuel punping and fuel
re-circulation requirenents for cooling the high pressure fuel delivery
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corrpressi@igch&ggcum, the sbayperature of the conpressed air after heat

| osses to the piston, cylinder, and engi ne head conponents, the electronic

timng of [ggh9) St @iterPhaicuRftmag@Rlest sfetompiesidnoratizabadpematficupleasuied neet
the torque requirement or engine load. In high speed diesel en%| nes f(?r

aut onot i veupgiphargapresssre. and the Addtempesatureat the begiiing,gf compEsgion,an
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be adjusted to about. 8 TDC to 4 d TDC.. th
Consi der abicioniadePeqiusiet B Bers Mrciprads feRlidrral o Pund JPRETE oy ,"°
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rated toque a e start of diesel fuel injection may begin at
8 to 16 degrees BTDC and the duration of conbustion at the maxi num fuel

[0011] At part load timing of the beginning of diesel fuel may be adjusted to about
8 degrees BTDC to 4 degrees ATDC. Because of the considerable “diesel delay”
time needed for the diesel fuel droplets to evaporate and crack depending upon the
20 temperature and pressure of the air as a result of the rate and degree of
compression and resulting heat losses to the piston, cylinder, and engine head
components, the timing of the beginning of diesel fuel injection must be advanced.
To produce maximum rated toque for full load, the start of diesel fuel injection may
begin at 8 to 16 degrees BTDC and the duration of combustion at the maximum fuel

25 rate varies between about 40 to 70 degrees of crankshaft rotation.

[0012] Timing the initiation of diesel fuel injection too early during the
compression stroke causes considerable combustion when the piston is still rising,
reducing net torque production and compromised thermal efficiency because of
greater heat losses to the piston, cylinder and engine head components. This
30 results in an increased rate of fuel consumption and engine maintenance. However
such operation may be purposely done to increase the heat delivery to catalytic

reactors and other after treatment equipment. The sharp rise in cylinder pressure
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25 rate varies between about 40 to 70 degrees of crankshaft rotation.
[0012] Tim ng the initiation of diesel fuel injection too early during the
conpr essiwo 28twwok@scauses consi derabl e conbusti on when Phe/UsEmOMIGS Stil |
ri sing, reducing net torque production and conprom sed thermal efficiency
because of greater heat |osses to the piston, cylinder and engi ne head
conponents. This 30 results in an increased rate of fuel consunption and
engi ne mai nt enance. However such operation nmay be purposely done to
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results, LNfbESBbAY the emissions of unburned hydrocarbons. 5 [0013]1n nore

popul ar ho¥mgeneous charge engines with port fuel injected gasoline

oper atj on a | 0 ' ' '
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[0014] In order to cope with the variables noted previous tenpts

L /arl ¢ | di
to r edok thepdifferensa betveasns dhe hjectigreapd cﬁﬂ’@%ﬂ'ﬁt'?ncg?ﬁm%%rl 8??83{—183833@? at ed

di esefq f Uglndilf SOl TRoR I HR SIS bBberddrt GricPtheRSiaRtls cb@prebiltiy ent

conpr om ses a purposes i ncl ddi ng:
of the fuel.

[0014] In order to cope with the variables noted previously and in attempts to
reduce problematic emissions, electronically controlled and operated diesel fuel
injectors may provide several injection periods for different compromises and

15  purposes including:

[0015] First-injection of short duration to reduce the rate of combustion pressure
rise, which may reduce combustion noise and to some degree reduce Oxides of

Nitrogen (NOXx) production during rapid pressure rise “diesel knock” combustion;

[0016] Second-injection of the major portion of fuel delivery is then added to

20 provide the main injection phase;

[0017] Third-injection may be added in an attempt to penetrate less spent air to
reduce soot emissions by kindling an after-burn to consume otherwise quenched
hydrocarbons that failed to burn completely as a result of the first and second

injections; and

25 [0018] Fourth-injection at up to 180 crankshaft degrees later, to provide a
retarded post-injection to serve as a non-power producing re-heating purpose,
particularly for enabling NOx accumulator-type catalytic converters and/or to
sufficiently increase the average exhaust gas temperature for "burning out" collected
hydrocarbon particles in a process called “regeneration” of a ceramic particulate

30 filter.
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[0015]First-injection of short duration to reduce the rate of conbustion
pressure rise, which may reduce conbustion noise and to sone degree reduce
Oxi des ofwhizbriageses ( NOx) production during rapid pressulPETrISS@0/N8i3esel
knock"” conbustion; [0016] Second-injection of the major portion of fuel
delivery is then added to 20provide the main injection phase;
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I njection tunctions and thus a conmon rail systemis generally able to

supply fugdozayer AehighpReiuré AR Freséulizas the Fudl FoR didivérythypthessowirfoly adilies
t han previous systens with conbined mechani cal pressurization and tim ng

oper ai® ond.magienfiehrail epmntiol and prasspimiegplasion veivecaliowsdhe fied! pregsugelq bery by
the Commﬂ'laﬁrﬂgilned at a level set by the Electronic Control Unit. The common rail pressure
that is maintained serves each fuel injector. An electronic computer (ECU) receives
sensor inputs of the fuel pressure, engine speed, camshaft position, accelerator
pedal travel, supercharger boost pressure, intake air temperature, and engine
15 coolant temperature. Depending upon the application, additional sensors may
report vehicle speed, exhaust temperature, exhaust oxygen concentration, catalyst

backpressure, and particulate trap back pressure.

[0022] In most instances common rail diesel engines still require glow plugs to
preheat the air to enable start-up in cold weather. In addition to controlling the glow
20 plugs, additional functions of the ECU are to adjust the mechanical supercharger or
exhaust driven turbocharger boost pressure, the degree of exhaust gas recirculation
and in some engines the intake port tunable flaps to induce swirl or other intake air

flow momentums.

[0023] The high-pressure pumps supply diesel fuel at up to 1600 Bar (23,500
25  PSI) through the common rail system. Such pumps are driven from the crankshaft
and in many instances are radial piston designs. Lubrication of these very high-
pressure pump components is by carefully filtered diesel fuel. A typical pump

requires the engine to contribute up to about 4kW from the net output capacity.

[0024] Fuel pressure control is typically performed by a solenoid valve in which
30 the valve opening is varied by pulse width modulation at a frequency of 1 KHz. At
times when the pressure control valve is not activated, an internal spring maintains a
fuel pressure of about 100 Bar (1500 PSI). At times that the valve is activated, force
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10 A master fuel rail control and pressure regulation valve allows the fuel
pressure to be maintained at a | evel set by the Electronic Control Unit.
The conmowonrailo7psoessure that is maintai ned serves eachPCwalS201m0j0860r. An
el ectroni c conputer (ECU) receives sensor inputs of the fuel pressure,

engi ne speed, canshaft position, accelerator pedal travel, supercharger
boost pressure, intake air tenperature, and engine 15 cool ant tenperature.
Dependi ng upon the application, additional sensors may report vehicle

speed, exhaust, tenper [ A >ent L ;
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nodul ation at a frequencg of 1 KHz. At times when the pressure control
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5[ 0025] Twperphr d@tHigsartstofthe dpkratingi coddiionssi ons reduction are popul ar:
Exhaust gas recirculation, and Urea addition in the exhaust systemto
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produced by the conbustion chanber operations. [OOZG%EXhaust gas

reci r cul atretingrtBe @ifdyoduensriningmageneads ERMIR SNIYIORYIAUGR-xi ng 10 with the
intake air charge to reduce oxides of nitrogen em ssions. |t reduces the
oxygen col928] r alinburmadd fuslapxidation-typei patahydic cepygsieromrenasasbto fedec®eak
conbusti o t ; ly
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[ 0027%6Qecbagllf|!naetdlf8& consiifients snt}/choafs (Eabr oﬁ?nnc?no% ¢ aCrlmeH{/: roggrrlg%%g%asteesscgggt
through the exhaust valve of the combustion chamber are oxidized to form water
and carbon dioxide. In order to rapidly reach their operating temperature, this type

of catalytic converter is fitted close to the engine.

[0029] Accumulator-type catalytic converters are also used to attenuate oxides of
25 nitrogen that are produced in the combustion process. This type of reactor breaks
down NOXx by increasing the dwell time by storing it over periods from 30 seconds to
several minutes. Nitrogen oxides combine with metal oxides on the surface of the
NOx accumulator to form nitrates at times that the air/fuel ratio is fuel lean to provide

fuel combustion with excess oxygen.

30 [0030] However, such NOx storage is only short-term and when the oxides of

nitrogen block the access to additional oxides of nitrogen, the “polarized” catalytic
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throttling the air produces in honbgeneous charge engi ne operation.

[ 0028] Unburned fuel oxidation-type catalytic converters are used to reduce
hydr ocar bwo 2and7e@sbon nonoxi de em ssions by pronoting PeaaSzaw/06f36unbur ned
fuel constituents with oxygen that is preheated in the conbustion chamnber.
20 Unburned fuel constituents such as carbon nonoxi de and hydrocarbons t hat
escape through the exhaust valve of the conbustion chanber are oxidized to
formwater and carbon dioxide. In order to rapidly reach their operating

tenperature, this type of | yii

engi ne. | BosTIR: Sl B8, 3o by B GBS bl uid ShE Sofi dfi e itec

at t enuat e%)ki idtﬁss dré\ftor?%5m6idtcumgd5‘f hitkrag?jraraadpdsmanedsmcth tetg@rmatmrz;msrceiqul'mlest .
rocess. IS e o0 eact or reakKs aown . ncreasin e I e
Ey st ori nteien '£F° paefivoerRerptLA %G'CQéE'ém%-N%‘SgréU\éé]&l tﬁﬁi%@?’&mu F\[S\’é(‘ib'én
oxi des cogpj %h%émmré'of%it ﬁ%&rﬂaﬁdﬂsf s ftames affol BeiMOsufieRMEY allew t o

formnitrates at tines that e air/fuel ratio is fuel |ean to provide fuel

conbusi i onewiartivaix ot NOXdRyapsrhing tempoojyHwilie natal axidas aokhesswiaggs afdhen| y
short-ter n%cgﬁ%pat{)ﬂe oxi des of nitrogen bl ock the access to additional
oxi des of "M1tT0 en, ie "pol arized" catalytic WO

el casi ol coberto ine EEBrEa RE.MHR Bt 2RE T Flel/iLha BEFT? oo,

and oxygeguffiSieatly coapREsAtis Woniplauiahdsublizt e false signals. iGrfié wpprachtie tat a
rich mxture. Illustratjvely, the engi ne nust _be run at. _a rich-fuel mxture
of an ai r viilize|a megelthat infgys and calaylates e guantibeokstprad-nikagen gxides OR 18 new
arrivads ghg; | iR Rhiutd. WhbihelBbploaRKiptewides atdprciierN@ges of
t he N@( agécﬂ%ﬁ(g%%ﬁﬁierggggﬁ%et ecteltiqéltlélkél/vh)gtl]birheegeﬁl)groatiorﬁrill nmust aoé(?%grl_ and t hen
when it hsenssedecated idownstream ebths acaumulator catalytiocanverianipr detection of se

si gnal s. ﬁéeé pro?aéﬁ?étﬁlehgssutéfl Wi rﬂe{éﬁﬁ&ﬁ%&%%. i gcﬁuﬁ'l'& t§@|a%géﬁ15 the

guantity red ogenoxi des on asi s of catalytic converter
t enper at uDetersviraitioarofagffiicatrepensratiens iseithperchy a ondi-besed approacht edan

downstream of the accumul ator catalytigc converter fo et ect.ion of .fhe |oss
of effgctPW@s%eWrﬁ?%g‘?étdﬂNné&?a@goﬁ ﬁ‘et. a&&tﬁﬁﬂl aé ange dfignal from
Det er 18 nahigAbxgbe’ t fdwbBien’ RaEIRiGi s @ik hsprobth & tHeYermd BPEHR! refése@tion
approach or an oxygen sensor |ocated downstream of the catal yst bed. A

change i nogergtiem. from 15 hi gh oxygen to | ow oxygen may indicate the

approach to the end of the re%eneration oper ati on. )
[0032] In order assure that the NOx storage catalyst system works effectively

from cold start or lightly loaded engine operations, an electric resistance heater is
often provided to heat the exhaust gas. This creates another parasitic loss of power
20 and increases the fuel consumption of the engine to produce the electricity, store it
in a battery, and to dissipate the stored energy in a way that does not provide useful

work by the engine. In addition, it is another costly maintenance item.

[0033] Another type of parasitic loss and operating expense concerns the use of
a reducing agent such as dilute urea as an exhaust treatment for reducing NOx in
25 diesel exhaust gases. In this approach, a reducing agent such as dilute urea
solution is added to the exhaust in reiatively small quantities. A hydrolyzing catalytic
converter dissociates the urea to ammonia, which releases hydrogen to react with
NOx to form nitrogen and water. This system is may be sufficiently effective for
reducing NOx emissions so that leaner than normal air/fuel ratios can be used,
30 hopefully resulting in improved fuel economy to offset some of the urea dispensing
system and cost of operation. The urea tank is instrumented to alert the need to be

refilled as needed to provide reduced oxides of nitrogen in the exhaust.



[0032] I n order assure that the NOx storage catal yst system works
effectively fromcold start or lightly | oaded engi ne operations, an
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10  embodiments of the disclosure.

[0038] Figure 4 is a block diagram illustrating a suitable system for adaptively

controlling ionization in accordance with some embodiments of the disclosure.

[0039] Figure 5 is a block diagram illustrating an adaptive control system in

accordance with some embodiments of the disclosure.

15 [0040] Figure 6 is a longitudinal section view of an adaptively controlled

igniter/injector in accordance with an embodiment of the disclosure.

[0041] Figure 7 is an end view of the adaptively controlled igniter/injector of

Figure 6 configured in accordance with an embodiment of the disclosure.

[0042] Figure 8 is a flow diagram illustrating a routine for combusting a fuel within

20 a combustion chamber in accordance with some embodiments of the disclosure.

[0043] Figure 9 is a flow diagram illustrating a routine for adjusting a degree of
ionization within a combustion chamber in accordance with some embodiments of

the disclosure.
DETAILED DESCRIPTION

25 [0044] The present application incorporates by reference in their entirety the
subject matter of each of the following patent applications: U.S. Patent Application
No. 12/841,170, filed July 21, 2010 and titled INTEGRATED FUEL INJECTORS
AND IGNITERS AND ASSOCIATED METHODS OF USE AND MANUFACTURE;



[0037] Figures 3A-3D illustrates several representative |ayered burst
patterns of fuel that can be injected by the injectors configured in
accor danceowntin7s@se 10 enbodi nents of the disclosure. [PO03BRHOYMIEL+4 IS a
bl ock diagramillustrating a suitable system for adaptively controlling

Il oni zation in accordance with sone enbodi nents of the disclosure.

[0039] Figure 5 is a block diagramillustrating an adaptive control system
i n accordance with sone errbodi ments of the discl osure 15[ 0040] Figure 6 is

R oo i apaRaR ARICAEH Qb Abg6IRRI0 VRlH 90! D31 /ARG SRY Rlidd oL Or 10

accordance’ Wi an e "di sc osur gure is an end
vi ew of tME&ﬁIXDRlA(@ITMAT@R r/b‘BSEN’IEL#ESt,@NDl Aﬁ@QCﬂAT&‘D M@Uﬁ@% &miUSfur ed

. q ; : :
1 ow di agh MANIGEASTRES 3 Pobeett AmTealmohe: 1451 PRafieq MY 8126050 °
conbust | Oan&hﬂé’dJNTEGRM'EU HRIFC e NUECTGR IMBNETERS IWETH SANDURT I\ CABISHIr e.
[0043]F|gure Is a flowdiagramillustrating a routjine f 6 ﬂ
degr eed of ABSEMBELIESH U + RatenbAppliastion iNg 1¢ *é"r9,ifh'?daé%|23a%§g %Itn' g‘?)ma
embodi meng&ApINENR F’UEE' EWF&; ORTAl EEMBESFRRTE ANMEBEROAATAhaUR TRt

application I ncorporates reference in their entirety the subject matter
of each oDRiIVieRBo| ANRQG pié]tNJZiATb(beI iCANTREY:; W.S. Patentt Apnliceden i die.

12/841,135, filed July 21, 2010 and titted CERAMIC INSULATOR AND METHODS
OF USE AND MANUFACTURE THEREOF; U.S. Patent Application No. 12/804,509,
10 filed July 21, 2010 and tited METHOD AND SYSTEM OF THERMOCHEMICAL
REGENERATION TO PROVIDE OXYGENATED FUEL, FOR EXAMPLE, WITH
FUEL-COOLED FUEL INJECTORS; U.S. Patent Application No. 12/804,508, filed
July 21, 2010 and tited METHODS AND SYSTEMS FOR REDUCING THE
FORMATION OF OXIDES OF NITROGEN DURING COMBUSTION IN ENGINES;
15 U.S. Patent Application No. 12/581,825, filed October 19, 2009 and titled
MULTIFUEL STORAGE, METERING AND IGNITION SYSTEM; U.S. Patent
Application No. 12/653,085, filed December 7, 2009 and titled INTEGRATED FUEL
INJECTORS AND IGNITERS AND ASSOCIATED METHODS OF USE AND
MANUFACTURE; U.S. Patent Application No. 12/006,774 (now U.S. Patent No.
20 7,628,137), filed January 7, 2008 and titled MULTIFUEL STORAGE, METERING
AND IGNITION SYSTEM; PCT Application No. PCT/US09/67044, filed December 7,
2009 and titled INTEGRATED FUEL INJECTORS AND IGNITERS AND
ASSOCIATED METHODS OF USE AND MANUFACTURE; U.S. Provisional
Application No. 61/237,425, filed August 27, 2009 and titled OXYGENATED FUEL
25 PRODUCTION; U.S. Provisional Application No. 61/237,466, filed August 27, 2009
and titled MULTIFUEL MULTIBURST; U.S. Provisional Application No. 61/237,479,
filed August 27, 2009 and titled FULL SPECTRUM ENERGY; U.S. Provisional
Application No. 61/304,403, filed February 13, 2010 and titled FULL SPECTRUM
ENERGY AND RESOURCE INDEPENDENCE; and U.S. Provisional Application No.
30 61/312,100, filed March 9, 2010 and tited SYSTEM AND METHOD FOR
PROVIDING HIGH VOLTAGE RF SHIELDING, FOR EXAMPLE, FOR USE WITH A
FUEL INJECTOR. The present application incorporates by reference in its entirety
the subject matter of the U.S. Patent Applications, filed concurrently herewith on
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No. 12/841,170, filed July 21, 2010 and titled | NTEGRATED FUEL | NJECTORS
AND | GNI TERS AND ASSOCI ATED METHODS OF USE AND MANUFACTURE, WD

2011/ 071686RaT/02&D810/ 054364 U. S. Patent Applicati on NoPCIA/S804/05664 fil ed
July 21, 2010 and titled FUEL | NJECTOR ACTUATOR ASSEMBLI ES AND ASSOCI ATED
METHODS OF USE AND MANUFACTURE; U.S. Patent Application No. 12/841, 146,
filed July 21, 2010 and titled I NTEGRATED FUEL | NJECTOR | GNI TERS W TH
CONDUCTI VE CABLE 5 ASSEMBLIES; U.S. Patent Application No. 12/841, 149,

craaer vERRLER 2 o Ui T Tl i BN pRaEMTER Y S TtARL e
Appl i cat i pORNPAREHE ENGINES AFPLIEATIONS AND AGBDEINTED METHOESARFCUSE

| NSULATOR AND METHODS OF USE AND MANUFACTURE THER U
AooT | oat | BNONMANLEASHUBESARomey; Pagke) o, 0854550880 FHER NEFABS Mo

SYSTEM G%W%W%TPWRB@IWFD@I@@@EN%TE@E‘_LL@LINTEQ?\
EXAMPLE, L- UEL I NJECTORS; U. S. Pat ent plication No.

12/ 8045 508 OMBUSTIQN IGHANMIBERO(Hdtoamey Ppekat iNaVESEEDEOAMBISEYSTEMS FOR REDUCI NG
THE FORVATI ON OF OXI DES OF NI TROGEN DURI NG COVBUSTI ON I N ENG NES; 15 U. S.
Pat ent ApB j ion No. 12/581,825, filed Cctober 19, 2009 and titled

MULTI FUEL , METERI NG AND | GNI TI ON SYSTEM U.S. Patent Application
No. 12/65 , kiLe , ' d CTORS
AND | GNI T@ﬂ%giND&kés%QgﬁiEm%”@% c%ﬁ%ﬁﬁ&%%ﬁ%m%@u’%&%ﬁﬁé H

Appl i cat i combiasting24 G08, Within (nosmbuSiorPatambeMoThe dlisti@2se TaMer dédcabies

PCT Appl | LS50 BTS00 B8R 407 PO s PRTEoF O 08 L
| NTEGRATEEhArki5ér, | ASSeTtR SNRmENl AsBmbARE) ASHpOneRtsD Nrd Helathdds. USEoAND

MANUFACTURE; U. S. Provi si onal Apdpl ication No. 61/237,425, filed ugu'ﬁt 27,
2009 and examelg, exveiaNAT e mupodimsnisrdesgrbednpeley greqitsated dp Adaptively
Applicati : 37 e HHsE It

MULTI BURS%;EHWE'.Q Fﬁéﬁ?é@%aﬂ'tmpﬁid?au o{rio'%.ha@%% gg%g%d?%b ﬁfﬁéﬁﬁgﬁgﬁ 27,
2009 and withingte EohibuSPECTRBVIDENERG YT based ofr variosis aeaditiapp | dtcagioos aNer

RESOURCE MaseERRERERIe St iR fRyBIRioH phafist el (GRRaRRrod,

fi | edqdvar phth8, folfifg atedciiptidre dn S WEFigureND-OVioT pkalideClr tibOMY Pl uNGe Ht &l iDL TAGE
RF SHI ELDI NG, . FOR EXAMPLE, FOR USE W TH A FUEL ||\Utgggﬁégghe Fr.esent

appl i cat i 8hvaripusr pPadigents, of e Aislosure, oWeyREi 9 desPaung Rl er of

the U S g@m%tréaméscah& terhd bREN CRYEEEIRNNIY iRRHAM ddnLittioMRngines,
2011/ 071608PCT/ US2010/ 054364 Cctober 27, 2010 and titled: | NTEGRATED FUEL

| NJECTOR InfaitarER®nifersT ABidZorother rpectsNef KREmheRiorCAYsienss AMD nassetifertteD

R e e R s e e

COVBURY | OiReCédibdiire ( AtHusT eyl Pe @pptedidited Giti4eveah4UB)e dédais setcfarth®@iBy The

present dlarsecgl)r%\sli [eg tg %Ségégié)ee%edf%ﬁév?/%sg’en%gg ir%ré%ts i%nadm%%gpggfﬁgi%ht to enable
a person skilled in the relevant art to make and use the disclosed embodiments.
Several of the details and advantages described below, however, may not be

necessary to practice certain embodiments of the disclosure.

25 [0046] Many of the details, dimensions, angles, shapes, and other features
shown in the Figures are merely illustrative of particular embodiments of the
disclosure. Accordingly, other embodiments can have other details, dimensions,
angles, and features without departing from the spirit or scope of the present
disclosure. In addition, those of ordinary skill in the art will appreciate that further

30 embodiments of the disclosure can be practiced without several of the details

described below.
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conbusting a fuel within a conbustion chanber. The disclosure further
descri bes devices, systens, and nethods for controlling the ionization

wi thin a wonrhust7i®@s 10 chanber, associ ated systens, asseabllisesp/oss3aponents,
and net hods. For exanpl e, several of the enbodi nents described bel ow are
directed to adaptively controlling the ionization within a conbustion
chanber based on various conditions within the conbustion chanber and/or
based on various conditions at regions at or near an igniter/injector

within th ustion ch er. rtain Al a. set r wi ) b

fol | owi ngﬁ’é’égﬂ?i EF?%R”%%Z‘HF%%O%F@ i'?g&f'%édp?ﬁoﬁ e h‘or"gﬂ’g‘;‘#ﬁ & v
under st angnBadigfentameans tiestoshrieulasicature hetrubitwe| oschisractddstiy describetiém
details describing well -knovm_structur(]%s and syste of t en assocj aé d with
i nternal eYMSEEON IMthe iR sEabodimeBt i ineludeshin é‘ﬁ?a"‘gﬁ%ﬂ%re"g?q‘?zmeaéﬁ EIE% of
combust i 0f 345 §EBI0&NR. "Phus GhefRELieREIOY ihe FHrakes URNGE 8Rdodlniertbseur i ng
the description of various enbodi nents of 20 the disclosure. Thus, it wll

be appF ecliat ed embodisesrst ain ofriohe places | hreughoubrihis Hpesificatien pRiévirgéd t o

describe the fql.l own ' ts._| sufd j & nabl:

per son sk resasiy h JEETT AT, 3ol BnBRARRERt T ERRbre, MhETRME LR

ﬁnbOdi nEnfe%turS@,VQEL&itur@E, bhehaeictdristicsa nthyalnky aonbiesl iteamy &bitabld ehanmer in
owever, may not be necessary fo practice certain enbodi nents of the

di scl osur 8¢ 25563 EANMBRLSt hﬁ"%ﬁ%&'ﬂ%ﬁ PEY 2’@‘%’%‘, ar&?a_r 9T VRIE O n

ot her feaby§ag roPM&tpdt thd Scopdbr Beaning dT@ietikirhéd Hitloliere of particul ar

enbodi nents of the disclosure. Accordingly, other enbodi nents can have

ot her details, dinmensions, angles, and features w thout departing fromthe

spirit0orS temesa n | osure. In addition, those of ordinary
skill in the art wll appreciate that further 30 enbodi rren}s of, the
di scl osur 0048h bEigwrect i e@ wrhematic saoes-aectional ridgiaiew| of s driegEiehel ow.

00 2011 ORGSO O 0 PRAJTRES i BeLorb B QAN &ibBdiment of

if
speci fi cal or "an e}.rbodl ment" nmeans that a
parti cul athefdistlosure. Sthedinjeatos,116rillustratestingtiggrei tisdmadig isstoi injegbdifferani on

ith th di t _is,.included i | I t
df scl osar BERTG. o repRai EhemkRofiod, ot rodRReR HRISTERE BaeicaloREr ™ o
"in afg e_rr’lnéqij:é'ﬁlﬁyt 61; ittie \fagli ?ﬁ@tﬂﬁhac&s btxh;lt@lhda_lsedtct)m hilgmntﬁ]sﬁohfpm@e'{t ang not
necessari all ‘referring to the sane epbodi ment. Fur mor e e .
parti cul aﬁgﬁ‘ﬁtéﬁrli‘r&Fh%FP%%F'%,Ch@mr@ﬁa{@ctﬁé‘? ifgs © t}r/&[?g aBer HEEEYSH any
sui tabl e pBARBIIL HTARGBPLRIARNR ESMRRNI SYBRIS thath e rteRd g forisashdgithinanei n

are for convenience only and do not int erar et the .scoge or meaning of the
cl ai med detembuastipnechaobsuil 04b| Ehesjniedat 130 Fagoppiingattse inisgli) of duelefor s a

schemat| Cracpric? Tcg?fit%%cérico Qc?r%p%itéjgo%ibﬁg\ﬁ&i‘. ﬁ\na&mcﬁgfoaiﬁfe%ting the fuel, the injector
20 110 includes one or more integrated ignition features that are configured to ignite the
injected fuel. As such, the injector 110 can be utilized to convert conventional
internal combustion engines to be able to operate on multiple choices of different
fuels. Although several of the features of the illustrated injector 110 are shown
schematically for purposes of illustration, several of these schematically illustrated

25 features are described in detail below with reference to various features of
embodiments of the disclosure. Accordingly, the position, size, orientation, etc. of

the schematically illustrated components of the injector in Figure 1 are not intended

to limit the present disclosure. Additionally, further details regarding suitable
injectors may be found in U.S. Patent Application No. 12/653,085, filed December 7,

30 2009, entitted INTEGRATED FUEL INJECTORS AND IGNITERS AND
ASSOCIATED METHODS OF USE AND MANUFACTURE, which is hereby

incorporated by reference in its entirety.
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injector/igniter 110 ("injector 110") configured in accordance with an
enbodi nent of the disclosure. The injector 110 illustrated in Figure 1 is
confi gur edore1/aTp@st di fferent fuels into a conbusti on ebamsesr10D8B641t 0
adaptively adjust the pattern and/or 15 frequency of the fuel injections or
bursts based on conbustion properties and conditions in the conbustion
chanber 104, and to be controlled and/or receive commands from an adaptive
control systemthat controls the ionization wthin the conbustion chamber

104. The to 0. t| ] f ition
and conpl L@é‘gi n‘i)nué‘l]e %ﬁﬁpartgg 8518 ({a‘ﬁgénﬁﬁﬂf&&%rﬂéﬁ %ﬁ@ﬁ? %e 6)6({)“2{% ﬂ?\gc IorI
20 110 i nglmiddke poionr11oertendinggsettvedniagbase porticrat 4 emndt aatozaleeportion
configured to :ﬁ%nl te the inj ﬁCt ed f 110 can_ be

utilized t&-cdhEenezzRIRIRN biaEXiER %@hé@aswﬁﬁ@é'v.tﬁwueﬁg% H8§r"ﬂ&‘”b%”%?e to

operate of éHJHbV%epdéh%'nCﬁ el piridren g9 tofftheIndzz1I8! ddaeta N 18ananalinteffatdie
features of the ill'ustrated injector 110 are shown schematically for

pur pos®es withithe gembastion chaaber ép4ofTh&1@ﬁ9t@ch%Qrﬁtﬂh%llm§JU¢¢ﬂ 81455288 0P5
[eatures Biadleaos LRI AR B Hay 1 R1rﬁ HebEne ortt|8nv1%' 1Qlifle hEZA4T €S

of enbodl tion,
orientati p@rthBt1Cl8 oThé Masnelem |scad>|1f;guréd t(saHMédeldorfhnmmmaglmﬂhe beody

injector in Figure 1 are i ntended t present discl sure.

Addi ti onall 14, ﬂl‘?r?rl’@”eélélzg 'P@'?%&SF‘ Wﬁgéﬂleﬂ?&%‘ﬁ Btheﬁjc8mp&“§”f~j?af“8 %%8Md in
U.S. Pat egtylripl1ipoatd Cg_é\ssl\@nro 114, idsadlelPas dgdeimehtatish 28BPonams i t | ed
| NTEGRATED FUEL | NJECTORS AN GNI TERS AND ASSOCI ATED METHODS OF USE AND

NANth(tTumilowemrgyrcsonv@rsem aNAceNYIee LOBPORENIsePe i diedtar 1118 el forEiy.  wo
2011/ OTLO0RECHIAGRONRE GRARRS: {90491 ba ol bt Mot ik ETRAUIIS o

I nj ector des a aving a m d portion 11 endl ng
bet ween aishameatpeht caupldd tb atﬂdwacamttmtdenq;mot vzdve 128 cafrjesl bwbhglembmltlblmn 118

e e o b S e B D5 A PO o e 28 L Rl Fothel SR L "
conbust i otheChRRE vm%heT&ﬁnbmutmt@farﬂw 104 t Aleoughchdtddwa ipatigarge!, o
channel 123 extending through the body 112 fromthe base b)gortl on 114 to the

nozz| 5 pofeitan eﬂh?d'mﬁétsdﬁﬁd'ﬁléptolﬂéOl@“dﬁﬂﬂﬂﬁlﬁrﬂ%@ than anedievs valve 1 & Vebw
through the, sugﬁ mdré: chERR \E:\'i\fé@r}f'dsnpo%%dc@oﬁh%@e fOHd EHhBEstidh AHdnérofdaer

conponent s, as an actuator ass through the body 112, as well
as i nst r uaenelsat ottarocations on(lharb@ﬂwﬂénergy conversi on and source
conponents of the injector 110. In certain enbodi nents, the actuator 122
can be a [0050f oAccodingh&d ahathea féatust oéthie plostrated embodimeniptheaastuatoy

coupled t flow ontrol device or valve 120 carri d po&i i on
006 0r t hi28 gl efRe oS5 SRa ol SprEtPe Y ni B stdtief NoaPPThe O
pr oxi pet eséébntdhendi Hoptidraean uithett b cvupledstd ancaniteeor Zb@dcesébt HaeghAsot
shown in Fiqure 1, in 15 certain enbodi ments the |$@ector %é_ge éan i ncl ude

more t hanexplained diy dptail, elowswillIrefesancsnte varioysremeadEenis: P §€°PHGned
Pre ey B PEEGTIAE s KB o R B AL sl speteny o
enbodi nenactuatecthecataator 122 to inject fuel lnto the combustion chamber 104 via the flow
valve 120. For example, in certain embodiments, the flow valve 120 can move
25 outwardly (e.g., toward the combustion chamber 104) and in other embodiments the
flow valve 120 can move inwardly (e.g., away from the combustion chamber 104) to
meter and control injection of the fuel. Moreover, in certain embodiments, the driver
124 can tension the actuator 122 to retain the flow valve 120 in a closed or seated
position, and the driver 124 can relax the actuator 122 to allow the flow valve 120 to
30 inject fuel, and vice versa. The driver 124 can be responsive to the controller as well
as other force inducing components (e.g., acoustic, electromagnetic and/or
piezoelectric components) to achieve the desired frequency and pattern of the

injected fuel bursts.
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122 al so includes a second end portion operatively coupled to a driver 124.
The 20 second end portion can further be coupled to a controller or

pr ocessorw®2611/0xs608xpl ai ned in detail bel ow with refereRrCe/US0MAFI36US
enbodi nents of the disclosure, the controller 126 and/or the driver 124 are
configured to rapidly and precisely actuate the actuator 122 to inject fuel
into the conbustion chanber 104 via the flow valve 120. For exanple, in
certain enbodi nents, the flow valve 120 can nove 25 outwardly (e.g., toward

t he combusti chanber . 104), and ipn of her di,gen t. o\ Val v 0 can
nove | nmmsaf(e.%.ﬁe%f%p%ﬁ??ﬁg& ctbﬁbﬁg@?goﬁ gggn%%r '%ﬂ%’ét%}l‘eﬁ?@{eﬁoﬁd
control i picfhicaNsésiridrand/ee!trankhiitiny omponenty taideteztizodibustios chambedr i ver
124 can tension the actuator 122 to retain the fI1§ val ve_120 |Tn a cl osed

or seat edpispertiesand senfliions. dFeR @ramplg. thenagtatey 124canke, rgied B feL | oy
the f1ow Yale Eathél) inSuidftd fbR&uckHeIntedtatbd Wikin\@iodtor LaBlelior tah iddddean be

responsive to the controller as we ~as ot her force inducing conponents
(e. g.,5 acothet isensark da tdeterd et Gammpdicete porsbestioscehanaberoigiandtheigh ot

achi eve the desired frequen n n of I ) WO
5011/ 0716084 /UERHE) 5%‘38&‘%{' %gﬁ‘fﬁ'ﬁ?%ﬁfesr tagﬁdngg%gg%'%énﬁg ,deﬁ’ebg'?m'?%r 122
can incl Upgedihre 100 ¢8I éoludes GtiRdresersns iongmanitidrotg instnismerttationy lanatgrbraént s

to detect conbustion chanber properties and condi ignﬁ. For .e>ia le,. the
act uat or {3OUSRPSHONERNDE 'f‘JreS?WﬁﬂQerFoéﬁf‘?@pteaﬁl‘% ody fdgcapdee 'ﬂ‘lﬁgﬂg ers

| nt egr at egh Wk tifeRrated tothe GRSl thrféaﬁbd'ﬁ\{l"q?’@!d& thedthaririab 6N &R Bodyo 1¢i2t ect
and comruni cate Conbusti on chanber dat a. t hough not shown in Figure 1, in

ot hler 1OI @nbiteklirean be used tascatersunicBiedcombustion datgdpgune ehmareiceptrelers-1dn can
( el S rn ; N
o s e SRR PN 120 PP R TR R0l TS e

positionsa r-1 or exanpl can 1 nclude
opti cal ftrhegmit coinbgsidredatartb mniehwr martessdndiolierfs adseciatetiywith the wjeatdrel 10.

material of the body 112 10 itself can be used to communicate conbustiion

data to ohBiSo atﬁDP@Xcl?ﬁt %\SF‘E?%‘? Vigh VUIRIESS: o‘ﬁ',req’hBDVQ%ergﬁ\?éqi%nyﬁﬂg'he

conf i gur eghddurS€NSSU f<edibb¥k SPRBRIsSextferféIfleapidoahd aiaBtive caidstiaennfodat a

to one or nore controllers associated with the injector 110. This ﬁﬁ}ﬁ? can
u

be tr #snpptimization ohifvellieiestionfaciers ast FhaIRCEFISERshBRIUdINgh B 8xargple s.
Such feedBéﬁ‘«}é&fnﬁgggér.ee.xme?rrm',-gcfneﬁp'i,ﬁﬁaraﬂ ARARG | ereﬁthééﬁawna@rlaﬁgas 1%y

optim zatron i'hjectio actors and characteristics including, for
exanpl e, pueluctien iof enyltipleclagered, of stratifiedj eharges thei timig ofh onemdfiple wel
injection durations for. production @ ered or stratified

. i |1 tiple |
charges, FHHINUCHE REFSHT2 @ﬁ'g',onﬁﬁrF?B?@I“bern&@%ﬂﬁé}pﬁfroea “plasma ignitions or

capacitive discharges, etc. [005 uch feedba nd adaptive.adj.ustent by
the cont r_Eﬂqsg 1%%ﬁaﬁ?%kéw?a%ﬁyﬁoﬁcﬁv&wﬁ@ lee f?%t@feé oﬁgr HBV% 12

opt i m@at LaiyoPhcRididioPesalse allo®s opviiatibh @ daidofribs Sushl aspoRemyrodactibn,
mnimzation or elimnation of pollutive em ssjons including oxides of

ni t r ogen. fuel scomemyrandapjlimizetipn er pliminatianios Rolwive RIEFIEPS dTElINGRAXIERS | s

i hcor por a . in Qyar n Pt S I%ishYNod eI BEB 088! t i
drivers féfq]éc(?%eg{fi ng'su'l ragésrgnggpltl(%glﬁédﬁggﬁrdg&'lsﬁ f{\l e 1nj éc'_torogg’l(gﬂglr:ld I(s)t her
i nj ect or sindegmrateddhafirerisi nefdr@O&@8]iThits iemtieaty odestiibesarsuiiplole driversntari y

i ncl ude agctlugplrhé Iuﬁ)tpas%%?lc {rlaﬁsv,\éi&c%rg S|rt1 e injector 110 and other injectors described

25 herein.

[0053] The injector 110 can also optionally include an ignition and flow adjusting
device or cover 121 (shown in broken lines in Figure 1) carried by the end portion
119 adjacent to the engine head 107. The cover 121 at least partially encloses or
surrounds the flow valve 120. The cover 121 may also be configured to protect
30 certain components of the injector 110, such as sensors or other monitoring
components. The cover 121 can also act as an ignition catalyst, catalyst carrier,

insulated heat retaining thermal stimulator for fuel ignition, and/or first electrode for
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device or cover 121 (shown in broken Iines in Figure 1) carried by the end
portion 119 adjacent to the engi ne head 107. The cover 121 at | east

parti al | yweneliwge®sor surrounds the flow val ve 120. ThePCousre010234368y al so
be configured to protect 30 certain conponents of the injector 110, such as
sensors or other nonitoring conponents. The cover 121 can al so act as an
ignition catal yst, catalyst carrier, insulated heat retaining thernal
stinmulator for fuel ignition, and/or first electrode for WD

2011/ 071608PCT/ 010/ 054364, 1 gpj tion of t i njsect.ed r.eo t he
cover 121'985'8%‘3%8H?Jﬁﬁ‘%ﬁe@e{s‘o Mpfeé% ol {bg gﬁ’ae{)g,qué géhé?hg%%rtsp S of
the i nj ectrrtsHape! patida, Ahdror ppasecofltRl igjectedifasl. Miheciow vglue dd0tcanafisceins

t hese properties of the injected fuel. For, ,exanp{ye in certain enbodinents
the cover canfigumehto affesethessproreties S dhe dnesiedc g d'ﬁl?rr XePler Bageitain

sudden ga?hi/)-bﬁ drite 1 b {2ebnliloP W doRasiivd 126 @ah BB EHRYuted M EReate

speci fica the cover 121 and/or the flow valve 120 can include surfaces
havi ngb shsudsesdgasificatian af $hst kel tewipgrast these gomponrats. dVegsrecHigslbithe apor

¢ oh i . Couidf . P 4 fuel .
The accel G 11 SRS, B8, Lofdald 25, fin Melidd Spfacad BelftodSiareddes 1P
suddenl y gatalybts, bhethenjfeaturd thatproduoe gperoaaper, fromithe I8pidlydsieering liquid

Dore T api He) oRAu iz ok 51a sl EET B abSelerat PRttt el Rt et oy
be used i p;¥@rioBUSCtGRIEH BaH 14Kt s%&é’hl?‘@é@fﬁ{ e injeste@ffubl. AW @pbrgion, asl

plasma or acoustical 1npetus of projected Tuel bursts. In still further
enbod! Grensuddenhgasification eayses thehwaparow das) eraitteddreratthanogae Ratiomd i@ éo

| ction t il _ .

Phe i ni bctiste foidfhy' ghostonBRagy Rhflst MeE6ier HsSMAHEn PgrRangTd fe ©

al, 122, gleswiivala'ris(l;é _r‘mmhﬁn?ﬁ?dmsdv{rtbret@lperbbr?atb@eoéniqgidi :‘qe’lﬂ; sat;‘elnplagse‘te%/,or 1160
escribes suitable drivers far actyatin asma ction by injector

and ot hera?‘?‘Hsé'E?'ong%fH§c?fisl%?ieﬁt€ eﬁf?ﬁ tf‘%é@ﬂ A@cﬁﬁ[i?h’gh‘?roeH}PcS%HB?J‘tasﬁ@%t of

the ill uskegiaftyesboficmapl, vaned aso 3etudaessr ededniidedlgflashabgtauctiont td east

a portion of thé body 112 is made fromone or nore dielectric materials 117
sui t ath e beneficiady eaffért Hiegishaperapd/egmeitesh of dheoinieded duek erdm. Patens,
i ncl udi ng ! f rohew [ f ; [ I, C
mat eri al sA%ﬁf%fggﬁﬁ?'o%ﬂdécag’uw'|g(':iﬁ?ﬁtg‘}l’égtﬁ’? ﬁgé?hwén*gtsls g‘tclggﬁﬁ%feqt Iﬁéer%ﬁ 8*1
vol t age f mferehee oy sl eotiietyy deissiivext $witapleadniVars fateddtvating plasmpargjeotiompbyusma
t he body 112 can be made from a

for ignition, In . certain 25 enbodi nent

Si nglg di E‘ﬂ%&%ﬂ@?{ﬁi&hﬁélmeﬁ‘?@ qdeﬁcglﬁciperg%odi nments, however, the body 112
can inclu t r more dielectric materi.als. .For ex le, .at least a
segnent o&%ﬁﬁﬁongﬁa?@'%ﬂ?i Bﬂo%% %Sci’ﬁcﬁeo'cnhlfe "f%’ﬁf%ﬂ?’?%‘?d'meé‘keé{‘?i as

mat erp@l  Haydribedan fdetsit pliod, eftitast $HoRAL S thensbdt 11 2as mateShonesie of t he
nozzl e portion 118 can be nmade froma dielectric material having a_ 30

second di loee dielectde matefials tIAZtsuitablgrieanable Henhighenergysigniios) tecqombkust
t th. W | ati . ' W d
strength. ML t‘?tIJéI : |@é‘lkﬁﬁbg%rﬁéﬁr?%{lﬁfu%%cmg\f/?rn%h%8§¢%t%?%%lg.nq{h:ésetd(ll}é?eétﬁéon

dielectric materia ect € Ine ermal an
mechani camatdriatk 117 wahi proyideos ufficjentt elackicalginsetation Wbthe high voltage for the

2011/ 071608PCT/ US2010/.054364, Exanpl es pof suitable dielectric erials, as
vel | as tﬂfé’dHB{E TI5tioR. ARA/E drive: af sP3! Phé"%’&@% i1 ,”'té%ng@sé‘lrﬁ@d in
det ai 35 beb@podinRSIthe bl 11208ah det Maddifvhe et singlerdiéletiriel raateriae 117 @t or
110 can al so be coupled to a power or high voltage source to %gner ate the

i gni tion etientenipdiprBblssthawrversthenpegy elll4 gansinclpde Me o BPEtidRRican be
coupl ed t dADRINOLES oRAES af Reall sféareﬂéln& BYThIRRRIIE PoRfbrANE B Bl hadk Vi N

source such as a capacitance di schar I nduct i on, pi ezoel ectric system
vi a one ofromprefitsb rdielectoicsmaterahdiawing lar ditgjrdielestricnprength, BN0. aRdeAS® of

oper at e atedti ding berkdfhrtiof 19 kel e Rinaerilindd PR e Bl a

30 second dielectric strength that is greater than the first dielectric strength. With a

relatively strong second dielectric strength, the second dielectric material can protect

the injector 110 from thermal and mechanical shock, fouling, voltage tracking, etc.
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10 plasma, conpression ignition operations, high energy capacitance

di scharge, extended induction sourced spark, and/or direct current or high
f requencywpl2asma1608n conj unction with the application ofCuluse@sosscs t o

qui ckly induce, inpel, and conplete conbustion) with a correspondi ng second
el ectrode of the engine head 107. As explained in detail below, the first

el ectrode can be configured for durability and long 15 service life. In
still further enbodi ments of the disclosure, the injector 110 can be

and or 1 cerabet sl BTG MRERGS o Welichy FEREARDS TR npRHI”

drive Oneorﬁ)[heﬂ@écﬁ/ TIOTRAS 4B Gribed mmeta.rmmor 110 from the energy sourced by
t he conbustion events. 20[ 0056] Figure 2 is a side viewillustrating the

envi r onnmeyposef arrpaa&méwt&fheadrelé&trerma{eremmjmrsyﬁo ean 30 Bwwourded f uel
injector 210 configured in accordance with some enbodi nents of the

di scl osur . alppweieon highsyQltagedseuied de rﬁ?rﬁ‘@rat?ri@es'GH'@ﬁﬁth@é!F itg combyst the ed

i nj ector el I r

cont 1 gor DL T T TS PEEE <ah SECAHERS & MILBRER AR G8i2: 20
of an 25 vasltagengénaaﬂhmsanomor emdiipiging Ogburés sicbwas i an daipgaitancg, diskkbarge,
conbustion c formed bet we a head ort| on t ai ni i, ect or
220 and vEAYEIoN, %9@5Psfeﬁrrmy%?ez@1v'aﬁaet°ﬁmrﬁr?&r" dioroegepding tﬁﬁpgﬂéﬁ 203.
I'n other !&Wﬂ@ntﬁegrb@y\@f/ﬂre ndZ2fe porties t1as, hedlovavalbe 126e8nd/or thehsver

envi ronmen wi th other types of conbustion chanbers_and/ or energy

t ransf er r 14l capvererate a6l %cfl‘rﬁfg elegirdastovasnraratea anagnitigRgevesd (E€4Hi 2P2r st on
expan g r ot s n

Gober {bogPEpfiad WrmpreqBR! fitfuded Mterorso! AGK SRORYS cop el Bischifye,

f eat ur es éxtandewbindanlign sburoed isharki, apdior idivactaadrent or hlgd")\rfr@fuecmpypasmﬁ ifuel s

in the conbustion c 201 71608 4364 at
al so enabf@d! ?'Pr%'opﬁ?’ H'b{i% apﬂ'\ﬁmr’ ﬁa‘g’?ﬂ’/‘é’?@g@‘j@@??‘h@%@ gﬁﬁl 8@@})@@

di fferent cérHEuétg?ﬁ;Qﬂﬂ'gbQﬁ)rte%lpdhﬂhgrﬁwonﬁwtbdﬁddeobf dmwéngmenrseacr r11 07. /?]s
requirenents and/or adaptively nod t he ionizatjon thin the
conbust i oPXRIARAS & dotgs bejqyy, tB?é‘ﬁﬂleéegmé Gan %9@#@2@;5 F AUU% ty(?r'i‘a 189 nor e
i nsul a4 i V?er’m%qrfé alig s?rnff%nﬁéreemﬁoﬁrﬁ{gdté)'éf b HRcRBAR, Qh@'nﬁ]@ct%F'QHGYCdngtﬁe tion
to conbust different types, including unrefined fuel's or |ow energy
density fqu@uremt;sgrqvmeaerugve:mme@rqrafrgmambtuﬁt@nc@m@errwr@@ and/REt and
t he harsh £ r C n ng,
for exarrp Pr&%&’%ﬂh%\gg & ﬁgéejtl SFgP é@e{ ﬂgq”éﬁn%heom%%PEHgatIB%qudr”rV’gsﬁoéjn&
degr adat | mre tOMPObEhacefothdi inictar BilofrbeT thas peergy afourdesl by Ithes tcoatbesdtion
enbodi ment, the injector 210 can further include instrunmentation for

sensi ng vﬁYer %is properties of the conbustion processes in combusti on

chanber 202 (e.g., properties of the fue|l penetration into air gnition,
conbudl i ofP9§PhceEigure e ik Gnbidst Yisw WHstrAlng g@ze“Y'F@"@: i fle 32@‘2!1'0% 3" In

response Hbrﬁ?leﬁﬁnlﬁ?é?ﬁﬁ%y%@?ﬁi bhb HERingt A fud Mi8&bPD1 @%Qnﬁé’tJWed 1|5 aé@@rﬂbhé’@' y

optimze the injectron and|gn|t|oncaracter|st|cs fy ionization
| evel s, awih simmﬂn embedjmeetee of nibeediselgstinge| lefﬂlﬁclllelﬁtf?tedngn‘rb@ﬂlémem the

pr oductl on o) to
Ext end t neEaRsa S P B dniSeits o8 Mg A OB R e or Mg oL S

i RCertL)IdeS eaidrmgunegr tooinfeehant ]ggmtef cljrrﬁem fadie if uaectommsnonrmf\anmmlmz ofnan
chamber 202 to achjeve specifig w ra pattern

he ohihs aieshak Gampygtioc: aoing0d. FGF HodtbeFioufs 2 e coapustsr cBAMERE! ude
one or nNoHe Yafoyfed RstivbeR ReRe s Béﬁlﬁﬁtc%nié?mhaﬁnrb&tb?'?ﬁ@%cpf/altré‘@ rAoVEbISt | on
chanber 202. The actuating conponents of the injector 210 provide for

preci se, hls’gilm 20eaue ey inopesaifaeenoiod cylindey20de It gthesemkadigentise asweysle
fol | owi ngy }e%{o‘?sz@gé‘éjwubbrﬂs%% |RfotF\é‘reen\}|r'§8ﬁfetn'tﬁoﬂnthrBtﬂéra 88 o nﬁ)%g{? r?t' on;

t he frequer?cy ration of repeat injecti and/ or
tim ng anchamberst amdiooenemy transfemrrgwdevrc@s‘;)%cﬂr]rdﬁnguraasquAramBSl |aixigd t alad e

sever fuel burst att 305 dentified i ndl al | dr t h
ot L oRths el PiIah) SERAFCRaA0RE BHE Bl PRR ofPleRY orBlistoh Wrigid
As described in greater detail below, the injector 210 mcludes several features that

not only allow the injection and ignition of different fuels in the combustion chamber
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configured in accordance with enbodi nents of the disclosure. As those of
ordinary 30 skill in the art wll appreciate, the illustrated patterns 305
are mnerelwyonemes@at ati ve of some enbodi ments of the presentS2aiossidesur e.
Accordingly, the present disclosure is not |[imted to the patterns 305
shown in Figures 3A-3D, and in other enbodinents WO

2011/ 071608PCT/ US2010/ 054364 i njectors can di spense burst patterns that
differ fromthe illustrated patterns 305 Al t hough the patterns 305

Lhese pat 202nBuSHE e Sante A% Tnklos 2 e ARPBETREHIES iociorit, BREe 57

The i ndi vijgfdpdnt!fa¥eraccdfiing fto tdifferent EGRPASIINNEoRAGGIRY 8IS red{lirepTend dﬁdﬁohe
benefit 5 of a relatively Iargq) surface to volunme ratios of the injected
0]

fuel . The@@amblﬁlye"‘@@'iffi’éb@ ipRizgtpRfRValaiieE it GPAOURIIhENaBIth A¥% off Of at es
of the fugl, r@g@r aRs .nge%t%b'1oaﬁCMSbnén mbamsu&t.@@dw%%wtﬁ&f e

conpl ete compbustion ar ges Suc fast and conpl ete conbustion
provi des s@vf@:uaed talenablaguigh @nergys lomition tbmmtwtcsﬁffereet fush dypgss ingheging

exanpl e, s urni ng, fuel charges, r r i n C e
signi fi caH'Pre\ﬁB%\q tﬁ"%lgs s 988\193“9%”%3{ @%& q?‘%g |p§%l g\% Qgﬁg arulgéaq ceﬁgr%r e
bac Ikwor k Qdinﬂglu'irédltg wmﬁau@orl] tresiarsh covéitionsreedanelto ][abmuh f&lffera‘ﬁ fdiaslihypdshe )
earlier ignition duri t he conp SSi 0 rocess of the ine cycle. Suc
previ ous EHgING: i 9R %’E?gP%!?l Y‘gtagﬁsgatﬂ%%u'&f)% BES'IdIaﬁ '?v@”@nfg%@?%ﬂ%
(e.g., Hé’g‘édéﬁ&h hydrocarbon particul ates, oxides of nitrogen, carbon
nonoxi de, bon di oxi de, 15 quenched and unburned hydr ocar bons, etc.) as

wel | i h%{?ﬂ" I\ |’d B Dndar P11 Qhe ! nﬂgﬁﬂaféo} ke\’r?‘oofd'urhgﬁt e tifiBctor

cylin pi s |ngs and consequeni wear pistons, 'rings,
cylinder 240|san \fartth&rs;ncﬂurtb onstermentatiom efot sepkinghaagond uoperties hatriiee

0059] Th t d t di h dj |
brovi de . SymENaioRPraEees i ciatutEn G e, 202§ £ FipRergs 5 BRULE o
spar k pl ugendtration.in®di &5 agnitios] cdnbp@tivarFoceszatie pémgasticm clgasiodn 202, tié C. )

and develop ful]l rated power with a w de vari et newab) e f such
as hydrog@'ﬁﬂ'”ﬂtﬁ%ar?éc)ar'a FPEPPRLR; 1o Alsssepensad Fé‘écft' Jﬁﬁl'gleﬁ%%@eaa@rom

wi del y5 avgih {%Py éthg%élaﬁl%ctléﬁcbrﬁf @m.t@ﬂdcr@w&ahsmstne@d.f Aohlzaueh

t hese renewa may have approximately 3,000 tinmes |ess” 25 energy
density clenplar ealhdt §0r eﬁlimedich@s{gl inctaased, fqelheefﬁvngrdn@omraﬁpdw@mf the

present dysShaskieicdl S 6ARREOndo SLnd ABK boid RO SRR EeaRE

fuels for T ent pro uc iPon and greatl'y reduced or e d
overal | paWucVemaemfe gmeéﬂmu,stbegmeetsr ZH(ID@[‘sﬁ]maAﬂdeh actuatmagicbmpenentsﬂm sonme

enbodi rrent S a n| zat i control ni cat es i nj ect ors to
control, ‘éﬂdm?r ﬁTGaPT”E')‘ u?tdﬂﬂ B]ﬁr 58%3? q"ﬁl fvtgo W<Qni Thiay
chambgy . Eétﬁ#h@ 2655 BgWeIPaS Y5 ‘bﬁbé@ooff Pk iAReRd NRLY Foprixarpld, NBeiifBtmat i on.
The system 400 i ncludes an adaptive control system 410 in VO

2011/ 0716@8@@?}7 UBQ'G@@/QIMQBLI“@TGHYﬁJYﬁQ:39?"8%”% ProXdmatenfe e intgdace of dheer
t th
conponent g, Sy Sat?rgdng]??})t&' %&Q&mngﬁ% £ Roﬁﬁﬁt&%‘?‘ihéﬂ%@dt&sz’f@ Avillegr t he

adaptive con he " co and t e I njector
425 will pmmsbe mlgrso‘rﬂmedcy [dpesatjBy of ¢he, valhey ite esontob gt oleast she doltbwinglul es
descri bedfeg urrglc,n’the'“hmlng of fuel injection initiation and completion; the frequency and

25 duration of repeated fuel injections; and/or the timing and selection of ignition

events.

[0058] Figures 3A-3D illustrate several fuel burst patterns 305 (identified
individually as first-fourth patterns 305a-305d) that can be presented by an injector
configured in accordance with embodiments of the disclosure. As those of ordinary
30 skill in the art will appreciate, the illustrated patterns 305 are merely representative
of some embodiments of the present disclosure. Accordingly, the present disclosure
is not limited to the patterns 305 shown in Figures 3A-3D, and in other embodiments
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5 those shown in Figures 4-6, may conprise software, firmmare, hardware, or
any conbination(s) of software, firmvare, or hardware suitable for the

pur poses woeoridie@sher ei n. Sof tware and ot her nodul es MRETESIIAO54364
servers, workstations, personal conputers, conputerized tablets, PDAs, and
ot her devices suitable for the purposes described herein. In other words,
the software and other nodul es 10 descri bed herein may be executed by a
gener al - purpose conputer, e.g., a server conputer, wreless device or

per sonal co uter. e r p tg et hat
aspects o'lnje[ Ss%‘t gﬁﬁ%ﬁ?{g E)é'Hﬁngact e??:ée i (ﬁﬁ&gf} E@r a{:ez)}lri\#surq%?gt Péotgegrhé 5
processi nglth@]gmm@paﬁérnsym&musmmtbdgurlagumssismiiﬁb hade mig"feremt shapes and
appl i ances, hand-hel d devi ces (é@gﬁu i & 8Qersona

r

* ital asm?a}nts
(PDAs)), g figEations e hesRMANEmMS egiure g P%Y'aﬁl sgALERIRA! el [Rs,
mul ti - progessehe Woﬁ\tnﬁﬁﬁ layBr§ r3@|?rd?‘¥ﬁ‘é §9Fre§ﬁ‘>‘h€ﬁ1g%atf¥rﬁ§3@51@&h@e TGS HERE

el ectronics, set-top boxes, network . 'mi ni -conputers, nainframe
conput®r sof arelatively largesunfanteiod/olyme r@'@srﬁsf th@dﬂ?ﬁl@@lf uel. ‘Thepe darge surfaes |

“host sys e@lgp%nﬂat&)gb%oehg {;ﬁergg&’ﬁéaét'iéﬁ pagd dfr{ﬁgrfPPlagfgﬁ‘gegyaQ II Qs and

refer to Y cés an S an
pr Ocessorassﬁwlhhﬁﬁma’ﬁrm and pectkrating h@npm& ecmbaaﬂdnetfmrﬁcnim@drga:s aSsgem al
pur pose c¢ essor that is cal l

dat
Bont i gur oSt B0 ORI B DRSO aHTP U SRSt Shiraages ple” SoWef Blfiing of

conputer - ﬁ)é?%b?&é'se IFip txXafidION8IoREP | RIrfiAE fuBl dRARYes ReURE Nearli&0AltRAL t war e
and ot her nodul es may be accessible via |local nenory, via a 25 network, via

a br ol er caseosigaificanipheat dessas toncnbyustionceiaraher syfacesaand mspdyreamere
suitabl e fof v&é?ﬁdﬂu&pcgaﬁforggut edéj%j NEFBhiE egﬁ?rmégﬁrgfrlé&ﬁoﬁ?m@@aﬂﬁy can

al so be pra Ice conmput 1 ng environnments where tasks or
modul es argeltperﬂommgadhbycmmmﬁselqmr poawssngf dew i ergine vityclesh abech iprRedus

t hrough a co ni cati o s_net work uch ! ogcal W de
A oo Rt B RDGH v aRs aUEnS e s st By DM pliser” (48 feb e

envi ronrreﬁ&dro@ér@@hamrﬂe@wte%s di@désbﬁfhﬁl@@gétﬂ ¢cdarbootihohoxidé, aadadhedm(&ierrermry
storage devices. Data structures described herein nma onput er
filesTd vauenahed, apd oypbiResghydPsgdonsweloh e ¢ellse PW%S&JW?‘US4§%‘§
Progranm gg. SHEHGT WF GSbricafivé §|o?1C#He059li?|dbmA%ﬂ”BFs'tdW HiRr 38E cORESRMt OF

met hods, or~any conbi nati ons t ereo suitable for the purposes described
herei n. Usear iaft pisternse emmnylmdeeswalis@emalm eBnd naihet opgnpererds edledte from
gr aphi cal _us r t rﬁ r f Ce command |line interfaces, and other interfaces

sui tabl e FEP°Y é’ s 5 descrl bed herein. Screenshots present ed and

d bed b di ff t,
acccss. cHiRgE ”J&ﬁ%‘paf%av'a%pwy Fiertors SiaBring 8 o BNk A prloe "
[ 0063} agme &15ilit9 fto troplat e Conoemtinalmjedierss ylove glugs, Bt sparkbplugsl (@9., aiegalt er -
readabl e medi a, i ncl udi n? fgnetl cally or optical I re dabl e coggut er

di scs, hafugl ingstonsy sRRTkP sg%@m%&tcdﬁqid%\@lgo ullrg WA NIEE or

chi ps) | n@e%%mwewlm %ucﬂ%e' deeh, FRARING, 2Rl ValibEs idabansitefrge

nmedi a. COI’TpUt er 1np enment ed I nst r UCt 1 ONsS, data structur es, Sscreen
di spl ays, alanbolet preduckt éroundedelugq)adableotsewag@ sg/as*b%ﬁ nad [sEoRliasdr anmabd

over the |Intern of r on
o br opagat@ues: guougl ess IR SRS T Pila RO AEh T BT T K88
wave(sy, en&gyrdbnsfty &ontiated tovefined fessilodels| the m@'stems ahéylnjeal;orsb@f plhee)w ded
on any anal og or_digital networkéacket switch ircuit s Hh g

ot her schErr?é)?”t 69@%]‘@ gl sagable of ipiegERg (ﬂ”&g‘ﬂﬁﬁ‘f‘gltﬁﬁﬁ FepewEPlg fug fﬁf ive

control sygiR @ﬁgrqy pr%%@trcﬁfiaﬁ@ gibatly FRe8 B liniRated eralnBroiucabPoer €.

The adaptive contr system
greenhouse gases.

[0060] As discussed herein, in some embodiments an ionization control system
30 communicates with injectors to control, modify, and/or tailor ionization levels within a
combustion chamber. Figure 4 shows a system 400 for adaptively controlling

ionization.  The system 400 includes an adaptive control system 410 in
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20 410 includes various hardware and/or software nodul es configured or
programmed to nonitor conditions within a conbustion chanber, control an

i nj ect or wot2hiwvn7adee@ conbusti on chanber, adjust ionizati eaT/uSe@o®s54864 hi n t he
conbusti on chanber, and so on. [0065] The adaptive control system 410

i ncl udes a nonitoring nodul e or 25 conponent 510 that nonitors conditions
within a conbustion chanber. For exanple, the nonitoring nodule 510 may
nonitor a tenperature within a conbustion chanber during conbustion, a

pressure within a.conbustion chanb dur i conmbustion, .or Qf jtions
descri bedcwm"ffat'?ﬁo‘ﬁ@'] THE WSS i c°<5n?t$gf cgmogﬁn%ldv '@'I'r%oa r&ﬁfﬂb&gg@ a

det er mi nagh£beodabe FEurther RN esdardiAg theataddptiver ontsl aystem doedhe
condition nmatches certain criteria, The determ natiaqn m)dlgne 520 may

recei ve i ABPuEioNgihamkand2Reand e Higcey %'I"@OM% HISGY4FR%hg certain
conditions within a conmbustion chanber and determ ne that the WO

2011/ 0716[98¢T/ USysteoIn3leyEesc 6aAPPNEMS. ARE dROfHIes cleseibert HEERN.sHHLE #§ ed

criterga (o] d. W ika : i e i-d i i hi he
combust  ofCSR e rf bigRuy 3-8 CRisk Smbiee ShAfalel LS, L8RS ool ehi

det er m natérabinatiohse &28pftavarmdfifrmwats, oar rraddwareorsuitahieorientthe 3pumpegesodi f y
or control, one qr nmore araneters associated with a combustiaon t. For
exanpl e, 9ﬁiprﬁﬁaihﬁr%'ati g Aagy My u'??ﬁr}@'rﬁels'dj(téo?'ﬂ F%ﬁvefsn%"’@?‘ﬁﬁé%%ﬁ%’to an
i njector pasbhalcddnLteRE chfipitdrizedttableRdiPDAY, edannéi ¢alicemsdfabienfor the

ioni zation voltage and/or current across e|l ectrodes used to conbust fuel
within t heupesesdassribedsein. [lposther twerdsddpei sftwasg: pRe QPEF dRPIUIBS al so

| ncl ufies gedERnhdrBfungy Be $0e ARG A Gendfaibliflost! Aifiputel! OB Sefler

criteria, Togs, gorit and I nfo I on associ at d with the
adapti ve camputel, wirelessidesicerr peasehal aampiter. a Thosd skilledrin dharlevantagrit wel |

as ot her dul es 550 onponent (o eg t rdrmW.' a
informati ¥ ! tQPp(S?ﬂ%tte %efc G agkem%xgér@gggés%fehgﬁg?tg% [ t'gfegﬁlseér

i nt eL act i @@nmuhltagbﬁs,ad@ﬂat bl@se@@iﬁ%{ @F conspeen 4y§eﬂe.og?fingla_e'one;,nrneluﬂ]gxges_, 15
touch screens, and. so on), and other c¢o nents that, facilitate rfarm ng
the routi H@%’”ﬁhﬁpm@i’ﬁ%ﬂﬁa@é@éf?‘ H@M‘f’ﬁ%ﬁ@&ﬁgmﬁ(P@G@iqﬁ?alﬂt@‘ﬁ%sﬁ'sftf"ﬂ@t(?% 'a

sui tapd e gdarible’ YomRAss! il @Rl b lckilihe ©r Omobile). pifaHaR, aRulitprbBeek or
capabl e of being control [ed by the adaptive control system 410 to inpl enent
i oni zat i osyt@MSr GhiCIOREOIRSEPT-Pasad @ RiCOrAMMAableoBNSYMBh aleriraigs, atdeR e 20

7 is an epd o oW of L PEs! ﬁ'ﬁ“izc%ﬁ{adbtﬁérgc infiife Yonfd ALE aﬁd.t-ﬁQQiIJen{Iﬁd%te‘af 600
i ncl udes various conponents cap e of neasuring, nonitoring, and/or
det ect i ngtheaedhs ‘corsputet, hfseroer,"nbast,'t 'hesi syjstarh dran@dbe likeare gangially usee

injector 600 includes a transpacrent dielegtric insulator 672. that provides

| ght o1 pERTPAATARACE: BTl FRe Bl dieaseks SV dne DSIBtE el

chanbgy t gs ARy ARIPBIREEEOMI Fulifstfire 84RctbPNE ¥Ystémacan be embodied in a
special purpose computer or data processor that is specifically programmed,
configured, or constructed to perform one or more of the computer-executable

instructions explained in detail herein.

[0062] Software and other modules may be accessible via local memory, via a
25 network, via a browser or other application in an ASP context, or via other means
suitable for the purposes described herein. Examples of the technology can also be
practiced in distributed computing environments where tasks or modules are
performed by remote processing devices, which are linked through a
communications network, such as a Local Area Network (LAN), Wide Area Network
30 (WAN), or the Internet. In a distributed computing environment, program modules
may be located in both local and remote memory storage devices. Data structures

described herein may comprise computer files, variables, programming arrays,
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25 varying strain signal corresponding to conbustion chanber pressure
conditions to a stress sensor 662D. [0070] An enbedded controller 662

recei ves wognalwidsom t he sensors 662D and 662P for pro@aeitsemnonssdanal og or
digitized fuel -delivery and spark-ignition events as a further inprovenent
in efficiency, power production, operational snoothness, fail- 30 safe
provi sions, and |ongevity of engine conponents. The controller 662 may
record sensor indications or information to determi ne the tinme between each

Yol or ot PERTAEMG SRR B abP s RERPIE BERP oS st en SRS PRI
fuel -i nj ect iapp combisptiors ittgeTedt, suitable fog, thendufploseas diesaribed dregein. t dser

det erm ne_adjpust ments, needed fpr optim zing desired engine operat.i

par anet er 5‘?9 _o?lﬁm‘?j\tﬁ/,defﬁ'g)eccgﬂﬂ%rl'lrﬂ?y é@%pﬁ’ﬁﬁ elEpen krﬁg‘ asqhé?algd% but er
t o cont r ojntarfddeQUsormfAlRfel it mtefaceBe b Al IS ihterfakes istjtalsiedor thas pwplokeds t o
comuni cate with the adaptive 5 control system 410 and its various nodul es.

O coul sedesaiibef aseinor Semenshgtsi preserted ANk fes@ihsdnlered cander giseay

control d ' N He, HRMIAes WRsdign bt | v

t ranspar eﬁiﬁ@g%ﬁé@@sbﬁrﬁg/@ﬁ@r@iﬁé%f%r @Pg{éta%}éﬁgﬁw%egebpt i cﬂdbur?bll e of?' cabl e 660
bel ow t heafd awricwith irdbrvatione 674. I n sone cases, the check val ve 684 may be
fast closing and include a ferronmagnetic el enment encapsulated 10 within a

t r anspar e[0068pdy Exampiesusf ¢fen tedhniobgyoiay dregpetoeed rndistribsteidson icomgpierat i on

f the check val 684, i ncl udi tic disk withi
di sk ‘or atarabrtgrley reore ind o fal”bf SABGHinb BBooMAlNeR e P "
oper ajh onyirkie GEOPRdrbgananall echipe ceegk \EEPRORBA semitehdueiret ciips), y

forced to the normally cl osed Positlon to be very close to flow control

val ve 674nameteghnolegiimemaerinbieloseml memery, shethier dafr starage mesia.c drdees:

val ve 674} | [t | : C 6 i dto
VoL STl e R SRttt ViR ks
i nt er sect undershspestS B thbatystdrh anay e distritfutenvover dgyHntermeigereover othieve

seat 690 st the check valve 684 and through sl of t ery

hi gh sur f Redvorks @BF'HﬁE‘Qp‘é{H%'FP%t’]eé‘HO%‘?)'f‘iﬂe@ pripaogied QSEa'i G Brsiloafion °

chanbes . Areamdi(Bg.yantdiectedthagnetic wave(s), a sound wave, etc.) over a period of
time, or they may be provided on any analog or digital network (packet switched,

circuit switched, or other scheme).

[0064] Figure 5 is a block diagram illustrating an adaptive control system 410 in
accordance with some embodiments of the disclosure. The adaptive control system
20 410 includes various hardware and/or software modules configured or programmed
to monitor conditions within a combustion chamber, control an injector within the
combustion chamber, adjust ionization levels within the combustion chamber, and so

on.

[0065] The adaptive control system 410 includes a monitoring module or
25 component 510 that monitors conditions within a combustion chamber. For
example, the monitoring module 510 may monitor a temperature within a
combustion chamber during combustion, a pressure within a combustion chamber

during combustion, or other conditions described herein.

[0066] The adaptive control system 410 also includes a determination module or
30 component 520 that determines a monitored condition matches certain criteria. The
determination module 520 may receive information from the monitoring module 510

regarding certain conditions within a combustion chamber and determine that the
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20 660 nonitors the conbustion chanber events by receiving and transmtting
radi ati on frequencies that pass through the check valve 684. Suitable

mat er i al swban11tdieso8r ansparent portions of the check val veTaB4010/064364€e
sapphire, quartz, high tenperature polyners, ceram cs, and other materials
that are transparent to desired nonitoring frequencies. 25 [0072]1n sone
cases, it nmay be desirable to produce the greatest torque with the | east
fuel consunption. In areas such as congested city streets, where oxides of

nitrogen g&} Ford hafd I%P%)d.oqurtrﬁﬂ@@ rg%ﬁé%gﬁat ENfrib Uﬁésob?&kﬁ%t‘ﬂr‘d@ﬁ%bﬁé}@rt hon

timng provides nmaXinu ue wt owi ng peak c ustion

t enper at uuacteﬁmabreeaﬂ"ldltkzn%(mmm theddiRbustianfdhamberenper at ure det ect or t hat
utilizes a small dianeter fiber 30 optic cable 660 or a | arger transparent
i nsul at or [6D62] Mayn Response td infdeihatinn rleeelived(ﬁrrajbmﬂ‘te detetraimatioatmodede 526, zuch
cases, the insulator 672 may be manuf gg@ure vmt%&heat and,k abrasion

resi sti ngMOgHicAReR '@BQH'eaé’rs%RiBH‘P'?eé‘to | DAY nEO98% PhFHol \ghe or more
2011/ 05169%%té4§29§éyc%é§%tﬁ ke c&RBhskRIA @Oer‘i}tha'F-J@?frexfaﬁﬁﬂ‘e otheantidgitation

tenperature polyner, or fromquartz, sapphire, or glass f'or conbi ned
funct i onsmadule $3Q mayi trqr&mlbcorﬁun inforraatien ogan HiestPyREtrueting thedRiertosde on of

radi ati on r S
Shown.  PUPEHLY 1€ RPibaiB Bt Bh Gilzar 1508 3ndRR Hyhr BO05S BlecfioabyGepd
si gnal frmaﬁm@lfu@wmm theeemhbumlmhtmianmercharrber to comuni cate
conditions to the adaptive control system 410 that can adaptively adjust

the fuel - [oueeytlcrheaaalémrvespmkong;stémommlatsmgnmmwaotrnérheryl oridzE ioon to
desired levels. [0073] Thus, virt any |sta|gce fromthe interfage to

t he cb%bu§@m8ﬂn%rﬁa%@rthlab Horesc OB o\REIte I Bahﬁ'%%ffiaée@”\? 'v8¥'®4nd
val ve opefgif{atiof§ agsdtstennwkA ﬁﬂg'aﬂﬁ 606 EShti O Giefizdtiont Uslels AmtHIP! a

forces transmtted to normally cl osed fI ow control valve 674 by insulative
cabl e 660cembugfion chambesgeal ngbaask othafi Mogkleat 55@he°rn19§mp@ﬁ?|"ﬁurﬁu§ba?k pl ug

or diesel flhgles ALECSAMUNRER rﬂgrm B BUheOYERd L8N fnét% WebduIEd ffzk OF
D G i

600 al | ows™an 1 njector 5 rep ace spark plug or diesel I njector to
provi de pfamtatearesef u&ér—alcthnemﬂwdhetadapmgs aontre cygtenv 418 feugk - usglniintedacefsor

hi gh ficiepcy 15 stratified cha conbustlon f a.ver of
fual Sl clRBriresns | 4 fg PRy BT, warrenares el meiidiecbiforifid fhe
cetane, Vififinss bid étibes abstrbedderéinel energy density ratings, and to
provi de adaptabl e ionization levels within a conbustion chanber. Engi nes

tcgflgn\ge: 2[‘?{?“' Obﬁb%(ré Bﬂ"]y&ﬁéatgél &@thé’éléoﬂédﬁvélyeéﬁtwnéb |?ﬁ|@é‘4’ylﬁjle@to@€6wle or
suchggs 2,2 ?njecr:tgp gage:brlrg of E)glngr;DchJﬁtrgllecjl &I, tehrét ac}a%rtllvg rcon{rglesdys?eprr?rﬁto Itc? n by

implement ionization control and modification within a combustion chamber. Figure

20 7 is an end view of the igniter/injector 600 of Figure 6. The injector 600 includes

various components capable of measuring, monitoring, and/or detecting conditions

within or near the injector 600. For example, the injector 600 includes a transparent

dielectric insulator 672, that provides light pipe transmission of radiation frequencies

from the combustion chamber to an optoelectronic sensor 662P, along with a

25  varying strain signal corresponding to combustion chamber pressure conditions to a

stress sensor 662D.

[0070] An embedded controller 662 receives signals from the sensors 662D and
662P for production of analog or digitized fuel-delivery and spark-ignition events as a
further improvement in efficiency, power production, operational smoothness, fail-
30 safe provisions, and longevity of engine components. The controller 662 may record
sensor indications or information to determine the time between each cylinder's

torque development to derive positive and negative engine acceleration as a
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20 the present disclosure on fuels that cost |less and are far nore
beneficial to the environnent. In addition, it is possible to operate an
i nj ector we 2a11pi7he@8 fuel delivery and ignition system oPCRAISA190843kK4 onl y
ignition systemto return the engine to original operation on gasoline
delivered by carburetion or intake manifold fuel injection systens.
Simlarly, it is possible to configure injector 600 for operation with
diesel 25 fuel or alternative spark-ignited fuels according to these

o) S s oF bBgve DR AR BR AR HeBlcionlh BhG] ahd bk BRa fOBRIAE | On°:

[ 0074] Thus; y'con fuel ¥i njéction timn

spar k- i giifermiet adjustehdnts nesddd forrgieizing Sesiad @nginegogereatiore parammgters.
speci fic power_ production, assuri n%/ | ubricative film mai n%enanc

conbust | oRCRAAISH: 10e IcORHBNE & MANAGH3S e MESEs COMRHIEnIY FARIrgI ORINOHE i on
| evel s, aﬁgeétgi]r%rbf derSURR ARFRSnjethR, éé‘%ﬁb@rto emMmMEYcastatithehRiaptibé e 660

fixedly through the flow control valve 674 to or near the conbustion
chanbes f acriraiisystesl 410 end iitsvarious megles. (@f causse. dBeiniestPbA00 way include

2011/071604RCT/ LIS2010/ QoAT64 CIATNEL) ENERLS: HAAR,L DS FERHerlg! Ot S

688, as s Cases, rmone Oor 'nore

notion fl ext ent sych, _as | oons V. - , i ch
pr ef er abl ﬁiﬂgﬁibl S%\p%ﬂ?ﬁlﬁq& té%f%sp%e ea%%%ﬁg%}%ﬁ%uéﬁé%dg&ec?%é r@%gr? ﬁ?r: :
be}c ore st gu:?dllégnéfcfaﬂlé BBOQﬁé)d)h\ﬁ tﬁéﬁloﬁnﬁcéﬂmf aldden y Ihis‘dnéé Icaseéigb?td‘nebk

val ve, an I Xe asses throu the soft pagnet core 654 '

radi at i onV%\léi%'ésénéﬁﬁsbq Faﬁwwg?@ﬁﬁu@?'llg% acfesianRag Cseéﬁ@SF'E gﬁ@?epslé‘lﬁéﬂovm.

[0075)hn GRAR %”%%gﬁﬂ%h?’bé e VSR Sbthdimys ke a&a?aﬁéﬁsomayntaegigatned

into the controller as shown. For “exanpl e, an optoel ectronic sensor
syst em magperatipn oh resthaskyvaivm84ringuding st fesnmagaetie diskomthin adranspamit udi ng

conbusti o e ' . e o] i od Welg! | QU T i
cvents. odiskil KRR Ah 4 MePSBarchiiBhiy &4, SROWAT A(bdrdfr e
conbust i og_e@ﬂnen‘ieererm‘blelﬂm maleGB]@alveSG&htmbe rmagseticaliy foreep eoathar morenadly
correspondj ng, pressure signa rom sensqr 64 or ,sensor 662

sensor 669'&%?.98?@“&6%[*’(% %F?%éom?"\f ﬁ%ﬁq%t"ﬁfy)egé%ﬁﬁ‘%%@%W?&P@FM?
t enpe{ gt URE sRBEN! I WReAlthé SIBREESHHD Yalv@Se 7Rl lifled tosrBvigeedeMidvn thBecheck
15conbusti on chanber pressure, piston position, and with the chen cal

nat ure of valde 68Adelfierced de te ®BaBtHOSHION within the well bore that cages it within the
intersecting slots 688 that allow fuel to flow through a magnetic valve seat 690 past

the check valve 684 and through slots 688 to present a very high surface to volume
penetration of fuel into the air in the combustion chamber. Accordingly, the cable
20 660 monitors the combustion chamber events by receiving and transmitting radiation
frequencies that pass through the check valve 684. Suitable materials for the
transparent portions of the check valve 684 include sapphire, quartz, high
temperature polymers, ceramics, and other materials that are transparent to desired

monitoring frequencies.

25 [0072] In some cases, it may be desirable to produce the greatest torque with the
least fuel consumption. In areas such as congested city streets, where oxides of
nitrogen emissions are objectionable, adaptive fuel injection and ignition timing
provides maximum torque without allowing peak combustion temperatures to reach
2,200°C (4,000°F). A flame temperature detector that utilizes a small diameter fiber

30 optic cable 660 or a larger transparent insulator 672 may be used to detect peak
combustion temperatures. In such cases, the insulator 672 may be manufactured

with heat and abrasion resisting coatings such as sapphire or diamond-coating on
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[0076] Such correlation is readily acconplished by operating an engine with
conbi ned data coll ection of piston position, conbustion chanber pressure by
t he techmebagy/diasl osed in U S. Patents 6,015, 065; 6, 426TA8201085868, 584;
5,343,699; 20 and 5, 394,852; along with co-pending application 60/551, 219
and conbustion chanber radiation data as provided by fiber optic
bundl e/l i ght pipe assenbly/cable 660 to sensor 640 as shown. Correl ation
functions that are produced thus enable the radiation signal delivered by

cable 660,t0 sensor 64 nd _pd.sto ogj ti o.Aindica ustion
chanber pﬁl“ssga'?“gflsWéhﬁgPﬁ’tb&F gﬂagén@( %aﬁ {ger ?\g%oéi& %@’ﬁ%ups@%%ﬁzé?ggrﬁi Ions as
needed t osgshhire] Bebsolbl torabined finctione vgthire tHeuinfedt@mB0Gs undiudisg iz lightzat i on
of fuel economny, power production, voi& nce of oxi dets of nitro% ¢

avoi dancePigf HaRIMissiofe&f JAdiatine praduce ﬂé\fé%ﬁ’m%t'i’ﬂe Cd& £€Pprivi 528 BY

cabl e 660 é}ﬂﬂ;l|§ﬁé@2ra56§+%m_ FORREO S EoRATeFB62 B, @ntiaRies2andy attaitor ve

contr ol o? the engine functions with a very cost ef fective injector. 30
[0077]3 n #emsignabdtome aeBsora 688Pe it @afiNe FOAYIUSEPY ShAPPER 0| FPRBRUNKRIRy st em
can i ncorpor bat b t S I i, Ly I re
pressur o Saiiche 8 he AR Rneh SvaRh 330 BaPloh Hdaholy AR e P

pat ent s ainfection padir sgarkvignizioh tintidg 6O8RGNR/tSRMILHI0B A8 Clésinglevelst | ons

i ncluded by reference herein. In sone cases, the system via one or nore
cont r ol | e[g73]ONIThAs sviith&llyr ayadistanek fame theintdrfave tof the lrenengtioe chember

adaptive | nprovenent of fuel econo nd power production managenent .
Engi ne ac¥ePelosiidh abeverthe ﬁ@%‘%ﬂ%&g YaivRS GFQdY ' rﬂPﬁﬁr}B[fs Ofl%cmﬁc{?ﬂ%s

i ncl ugly NgeRgife AkShalholied Byshial ofthdli Btbestrarishhited @6 ridrinallg cl@ear fidgwot h
timng, piston speed detection, and so on. Engine acceleration_as a

function oéntedveivel 624 byainselsties cahlel 680 mipriduvith spiegralsspask dgrition at the|
species t : . I .4 i Ly (Jya) io r FBtinh i on
epet i t1 ofoPGpEiHDEyseatf podef Hedth fhelThBltor B, TTn R BLon T i ng
facilitatfel Mpgcoed®htlows bh itjectoed frepiade the dpesis prigpardiesel fadl injegtor 4o i n
engi ne performance, . fuel econony. .em ssions.contral nai Lif Ear SO
on. [0078?W°H'dgaom@c§%b H’é\’ﬁg',onéirﬁ'@g(ﬂngp t'VSfSpgﬁEWﬁl&%a@ﬁg'qhgﬁw %@%’w th
adapt{ye idified &ﬁégwbbmbaetimabusxérpmdﬁ vaieteloy feirsslatgiohs eincidingoisss i es,
heati ng val ues, and vapor pressures Is achieved by conbining the renote

val ve opeexrensivesfugisgregaidiens of petaneoretaBe. VsFasdly steinResate Ry JHE) Y at or

substant i agy Nank© '(ﬁ’é'tﬁ'é% [ GO Vs fviin ol lloPnbustion
confi gura?%ljt‘)éfntyvfgrﬂggg’l %{/‘Beﬁoit ?%\gt es Féry#bul be! orne or after dari_bbl e because
there is tharmber. oEngmes! that avece previausly histitedein ¢peratienrie rfuels ity spedific and

e o 88 PR ubSF oo BNOEDGHSairs YR Rhde Bk o
val ve2p  the present disclosure on fuels that cost less and are far more beneficial to the
environment. In addition, it is possible to operate an injector as a pilot fuel delivery
and ignition system or as a spark-only ignition system to return the engine to original
operation on gasoline delivered by carburetion or intake manifold fuel injection
systems. Similarly, it is possible to configure injector 600 for operation with diesel
25 fuel or alternative spark-ignited fuels according to these various fuel metering,

ionization control, and other ignition combinations.

[0074] Thus, the system can adaptively control fuel-injection timing and spark-
ignition timing for such purposes as maximizing fuel economy, specific power
production, assuring lubricative film maintenance on combustion chamber cylinders,
30 minimizing noise, controlling ionization levels, and so on. In some cases, the
injector 600 may extend the cable 660 fixedly through the flow control valve 674 to

or near the combustion chamber face of fuel distribution nozzle to view combustion
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20 674 at the conbustion chanber interface. In sone enbodi nents, the flow
control valve 674 can be urged to the normally closed condition by a

sui t abl e wechami7e@B8 spring or by conpressive force on cabTaser0nss6660 as a
function of force applied by spring or by magnetic spring attraction to

val ve seat 690, including conbinations of such closing actions. 25 [0079]In
sone enbodi nents, pressure-tolerant performance is achieved by providing
free acceleratlon of the armature driver 648 fol |l owed by inpact on the bal
635, which fixed,on cable 660 S f u

suddenl y Fhﬁ"{‘b%f e&ergﬁ{}g@ggbhtgeb%q 6'63%5%?%%§§h€g hsi\ &’Q t?'ﬁg I \%%ériesei?t%e noves
rel ati vel yatble 880ycdrof@mdond @r eh@et fesramiiohi flexpd ex@n&;%u&hdasplasps sbaté oner y

cabl e 660, as shown. After 30 consj derabl e nmonentum en .gai ned he
driver 648MBRtHI&eOPhRYl 3R, Wite PrgTer ?n%b'efo@rfﬁat%%i% tﬂﬁ?&wg H%ﬂ"lt‘ 635

may be at Laghrdelo ﬁqBﬁuegngF}h%éé% &\!a?tmwt& e caBld BSO Qéﬁhu@%uabem i, i n

operatl on, t he sudden cation of a arge or nuch
2011/ 05 1606RET/ Wbz 1ondSucely passes througe the soft smamﬁic@or@oﬁﬁﬁ teedeldigel oped

and nor ma 1A L&%ﬁé’r'rgﬁﬁf*f%W c%“ﬁ%%@%%%eéﬁ" b eNor eI e Lpper

ot rol eaWél 7 RS R dRmeDis T atiohn o4k ) B S @al tPpd "'

conbust i otheCbathAes 648 mhbwﬁngmreéxanﬁ;ﬂ@ amdmaéctrwc isensoPOys® raay
per mmanent magnet within or as seat 690 to urge f|ow caontr valve 674 to

|
t he nor mF@WP@*@é‘éHeWom”ﬂthﬁO”H%JSQﬁ%vﬁha"ﬁ?ﬁfhc%’l?dw |'H953't”9a€?’ﬂ PSUAR. of
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t | |
and af t er Ceff¢'iR Ee eHRRIaY r?(?r”degk’ﬁﬁpﬂteten]pfer HES: ]qug einé%ngpﬁ]b%é%qu%emvo e

| ncor por atehubtidh éﬁé?ﬁlBéF Sre8dGel PlsteiPhbbyion, AMd mtﬁ tﬁ@%hbﬁf@mfauﬁ@ dffRell at or
664 to conductive nozzle 670, the after dribble of fuel that tenporarily

rest ed |nptqdel0t§l<é&0mhﬂ§tlvm ume shown could be as nuch |n vol unme as the
i ntended fuel delivery at the desired tine in the engine cycle. Such flow
of after [0076p! e Svchl cbrlmahtmnfngea@ll‘.-y pasemplishgds by fopexating iapn eagingowtiur i ng

t he exhaust strqk ely,

wast ed, mﬁ?'r‘é'”8§u altﬁg %gtﬁoe oﬁﬁgﬁ%@#ggtlgﬁogés)rﬁé{"%fc?rdo{:eé}ﬁlb(\a/'gBF&IslﬁFnedléy tr\}\e/all
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provi ded by the sudden i npact of driver 648 on | e 660 and thus on flow

control vBf@do @ensorcﬁ%gemh@wgt ushrrelaépr qutwnfartbaﬁ wiet predrugediithius enalkle
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readily de ivere arge passageways to rmal |y cl osed
fl ow cont micavatheeccﬁﬁléust\dml c‘ﬂamlm*tpresmﬂe telnmdrahug@, mchpaﬂt@'n afrdofmbestiom seat
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. .30 Rapi.d I th dd t of
ol ect 2o rbGHNOR Fat (reeshg0 FARKEYS OBIDIER, e cBTE: MEFOVEEH Bigh
dielectri ﬁma&ﬁ\ﬁak@ncﬁﬁ@f heel %é@ﬁéﬁhgy Bawelr pesaiicadh Yaldiddndd emogiass io?Initvedere 674
off the large orifice in seat pen normal |y

WO
2011/ 07 1698mdanagsphheatgsasesand the like. Thereafter the "data provided by cable 660
and sensor 640 to controller 643 can enable rapid and adaptive control of the engine

functions with a very cost effective injector.

30 [0077] In some embodiments, a more comprehensively adaptive injection system
can incorporate both the sensor 640 and cable 660 along with one or more pressure

sensors as is known in the art and/or as is disclosed in the patents and co-pending
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cl osed check valve 684, if present, and jet the fuel slush mxture into the
conbustion chanber. The sane assured delivery if provided without or with
limted avoepiidridobl e for fuels in any phase or m xtur e®CofUSPHasSE64

i ncl udi ng hydrogen and other very |ow viscosity fuels at tenperatures of
400F (204C) or higher as may be intermttently 5provi ded. Adaptive Control
of lonization Levels in a Conbustion Chanber [0082] As descri bed herein, in
sonme enbodi ments, an injector, such as injector 100 or 600, nonitors

conditions within a co tion chanper. comruni cat ni.t d. in tion
to a cont FBN@Q?%FH&V@SY/&%f%@b %rﬁhhﬁ]ns?rﬁ\g %c?%%r Eﬁ)e iﬁsqéﬁstvgamgﬂé%

adj ust s opfyratddfrolase inditdrdahé aethivell atbslsration dMjtrciengineefari adaptive
commands or instructions froma control system can adaptively ad

( , j ust,
i oni zat i ofnPreyementy Afhifuel 2 eeoRAN%t AR BRUEDH AFOd¥Ctionhi r}teolJ EWB?S of
ionizatio L di api \Y; ' i ithin
Lhe conbuapedledtbh bordhafoRidy, B8 RIGRERY by° huiietods fechiaisu ihedingt
vari ouS r owanksleaft perdaonshedt tigirg, 1distoihutonitingipgs gaar teath ddvingg pidiem speed

i njectors uch as the adaptive control.system : t stens
| ocat ed ape%rcﬁgén%[gci %¥r 8th tf‘:lgg'inﬁj 3%%66?@?'&{(?383]@?1%&% Og %@Ergﬁ%"y\?vﬂétlﬂ%r am

l Ihl lrJﬂS)t rat ':rfw:dang" Fuli §|@ecﬁ&9 detctioanust speries fterapensittne] fual odediiost timing,
chanber. |In step 810, the system npnitors one Qr .nore reqions. at or near an
nj ect o, MeRRNRCFPo iR SBP I BileJ9BH Or IEURS PR\ REMOURIPR 3R, 20
or speci f y&bdrhailfe AREPAAG fatiliRS iRbrRRnEntdWithE&NeMtiondNEr kst PeRBve
utilize a nonitoring nodule 510 in collaboration with various conponents of
an i nj@ct firels imengibri pesforaange: fushecosel. amissianscediiteol geugine Hiée,i arclisat or
672, the §ﬁnsors 662, and/or others. [0084] Various regions nay be nonitored
at certain tinme periods, such as regions 25 | ocated near or between

o oA o AR B e 302 el B GRS
bet ween ehagptivedidings e bpidize gamblstioreen widelg tvaogeg fGE5vianokitiEds, hgatiag
before t hSalgcraé,i gr?cll vg];)o;c l[gf?elssf}rsesi |Is E&Siesvee% \l;? lc\é(ran%ir?ng r1hg Srer6n7c>l’[1e Q/ra]f\i//eocr)peesrgt%;r
15 648 and the flow control valve 674 to be positioned at or substantially adjacent to the
combustion chamber interface. This configuration virtually eliminates harmful before
or after dribble because there is little or no clearance volume between flow control
valve 674 and the combustion chamber. Fuel flow impedance, ordinarily caused by
channels that circuitously deliver fuel, is avoided by locating the flow control valve
20 674 at the combustion chamber interface. In some embodiments, the flow control
valve 674 can be urged to the normally closed condition by a suitable mechanical
spring or by compressive force on cable or rod 660 as a function of force applied by
spring or by magnetic spring attraction to valve seat 690, including combinations of

such closing actions.

25 [0079] In some embodiments, pressure-tolerant performance is achieved by
providing free acceleration of the armature driver 648 followed by impact on the ball
635, which is fixed on cable 660 at a location that is configured to suddenly lift or
displace the ball 635. In some cases, the driver 648 moves relatively freely toward
the electromagnetic pole piece and past stationery cable 660, as shown. After
30 considerable momentum has been gained, the driver 648 strikes the ball 635 within
the spring well shown. The ball 635 may be attached to the cable 660 within the

spring 636, as shown. Thus, in operation, the sudden application of a large or much
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WO 2011/ 071608PCT/ US2010/ 054364 [ 0086] Regi ons of fuel that is controlled
and netered by valve 674 to pass through the gap between el ectrodes, such
as a gap wetwseanmi@Bect r odes 685 and 688; [0087] Regi ons ®@CTAiSRo1@0843buel in
the gap between el ectrodes, such as a gap 5 between el ectrodes 685 and 688;
[ 0088] Regi ons of air-fuel-air layers in the gap between el ectrodes, such as
a gap between el ectrodes 685 and 688; and other regions. [0089]1n step 820,
thedsysten1detects or determ nes a certain, satisfactory, and/or suitable
condition at oy in the. nonitore i sin
vari ous cl@ﬁ%%n{é’ﬁ?es bﬁgtgtsr "B h@%&?‘ %geﬁgebrer@ﬁe@s 8? ?A;plirgctcé?tﬁﬁ )ééltgﬁ%ii \t;%\cl)% )
associ at egawdind thie Eetativaiy saaiieninedtia inéinormaty elbsbetflowe nontral \alhecbrédes has

been satisfied. [0090]In step 830, the syst |, | oni zat i | t
Lo el ect r BeRdeni MEFORAAE UPRET 1P SRaLRIEF PRI 5eal 99Che pr edet er mi ned

conditions. For exanple, 15 the systemin response to determni t hat
suf fi ci enf008QEI AayIssitabledseat far ﬁ%\ﬁ 09@%%\@1\/%%@6@%@@ %@g‘gé‘nﬁg‘;"@%@,ﬂ f§f5p| i es

a_vol L 20eaBhilcafiSnd "itf ?851[)88&50?1'] GRHRBAE 31 CORBNSbhaReSV ARt HidutaChingyi ng a

desired ionizatron leve us, 1n sone enbodi nents, the system
enpl oys r ingbipoeat8GOpémanad magnet imitbinosreasoseat®O8 tappyé Hawicontobyalyehi4i ng

vol tage 1o Bea SRS st St A, 25,85 BAAER BacARUAld DBy ASRTDST
control valve 674 by armature 648 enables assured precision flow of fuel regardless
of fuel temperature, viscosity, presence of slush crystals, or the applied pressure
10 that may be necessary to assure desired fuel delivery rates. Permanent magnets
such as SmCo and NdFeB readily provide the desired magnetic forces at operating
temperatures up to 205°C (401°F) and assure that the flow control valve 674 is
urged to the normally closed position on magnetic valve seat 690 to virtually

eliminate clearance volume and after dribble.

15 [0081] For example, if the flow control valve 674 is incorporated with armature
648 for delivery within the bore of an insulator 664 to conductive nozzle 670, the
after dribble of fuel that temporarily rested in the clearance volume shown could be
as much in volume as the intended fuel delivery at the desired time in the engine
cycle. Such flow of after dribble could be during the last stages of expansion or

20 during the exhaust stroke and therefore would be mostly, if not completely, wasted,
while causing flame impingement loss of protective cylinder wall lubrication,
needless piston heating, and increased friction due to differential expansion, and
overheating of exhaust system components. Further, conventional valve operation
systems would be limited to pressure drops of about 7 atmospheres compared to

25 more than 700 atmospheres as provided by the sudden impact of driver 648 on
cable 660 and thus on flow control valve 674. Cryogenic slush fuels with
prohibitively difficult textures and viscosities comparable to applesauce or cottage
cheese are readily delivered through relatively large passageways to normally closed
flow control valve 674, which rests upon the large diameter orifice in seat 690.

30 Rapid acceleration, then sudden impact of large inertia electro-magnet armature 648
transfers a very large lifting force through dielectric cable 660 to suddenly and

assuredly lift flow control valve 674 off the large orifice in seat 690 to open normally
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and/or a region of an air-fuel-air mxture. [0092] Thus, the system can

achi eve sufficient and efficient ionization of these substances, causing a
conpar at iwelzg1mot@sr api d devel opnent of sustai ned conbugCirars2alamican be
provi ded by conventional engine operations. By enploying 25 routine 800,
the systemutilizes conparatively | ess energy for such ionization than
required to conpress the air sufficiently and punp fuel to very high
pressures and to operate gl ow plugs when required to cause conbustion after

a charactef | %ﬁ %ﬁ?\%e‘lf%%? gé{;’,ﬁgﬁle[asgngfai@ﬁ%t\é@gQuélr]s?us?y bl eQHﬁrtﬁE%r?MJSHoﬁ

di esel en§i°R P : i'none or nore of the regions
descri bedchanpémn Tise sambi adsardd delivienoif iptevid@s withsutoortwitt lireiteg aftat drbihle

nmol ecul ar cracki_n% and ionization t? chi eve a.nuch nore rgpi sust ai ned
reaction {QArfHelgin any AFee B BRUEHR BEQ%WPIU%H@ hydrPggn gp tqiilgers\fe({y Wwo
2011/ 071608E < a1 @%%(@AA&%% boRO@ed28iuPCREEhighef BSImaybedhicomitishty at er

if not entirely after T , produci ng conparatively nore work per
fuel val uerO_tVdﬁeidncrease the range and fuel efficiency of the engine, among
ot her benefits. [0094]In addition to adaptively controlling the application

of ioni Zahgﬁgi\)é%émotf‘Porﬁ%é’HUhiL?éb%lsciﬁratébﬂbﬁgﬁﬁ?P@hé%eﬁvem5, the system
may al so 7ol . on Tevel's wthin a conbustion chamber.
That 1S, jduB2le9eCaleibadifeibinoth SBMeEmBEARhiEIa iicidiasath @ ifgetopased

to achiev esire egree of accelerated conpletion of conbustion of fuel
that is deD0ver 660bynomitorercardlitonsueithinnjae combnstiare thamper, somenpuigatee of

an engine. Figure.9 is .a flow diagr Llustrati i 0
adj usti ng"}?n gr&de %Bfrm?tb% %%t&f Ocrg?n&lof%]y%tebCgﬁ%h/g??fg%déﬁéﬁnggﬁq Jtﬁgogﬁtﬁll step
910, e syséMMaABNdWiS operatioh haxee ewiil fdedhacki tTihius, hhéenjeotvbusdtdiving
chanber . e system ma%/ utilize the nonitori pTg rmduée 510 in .
commands or instructions from a control system can adaptively adjust ionization
levels within a combustion chamber to achieve desired levels of ionization, providing
for rapid developments of sustained combustion within the combustion chamber,
among other benefits. Figures 8 and 9 illustrate various routines performed by a
15  control system instructing such injectors, such as the adaptive control system 410 or

other control systems located at or remote from the injectors.

[0083] Figure 8 is a flow diagram illustrating a routine 800 for combusting a fuel
within a combustion chamber. In step 810, the system monitors one or more regions
at or near an injector, such as regions near electrodes or check valves, during given
20 or specified time periods of operation of an injector. The system may utilize a
monitoring module 510 in collaboration with various components of an injector that
monitor conditions, such as the cable 660, the insulator 672, the sensors 662, and/or

others.

[0084] Various regions may be monitored at certain time periods, such as regions
25 located near or between electrodes, near or within check valves, and so on.

Example regions of injector 600 that may be monitored include:

[0085] Regions of air in the gap between electrodes, such as a gap between
electrodes 685 and 688, just before the arrival of fuel as it passes valves such as

674 and/or 684;
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col | aboration with vari ous conponents of an injector that nonitor
conditions, such as the cable 660, the insulator 672, the sensors 662,
and/ or otwere11/Ex@spl es of 15 conditions that nmay be nomctrarsedoiossbade: the
torque produced per BTU or Kcal of fuel value that is injected per each
fuel injection event, the maxi numtenperature of conbustion, the pressure
produced by the conbustion process, and other conditions described herein.

[ 0096] I n step 920 t he systen1conpares the nonitored conditions to

one. or moldaen; FsEnsCBhdbet 8RR s Apigd L HedRCEY M HA et "N
satisfy atHrUIhgh me yhp dsdtwbdn d@a‘tro@eanphm at hee gap Hiedween \eletztosies esarami mum

terrperature hi gher than a threshold value or a pressure |lower than a
t hr eshol d88& ue, and determne that a rule associated with adJ usting the

ioni zation | evel has been satlsfled 25 &B)% In step 93 ste
response {Q987dt eRAgiRNS ohairnansk fye| '@ttBB Q&Y‘%%‘t glegirades, ?Hf?‘e % ers
associ at eﬁ Cftela AeGRIHNIEd54hEEeNt Wi thin a combustion chanber, whi ch

t eg

adj usts ree of ionization within the conbustion chanber. The system

may '”Cre%$e3$§rﬁs éWﬁ‘a Péfr?réty“e‘rrﬁnth%zame %!E%}tr%ésoéuc%aés‘ #ghes

I ncl ude: nra aro Supercharge pressure
Terrperatubetwn‘enaélectmﬁesrﬁ&ﬁgandﬁ%&;camlmihelonegmnber Tenperature of the
conpressed air after heat |osses to the piston, cylinder, and WO

2011/ 0716{(&1%9]’/ U2 Gteyp M3 84e heatem Tdeteotly of detesiminesf ai ogrbainj satisfactpact i on
pressure, ectjo orleﬂlatlon and stratified ioni atlon

| nj ect i onaB PétSPB?lbeI%nQ 1ogr ataP's Bh e Ropliered regieg- s of ﬁxarpg%gé?erﬁxgterq n

SONMe ¢@segsing VAoUsl EGWoﬁéﬁl@r déé@?llb@ﬂ Rérel UgdteRiBIEST that ra r&ﬁabﬁ cbﬁdltléﬁd to
trigger conparatively earlier nPI etion of combustion than
A

convent i 0A830GiHad Withed éqeaawmamou af tuehipcatas: betweehs t\qonglegtgeq\q:s H%?n?ﬁ@ﬂeous

m xture PLEGS % and simlarly a relatively mnor anount of fuel and/or air
may be |on| ze to trigger conparatively earlier conpletion of diesel fuel

conbusti o n C In
sone casegbddbjl gﬁ% gggl ﬁ‘gﬁ%kﬁ%}ﬁdﬂ n'| Z%’f(@loﬁﬁ%%' Vbﬂg‘%é lt(?lélé%?'% HEQ%?EJ&
nol ecul es nehnatheerugﬁnsn tbterovdmdalitd satisfy the predetermined condltlons For example,
15  the system in response to determining that sufficient fuel is located in a gap between
electrodes 685 and 688, applies a voltage across the electrodes, causing a

combustion event and achieving a desired ionization level,

[0091] Thus, in some embodiments, the system employs routine 800 in order to
time one or more applications of ionizing voltage to produce sufficient ionization at or
20 near a combustion chamber interface of a region of fuel, a region of air and fuel,

and/or a region of an air-fuel-air mixture.

[0092] Thus, the system can achieve sufficient and efficient ionization of these
substances, causing a comparatively more rapid development of sustained
combustion than can be provided by conventional engine operations. By employing
25 routine 800, the system utilizes comparatively less energy for such ionization than
required to compress the air sufficiently and pump fuel to very high pressures and to

operate glow plugs when required to cause combustion after a characteristic delay.

[0093] In cases when the system operates with a diesel engine, the ionization as
provided in one or more of the regions described herein is sufficient to provide
30 substantial evaporation, molecular cracking and ionization to achieve a much more

rapid sustained reaction with air in the combustion chamber. The timing of the start
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10chanber to assure the nost effective utilization of surplus air as an

I nsul ator of the accel erated conbustion process. [0099]In addition to the
routi nes wodonat/n@ds descri bed with respect to Figures @Caru$2@0/054364 syst em
may accel erate the conpl etion of conbustion by utilizing certain fuel
species. Table 1 shows the utilization of various fuel species, such as 15
subst ances that nmay be derived by thernochem cal regeneration of a
precursor fuel to inprove the heating value of ionized fuel species that

are controlled the ad ive n 0
precur sor #ﬁ@lze arhdé\%r ﬁ%i’nj%%éﬁi'%ia%'i '?l}ég{ngﬁv@ré&eqﬁ%ggé %g-lll‘-lg HJ\;/Q t age
of reduci a@nbh@tueélgrrgarerwqm p@dfubbvéloeltamdrdaasmtha fangle amleftjeeeffrcmmwoéd to
t he precursor fuel: w Fu at Value +/- Req' d lonization Energy H2125%
of CH4- ( "@s%‘)g'm%fi%%%‘?thﬂ e 1900 of Gasol i ne- H2120% of Di esel fuel
H2122% of Jet Fuel H2130/0 of Urea- H2130 to 200% of - ?HSCH _Tablc? 1
[0094] In addition to adaptively controliing the application of ionization voltage to
5 achieve certain combustion events, the system may also adaptively control
ionization levels within a combustion chamber. That is, the degree of ionization may
be adaptively increased or decreased to achieve a desired degree of accelerated
completion of combustion of fuel that is delivered by one or more fuel injection
events per power cycle of an engine. Figure 9 is a flow diagram illustrating a routine

10 900 for adjusting a degree of ionization within a combustion chamber.

[0095] In step 910, the system monitors one or more conditions within the
combustion chamber. The system may utilize the monitoring module 510 in
collaboration. with various components of an injector that monitor conditions, such as
the cable 660, the insulator 672, the sensors 662, and/or others. Examples of
15 conditions that may be monitored include: the torque produced per BTU or Kcal of
fuel value that is injected per each fuel injection event, the maximum temperature of
combustion, the pressure produced by the combustion process, and other conditions

described herein.

[0096] In step 920, the system compares the monitored conditions to desirable or
20 ideal conditions. The system may detect or determine that one or more monitored
condition satisfies a rule or threshold, or does not satisfy a rule or threshold. For
example, the system may detect a maximum temperature higher than a threshold
value or a pressure lower than a threshold value, and determine that a rule

associated with adjusting the ionization level has been satisfied.

25 [0097] In step 930, the system, in response to determinations made in step 920
adjusts one or more parameters associated with a combustion event within a
combustion chamber, which adjusts the degree of ionization within the combustion
chamber. The system may increase or decrease the parameter. Example
parameters or variables include: Compression ratio, Barometric pressure,

30 Supercharge pressure, Temperature of air entering the combustion chamber,

Temperature of the compressed air after heat losses to the piston, cylinder, and
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- 29- WD 2011/ 071608PCT/ US2010/ 054364 [ 00100] Particul arly val uabl e
benefits result from adaptively ionizing the substances listed in Table 1,
i ncl udi ngwoeduat7i@s i f not elimnation of the subsystenmpChnas2eoieqsidsed for
operation of honpbgeneous charge and di esel engines. Subsystens such as
those listed in Table 2 may be elimnated wth great savings in 5the
operating costs and reductions in em ssions: Exhaust System Conponent

El i m nat ed Engi ne Control System Elimnated Catal ytic Accumul atorDi esel

Knock Det Ur.ea t a

Se_nsorGas ‘ﬂeTVfWBg ansgaéf (ﬁ; ﬁé}ﬁpgbﬁ Jgé% 3%%{“@@3#1 @ﬁaan iy aéll%?{(and

| nj ector R_%Etlfre@ud)rﬂtam béltemurnjiath&'\ duegidnT mjdctdlediscleargaicunse, BodisGlomw Pl ugs
Reci rcul ati on Process Control | nt ake Vacuum Sensor Recircul ati on Pressure

Sensor Par fgoog| at Thiis AR RS THESS, %BFéiélfveﬁeﬁﬂrid?tdrﬁéulrﬁrbf'ﬁ‘eelp@ﬁdibuaﬁ nEgnser Cat
Accumul at or Pressure Sensor Table

ionized to trigger comparatlvely earlier completion of combustion than by
5 conventional spark development in a tiny fraction of the total homogeneous mixture
present, and similarly a relatively minor amount of fuel and/or air may be ionized to
trigger comparatively earlier completion of diesel fuel combustion than can be
accomplished by compression ignition sequences. In some cases, it may be
desirable to ionize all or a majority of the fuel molecules that enter the combustion
10 chamber to assure the most effective utilization of surplus air as an insulator of the

accelerated combustion process.

[0099] In addition to the routines and methods described with respect to Figures
8 and 9, the system may accelerate the completion of combustion by utilizing certain
fuel species. Table 1 shows the utilization of various fuel species, such as
15 substances that may be derived by thermochemical regeneration of a precursor fuel
to improve the heating value of ionized fuel species that are controlled by the
adaptive control system 410. The table shows the precursor fuel, the new fuel
species, the new fuel heat, and the advantage of reducing the energy required to

ionize the new fuel species compared to the precursor fuel:

Precursor fuel New Fuel New Fuel  New Fuel Heat Value +/- Req'd

Species Species lonization
Energy

CH4 CO H2 125% of CH4 - (less)

NH3 - H2 125% of NH3 -

Gasoline CO H2 120% of Gasoline -

Diesel fuel CO H2 120% of Diesel fuel -

Jet fuel CO H2 122% of Jet Fuel -

Urea (as fuel) CO H2 130% of Urea -

(NH2)2CO

CH30H+H20 +nC CO H2 130 to 200% of -

CH30OH
20 Table 1
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Conclusion [00101] It will be apparent that various changes and
nodi fi cati ons can be nade w thout departing fromthe scope of the

di scl osurw0 2paro7es0anpl e, the dielectric 10 strength nmapChasaliasesds or
varied to include alternative materials and processi ng neans. The actuator
and driver may be varied depending on fuel or the use of the injector. The
cap may be used to insure the shape and integrity of the fuel distribution
and the cap may vary in size, design or position to provide different

functions orranc nd_Qrotection, Alternpatively i Nj: : be
vari ed, fm”%@g E%Ef?bﬂ?aéﬁ' tﬂ%u%lgctqe&?gfs t{éu ptfl}oﬁ, a{dﬁéﬁ\gecl{/ué@ﬁ%ﬁévgﬁ?ous
cat al yst sgydigndeedisted pr Tal1€ 1D ayudimky rdaictionl ¢ rfot @iimidtionraftthe subststernal s or
may include alternative configurations than those shom@glng. descri bed and

]

still be WPWhirRAYIFRY sfer r ioPeBAtionhedfdinomaegsaneaus  chargeoatsh digRPle SRS
cont ext Cﬁgﬂév%si{e&é%gg%%.t%%ﬁ%a% TFaB[eozlmLBnedémﬁin@?éd:Mtﬁtg'r@éi s ik he

clains, t rise, conprising,” "a the i ke are to be

const r uedthevapezating Casts e8eCTIWIER03 01 OBESEMNSI N an i ncl usi ve sense as opposed
to an exclusive or exhaustive sense; that is to say, in a sense of

"i ncl udi n§xhéust Systenh CompemhendEliminaters  usngige Control Bysteay Ebningted al nunber
al so include the plural or singular nunber, respectively. Wen the clains
use the weatalytsrAcqumulatber ence to a | i stDigsekkmodrDeteetri t enms, that word
covers all of 5 the followng interpretations of the word: any of the
itens in Unea Disspciation Reactaie itens in thieselkyel Injaetolsy combi nation of the
items in the |list. [00103] The various enbodi nents described above can be
combi ned N&OXP@RE0He furt her enbodi nent s. GasPlingsFyehdniectar(Shat ents, U. S.

pat ent application publications, U S. patent | i cations, foreign patents,
forei gn phiestic BYRUSEHEAHs and non- pat 3“@3 @’8{%55%%%(?5 ons referred to in

this specification d/or listed in the licatio ta Sheet are
i ncorporak@El'r‘l”r@?’téan1\?%l €reference, in theﬁ%pae%lof?%et@?rggspect s of the

di scl osurg _can be dified, if necessary., to | oy fuel injectors and
i gnition g@\‘i'ir%"ﬂ%t' rT[?Wn\‘?ari ous confi gur at?m‘é?ﬁ’g%d concepts of the various

patents, g@%@ﬁ%idnoqéjcﬁgggeﬁﬁgy cations Ilh?%k%r\?é(-u%n é%s&urt her enbodi nents

of the di hese and 0 r changes can be made to the

di scl osur ﬁg'fsig?dr{%t%}{ @éé%;h#é%&%%‘& det ai | e@ar%@@l%fé Pld 0Iﬂres%u teg§ ol . in the

foll ow ng erns used shoul d not "be construe Imt the

di scl osur hE ient s dg ﬁ:ﬁﬁﬂlf s SHESehisat i on and
t he cl ai n&FE@%L{IQ&@ﬁ%b%E&%%nS rl?gg to %%ﬁ) e a fa)gystems ar?d nmet hods t hat
operate in accordance with the clai msTablg@ordingly, the invention 20is not

limted by the disclosure, but instead its scope is to be determ ned
br oadl y b&oﬁ@lﬁsit)ﬂl | om ng cl ai ns.

[00101] It will be apparent that various changes and modifications can be made
without departing from the scope of the disclosure. For example, the dielectric
10 strength may be altered or varied to include alternative materials and processing
means. The actuator and driver may be varied depending on fuel or the use of the
injector. The cap may be used to insure the shape and integrity of the fuel
distribution and the cap may vary in size, design or position to provide different
functions, performance and protection. Alternatively, the injector may be varied, for
15 example, the electrode, the optics, the actuator, various catalysts, the nozzle or the
body may be made from alternative materials or may include alternative
configurations than those shown and described and still be within the spirit of the

disclosure.

[00102] Unless the context clearly requires otherwise, throughout the description

20 and the claims, the words "comprise," "comprising,” and the like are to be construed
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WO 2011/ 071608PCT/ US2010/ 054364 CLAIMS | claim 1. A nethod for
conbusting fuel within a conbustion chanber, the nmethod conpri sing:

5noni t or iwQ 201 wERo8N Wi t hi n a conbusti on chanber; deter RCHIUSQ018/064864 ai n
condition at the nonitored region within the conbustion chanber has been

satisfied; and applying an ionization voltage across el ectrodes
associated with the nonitored region in response to determning the certain
condition has 10been sati sfi ed. 2. The nmethod of claim1, wherein

determning a. certain condition t he k1O ! AR

conbust i off Qﬁ@é?vehszSB@QnOpsoﬁslegh? 85 qxﬁ&g%é{g %Q% ggﬂ}n\% g?ér?qgteaméétri{]@i Snayarmunt

3;] fuel ijﬁth§sté dhEnéodingobetl nbggiht_md to." \{]Vor@s u§img thet bindulafr ozl @lural 1,
erein determning a certain condition at the 15nonjtor ' i t hi

the. conbUSHTBA BRABEHIRALS BRI SREIHPE TS LHBBSLIEDH VTS5 13 EEFDS] n

ratio of fuetnd Qofd fort h MiféfNBe tH 18R F W6 OF M&8iiRdis, that worddeovERe alref hod
of claim1, wherein determning a certain condition at the nonitored region

wi t hi rb t hthedfolitwisgiintarpretatibes ohthe wersh apwof BYe itams icthgdiss allafdhedtemadn a
certai n appun U IN - Al b Xt i \:.L:hin the nonitored region.
205. The W@H'SL ag‘P {d)é?oﬁba%r{e?@ﬁ '%‘é'fse'brﬁnh%\?'%\tg a certain condition at the

: d \ Ch . thed .
et er i i IPTPREI TR HrBub FrofeTRishIS BPaf BRI R R BELphEd ibrilide 0T oS
6. A net hoflrfher edthddwhems. t AR of éhd 18 pateh®y &) Swphteink applicationspudisatidraber

t he nethod conprisin
U.S. prrart)ent app%

10  publications referred to in this specification and/or listed in the Application Data

cations, foreign patents, foreign patent applications and non-patent

Sheet are incorporated herein by reference, in their entirety. Aspects of the
disclosure can be modified, if necessary, to employ fuel injectors and ignition
devices with various configurations, and concepts of the various patents,

applications, and publications to provide yet further embodiments of the disclosure.

15 [00104] These and other changes can be made to the disclosure in light of the
above-detailed description. In general, in the following claims, the terms used
should not be construed to limit the disclosure to the specific embodiments disclosed
in the specification and the claims, but should be construed to include all systems
and methods that operate in accordance with the claims. Accordingly, the invention

20 s not limited by the disclosure, but instead its scope is to be determined broadly by

the following claims.
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25nmonitoring a condition during a conbustion event within a conbustion
chanber; WD 2011/ 071608PCT/ US2010/ 054364 conparing val ues for the

noni t or edwoandit7i@s to satisfactory values for the noni Pora2eionsisss on; and
adj usting one or nore parameters associated with the conbustion event

wi thin the conmbustion chanber. 57.The nethod of claim®6, wherein nonitoring
a condition during a conbustion event within a conbustion chamber includes
moni toring torque produced per BTU of fuel value injected during fuel
injection within the conbustion even LA 8. The net hod of cl ai m 6,
wherein nmonitoring a condition durinsr Mg conmbustion event within a
combustion chanber includes nmonitoring a maxi mum tenperature of the
combustion event. 9. The nethod of claim6, wherein nonitoring a
condi ti onl elgim:ng a conbustion event within a conbustion chanmber includes
nmoni toring pressure produced during the conbustion event. 1510. The net hod
of claim®6, wherein adjusting one or nore paraneters associated with the

conbustion evept WA hhathole feroabmdlisiy Fha@nsthini Accompastian dhambzat itios
| evel within the conbusti on chanber. 11. The nethod of claim®6,

wher ei n ahethad eNPIIRNGr nore parameters associated with the combustion

event th| n tlﬂgw%r){@tg];égq& &hﬁ]igbae&q{ﬂsgét%ﬁ(g%m r20i oni zation level within

the co ustlon of claim6, wherein adjusting
one or nore padetemtiaing @senainaoaditiontat théeanintadstagiom witkintthaicombustion

cgnbngstl on chanber chg(r:'r%bueorl% s%elelrJ]Ssta lsﬁeaaa%r essure within the conbustion
chanber.

applying an ionization voltage across electrodes associated with the
monitored region in response to determining the certain condition has

10 been satisfied.

2. The method of claim 1, wherein determining a certain condition at the
monitored region within the combustion chamber has been satisfied includes

determining a certain amount of fuel is within the monitored region.

3. The method of claim 1, wherein determining a certain condition at the
15 monitored region within the combustion chamber has been satisfied includes

determining a certain ratio of fuel to air is within the monitored region.

4, The method of claim 1, wherein determining a certain condition at the
monitored region within the combustion chamber has been satisfied includes

determining a certain amount of air-fuel-air mixture is within the monitored region.

20 5. The method of claim 1, wherein determining a certain condition at the
monitored region within the combustion chamber has been satisfied includes

determining fuel is within the monitored region at a certain time period.

6. A method for adjusting the ionization level within a combustion

chamber, the method comprising:
25 monitoring a condition during a combustion event within a combustion

chamber;
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13. The method of claim®6, wherein adjusting one or nore paraneters 25
associ ated with the combustion event within the combustion chanber includes
adj usti ngve 20empesoat ure of air within the conbusti on chaebars2010M&364

2011/ 071608PCT/ US2010/ 054364 14. The method of claim®6, wherein

adj usting one or nore paraneters associated with the conbustion event
within the conbustion chanber includes adjusting a start time for injecting
fuel into the conmbustion chanber. 15. The method of claim6,

erein. ad] ust g Sk 0BT B ERIBIEY ERTRAPIALalstldly \HRSORPURS | o1

event within t ¥R ( er1nc es agjusting a essure of
i njection of fuel Iimbritdree conditiostarah chanber. 16. The net hod of

claim®6, wherein adjusting one or nor araneters associ ated wi.th the
conbustion evetlUH hPHet%e%Mﬁ@%hﬁ%@@%ié’wﬁhg@e OMRYSHRY qvent
stratified ionizatighiféid &MbUstion dhahterconbusti on chanber. 1017. The
nmet hod of claim6, wherein adjusting one or nore paraneters associated with

'élhe conbufsti on event within the conbustion chanber includes adjusting a
uration for injecting fuel i .ecqp%g i > er . "

systentfor adjusti nU' pﬁ%ﬁgge%%?é@ogi ate gmi ﬁﬂ)@%@o %s ?ngﬁt'ogvg#ﬁ?gf%e
SyS]'E em Cogﬁmb%ﬂw: elleat nwithinora npmimddibe, chamber nincludesomardtoring tduée i s

configured to nonitaor_conditions within a.co st.ign chanber; a :

det er mi naPfOSHCRDAET @,TQAHE?L@ ya “I”?e'”l?é“?eé{]?jﬁ”ﬂféﬁ Fu??x '%&lﬂnewﬁlg'"ghﬁﬁOWSHOQ 0

determ ne gy or nore nonitored conditions satisfies a rule associated with

adj usting paraneters associated with the conbusti on chanber;

8. The method of claim 6, wherein monitoring a condition during a
10 combustion event within a combustion chamber includes monitoring a maximum

temperature of the combustion event.

9. The method of claim 6, wherein monitoring a condition during a
combustion event within a combustion chamber includes monitoring pressure

produced during the combustion event.

15 10. The method of claim 6, wherein adjusting one or more parameters
associated with the combustion event within the combustion chamber increases an

ionization level within the combustion chamber.

11. The method of claim 6, wherein adjusting one or more parameters
associated with the combustion event within the combustion chamber decreases an

20 ionization level within the combustion chamber.

12. The method of claim 6, wherein adjusting one or more parameters
associated with the combustion event within the combustion chamber includes

adjusting a pressure within the combustion chamber.

13. The method of claim 6, wherein adjusting one or more parameters
25 associated with the combustion event within the combustion chamber includes

adjusting a temperature of air within the combustion chamber.
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20and a control nodule, wherein the control nodule is configured to adjust
one or nore paraneters in response to the determnation that one or nore
noni t or eawoaendit7ie@ss sati sfies the rule. 19CTIs20194S436m Of
claim 18, wherein the nonitoring nodule is a 25 conponent of a fuel
injector within the conmbustion chanber; and wherein the control nodul e
transmts instructions to the fuel injector to cause the fuel injector to
adj ust operation of injecting fuel into the conbustion chanber. WO

2011/ 071608PCT/ US2Q10/ 054364 20., The .system of ,.cl ai m 18, rei

nmoni toring nod ‘Fe iaér_'ea "E%ﬁ‘b%r?in(fla'm 6a S'l?é?mi %?Jg%tfh(gr O\aimgt%r\il\ﬁ]%tr%e&ééﬁgheﬁi on
chanber ; agghciat¥daviei Mhé heortiubtion! evarduighihr thes ebinbubticn rabatribensintiodesie
fuel injector to cause the fuel injector to adjust an ionization voltage

appl i es tadigstinga staghlime der iBiesing Bishtnie the edmMPURon flamBRL- f uel injector.

15. The method of claim 6, wherein adjusting one or more parameters
5 associated with the combustion event within the combustion chamber includes

adjusting a pressure of injection of fuel into the combustion chamber.

16. The method of claim 6, wherein adjusting one or more parameters
associated with the combustion event within the combustion chamber includes

adjusting a stratified ionization pattern within the combustion chamber.

10 17. The method of claim 6, wherein adjusting one or more parameters
associated with the combustion event within the combustion chamber includes

adjusting a duration for injecting fuel into the combustion chamber.

18. A system for adjusting parameters associated with a combustion
event, the system comprising:
15 a monitoring module, wherein the monitoring module is configured to monitor
conditions within a combustion chamber;

a determination module, wherein the determination module is configured to
determine one or more monitored conditions satisfies a rule associated
with adjusting parameters associated with the combustion chamber;

20 and

a control module, wherein the control module is configured to adjust one or

more parameters in response to the determination that one or more

monitored conditions satisfies the rule.

19. The system of claim 18, wherein the monitoring module is a

25 component of a fuel injector within the combustion chamber; and
wherein the control module transmits instructions to the fuel injector to cause
the fuel injector to adjust operation of injecting fuel into the combustion

chamber.
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20. The system of claim 18, wherein the monitoring module is a
component of a fuel injector within the combustion chamber; and

wherein the control module transmits instructions to the fuel injector to cause

the fuel injector to adjust an ionization voltage applies to a fuel ignition

gap between electrodes of the fuel injector.
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