Docket No. 028100. 0112PTUS REGULATI NG A HYDROCARBON COVBUSTI ON PROCESS

USI NG A SET OF DATA | NDI CATI VE OF HYDROCARBON FUEL CONSUMED CORRESPONDI NG
TO A MONIWORED/BNGBNE OPERATI NG CHARACTERI STI C CROSS- REFPERENGH MG 1RELATED
APPLI CATI ONS [ 0001] This Patent Application clainms priority to US

Provi sional Patent Application Serial No. 61/241,783 filed on Septenber 11,
2009. This application is also related to applicati &agetfNo| BHOEAI2PHE sane
date titled "System For |Increasing The Level O Conpletion O D esel Engine
Hydr ocar bon Conbustion”; "System To Dynam cally Vary The Vol unme O Product
Gas Introduced Into A Hydrocarbon Conmbustion Process": "Product Gas

Gener at or FESFUPASINGIAMEYDROGARERNY SOMBYS TIQNERREESE UMNG e SEf @ogen And
Oxygen"; " Syst erP4&bf INIYGAITHE QF Bk ﬁéﬁéﬂ%}f‘é&%@ﬁ%ﬁ% M x Of

Hydr ogen And Ox§YBRESEONDPENSI T 4 MONIHORER ENGINEQPERATING and " Syst em
For Regul ating A Hydrocarbon Cotb¥RAGHERSIdess Using A Substantially
Stoichionetric Mx O dr og 0 » The foregoing applications are
her eby i ncorporated By >t-eftee 1o St LRI LA TTAN hough fully

di scl osed herei F] ELD, OF, THE | NVENTI ON [ 0002] Thi.s, system control s the
operation of a H%’rli)car A BhaRRHCH R SRS YO Bjﬁrgjff%‘%{fémf“:?étef”ével of

gorrpl eti f)’fppﬁcfadérh&ribm.@([imétb,()% famf b{eﬁme{]lGMD.OmhibypﬁhfﬂdeﬁIsiarﬂg reated ]

ynam ca ener at e i xture of. nascent rogen . and ox n ipto the
conbust | GRIRTFpE %?dg%"%sfﬂ@%%@ 5] BB 1}1 %&l—g&ﬁwegﬁveﬂ DACERPEIN hor eby
pronot i ?g)fa)ibéﬁgﬂﬁéﬁf nef}%f&&b@fﬁ C%Bﬂﬁbrﬁ’?{%y@t@ml foabﬁn%ﬁncalgzgdmezéﬁer\aﬂﬁdg@gf nor e )
energy fromt uel _and reduce the | evel of unburn ydrocarbons in the
conbust i &ﬁ%&%@ﬁéﬁmd&@%@%‘ﬁ@gf@ﬁﬂ%ﬁq%@w ﬁéﬂf@f%og’é?ﬂrw G EFEBI em t o

i ncr ease roherdiitedg £FfHsehene gproahiohdtreialorepdst AanOSRglNES stehFopar ti cul ar,

enhancing the efficiency and. fuel ver i]ity of interpal conmbustion

engi nes %ﬁocplﬁlfl%édgﬁg?t??&a f&?&@fgﬁetﬁl% C?ﬁ'gydlé%%léﬁflpé‘y%nﬁi%ﬁ upkEPfhas vexed
engi neer F&tBEE: Ce’; BRUTHALN GoOR cglilden 20 HRdCRRA b GomBubHdRImesdess Whidghl s pur sui t
has been inconsjstent over the years, taking a back seat due to the

i £ 11 cul SFEEPRD i ief Yo %xdé%wflﬁ Oﬁ%&es“sb‘@sf?f%%g HRIAHMY “Euppor t
but not SUEBEBSerpsiikd BPrctdrdi®Stothe fabRlexS&ak Gobyh ANEdisAstEher@Vi r onment al
focus. [0004] The net hods of introducing hydrogen into the internal

conbusti on engi ne have vari e@%g%wenati ng bitum nous fuels to
adm ni stering gaseous 1 Dock : . uUsS

[0002] This system controls the operation of a hydrocarbon consuming process

to improve the level of completion of the hydrocarbon combustion reaction by injecting a
dynamically generated mixture of nascent hydrogen and oxygen into the combustion air to
propagate the formation of hydroxide radicals, thereby promoting a higher degree of oxidative
completion, and extracting more energy from the fuel and reduce the level of unburned

hydrocarbons in the combustion exhaust.

BACKGROUND OF THE INVENTION

[0003] It is a problem to increase the fuel efficiency of internal combustion
engines. In particular, enhancing the efficiency and fuel versatility of internal combustion
engines by introducing hydrogen into the system is a pursuit that has vexed engineers since the
beginning of the 20" Century. Interest in this pursuit has been inconsistent over the years,
taking a back seat due to the difficulties in achieving consistency in successes, yet gaining

support, but not success, during times of fuel scarcity and social environmental focus.

[0004] The methods of introducing hydrogen into the internal combustion

engine have varied widely from hydrogenating bituminous fuels to administering gaseous
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hydrogen into the internal conbustion engine's air supply. Theoretical
conput ati ons have suggested the potential for gains in conmbustion

ef fi ci encyoanmwmame3l evel s, but the practical applicati orChias2@ems1duibi ous,
yielding just the slightest glinpse of these theoretically possible
conbustion efficiency gains. The follow ng description discusses several of
t hese practical applications with a focus on the théory Nerfd80HY 28Bf%es
responsi ble for i conS|sten ies or negative results en In History

[ 0005] Hyg;‘/%a%eﬁl Bt res! CRGHESE sy 4 S‘FRPEW' ﬁﬁ?m‘i’fé{:‘ﬁ% o SH820 by W
Ceci | s tsﬁgasﬁéc&ﬁe pot&halfﬂﬁgﬁf@@rﬁ tatub @ dﬂfﬁaéﬂ&;}fﬁrﬁgﬁfg} 1gals, bﬁlOthElI:)&g&tﬁE ﬁ movi ng
power chi nery everal _incarnations o ower e chi nes

Fol I oved *PRggnds ‘9&%{13 Pty el lé%%}“é}r@fsﬂl%ﬁt%gh%hm%?%f)g PEF FEO PG REA e mar ket
success asmBuski6s bifitic@s; gimkeITh@@@bwal@die@ﬁpa&ﬂcﬁsyussdsmeaeﬂeofaﬂae phaosgi | fuels
(petrol eug% won out as the primar ani cal sour ce,. and h%drogen was
all but f lgbfﬁnwﬂ?ﬁ Hi @ i B a%/%)f%%lf Wéspﬁﬁﬂ?? wﬂf&ﬁfqﬂfl?aqfiﬂ Eforts

| eadi ng upukH WOrld War | saw a CGernan force confronting petrol eum f uel
scarcity issues. Engineers decided that their best option was to utilize
hydrogenﬁ% greate a hybri di zed fuel using the bitum nous fuels of which
they had pirewty and“Hydr ogen Enhanced Combustion (HEC) was born. By the
end of the war, du us res d a sharp
decline in the r{Mb] g sgunwﬁlrsmé%ﬁg%&;%ﬁq?ewr oqﬁner gt%%(f/@a\gessatl on of
resear ch Genl’ sttlmassef T (ﬂlﬁ a@(h@z@l?)]ﬂiﬁbydwm gdse@moéuq@plny)mglpswsr iofnattheer1970' s

Gar age Oy STBAC A LA S A THE S Sdtet T o b tnd | t5
appl i cat |yeufa1m1tcdnach1etmarkﬂtsecrcmlas :{:ﬁﬂﬂﬂiﬁiflllebfbsefﬁgls%mtyE[retdhb em:ﬂ ﬁsslbfuas a neans
for onboard aaseous.vdreden, deneration vas L he process.favared by the HEC
hobbyi st VT AR EY AREAT PWSHE et TR e LSRR G € rIgotl ytic
deconposurttmmrc(mfa wat er. Meanwhile, fossil fuel reformatl on vvas t he conmon
nmechani sm enpl oyed by the scientific comunity as a nore efficient nmeans to
a higher vield figosPaseqsuilidog60, 8NELALAN, Jf1) FrbiBehDelLRgy al so saw
mar ked advances '1n efficiency earning fromthe issues Wt e earlier
Ger man st@fdmersforcgas@m!@%y@m@g@rfumgr% rrhuTh. slt eiredrs éscwdsl@pélreafoest entity,

ei ther dir nj: ystion
engi ne or p?ngxe & u%‘%g%ﬁa%%mo Cnrégbs a?%!rﬂdlg%d% i %%‘ngljﬁqgusgtgérls (ﬁqﬁ@n suppl i es
agai n becaybadprey, aod:élséfpﬁlnéinharhred Enltnémsgsltl (HEIC)HE@bemp@W}@rmédf @cdecl i ne

ocket Nt G5BLDG- 01 1aRroe BLH ERRRR TR s SRR GECh bR War ogen

econony @Memmdtowaﬂgﬂvcmmame%femblrﬁtmsrﬁeld to pronpote products simlar to
those touted for their successes in the 1970's, making extraordinary clains
wWith respect to f)Mﬁ Sal\{‘fe:%géol%dsugmy%ﬁél@mhg @dé’?&h&@@the%é@d&%e%k' of the
cl ai ms, no gover nrrent age pproved such a technolo (gy to date.

Meanwhi | enteruemreﬁﬁﬁlreseasdbd@tla wive é]ﬁglarngéy pregiiefe art e et gndhypdrke@s gl irihe

I nsti tutiong @l ey 1ass aP@Ft{'a WRLKLNGichh F 1r{tgfﬁﬁ\é@rqblﬁfn&9ér%m@nﬂle expanded
budget s tpo achi eve nar ket ab successes wi th hydrogen he majority of this
communi t ys hassark denpsbehrd gaseque Splipgse sernsrrtpyehs beploceseherod bigyre Hddeni ng t he
dif 11 cul oSy N ERRLATA8EEG I niRG HDLERDA A LAIMSLLAMERTE DAL, DE

prohi bi ti ve. ful of research institutions have conducted studies,

with |i mM@dW@lﬁc@@é@el wariopganeyay tdegposeiongnacheaisnt dveplelicd by dabdi¢nasc out wei gh
the pot ent,ial. @2l NS MdLAGEN. ENDANGET LRMBLSLI A0 Moslel .[.0009) The ori gi nal
nodel for HyéllPl en Ifrr\g%ncle Cgmust%ony\%ngs pga ica %gu on reparsl ng

bi t umi nom@hﬁ@@yglspéa“b@anhghﬁlv@qmnﬁﬁ@@ﬁ@al@%@n@ﬁ@plﬂmﬁsewg’vlﬁvé ceafiigrt hi s end,
the fuel was,actHal LY YALRGENat el Al Re Lk ASEa8 NGl A%k dieqyaRd.dhen.

shi pped and stored %aneoi 9%ydr osgetrllqatséde or m&ﬁT he n&a%r conp T y?@att% on in

thi s pr odesshegiandehef ihafraeren comsbwberd ¢ogipe of mtméWﬁleﬁlgletlgms ﬂﬁn}epply The hydrogen
becane so stable in this format that nany of the theoretical attributes

whi ch nade hydrq nloorugslgaabwn&%h&laggnw&a@e Rete L&tz ad ihrelcherey! i nders
of the internal ustion engine. This stability issue nmanifested itself
in the f@mﬁﬂétfceéﬁd@gveswu} @sf@e?fsvewlaﬁ@wé AV seices Baekbifpicsigs of foptldud nt er nal
conbustion engi ne. Hydrogen Repl acenent Model
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[ 0010] Today, the generally accepted nodel for Hydrogen Enhanced Conbusti on
studies is the energetic replacenent of diesel fuel with a hydrogen
conponentwOTBhiig3nwdel is hereby referred to as the "HydProgars2Rephsasenent
Model " (HRM. In the HRM the quantity of hydrogen added to the diesel fuel
is defined in energetic proportion to the diesel fuel consumed. The
accepted premise of this nodel is that the energy déviken RFgHiZRE’s
conbusti on of diesel fuel is fixed within any partjcular system The ai m of
hydr ogen SSRIgHP O A™PtG heaspvty 5 feppeerans r B Mg SU¥Sti on by

repl aci ngodep @ profdtedrodde shiiesdlthdstiglutedifbth@r dodetka®in @fic 1V0MYuskinp! e
hydrogen that carries the sane energstic val ue as the djesel ffﬁl'

Eni ssi on€* T HisCIHBa et dreceioded tetet g dsaireaueeyiret MTVE 4 6" the quantity
of car borkbasess@ieseht Luel hanbploed sutina RERBGIE &, dahoWeMBKhile Sh@@al eact i ons
and quenchipg.also.play % role I n de%ernining.ggﬁle 1 Ssi ons reductions. In
| abor at or)™PEEPT I FHOBBIERY AT S MRS e S hPST SPEEE™ he di esel
engi ne alemstd &xet 4dic@h¥ed HuasBLonpiies saekc@il ssdc@k@gethtombainnanhs. | n mar ket

applicability notes, fossi/l Docket No. 028100, 0112PTUS fuel reformng is
cited as "PHECHISHS W%F%W%%%éusf‘%ﬁ“ GRHEF Rt ﬁ& %%@%Gaémnwar ogen
supply, amdcdide irelpggink GIRd doGhdihReHdCdon®stdh eh@!ﬁl&ft@%@?rdhﬂai@@l emahdradrt o be too
inefficient. Wth respect to a diesel engine, the follow ng points best

char act er$Ss8h REIOHRRE Pave sppsluppdroyenviCb bR PR WipHdy ettt as bei ng
initiat edintédick bewe@RRegs&h@Mli@ni tion of the diesel fuel within the
cylinders of the engine; Energetics are valued and described in terns of

separate ddro en co S iqp d piesel conmbusti on mechani sns; | nconpl ete
bur ni ng 5£Z%§Fg—%§%%%3%%i¥%é#3§%§-diesel (hydrocarbon) fuel is observed and
measured as a r of..stai.chi onetri X n, defjciencies relative to
active sites; aﬁ@wg ar geova ﬂahénsoqgffo @@?(%g%n}éﬁaﬁé%nﬁbué?%l YR gt 0
ef f ect enpogpicpging bivshindustiidirobe girbkémantsl cdndidnlengicentipasi eddotht hese
limtations of the diesel engine applicatio HRI.VI .t echnol ogj.es have
hohi eved 1T ¢ SusATP Ut RS 0t P 0BT & st B GBS aher e
i nt egr at ihgdrogeapad @ismt e hejancapdicaibh iigcthlsipmcts waf the hthegysEbificy dfnhd hese
application Lgni.tion is initiated by the spark plu and t he conbustion
oF Py ar ogon s Lt ARt grRably 3 S b FrRRahtyr Bt ef Bet Bt cam thi <
process iagrimesaviiibnal dyBogre eritihely caipipessd @ rdajpri id hacdihddhe ki esel fue

|s the reacthon iaiLiator. b yplumes, of.lydragen.r eaulrad e achi eve

ener get i & SUBSPTPUEY DR Fedt's SR St TSR ar e PSOER L 5 _nchi ng, t hat

i nhi bit aespoie esddhubnid MiclE@ingbf &l int@hhesmbhadbodnginddrt hy O Note [ 0012] The
standard di esel engine has specifically engineered air flow volunmes which
are desigQ%g)%QR%Bk%gl4§k%Ppichionetric concentrations of oxygen specific
to the c fuel. If this conmbustion were to propagate to
conpl etion, the gxbruSttfh.oMt0e . i 658l ENGENE, WRYL H.PELGONRr | sed sol el y of
car bon dioxide,[matgr, éﬁ&gefgégglgtnﬂggﬁeréi %%§>5€%se%ce of carbon

monoxi de,Compdrtpoarkons theandzguatrlarecm otdrstigdenbe hpdropnhvemppaot. oFlgs whi ch

i nhi bi t tn%%eﬁﬁﬂé%b?trgfe&éa@% L ON, Rbech R ALERE! ME 1! (Hmi\ﬁ%%ﬁ’%iwﬁﬁ% zation, a
form of quenching, occurs en Active 8ites in adjacent carbon nol ecul es of
t he di esa@jarftigedt hydagin adilddho dralicasl dtchie defingd frommigetid roopetioncartyohesdtial n.  Thi s

N e
of diesel fuel is fixed within any particular system. The aim of hydrogen addition in the HRM is
to decrease diesel fuel consumption by replacing a portion of the diesel fuel with a volume of
combustible hydrogen that carries the same energetic value as the diesel fuel. Emissions in this
model are expected to be reduced relative to the quantity of carbon-based diesel fuel omitted. In
practice, however, side reactions and quenching also play a role in determining the emissions
reductions. In laboratory testing, gaseous hydrogen has been administered to the diesel engine

almost exclusively from compressed gas storage containers. In market applicability notes, fossil
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di esel engine. Polynerization occurs when no oxygen is proximate to the
active sites on the diesel fuel carbon nolecules to continue the oxidation
bef ore povormeri@ats3on can occur. [0014] Anot her maj or foreTafS2quensibs ng is
oxygen depletion. Every oxygen atomthat cones out of the conbustion
chanber attached to anything other than a carbon atomis an oxygen atom
that did not fulfill its purpose in the conmbustion Pedgethoddl0GkREWSse, any
carbon atom that | eaves the combusti on chanmber pbonded to anythi ng ot her
Chan T (A YUa RO Pt DTG DOt ER Pt BBy TR S ng
conbust i @Ad freaEtdORS prdilutdif o€ W dri@e issde@fmihbErote @S EhefafigicNWichSeipbecas t he
formation of NOx, strip the primary reaction of oxygen and rob the system
of power.ad@%ﬁnﬁlﬁeﬁ‘ﬁéﬁﬁﬁgﬁ%ﬁts&“ﬁ rogen e 8N oposed by the HRM renoves
reacti ve oxygen fromthe system Oxides of nitrogen (NOx) are hazardous
by-products of @onbushi BRIrsRAEShIRGON i cliabic@Fidlas BaDUSLEOMa eRYI Nes wher e
at nospheric air is used to supply ygen. [ 0015] Appr.o ima% ly 78% of

at nospheric air is nF?IPHﬁséﬁ?l%’ﬁloﬁﬁgﬁw el Bk ?@ﬁgh&é%w RESST NOX
formation, there is no shortage of a supply of nitrogen atons. The ngjor
factors contri bt i ngEogretiest GHmtensd Acseibeiok e A tires liestrenper at ure and

residence tinme. StudigshlsAvPlnvidnge therddM and.Agsel Cycle engi nes have
observed increases in NOx enissions. This is due to conpetitive reaction

mechani sms. Ml t,i - f U@Acogqgmrbqg@& &@gth%_@%géﬂ NNIRPGRAPAM o LARG FANS

general ly support increased residence ti of active oxygen as a result of
conpeting side react Powycdnt Peversishtesujtpt vpididpetieopeadisetisncieThi s al so
means a greater threshgldwereithggtenperature is suited for this

mechani sm Key Conclusion Points [0016]1t is clear that there are two

di vergent school;s of i it hi ~ nmbusti on ( HEC)
community, both of mﬁ%?%ﬁ%slﬁge\%o\é%%%%gwﬁuﬁag%gg%flﬁ?%?egt?%gg%)conbusti on
systens. The Hydr ogembReptiaceqenmetbdel (HRM) has shown significant
potential in Oto Cycle systems because the ignition source is independent
of the fuel sourlf@l] Hoveyertastthdreee lapiatpmmy thealidsd lohg@e aphlicetorhBké! made t he
HRM St ruGghollib i e Pl Gael Y Rl 6 oRRRLICAID QNS IDALEIRL Gnat here s
presently noo?\g/\‘;iiab e ‘process ?(ﬁgl en.har?c?%gst!ﬁe ef Fi ci Eﬁ%y Oang ?ruel

versat i | intggrefongxpindsiét lepmepsravad livovdi st syorm ehghere appyicitens edison fg  hydr ogen
925\t 0 B enel80aL0Gy o DARkEk Moy 38100 BLLAPTLR, SUNMRY (O THE

| NVENTI ON [001?]]T & p edent Regul ating A rocar bon nousti on Process

Usi ng A Sa¢selfycBarseent, fdli rratesyiemOfe dapidroeiane iorrofpedtssi@ons twreef tCodigselspondi ng
To A Monig ored. EngineiQRer 8t 29 L8F AGHEL SLiik.aRs 8898 (L EE Bl i Gogbust i on
Managenent §ystem' IEeruce%e)n) nodel s ea@ﬁ %ydrgclar bon COH%USg[{IlOH %uf)p Hgati on
and supplcices campertdaletrdiga such eompnitsigndraainkdyinasriceesshilxttogreticof nascent
hydrogen (H) and oxygen (0), to the internal conbustion engine to propagate

t he for matd, 05,0k Ryguxhdek adi cals (OH) and thereby to inprove the |evel
of conpl etion of the hydrocarbon conbustion reaction. Atom c hydrogen (or

nascent hydr ogenpoizp thﬁe%ﬁﬁ&‘a&@&es@ﬁéﬂ%&@QasQ}!ecfﬁcﬁ]@zteﬁghéé)ed 2£BENBsERd Wi th
di - hydrogen, the usual "hydrogen" (F12) comonly involved in chem cal
react i onSVNBSIGHSIRSHAD BRHZE FALURPTINPAFGEaIPIE P OaemEecHicde thsch mor e
reactive 3Rfustibiysdiesd fIUCH dOESnREERGE:YS Pr§AMed RAAGRALY, HRaRLALI nary
diatomc H, atons. The Conbusti on Managenent System provi des product gas
vol unret r ifeont g diciebengive WoRdre sabPead shdy elgrden firtide avecsand ecre engi ne styl e,
primary tLokgpge:. ePieRdssnce BNGHMA QAR ARIHUBonE ARG WP Lk QRodsRlRATRET ON t O
devel op an oggr ati n%,sys.t em specific application that produces consi stent
measur abloghef Bsgrstvghichaplybie i sprerlet eothrbrieesofdhedigrsiddclver sus trial and error
data obtai ned fromrunning the engine on a dynononeter through various | oad
and engi ne speedqo@gndi tHoBR:i-ABh GHoSRYRBeddhNE, ROs FRAEY EWitkan hdygdid ng t hat
each Conbusti on Mana errentwgyztem ﬁgpl ication |s adequate for i(t}r%ﬁi' nt ended
8‘]‘53 (1f; c

use. [ O0LEPTHECEHHE S theghfs GaTHE OBy BYPER E OB CHEAk Y istive
pot ent i althdweddhrdidoh ZkiGhsiBle GHNBNEBedliott A kEot@hd M Blochysl ©e@Rs(iff) and oxygen
(0) to propagate the formati on of hydroxide radicals ( . Sever al

fundanmental differences between this and the Hydrogen Repl acenent Mbodel
(HRM), described above, are: These hydroxide radicals (OH) are orders of
magni tude nore active oxidizing agents than 02; The thernodynam ¢ node
can be described in terns of order of 4«onpletion of the hydrocarbon fuel
conbust i ompozoNascent Hydrogen (H) is added in perfect stoichionetric

bal ance with additional oxygen (0) to maintain the integrity of the

i nternal conmbustion engine's Air Fuel Ratio design as neasured by the
exhaust gas concentration of oxygen; and



Much smal | er volumes of hydrogen are required since the energetic gains are
a function of additional carbon bonds broken in the hydrocarbon fuel. 6
Docket NowoQ281B0768112PTUS [ 0019] The Conbusti on ManagemeoT/USy&HOns18SeS

el ectrochem stry to produce a product gas, which is a conbination of

nascent hydrogen (H) and oxygen (0). This product gas forns a dynam c

equi libriumwi th the diatomc and free radi cal constbothaelt B8 @I2HIYg a gas
with exceptionall& gigh oxidativgggotential. The héq%idized gas m xture is
uni que t 8" FHE LY BENBHY LA POEELSORG BRINBYCHR Teafte it &8 Hisi ng

conpr essekkshydr ogen gasuedb2bn@iue fiessididdnuelort pflghdmidoanapseauct s.

[ 0020] Unl i ke the HRM which introduces a conpetitive reaction into the

i nternal conbustj engi n thi s.approach .directly addresses the primary
reaction drivinéhﬁﬁk hi%%bgér 8ﬁﬁ%%ﬁ%ﬁ§??%%pﬁ8@ﬁgﬁ%?%$Ibmé?ﬁ“%%ﬁﬁletion.
Thi s appreacthacioeat @s of tHewohbhstdon fiambasendhad tdweythegetlicy ehab e pdisscyorh owar d
conpl etion, droxi de radicals, | are |ighter.than.the.standard diatomc
oxygen (G2 D eﬁﬁtogjd%’latnd?(g?oet?ue@} 1%\/%11% IEhe gltt‘%(%sm Br°"gred né(raLﬂ?ﬁstf: 8 vity and an
i ncr easedanpot eninicadt ldras dexiothhbdtve cloaibet udate ahphiay pershadepalxygrer i zat i on
Al so, thethiqhgé oxkdqgfve gogeqt'al of the¢h¥droxhde.r%giqghs égﬁp al | ow
for car bOR EHRT N EP SR RERER [FoneTPEHte SORREEST e idr e FSalTT 8 ¢t es on
t he hydr aladl bynenilcke ethe foramtbngit @& ftrip eaGlinafy reic8dr dfhtdeannd {oB0Z1] Fuel

savings are achieved.as a result o xtractin e.staored energy from each
Pyl 0ar BB RS o Ry By B b AL kS bOh TR B hJAE B hond | 't he
cyl i nder geaofivetdRgeh fiberthalyseamusis amieRgh NEOK)eps lesetds bghardeds eher gy t hat
could be translated. into ne hanécal wor K. g%%%roantn%%a higher pegree of
oxi dat i v CBRBPRITGR™ PRLER BRI BR M AR HR AMOS) St RrEHAet 8P ore ener gy
from t he ckydn.ocarbon fuel. Simlarly, em ssions of particulate matter,

hydr ocar bons, and carbon nonoxi de fromthe internal conbustion engine are a
direct result of i s hydrocarhon,.combusti on not .propagating to conpletion.
Ther ef or e, furtﬁg@?Lg fﬁ%ﬂgﬁnt%%??ggp%?8s%ggnﬁéémgoﬁgfgévwﬁﬁﬁ measur abl e

i mpact orobdddrs figeightcions MxpdinpRom ddreams sioors: af e dugtyi @mitrdg@02@hAsIhrot ed
above, POl YIBLLZLLAMiS, @ R OBhEM, LPNPRTRUSLEVE, [aRCHLONS, AndaLhe primary
causes ofm%olynerlzaflo W thin an engine cylinder are fue 3roﬁiet si ze,

t ur bul enciee. aiudiec onPosg the GIRM Al Beed Eydd agipesdnde sleactd iomreayschaitism The
Conbusti on. Managenen st em.addresses each of, these, dynam cs .to, ensure
successt AR e b B F PR SRS e D S A TS AT 8k %ort ot
onl y admhpimstess) tdaioactanwaltyedpgasindrttsedlesdenrstirdesti agmexfgon hnclreadse

tur bul ence, And, eNsur.&, NOMDAENEONS M XIng. , el il el oLs.are, apdified or
repl aced ?opop imze 8r061e Sl ze anéilnﬁéc I'on |n1ng.nfﬁ§rac{ivated
react i on theedbiiniiem therepabes inpiited fmHecutdsiiof. smal |l er size and greater
separation. Al of these factors conbine to facilitate a near total

reductioq&gkbga&ﬁhgyhgge matter em ssions. 7 Docket No. 028100.0112PTUS
ustion

[ 0023] The nagenent Systemis geared toward increasing the

reactivity of thgoydr acRIRAM I URe 4l S8 diverddMe I MGIERDI LG LBG;HaDer  of
active carbon sites in the fuel, which is present in the cylinders of the

i nt er nal TegmsersEiloncaddginthestionHEES) enirstriic diotpefothadishiy proofiscax jifersnt eact i ng
in the d?&E&qu%%ﬁbﬁé}séeﬁs.df@éﬁ}dr&gt% thlAc@I}ﬁErQ‘MQ}el_ (ﬁl}é&@,haé hewaddhkian of

nascent hydrogen (H) 1'n stolchionetric bal ance w xygen (O) nullifies

t he conpevicnidhm Bee (edasytthres epdrode ign{tdh sanek iemdirondeO)f thotuclpritdat i on.

A S0, tNeI&Lealhan Qfn DY SRR NG, GAL RO &1 RS IERNEER T AR IRRCE & e Of
active oxygen and decreases the statistica pr oba ity that nitrogen and
oxygen wiapplicessing.i "Heeradenei thege tsipecsoply inauible erpoes atrgnimotihg dslhdicdncyRedietel on rat e
reductio ~ ~ Ltk he ti ; ~ g: is

ner get | oo Ty r e e e a b T e L LSkt S 2 rore
uni ver salchgin@ppl i cabl e nodel because it is based on a principle of directly
affecting the primary reaction rather than introducing a conpeting reaction
mechani sm The Conbusti on Managenment System nodel requires a | ower vol une
of gas injection to achieve results. This system sinultaneously affects
fuel consunption and em ssions reductions via the sane nechanism This
process works for all oxidative processes with respect to hydrocarbon

nol ecul es.

5
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0025] Figure 1A illustrates, in tabul ar
form the operation of the Conbustion Managenent System and Figure 1B

i Il ustratwe 2a1188mie@y Di agram of the conbustion process eocmtusedodsIBy t he
Conmbusti on Managenent Systeny [0026] Figure 2 illustrates, in block diagram
form the typical elenents of one enbodi nent of the Conbusti on Managenent
System [0027]Figure 3 illustrates a typical confi gdegtiNerP2df0-4RET et al

pl ates contained in the Re r Id 1[1 ti on Managenment System
[0028] Figure 4 illustrat es i current spread on typical

pl ate geonetries,. i pn the Reacto f the ustian stem
P0026] B qure 5 1110t ¢ aEd Gy pprtsiie SIL EEHTBD G Psron LT LD RE Ut | on
Managemnernbf Iﬁyzslrﬁﬁhtivalqﬁ Hyd@:30b&i But €ouinkd U6t dspbieing TamA Moﬁﬁ(kredﬂEaQﬂicam form
t he Conb tlon &/@ enent stem gag nstall d with a %’phcal r nal

yste

conbusti 0 N ggment Gidin) modsRT AT | £
DESCRI PTletaN Iﬁﬁoﬂrﬁ)d dNVEhEHO%phkiﬂoﬁraﬂ@éupmblp&idiu&@adiﬁgh;ﬁS&g a[d0031d A di esel
engi ne i s _.an | terna%ﬁﬁ Zétlgn enghgf at uses the. heat generated by the
conpr essi"SH B HETATHBIEAER CIETTET Kk Re"CORBUS 1 SH KRBT “t o initiate

i gni tion prdpaglie @um&atﬁdme)fdy&seae ddiedls, C)M’)Iaﬁcﬂltheﬁzby ) ieptcee tiedvel drthe combusti on
chanber during t e .of  conpressjon, s |s in contrast . to a
gasol i ne Cgeal.eﬁ%l %Pﬁ @Hf%@f@%ﬂ FPUHPSAETUY &@iﬂﬁ PER (PSP PSP ur e,

| ocat ed it gpeees@aMwﬁylm@t&h@ﬁbﬁ&a@ﬁdmeaﬁmmsgeedthbysual ‘Pid&ben; (HLS i gnited by

(the conversion

a spark pI u% The g}ﬁ e@& s a thermal effi Chency

of fuel IRTEWS IHR’)) m&? A eéngtrﬂ%“amn?é%élﬁscgﬁéy 8°HaY HOThEF nal

effici en@yucﬁﬂno@@@h«tﬁnvéﬁ% thus, a much more effective reducing agent than ordinary diatomic H,
atoms. The Combustion Management System provides product gas volumetric requirement
information and takes into account the engine style, primary torque requests, and hydrocarbon
fuel consumption information to develop an operating system specific application that produces
consistent measurable results. Stoichiometric models are used versus trial and error data
obtained from running the engine on a dynomometer through various load and engine speed

conditions, which saves time and money while insuring that each Combustion Management

System application is adequate for its intended use.

[0018] The Combustion Management System effects increased combustive
potential by utilizing a dynamic mixture of nascent hydrogen (H) and oxygen (O) to propagate
the formation of hydroxide radicals (OH). Several fundamental differences between this and the

Hydrogen Replacement Model (HRM), described above, are:

. These hydroxide radicals (OH) are orders of magnitude more active oxidizing

agents than O,;

. The thermodynamic model can be described in terms of order of completion of

the hydrocarbon fuel combustion;

. Nascent Hydrogen (H) is added in perfect stoichiometric balance with additional
oxygen (O) to maintain the integrity of the internal combustion engine’s Air Fuel

Ratio design as measured by the exhaust gas concentration of oxygen; and

. Much smaller volumes of hydrogen are required since the energetic gains are a

function of additional carbon bonds broken in the hydrocarbon fuel.
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[0032] In the diesel engine, only air is initially introduced into the
conbustion chanber. The air then is conpressed with a conpression ratio
typi cal | ywbevwwsnre35: 1 and 22: 1, resulting into a 40-baPCrAISR01MPEg13580 psi)
pressure conpared to 8 to 14 bars (0.80 to 1.4 MPa) (about 200 psi) in the
gasol ine engine. This high conpression of the diesel engine heats the air
to approxi mately 550C (1,022 F). At about this nonmemoskefNed281P&112R]Ect ed
directly into t onpressed air in the cqonbusti on chanber. This nay be
into a void (tygﬁ%@l ly ﬁ‘BF&F@&TUOPﬁP%F%EBT e H%?SF]BFO(SQ‘PHPW BPEXst for a

pr e- chanpesdueepe ReicA @ Apanidie desicgn pdrofdheHiRISRYoeang). Mhis pkbéuct gel
injector ensures that the fuel is broken_ do into small droplets and that
the fuel P& NHIHEG Y S yhe HHgnha ff%?ff%ﬁk%%ﬁﬂé%@% & 5 Vipor i zes
fuel fromdcpeorsuyfigtaidativd igendilopheky®idiliesay apeut istuRGe ioshd gni ted by the
heat fromthe conpressed air in the conbustion ch er, the droplets

cont i nue e&tf?faﬁalf%@cwa PRI S ‘faéFééléln%ﬁ‘aanEPF?ﬂa}{;a@g‘ﬁ %8%%11 Pa, "unti
al | of thefaa@haiish f:bgucdr opl ets has been burned. The start of vaporization
causes a delay period during ignition, i.e., the characteristic diesel
knocki ng sound e or . r es.lgnition tenperature, and. causes an
abr upt increaseﬁﬁ%%greﬁgﬁg%ﬁﬁ ove ¥ %g%§%?8ﬁéc CRGTIRY PANEE on of
conbust i aftergasesbisiencineyvdis apfreacpidst@n adtbwmaaiechringuppdcibmdrivpewee t o t he

engi ne crankshaft. [0033 wel | as . the high, level OE conpressi.on which

o Pone COMBUSTErb T RRE RS WhThoter d Bephf AreoRhEPror sy e em o hi gh
conpr essiiifeagaah ki@ repceattbnydendyeseas esnpliiene Ngidedsradicdli €Veneylichtendeasi ng t he
conpression ratig.in.a spark-ignition. engin ere_fuel and ai.r are m xed
before entt¥ ?fdt%f%éongﬁ/?’fygﬁe(r%) 2 bglngiagﬁ]%&r%ywﬁﬁ}ghﬁgég)rtgﬁeaﬁﬁ? %&%‘?W@% i ng

pr e-i gni tihcdased Poteaenl edtloyidadve cogincorprassatde polamdizesel Adwpgihaeighand fuel is

not introduced into.t | i nder untjl shortly before top dead centre

(TD0) | prahid ettt ohle Pk re Sttty SRR s ReRp ek Shsr R ot e mich
hi gher . Aeu@pahdrg rdabrere sita@bh tiafhyildopebdn dleduleh peldrésng reddardstitidoni st on
reaches TDC) results in higher in-cylinder pressure and tenperature, and

hi gher efficien ut ;also.results in elevated 9 Docket No.

028100. 0112PTUS(ié?1Zéfne RSB ey aCA SR T Gt o, sigid encrg

eni ssi ongroguech bydnicgitben nodrie sitvegreattenperbat urdestbodéydygandonhia tbe art  of
I'n) ectl O GAUS Bk TP | gntqbeusg(g) ng)usnté 1O 9e’sen[tsesg(yrg§ f(:jneI U%Jiat ceguﬁd i ElGYeq 8 od an

i ncrease Tn exhaust’ snoke, contarni ng a consrderapl e anount 0 partlcul ate
mat t er amcchmbulrnel Byggoooardydngher @B84] dxndaaddidn pdmipn,dheSehlsisdevel op

maxi mum hor sepo and_efficienc ver .a, W de .ra f. . speeds. D esel

engi nes. CoBraa Pl P M B e S B S S TR S eSS xhaust
gases fr pmittilise diaesehydengboe, 4nd caibby eoaotiderfinm éhetidiarhal sonpplsiies erdaing htey
conpressed, ai r _t i d renove cavenge) exhaust ses.fromthe

ey T haer 4 bt SR ke SRR R S ABEr L ik el ps 1o

cool t he feyteringlér sorandtcytrdqeidns héiaadsand hi@surabiriease dn bonphd ssisonption t he
cyIindera£§§ukggmk§hq&%her efficiency in burning the fuel, and hence, nore
hor sepower . %\%urbocﬁarger can increase the power output of a diesel engine
by 30%to 50% depending on various factors. System Application

[ 0035] Fi gure 6 i[PO23kt r atsemiediahotyl pamadizaign am frolem inGonthusive onctvanagenent
System 200 L J AN AR.eX1 sting, | r til i ne 602, as
an exanp%edg?pt ﬁ%}yﬁ%esgso ptg Heg%% u‘;tht}? on %ﬁéggﬁ%%t% E%ygtdeo%%gggm th a

hydr ocar bohucsrbirspmpssitpnocelssie shani agrarahechompusthicdrendngione 602 i s

equi pped MA&%&L@S"Q@&%&%@&%& ”&f%he%&gy%%é&é %%HQJre an.Exhans %0n§i¥t§1§tem 604, an
at nospheric air int ake super char ger ,‘and an el ectrica power generat or
610. The rGonwst Torpriviurage messtioSyst emellp @dmisispowes @dvid st botlsp sal  ener gy
generate e el i §..poyer. . gener at or ~And:pK es aduct gas PG
o oh 1 ot R SR L A e PO o QETRL L Lo RAR AR BIUGEEL ErBEBINE. 206
and i nj ectrédded toptitntre diapteesimaind cgarbastnog Emgiciertd@@ciion medhkesidomown f ashi on.
Conmbusti gn ) 36] Fi gur.e i lustr vl I i agr am
Form t haot Al B ARk S O R A L el dop A b Rl RS 8

Syst em 20@ilitse sedar ofal fdduitidn peserabiamat20dmisgonsr ovi ded to store a plurality
of fluids, each in a designated one of reservoirs 201A-201C. A first
reservoir 201A stores a quantity of water, which is used to dissociate
nmonat om ¢ Hydrogen (H) and nonatom c Oxygen (0); a second reservoir 201B is
used to stsmesan el ectrolyte, which is used in Reactor Cell 204 as

descri bed below, and a third reservoir 201Cis used to store a catalyst,
which is used to enhance the reactions in Reactor Cell 204 as descri bed

bel ow. Each of the reservoirs 201A-201C includes a corresponding fluid

| evel sensor Sl1-S4, as described below, to provide indications of the fluid

o N NN A R NN A N I NN NA NN N A A LSNINT1 1~



Control l er [0037] The Controller 220 includes hardware and software
specifically designed to nanage the Conbusti on Managenent System 200

functi onawDt2g11z03t763af ety protocol. Controller 220 incl utes/us2000ea350r 221
whi ch nonitors and controls the major |ogic conponents, including the
capacity to manage the nultiple iterations of the Reactor Cell Power Sw tch
210. Controller 220 al so manages fluid transport, u$erketiNet@pPHEEPTat a

| oggi ng, and real time renpte access functjons, [0038] The devel opment of a
wor kabl e t her m)gt}(h"éln c %%fn%lu%ﬂoflﬁ%nﬁe%‘ﬂt SIEP S EhE™ ‘é‘i“&b‘%ﬁ’? of a

vi abl e prrediet of bheydextboartud itea BeoRSELGrBE hdhber 5f Adhdad Sloakies ght he
mechani cgl 3%15 eminto which the @%oduct is integrated and identifying the
key vari api- l%ésrli’fFSﬁ%HPt CEYHE SLDE S Y LOPRE I hTBEF LT SHISIRURPPAER very,

3 ensory Q)(Dﬂiﬁgéﬂ rch@0PB, thé &Bgﬂred%hﬁiﬂ@(%rhrﬁiﬁc?l@thﬁ?novaﬂ t&sbolg&l@ |a@iitidnr(ﬁlih§d§aﬂt \Mit ate
ynam cs, an n RPMs are just a few of the variabl es to consider en

pr epar i ng¥ f8gqﬂm§ﬁ&ffél}0ﬁﬁﬁéc§% pieyith FERcetbUEico i SRRRGERR AT &P <hem 200 i s
opti (T Zehyd@genl (Hziv_ada_%bohi(@)gofiyic}éti&y%l@), gﬁgkdﬁ@% oflu@Rgac@pesadionngest i Mes in
steady stafe conditlons an( Imte eedpac oop nagenment systens

provi de fHFCH "SIHRPICETGHEESHT 88t #Gif%esﬂﬁﬁ?ﬁs%cabﬁfngb%&ﬂ”tﬁ@f&‘f’f‘ﬁg?“ tnaged
systens sen kill dohige hirglete JREMuanem bR tEHhYHIC RedBos yisd e odsARS9] Fi gur e
1A illustrates, in tabular for the operation of the Conbusti on Managenent
Syst em 208" PHEMCHRBRE IS T éﬁ‘éfﬁ]tat‘%y%féifﬁe?@gy S use of a hydrocarbon
conbustion process nodel, stored in nenory 222, which determ nes the vol une
of a product gaq002d r e(theCGethbhgion daviadethiarr SPfterh ywdrrocanhioasdluglpli&bishi ch i s

required to inprove. the,l evel of coppletion of the hydrocarbon, fuel
Conbust | it BRRELE S ob Bun Fue R MR R < e R 8D o "React o
Cel | s 204nttddatingre@thpetndoeactict inv@ahifim O BkeCorhitnsperoMidgenaine sidequasdl amount  of

the product. gas PG as determ ned fromthi art. There is sh a colum
| abel | od "FRTGTETS "SBPECRG™ Wi ah S BHe SR (HE ST pra ReePrBa i ch can be
associ at gkl whistimprionahd Bmis Géns rradugeond fria viod saive siedfanibiyi d o€ ardoan whtkeforwhi ch i s
consuned biy t he hydr ocar bon fu%ld cor];sum' gﬁg process. There are a nunber of
oper at i n@~CHAF BEIEPPSY S PRE I E N EAATBR MP5EEf or this purpose and t hey

i nclude, but are not limted to: engine Revolutions Per Mnute, engine

t ur bochar ger Revol ut i onBREg&TDRKSCRiiPa D B DRIAWENOGSti ¢ array of the

engi ne, exhaust flow of the conbustion by-products, engine cylinder
pressure, and tHe025] ke.Figihuk) illanragngi neulogemathapecher aocheCoslusgon s

i ndi cati res i fuel iQp VvV me, which
can act uarPep R L S 1y LSV PR SR e

oper at i ngoathaledbyt @r Cotmbustipm)langembe Sgstem;npl e | mMut abl e nunber but can
consist of a "level" of operation. For exanple, the 11 Docket No.

028100. 0112PTUS 1hgpept t 116,883 filufiQeed i BlobiVH1oLAL F¥E, AE o ficd eIRRL EosPOVEr from
the engine, but the throttle setting can be a contlﬁuous vari able; and a
part i cul ambpdimenttdf gheenmbupipnTdanegraicdr Heteidndi cati ve of a request which falls
between predetermned limts on a range of the continuumof throttle
settings. [0040][dde) pr 43 BaSaNOh UPRAIRbSRubaSoh HIthE AL LV Qf cofaingfii red
vol ume of product gas PG for the volunme of hydrocarbon fuel associated with
a sel ect &ef Rairot elleof shstGamfysarMvrsarniyssir ed engi ne operati ng
characteristic). The nunber of Reactor Cells required to supply this vol une
of product gas RG2Sp seliged lluit@eptR\WpHiel &Plca cheseipedl peabpnt for

changes in the demand for. product gas PG Reactqor Cell Power Control and
Power Swgf%etT?ﬁO‘hth%é%&‘tf&Fﬁ) @&?‘F %MO%PW@%%&S%H mi zes the

el ectrochem cal reaction in Reactor Cell 204 wthin the paraneters of the
Conmbusti on Manadem®nt IystehilZ@@tes ThpgalgarpoheatiomaaagesCohiensaext r emel y hi gh
current %Jﬂgie%n%d tet%ha% Reactor Cell 204. Current is nonitored using
current seNSSH2THA ana deci sions are nade by the Reactor Cell Power
Control 225 as a function of the present request for current received from
React or Cel | 2040030] squaguec hdveragsgnblbck daggenerat tbe Chybishen Meagtoet Cel |
Power Swigt 210 at . f P [ i.mze the el ectrochem cal reaction
i n React OSF&%E%Q%%JX}“J\XE?F%Q% ﬁ%a&\é}??g]gvgplgeer@net he square wave signal is
adjusted to limt the effective current draw wth sensitivity to the
capacitive effect of the reaction. An H bridge 210A, which is an electronic
circuit which enables a voltage to be gapplied across a load in either
directionyiz®3utilized to reverse polarity across the termnals of the
Reactor Cell 204 with regularity to reduce mgration, again with speci al
accommodations for the Reactor Cell's capacitance. [0042] The following is a
list of typical |ogic considerations performed by the Reactor Cell Power
Control 225:




1. Measure electric current flowi ng through the el ectrodes of Reactor Cell
204; 2. Conmmuni cate punp activation requests to Fluid Control Mdule 224:

I n the ewsot2otindt76sensors S1-S4 indicate a need for addiPCirams2ab/owaser from
reservoir 201A, concentrated electrolyte fromreservoir 201B, or catalyst
fromreservoir 201C, the request is communicated to Fluid Control Mdul e
224 for fluid transport managenent; 3 Conmmmuni cate Sheet bR O BPUS of a
Reactor Cell 204 to e Reactor Cells 204
are linked in parallet; e DT No— 028100. 0112PTUS

i ndi vi dual tor OeII 204 does not require the entire Conbustion
Nanageneﬂ{’ﬁg?i@%%ﬂ%ﬁt down; when Reactor Cells 204 are linked in
series, the enti g& eri £ bJ ock is detactll va]'geg An) shhtt dt%wrPl condition is
conmuni cated to | peraf'6i ARG GG GRd Hic AP B G EEs TEOREY Of gt abase 223
| ocat ed igineCostyahd @mp2&0on éﬁthRﬁB’qu‘hdﬂctﬂr1hﬁmleﬁlﬂ38$ubﬁ)l‘chmfﬁeﬂﬂ’onﬁt11t€)n In the
event that .no %[l%rts adil Tc;q erate he. sor array, Sl 89, Lt Sensor
Nbni t or 35981 r'o ISI ece qun At s o anéaeéh g sor f or
dat a |Oggmﬁigtag50f ck/aipfhtscmm T\knatm:ﬂﬂdo]grm tb@lghsbhne%glﬁé avhicBekds dhRoes Contar ol 225

ant i ci pat otich Ga T gnaigt Ol c\z% % ustion chzn%o ?1'rt1 (o5 ul aGrdbI I’let ?s¥ Val s, and
goes into an ‘erior Mhdes i 1ot alflon CARRG b EERTI A B  Moni t or
cel | |i qudntted Wﬁpark@l@eﬁhegasﬁmeleszglﬁnhak ﬁtheﬁﬁzﬂ)eﬁﬁhen@t(ﬂhucctrum@o@bf fuhlentReact or

Cell 204 t  f t th i th
signal s 0‘8@ gd/" éé Eﬂe aai?sﬁ n?ﬁ%\ﬁasgl t]i?e:?ffrl%dIe %fgefsllcylr%d}a%uégﬁ/o"n mjgtsggfglrst

for a predeterm ned tlrre before it is acted upon to conpensate for the
ef fects of normdP0R] ui dnmfmdi@dsngim anlyavis agidppriodatd o thy cotbriidror t he
printed cjreuit rg;ﬁr he vi Ci . of 210A vi a
t enper at u%len%sengor gen 1Ig-l errper at tﬁ)%“ ges%%nnmgo %élégﬁy %tg%%rﬁscm tgrggl and hi gh
t enper at uesekingime> 4 4(kigdr 4. QaMPa,m(D p@tpr@mroto@akedrtgélto faulmet P O0&l 1.4 B®e)e whi ch
suggests the n for further.in ni.tor | | tage: |If
suppl y. ol RBEay it i By RRE i g lbo b WG Sl PR KR
sufficien¢ ammvwnatﬂw%ﬁ@pb@ﬂ °Fhe%t@p@ﬁah1$ onmedt, fubles iIReaet drecBehio (204 as wel |
as thelnterna en eratin st 5 V or
more s anPRarear Mo R e R R P R b B8 BRas 1o
shut downin thatod ofttlepi@Gomndxrgtre- dmnﬂfﬁr@gemhgtup@y gleemigQf tiealesdengins péet ed. The
Control l er ;220 responds o ed,.fluid i ndi by activating
sel ect ed%oneéem]1C “the’ | nt % fuefal grr(%lnddsowfﬁﬁtotsrgeﬁé%g ]lets a?cft tcfg? ugl\lvésl from
reservoi r@t@&Ae%ﬂycmohﬁea%@co@bslssl @04p@agepingiodedie byfaaﬁssfokm ated fluid

of e mar4l bl e ey Reea R i FheSedabbt ST o P LR R on "
Managene mharﬂy:s,ttleaﬂra}ﬁl&s cdrhieude sgnize frohitz@subitdedgeduii3d getting sma]ler, until all

of the fuel in the droplets has been burned. The start of vaporization causes a delay period

during ignition, i.c., the characteristic diesel knocking sound as the vapor reaches ignition

temperature, and causes an abrupt increase in pressure above the piston. The rapid expansion of

combustion gases then drives the piston downward, supplying power to the engine crankshaft.

[0033] As well as the high level of compression which allows combustion to take
place without a separate ignition system, a high compression ratio greatly increases the engine’s
efficiency. Increasing the compression ratio in a spark-ignition engine where fuel and air are
mixed before entry to the cylinder is limited by the need to prevent damaging pre-ignition. Since
only air is compressed in a diesel engine, and fuel is not introduced into the cylinder until shortly
before top dead centre (TDC), premature detonation is not an issue and compression ratios are
much higher. Advancing the start of injection (injecting before the piston reaches TDC) results

in higher in-cylinder pressure and temperature, and higher efficiency, but also results in elevated
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Docket No. 028100.0112PTUS pair plates 404 with insulating partitions

di viding each pair 406 and an entry el ectrode 402. Plate design and

conf i gur avpantiase’sbased on a conbi nation of el ectrochenPcalusstiandgassls and
physi cal electron transport process dynam cs. [0044]Figure 5 illustrates
the typical electrical current spread on typical plate geonetries in
Reactor Cell 204 of the Conbustion I\/anagerrent Syst efcgeiogdddl 048128 Sex anpl e
of current .dispersion opé zaglon bas g) on 30% electron drift (506, 512)
al ong t h&" P SyB¥4r P56 81 THESGGUEFEPr4te t‘%@g‘jghﬁfa%) mRuYiRat

per cent agéngfarsty. f[a?ar@mgmatatrmar??a@scamts m&hpletﬁ eor@haugl) rr]éaufelrdeml é 0

pr opagat e . eason e reactiqgn efficiency. By changing the at i mensi ons
toa 3:1 eff({;‘fteP‘&Y %%(?S)m“f‘éiﬁfﬂ %?us'éﬁ%%% c%&m&wa#r%ﬁ%wmf%a%ia% a much
great er pefeentageuradd Hybecabsdsace area of the pl ate. Maxim zing current
saturation has the follow ng effects: nore electrons propagati ng reaction,

100451 £ ect r ochdlaai 1 g o B s d R AR T B esic TheTE GYEA- Orygen
bondi ng iwidevatgerof sgeadsaDJMIengaas@jrptcalﬂ.weeet ﬂm eqtippsl xmdfzrtﬁﬁbpdn@r twhichesespl at e
pairs in serles alrs f our ve%t System

confi gur &T1°OH gagf?’nwom Ih}zlft éé\%ga}r(%&ptg ?‘ g tgg(‘fﬁ C%Dﬁf }Xye SESRITGlrAt i on
pr opagat irggdi¢ feeao@u(rscaeﬂtge)tdah@s@aseaﬁoﬁl thetylidtersn ghsemmm eheabmptesgdnght short s

and el ectro i.a con In,o ntatlo of the Combustion
vanagenert SAFEASHUR &SRS Sl ahu iR FBUS B Bt R mtire s oper

char ge Ohhﬂﬂmﬁktﬁnmandngwsﬂﬁuhuphﬂﬁmﬂﬁ@&éﬁklﬁmt@ﬁtdﬁﬁhﬂkﬁwpﬁﬂﬂeﬁtlOnal

syst ens, d conS|der|n t he the curren t hrough

27 o i esHBPLERATE e PR TP L Pert WRAE 1 B4 AP Eng 't he
dlagonalx@ﬁm&BEKmiate apprOX|nater 3096smelllng occurs at the center. In
an effort to optimze effective plate charge, coverage plates with a 3:1
dlnen5|0@a&65§%i%c£$re chosen. Plates are fixed in Reactor Cells 204 in
such a are allowed to vibrate, which optim zes the rel ease
of product gasegpaa;th | at es.

[ 0047] The Reacti?&%£lIgaégiygg%?%?%pﬁ aﬁ&i %l&?£ égﬂ%ﬁ%%“%%méﬁgﬁglrs The
pairs aréWS@paMaﬁedmﬂﬂhoaﬁ@mmnget@n@tmEWKﬂm%m%mﬁGMMMQme&mEﬂ¢WthMﬂualIy
connect e%ff b C%%{bu&%h I\I Wi e%%f? gz&eﬁlzb(ﬁ) Weh £ gydr(gc\é\@)og §(§1§b nb Go&d ted in
paral l el for twelve-vo ﬁlcatlons and in series t ?menty our volt
systens. nﬁumﬂhemhmmanmenmw@%mE@mmmdNMﬁthéwQGmenynbembmmg@ﬁMi@mekther
series or | el f [ I a can be
supporteé ?%ﬁ%%f?lm%8? ﬁ%%n i ﬁm%%§%¥ gga¥%'{ﬁeﬁ%gggg%%%&ﬁﬁggvy duty
twel ve- vdmtCengu%@né@pkﬁmamﬁwﬂmnﬂ@hﬁp@@@mﬂhwddmﬁﬂsn@@4¢m@ﬂ&i@umed for

twel ve vo| i.ding;9 i reactive
pl at es mnt‘%CB%mggngﬂﬂ%ﬁgg%gfg %1EE%5§GRN M”ggm%ﬁ?ggﬁ%n%%g?éﬁl such
as a ralMKmadmtm@manbcvepmbngxmwimﬁh@kﬁﬁ&ﬁbtmﬁﬁﬁﬁ@DD@mm@BﬂbE@aﬂQZalhalf
cell's confiqured:-for twenty-four volts can be connected in series to offer
36 reactive palirs of the sane potential. [0048]1n the end product,

transport of caustlc I|qU|ds and conbusti bl e gasses with high diffusion
coeffici g Lk ¢ Systerphe Conmbust i on Managenent System 200. Speci al
attention is pald to f|tt|n seal s and transfer efficiency. Hose barbs are
mol ded i nt o t he [BBfhondiguse lrsrraspathlask damniorgi thytypicd csaeas of one

[ 0049] Pr Qai6indRS RS oREL 68 MEXILACLRGLH oM. the: Redd QLerCRl b§1 204y i ough

to store a plurality of fluids, each in a designated one of reservoirs 201A-201C. A first reservoir

201A stores a quantity of water, which is used to dissociate monatomic Hydrogen (H) and
monatomic Oxygen (O); a second reservoir 201B is used to store an electrolyte, which is used in
Reactor Cell 204 as described below; and a third reservoir 201C is used to store a catalyst, which
is used to enhance the reactions in Reactor Cell 204 as described below. Each of the reservoirs
201A-201C includes a corresponding fluid level sensor S1-84, as described below, to provide

indications of the fluid level in each reservoir 201 A-201C.
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out put sol enoid 205 and flow switch 206, then pulled through the gas
scrubber 207 by a vacuum punp 208. The Conbustion Managenent System product
gas PG asoOnotied1®wmbove, is a m xture of nascent hydrogerCtHS2@amm4818y5gen (0)
in dynamic equilibriumw th hydroxide radicals, and diatom c oxygen and
hydr ogen, (ternmed "oxyhydrogen"” herein) produced via an electrolytic
reaction in the reaction cells, part of the physi caPoGoiyu3tiPEhi2NEfagenent
System (200). Reactor Cell Inplenentation [0050]Electrically, the plate
conf i gur at%® gt t he Reactor Cell 204 conprises an inductive series circuit

ol ates. The | ntdJOBl at ol T ERRY oA GRAEH LI Tt Lagivs e P GALDT ¢ ne

nunber ofwo ﬁﬁhd’gs tkﬁfColiﬂbﬁit@ﬁ Mogbgeenr Iykiem cohfuaatonlreatdrsafdeprabed.he React or
Cell 204:.1nt gr,E'Iate Vbtta e uEpI Vol t age/ # @f ReactLve Pai rs of

Pl at es THEBPIET At Uict AGEs éOf&%ﬁg GeRP 5 tReOPEATET SH 7 a typi cal

val ue i s cbepween, ikcd8h@andcapadiy o hiage mem‘ult@wnatahoﬂm df shesethdrocdimaetd ng f or

[ nput PoCBHET O 25008 VBT L4b T BEF BT " PHGoPG I Vil £lge 0. 8

V/ pai r oftinflrabh&s addor@icisgqui red potential Net resultl3 pairs of plates
carry out the reaction; the other 17 pairs of pl at es behave as a salt

bridge to trans th ent thm m Vo P. cket No.
028100. omzpws%%kz] THE desTningl o Oﬁkatlmlﬁée HELHERE AR e% et i on

spe_ci f iC thfedwlelO}ﬁﬁent of a @abld 1;nodhes Tls neptcnmamofnelderadmws Lpnaleﬁsua@dmme reaction. In
addi tion mecfl.'a c% 565 I’ nlafl (% Oﬁck?!he}pro Pgrlslnlgl %rlate%l Iz:lr?‘dngn%%n&gl tRe ké?z %Feses current

pr opagat i on e diagona
perUHent to the success of the integration. Fuel delivery, sensory control loops, fuel

consumption rates, duty cycle, transient state dynamics, and mean RPMs are just a few of the
variables to consider when preparing to integrate. Presently, the Combustion Management
System 200 is optimized for low RPM, high-duty-cycle engines. Long operating times in steady
state conditions and limited feedback loop management systems provide for a simpler interface
than the dynamic and stringently managed systems seen in the higher RPM and lower-duty-cycle

systems.

[0039] Figure 1A illustrates, in tabular form, the operation of the Combustion
Management System 200. The Combustion Management System 200 makes use of a
hydrocarbon combustion process model, stored in memory 222, which determines the volume
of a product gas PG required for a volume of hydrocarbon fuel F which is required to improve
the level of completion of the hydrocarbon fuel combustion process. Also provided is a
mapping of the number of Reactor Cells 204 that need to be active in order to provide an
adequate amount of the product gas PG, as determined from this chart. There is shown a
column labelled “Throttle Setting” which is one of the simple metrics which can be associated
with a volume or range of volumes of hydrocarbon fuel which is consumed by the hydrocarbon
tuel consuming process. There are a number of operating characteristics which can be used for
this purpose and they include, but are not limited to: engine Revolutions Per Minute, engine
turbocharger Revolutions Per Minute, internal diagnostic array of the engine, exhaust flow of the
combustion by-products, engine cylinder pressure, and the like. Thus, an engine operating
characteristic is indicative of a corresponding hydrocarbon fuel consumption volume, which can
actually be a range of hydrocarbon fuel volumes, since the engine operating characteristic may
not be a simple immutable number but can consist of a “level” of operation. For example, the
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Pl ate Construction And Design [0053] The caustic nature of the electrolyte
used in the Reactor Cell 204 necessitates the use of inert electrodes.

Pl ati numwe 20hie3preaf erred el ectrode material or coati ngPCh/USadosts13al
applications, since it is highly inert and has great electrical conductive
properties; however, it is an extrenely expensive material. Ml ybdenumis a
cl ose second choice for many of the sanme reasons as Dndtied GHee12PEFs
Platinum_ An alternative material is 316 | stainless steel, which is highly
inert, mitheasEek i ¢ Ak o oP darrsrons! @Bgéﬁ%}ﬁfe%d i s

readi |y awabd addngauohs 4dabifand apiredunatiyde fadrizabull e RARGPALE h Glyest

i npregnated. c on fibers, which have a | cost of nuf acture, are |ight
wei ght, okt gé‘ﬂ"ﬂei}“ THRER 8 @H?%%aléﬁﬁQE\yﬁﬁan@éiEmﬁgﬁé%@F M Btoperties, an
ability to engineer current dispersion properties, inproved efficiency, and
zero atom c dri f[0o4ahd ditspegivatghorvlonedsotii imdicatPe ofiueduica solaae ubber

[ 0054] Figure 2 i strates a i cal duct. s. PG scruhber, 207 for use in
e comatt Fernbdgehete o sBo Pl eR PG LB PSR aR s ™ 1 'es

t he produdter gasuRGeftineapetrtngidhiastedsyic)t Ghanurhisdt ef Raktoe Geb usiirahroangiyne 602.

The prodtﬁ(l:t (gas PfG scgrtubbg,?zo tf Ether. é)l’O\{i des a flasq acE ar r.e%% or. The
product gAS PESLRIBBSS07 't $lFGR L RV Ve NG S AP dUCH* BRAEE Hhere i s
5% or | esismnami ot proud: pastilde product gas PG administered to the internal

conbusti on engi ne 602. The functional design of product gas PG scrubber 207

is a hybrd d.9f cLBLOYS BN PlebSv@Rdilf,r i 9ated filter wet scrubber nodels.
er

The product gas PG scr ub 207 Uses a conbi nation of absorption and

Browni an di ffusgﬁdh da8.. L9 EXFLRES CARL} iz%%%{%esct%' A0S A%aneld as
exci ted nol ecul ar vapor contam nation. Product gas transport 1s pronoted
by a vacdumtpip 2208itgo Aineetedetsef thvdoprodivotMgasnP® SermBbeérTiss out put port
regul ati I ~ i duction
capabi | i '? ?QEO%F : Ig?llgageﬁﬁ élgcgg’llg%%ngg%%gﬁﬁl&%ggo\gtt%ﬁ%gﬁ @%18%? egc%egl% gm’ nat ed and
vapour - s anamtatee dsipg @ductsegyas2 PG, evtderigortsher mado dhu dte RyasorPGEll PowetieroR07 at

t he bott f ~ redt .S | I v d r a
di f fusi o%%p?sa%%p%P ?gﬁétﬂgﬁkéég@t?%ﬁﬁ%r %%%ﬂ?%%reggr% aSe%&gI@ fzghsligﬁ(%%feat e serves
to decr easec fifrel ivednict! py gfc Reheori Gl Grivargvgrals 2 K at ameagesweilidh opgmizo thigegi n
separ at | Ayl A RLAMELnIL RELASLLOR. ThE FORS! LSS QheIE. BLAAUCT g3S PG
being of different nmass experience, different "acceleration of“entry into

t he fl ui ddiextd mdiniiche efentncanecnt Aswswirtf saceivite rsthompeditivic lgfect 6f thBowken. No.
028100. 0 P r S . |.n I i.ndi vi I
ol ecui od ot Ibs hE 1HRARPAR R ORRul Thfin SRR Sl Db BllofbiRs e
and char ded iaridcabsordred vokzcd ef feectedabaekoisihotetoheabefbid ReactbnCeld4t i ne it

aver age. of "A0u narscol R E Py LR AP Brb PR RA BER I A sBueT he

product gasciP@scrubber 207 is a reservoir conprised of one input port and
two output ports, a level sensor, and four gas diffusion plates. A vacuum
punp [ s connect qgodp ¢ e QloRil: iPAIE olyiliBol O RlebilE LSS e The
React or Cell product gas PG out’put port's aré connected'to the nput port at
t he base Roficter{ell PewenrGaoipl 22Fhe reservoir contains an electrolyte fluid,
which acts as a filter and a separator. Product gasses are forced via the
vacuum produced bynmtRgreRIPRC LiF QUYL roQ%}h RNt SiHeanoftabes. traveling
through the fluid in the formof snall bubbles. Surface area and bubbl e
size are a prpharyc&amshies sl ORRe6 LS st b SluiRtHndosapanatisom @kl ows t he
systemto collect/scavenge | n‘guri ties for return to the liquid nedium The
three diffusion pl@fadhapenseieStgpingiatt pacHdeedgigpr Ouaid forf & "Worti ng and

act as a condensat2QRn, atdkfed BHNG: BREEBLLAQN2018N& hbguindnd @¥eloid n the
reservoir will rise, which is nonitored by the |level switch. The secondary

output port is attachede Ut rurEripRIe whi st Madt's24xereddd | i qui d and
returns it to the &g@@ﬁ{@ﬂmégﬁﬁgy. The product gas PG scrubber fluid is the
sanme as the electrolyte in the cells. Fluid Transport System [0056] The
}‘I uild transEOB.t sygérﬁm&gﬁtaﬁggm s@t@ldlcfoRez{E&jr@eﬁEm BReQARN Pelect r ol yt ed
evels in the Reactor S 4 as as ensuring proper extraction an
del i very of productVifagds Pesn B@aTtP]q%ﬁﬁﬂz SR PETRN G P8 mani ol d
transport water, concentrated electrolyte, and catal yst to designated
conpartments. A system of |evel sensons and control logic directs
oper ati onspozas well as nonitors functioning of components. [0057]AIl liquid
nmedia is filled and stored in one or nore reservoirs - unique to each
particul ar application. For exanple, a short haul operating system where
the truck returns to a base at the end of every day generally can function
on a five-gallon water tank that can be topped off at the beginning of each

o o - o " o r




Docket No. 028100. 0112PTUS conponent work with the manifold and punp to
mai ntai n proper levels in each unit during operation. In one

i mpl ementwi0i20m/03118@ process control | ogic contains de-beomaisagoakgyoesi t his,
event tiners, alerts, and correspondi ng event handlers (e.g., to provide

i nformation regardi ng proper functioning of the liquid system to
automatically shut down in the event of a failure oPogriowedtiPHl!2ZEHEMal v,

etc.) and/or so on. A basic de-bouncing algorithmw.ll require the reed
switch to trigger lflélwldaﬁiaﬁcrm?eﬁg%‘*&%a%lg%taeqiuﬁ%@? EFREPTPHECR PREFEP By ent
wasn't a product ofys@m 2008) Aot AREOHBeneRQRbr GAIE P4ase IDRUNGIshgs ke Si@shi ng.
Air Interface [OOSSEPLb?d cedg .asgﬂi eshi n#)o corares.sed air of the turbo
line. The deliver ys 8§ S M GVt HYisMErF COTRHRICEIOBBIT AL 4 | ed

directly into the &jerdag ahdl REg@fwithhengRgLM@oBYShaN223 BeAFRCoh@olRENI eve
consi stent success,_ the follow ng considerations are characterized for each
engi ne type: Nega%%oi/e air pressure at injection; Honogenous m xing; Fuel
injection timng r calibration;f ln common rail, achieyenment of surplus
hydrogen for &1 tGPRUK P EIESgr MERETPh (R IF S8 RRTH AN B TH NS ner

engi ne types. Fuel tht sdnesrfaageS1-§900b SEnkbeMbuielr 2pnbfahd @aerofetnoedyxes t he
product gases PG di rectlg into %hﬁ cg)nbusti ve fuel prior to injection. In
one i npl enent at i on’™PHY APSEBRT 0F 119 Y8E°% venturi effect mixing apparat us

to dissolve the product gas ,PG.conponents into the diesel. .fuel in the line.
Due to the | 0\?\7 sol Ig%lﬁallnt‘g“tcilfb%?%VEgﬁl?eaftﬂreéﬂH{%&ie%é%rlt{?2 gas P& ext r act ed
usi ng a fluid/gas exinmathosn Cenpanteits 220 stradulae thegpvals; fndeesihdotagkerrorThe

extracted gas is adn%n'gstered to thet ir E.ur%%y using the air interface
conponent . Fuel i nt'8YFace TELHRAGT GGV P8 “HoVEF“as conpared to the Hydrogen

Enhanced Conbgstiolologigat hof the q{t. Tg7er]13§i:‘4[r r.epeat abl ycecess of this

) A of C€ id levél: A sehsor S7 18 ir(?to aheps et eo?thse T
nmet hod, the foll ow ng consiiderati ons ar & achi eved: dr ogen i's thoroughly

di ssol ved in fuel Eelll#so insniat Hiceneltht deaniginsitradeksioddadvyl; tie xéongr stenldes t he
application-specifig,design which is |aporatory proven_ faor maximm
t hreshol d val ues prdlcecl)af) " Coegi’ RSHATS B R I%Tgmdf)%%ci?et{'usf\ﬁ?mﬁ%gfoo. 0112PTUS

predetermined time before it is acted upon to compensate for the effects of

normal fluid motions in a moving application;

7. Monitor the printed circuit board temperature in the vicinity of the H-bridge
210A via temperature sensor S6: High temperatures can damage the circuitry;
and high temperatures are likely an indication of a larger functional issue which

suggests the need for further inspection; and

8. Monitor supply voltage: If supply voltage begins to drop, the power source 610
1s not providing sufficient power to support the operation of the Reactor Cell
204 as well as the internal combustion engine’s operating systems; a drop of 1.5
V or more is an indication that the Combustion Management System 200 needs

to shut down until the Combustion Management System 200 can be inspected.

The Controller 220 responds to received fluid level indications by activating selected ones of the
input solenoids 202 to enable fluid flows from reservoirs 201A-201C to Reactor Cells 204 as

provided by associated fluid pumps 203.

Reactor Cells

[0043] Figure 4 illustrates a typical configuration of the metal plates contained in

the Reactor Cell 204 of the Combustion Management System 200. The design utilizes bridged
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Any un-di ssolved gas is extracted prior to entering common rail - A speci al
gas phase separator is added to the fuel |ine before the conmmon rail or

i nj ect or Wousimg1763St abl e at hi gh tenperatures and pres®OTAS2010lygIBDHgen i s
free upon injection; 5% nolar hydrogen to fuel - A dosing punp is
calibrated to application-specific fuel line requirenents; Extracted gas
(un-di ssol ved oxygen) is i nj ected into the air supplDpskedyd28100012PTUS
Recircul ated fu no buil dup of h en in fuel

El ect r ol ytePese s‘flﬁv asrfrf@ E‘élﬁinééi”%é’é‘ﬁ%@éﬁ Fb Bl B %1Ft8| yte
det er m nefsi¢ch@d lead ura@dd are:bzeéwynaamjm@ﬁ@ldumeca&ch%ﬁ&alataaadramny@h,&lcalKOH i's
the electyrolytic catalyst of choice in the Hydrogen Enhanced Conbusti on
(HEC) narKeton SnEmsUyRcEshEdNEY ati ons vary from conpany to conpany. The
Conmbusti on Managenent System technol ogy utilizes a 1.5% nolar concentration
of KOH, which i J0@4pt r ghig:rBadest(aab ’&ﬁk}ipﬁt@l)elecffhﬁ@meédt qaéddy),n tﬁﬁkyd lﬁhtkal i ne can
serve the primary,.functi t characteristic al k e

ol enent s FEREPTIORART SEDmer e SrPGiesr BRI i bS 0D h i B RE
reaction cequﬁﬂjspmsmmpmuhztanorf braet droftisd elecmﬂddft sWo1 At shgithe dvabe (04, for m

AR S A A o s R el
properti esrrof t@pmpRat oamnalge &u¢tfoaeffamhcya§yah4mgmg esplacatdiabiyssis ton Bpeci al i zed
R e s R R e SR T

pronotio fl r S . ‘0 utilizes
cat al ysi srea®f éhe pra&nmaermmﬁg elrectshnekenhsalhe felidvwitd @fecy: astd ekaneased product

gas PG product.i on reduci t he_.ent hal of ~deconpaosition. Proper
el ect r ol YT & EN8RI%t n By C{]rg%aoéﬁ%f‘r%éﬁ?y’ atngi V&Y BFCBEERERH el ectrodes. A good

el ectrolytic catal yst aI so facilitates extraction of product gas PG atons
fromthe reacti é04d] ectEladcecheﬁ)keHwhé%%qamtdlw@bkdyldrk@g{ajdrogﬂh@mmd

contust ! el ARaL0R2IINC AL OLALERLLON, Ol b LY QORI xugen, gas, M xture
fundanental 1y roves the over ORBUSET On Teattl ey ency by

driving thenty 1@&@ piiorot mntwf@h eolt isy@wel coofiguponpl ‘Eltd RiﬂTIQS aﬂ'drpast df apmdverdent

transl ates.in sign |can i ncrease i,n _enerqgy release e reased
ol ek Bt B A R0 b LSRR8 D SDRE Bie L ERP LR 00
st andar d abi és@ﬂolyengnedlecca&e@mrplrwna 1m1dao¢ntmnn©halm§embﬁmonﬁvheagcmﬁﬂnust i on of

Diesel fuel, E@ ”‘Acén arﬁv%ddw%gfs L. §¥osetn€urpe gons! gt eorlen%anonl Jiput conbusti on
fuel, thelnpu ericc air, the FESEI Ve pronotion of
aut o- i gnidistrdntioand the exhaust. The conbustl on of carbon chains in the

cylinders of the diesel engine is an oxidation reaction that, from an

energetic anal ys[b(%] qu cé&ltlagt"{@Qoév%’n{o“ﬁﬂ%gste%%”ﬂw'd%hs%nﬂ%%k!%] %y WO and

H2O. Any nol ecul es e exhaust gas m xture other two can be
cl assi fi alk @zsre@eﬂwedlrbgghwwmsa ttécblatoy, whei the pemarp cerednt wwm@a@@lpmhe

conpl et i %gora[ gf%ﬁ@ﬁlat@,%?t%&n%&lyaﬁ@% Mﬁﬁgo&ﬁé be tth Eenttcl?.elnf anl elftg}lyit(pg}:)timize

effective plate charge, coverage plates with a 3:1 dimensional ratio were chosen. Plates are fixed
in Reactor Cells 204 in such a manner that they are allowed to vibrate, which optimizes the

release of product gases in the form of bubbles from the surface of the plates.

[0047] The Reactor Cells 204 contain, for example, twenty plate pairs. The pairs
are separated into four sets of six pairs, which are individually connected in series. The design
allows for two sets to be connected in parallel for twelve-volt applications and in series for
twenty-four volt systems. Furthermore, entire Reactor Cells 204 may be linked in either series or
parallel so a wide array of varying voltage applications can be supported in optimal fashion. In
other words, in the case of a heavy duty twelve-volt engine application, four Reactor Cells 204
configured for twelve volts can be linked in parallel, thus providing 96 pairs of reactive plates

with a 1.9-volt potential. Furthermore, for a 74-volt system, such as a railroad locomotive, one
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Hydr ocar bons Carbon Mnoxi de Carbon D oxide N trogen Oxides Oxygen
Referring to the above list, the first three itens can be classified as a
measur e ovotzha/dewsee of the conbustion. Hydrocarbons, [raviusgomioesiBdwest
degree of deconposition, represent stored energy that has not been
transferred to the drive train system The conbustion of carbon nol ecul es
described in its sinplest formis a deconposition ofPoAuiNecidl@OIREER t hat

energy is %GL % E frg 6}: br eaki ng of coval ent@bonds.@'lr]%& 3g/é)llovvl ng is a
list of BBHA EhEIYic8EeY S OERFBBHOHOPELR 85 Onnes e BOTH® §y° %28VkJ/ nol

C=C Bond pkresigye add pkdddml CC Bond Energy 839 kJ/nol C-H Bond Energy 413
kJ/ nmol Accordingly, it is easy to see by this |ist that every carbon bond
that is not bro n the hydro arbonstht a i.n the exhaust
represents a si ﬁg(g‘bj e neg%u%g PEISt Grey enec?usgdf@ﬁm{gan eblu?ltlb?ev%%fzs 1t is
thi s wastwed k@heﬁ@;siohhaftfﬁwﬁk@gﬁmnﬁn Ittaﬂheetdmemambm%n:cgamértdlsﬁ)tem 80(gear ed at

capt uring ec1 l'l.lattentlon 1ts Haud toa}sttlrr;ﬁ s[ealcorrptg nsefgr e’fﬁaen o bgr%S%Jrle 'Eno%e%é{lt l etl on of
reacti ve e Vi Cl econpose Car on nonoxi de

has a hi gheporentshadhpyecmﬁzeﬂ(ntonrhmg @bcefsed 10. 5 kJ/ nmol ) than carbon di oxi de
(-393.5 kJ/rmI) further depleting the energy available for transfer to the
drive train. Therg n I | es
regardi ng the pgﬁ(ﬁb | al d%t%?61%?ﬁ%ﬁgxﬁégtg?ﬁg&\?\nh%lgegﬁoﬁf%lsg%tg%ﬁ) ni stration.
The descmoupti @Ihiﬂplld 20 hendf tipivl Wm@)Gsélcm pl@hd thr@dgédh@s scBdbket(7 Npa vacuum
028100. 0112PTLS -+ Conput Vi e, or
form seel% g arguhe agal ?‘1t¥s()tn tgﬁla%e d%?tel% gt ag%eaﬁtn899Xbc}A@ ) @ er it
del ves d@ép@penlt hidgogeh & hrad baypee §9)of didaing: eg@lhbmm wmhﬁdmmlrmlcaa zmjr e
accurate e fIicl nmean s well as
to ill ustd%g%%eyt an%l\tégl %m% ecr)lr%g B ﬁy%ro at e}%“eg %%Osduc%o}ola@bn] %Ct%dl%n%t he

accept ed rpriionch plegsacarmdceedo pot ef the nifa@sah ﬁeuhbmbm &Bnageineyt Sagtan (200).

Reactor Cell Implementation

[0050] Electrically, the plate configuration of the Reactor Cell 204 comprises an
inductive series circuit of pairs of plates, with each plate being one half of a reactive pair of
plates. The inter-plate (reaction specific) voltage is a function of the number of pairs of plates

between the contact electrodes of the Reactor Cell 204:

Inter-Plate Voltage = Supply Voltage/# of Reactive Pairs of Plates

The optimum voltage is dependent on the reaction, and a typical value is between 1.8V and 2.1V.

This configuration is self correcting for reaction propagation.

[0051] Specific example:

° Reaction Potential 1.8V
) Input Potential 24V
. Reactive Pairs 30

. Per Pair Theoretical Voltage 0.8 V/pair of plates  44% of requited potential
. Net result 13 pairs of plates carry out the reaction; the other 17 pairs of
plates behave as a salt bridge to transport the current with minimum voltage

drop.
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used to construct a nore conplete picture of the system s conbustive
process and assess where the neasured gains actually cone from The data
used for wbieifwiiiedowi ng exanpl e were neasured val ues foPCa/USewwois13Hi esel
71-2 Genset system The fundanental concept is as follows. The systemis
deriving power fromthe conbustion of diesel fuel (for the sake of these
cal cul ations represented as Cetane C6H'). The react iCofketdocdbPiBgrTs® 4C12H23

+ 710248CQ2 + 4 The test sured.the osj tion_of exhaust gas
as well as the \?{E&ght (ﬁletglf‘?émgﬁ ¢ %‘feﬁﬁ Cﬁﬁ‘ﬁfﬁ?&f@roﬁdp“ﬂﬂaﬂ}a&ﬁé%épmre made
for the cahbanogdningf d0f padi@labdchicioONPOAGIEALN, B ddB@adonpithe bHAg ©6) conponent
is conpared.to the input carbon as a di rect &Lﬁlre of the percentage to

whi ch t hé’OEB‘?ﬂ)RIQIPP‘i’S?]C‘F@%HrP%“}?&§ pedk dryph “to its conpletion.
Comput ati onal Anal ysis Regarding Tests Performed On A Detroit Diesel 71-2

Engi ne Whidie CosstRictioe Ahd@antpnst i on Managenent System The Conput ati onal
Model : Reaction: Model Specific Paraneters: 100% efficiency: 97% efficiency

argunent: 4C12 HZBO53] 710the 486 2naturd 6HRO eld@b&HZ@edkin?ﬂ.ﬁ(]QeadtB{ml 20446H20 = -

(1 124)2( iogﬁk% f]t}“e al O%mfrtfgh (9%)51) hkuf}l i he Pf\%ﬂffqﬁ%ﬁﬁ gaatef)agtoégoefl e 1@a’;el i ne:

industrial apphcatlons, since it is highly inert and has great electrical conductive properties;
however, it is an extremely expensive material. Molybdenum is a close second choice for many
of the same reasons as noted above for Platinum. An alternative material is 316 1. stainless steel,
which is highly inert, much less expensive than either Platinum or Molybdenum, and is readily
available. A further alternative material is nanoparticle impregnated carbon fibers, which have a
low cost of manufacture, are light weight, dramatically increase surface area and gas releasing
properties, an ability to engineer current dispersion properties, improved efficiency, and zero

atomic drift and dissociation over time.

Product Gas Scrubber

[0054] Figure 2 illustrates a typical product gas PG scrubber 207 for use in the
Combustion Management System 200, which is a component that purifies the product gas PG
prior to delivery to an internal combustion engine 602. The product gas PG scrubber 207
further provides a flashback arrestor. The product gas PG scrubber 207 removes collective
moisture such that there is 5% or less moisture in the product gas PG administered to the
internal combustion engine 602. The functional design of product gas PG scrubber 207 is a
hybrid of impingement plate and irrigated filter wet scrubber models. The product gas PG
scrubber 207 uses a combination of absorption and Brownian diffusion modes to extract
particulate contaminants as well as excited molecular vapor contamination. Product gas PG
transport is promoted by a vacuum pump 208 connected to the product gas PG scrubber’s
output pott regulating a 5 to 13 L/min output flow (flow varies based on production capabilities
of an application based on Reactor Cell 204). Contaminated and vapour-saturated product gas
PG enters the product gas PG scrubber 207 at the bottom of the chamber where it is
immediately forced through a diffusion plate oriented 90° to the input stream. The diffusion
plate serves to decrease the velocity of the incoming gas stream as well as to begin separation via
product diffraction. The constituents of the product gas PG, being of different mass experience,

different acceleration of entry into the fluid extraction membrane. As surface tension of the
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Consunption= 1.585 gal/h Theoretical output= 62.45 kW CGens et Load:= 21.46
kKW Qut put Efficiency= 34% 21 Docket No. 028100. 0112PTUS Conbusti on
ManagenerwO3ysitme3Consunption = 1. 11 gal /h Theoreti cal POWysae10648135 69 kW
Gens et Load = 21.87 kWQutput Efficiency = 50.1% Di scussion regarding

16. 1% out put efficiency increase:
Docket No. 028100.0112PTUS

water shapes the gas into a bubble, the individual molecules strike the interfacial wall and,
depending on solubility, size, and charge, are absorbed or deflected back into the bubble. In the
time it takes for the bubble to pass the 95.25 mm to the surface, there is an average of 40%

molecular diffusion taken out of the bubble.

[0055] The product gas PG scrubber 207 is a reservoir comprised of one input
port and two output ports, a level sensor, and four gas diffusion plates. A vacuum pump is
connected to the output port at the top of the reservoir. The Reactor Cell product gas PG
output ports are connected to the input port at the base of the reservoir. The reservoir contains
an electrolyte fluid, which acts as a filter and a separator. Product gasses are forced via the
vacuum produced by the pump through the primary diffusion plate, traveling through the fluid
in the form of small bubbles. Surface area and bubble size are a primary consideration because
this media sepatration allows the system to collect/scavenge impurities for return to the liquid
medium. The three diffusion plates at the top of the reservoir have offset porting and act as a
condensation matrix. During operation, the liquid level in the reservoir will rise, which is
monitored by the level switch. The secondary output port is attached to a liquid pump which
extracts excess liquid and returns it to the reaction supply. The product gas PG scrubber fluid is

the same as the electrolyte in the cells.

Fluid Transport System

[0056] The fluid transport system is responsible for maintaining proper
electrolyte levels in the Reactor Cells 204 as well as ensuring proper extraction and delivery of
product gases PG. A liquid pump and solenoid valve manifold transport water, concentrated
electrolyte, and catalyst to designated compartments. A system of level sensors and control logic

directs operations, as well as monitors functioning of components.

[0057] All liquid media is filled and stored in one or more reservoirs — unique to
each particular application. For example, a short haul operating system where the truck returns
to a base at the end of every day generally can function on a five-gallon water tank that can be
topped off at the beginning of each day, whereas a locomotive engine that runs for many days at
a time without reaching a servicing base will likely require a much larger water reservoir. Storage
levels are set according to the duty cycle of the engine the unit to which it is attached. In one
implementation, filling is a “no touch” pump driven operation. For instance, the reservoir may
be connected to the solenoid manifold and liquid pump. The manifold is connected to other

components of the system to manage fluid flow between the components. Level sensors in each
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[ 0066] There are three major factors affecting the output efficiency of the
two- stroke diesel genset nodel: conbustive, nechanical, and thernmal. The
Conmbust i omoNBnagerw@nt System application affects all thireg/useopnegiate t he
16. 1% observed gai ns. Conbustive: [0067] The Conbusti on Managenent System
has effected a 73% reduction in hydrocarbon em ssions and a 4% reduction in
carbon di oxide while burning 17% | ess fuel and suppPyirgdio1029984 GPESt er

| oad. The argument is that t ese results require clarificatigon as to their
f easi bi | iP§P th#PVH&f%IPﬁ%@l ARGPYIR iy Ed llfé‘fﬂ%]év%ﬁ%%gflf’% uring esel  f uel
(nodel ) Bp&atdidn. DeBsd dnplethen@fork Be lordbds @ Gattlogdeb@hihs de-bolBdinkgddmmss5. 988
nmol / kg Conversi on: x |/h * 3,785 Lé%| * .85 kg/.(!r%* 5.988 nol/kg * 12 nol
C/ ol CLEHPS IR iger ey A LOTEPIHINe SE 1A Chigf-& CPR Y It O HOTHRHOERt i on Model
CO, accoymabper fu?agdoﬁ&%’miof)he?quﬂi&)q&&inotb ARtAAUELy Aut dbsieh dRadvE@ of fﬁﬁa)rebif n tlhib /s |
case neasure air: ue Air properties; Densjty 1.2 . = , 010 Ga
24.79 L/ titeedul gnaimaly, g pip P 00n: geisic g%}DWB’IC1n%618‘§§L/&IO‘2‘} @q‘?%ég%eﬁb

Basel i ne:swhdh t6ridghr B £ fulllB sEdd@ls 6 inkdee Iak refetigly RVEnt=7a608 @4ddcbofainr / hr =>
9295.27 nol air + 1947 nol 02 + 4 | CO, Conmbustion Managenent System
52.7 | b AFFPIBCHRECTU & hop gttt REias 521, 73 | b air/hr =

Air Intetface

[0058] Produced gas mixes into compressed air of the turbo line. The delivery
system is a venturi effect inducer port installed directly into the turbo line of the engine system.

In order to achieve consistent success, the following considerations are characterized for each

engine type:
. Negative air pressure at injection;
. Homogenous mixing;
. Fuel injection timing recalibration;
. In common rail, achievement of surplus hydrogen for all torque requests; and
. Interface with CAN Bus in newer engine types.

Fuel Interface

[0059] The fuel interface method mixes the product gases PG directly into the
combustive fuel prior to injection. In one implementation, the system utilizes a venturi effect
mixing apparatus to dissolve the product gas PG components into the diesel fuel in the line.
Due to the low solubility of oxygen, the un-dissolved gas is extracted using a fluid/gas extractor
component installed pre-fuel filter. The extracted gas is administered to the air supply using the
air interface component. Fuel interface technology is novel as compared to the Hydrogen
Enhanced Combustion state of the art. To ensure repeatable success of this method, the

following considerations are achieved:

. Hydrogen is thoroughly dissolved in fuel — This is achieved via a stationary
mixing tube, the application-specific design which is laboratory proven for

maximum threshold values prior to installation;
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7965.34 nol air + 1669 nol 02 + 3 nol CO, Conservation of nmass states that
total mass in nust equal total mass out 22 Docket No. 028100. 0112PTUS Mass
i n: Basel iweConinsstsdon Managenent System 620. 74531. 63 ExIraWaiS2638948135

Composi tion: Basel i neConbusti on Managenent System HC (ppmn) 102. 7527. 75 CO,
(9% 4. 254. 08 NO (ppn) 549. 25282 Di esel Fuel 1nput: Basel i neConbustion
Managenment System Gal/h1l.5851.11 nol C/ h366. 42256. 6 Po@@NocBRpEhERtUS n
exhaust: (CO, = 44 g/nol => .097 Ib/nol => 10.31 nol/|b) Baseline: 4.25% =>
26.38 | b/h * 20. 31 \motydioleedepy sgatragst PHOHOANKENY W@NMPIAR} — 8XEEEELE = 90. 46
nol /'h 75% combust i Mﬁseesfe}gdr&bﬁﬁ%ae@b B M1 1NE BBlahEcPUhsh LPFRHRL LN
Managenent System 4.08% => 21.65 Ib/h * 10.31 nol/lb = 223.63 nol/h +

3nmol /hr in air excewsng = 29.98 nol/h

. Stable at high temperatures and pressures;
. Hydrogen is free upon injection;
. 5% molar hydrogen to fuel — A dosing pump is calibrated to application-specific

fuel line requirements;
. Extracted gas (un-dissolved oxygen) is injected into the air supply; and

. Recirculated fuel is stable (no buildup of hydrogen in fuel tank).

Electrolyte Chemistry

[0060] The chemical composition of the electrolyte determines the rate,
efficiency, and product of the electrolysis. KOH is the electrolytic catalyst of choice in the
Hydrogen Enhanced Combustion (HEC) market, although concentrations vary from company
to company. The Combustion Management System technology utilizes a 1.5% molar
concentration of KOH, which is a strong Base (alkaline). Theoretically, any alkaline can serve
the primary function, but other characteristics of the alkaline elements make them unfavorable as
catalysts in this environment. The reaction equation is multi functional. KOH dissociates in

water to form K, + OH . These components, being catalytic, have no place in the actual half

+aq
reactions. Combustion Management System 108 also utilizes the wetting properties of a non-
foaming surfactant as a process catalyst in specialized applications. Surfactant catalysis provides

energetic favorability and promotion of a hydrogen specific product gas.

[0061] HEC technology utilizes catalysis as a promoter of electrochemical
efficiency and increased product gas PG production by reducing the enthalpy of decomposition.
Proper electrolyte chemistry promotes current transfer between electrodes. A good electrolytic

catalyst also facilitates extraction of product gas PG atoms from the reactive electrode.

Overview Regarding Hydrogen Enhanced Combustion Gains

[0062] The administration of a hydrogen/oxygen gas mixture fundamentally
improves the overall combustion reaction efficiency by driving the reaction to a higher level of
completion. This improvement translates into a significant increase in energy released and

decreased fuel requirement.
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88% conbustive efficiency or 12% i nconpl ete burn Conmbustive gain 13%

[ 0068] The following is a brief discussion regarding the 3.1% gain not
account edwbanit/az1tehe conbustive anal ysis. Thermal : [ 0069 ThiS2@0miR1SE | on
Managenment System reduces thermal efficiency |osses by reducing conbustion
tenperatures, which in turn reduces cylinder head and exhaust tenperatures.
Further C ai m Bases Conputation: [0070] Hydrocar bon &riksSiodRS0EE BPESM xt ur e

rangi ng from un fuel C'H to hane CH4. | n this ex e, a nean
hyd?ocgr bon is 3@@3} suc@ﬂg&fi@&%&@%@_@ﬂggﬁ ast%@%@%ﬁ“??\&,rggtbﬁﬁ Q" 6ul d mean
15 ol / h chexkanen bMDeRNAUIS thn thiyRrali3h gaisRdnncsaarbusht weucompleabh erl,can be
represented as the burning of 2 nol C6H14: 2C6H14 + %ﬁg 02 -> 12 CO, + 14
H20 =- 5838 7R RIPNBICERF RHE MGG Hol OB oie) ared it B sPcohpit dfon, the
energet i cgi)galhsﬂoﬂl &f chiloh thbd nkglehymmers Othle Kiel ﬁ%inéa@%lﬁfidaﬁkkh-rea@a&ﬂ%&; OlﬁZ PTUS
Recoverabl e Losses:; The. Paradigm Regardi ng The cul ati ons: 71] The

cal cul at iR HPEEEIAP TSy VR hﬁ%‘%ﬁi}ﬁﬁ? aghecq gleélﬁ’il’éf‘siuk nrcg?%fli?}rsi‘go 'E ggy c!ar bon put
into the sy&teM\IeY &Hfust AEMBAIrDBthcl darddhbse s B HRichficl haaue®By com ng out of

the system This n nber gives an over all conversion effici ency for the
Conbust | dtﬁ]?ufltlﬁS or failure to aChIGVG reaction COH’lp etion. Present emissions analyzers test 101 the

following;
. Hydrocarbons
. Carbon Monoxide
. Carbon Dioxide
. Nitrogen Oxides
° Oxygen

Referring to the above list, the first three items can be classified as a measure of the degree of the
combustion. Hydrocarbons, having the lowest degree of decomposition, represent stored energy
that has not been transferred to the drive train system. The combustion of carbon molecules
described in its simplest form is a decomposition of molecules such that energy is derived from

the breaking of covalent bonds. The following is a list of bond energies for carbon molecules:

o C—C Bond energy 348 kJ /mol
. C=C Bond Energy 614 kJ /mol
. C=C Bond Enetgy 839 kJ/mol
. C—H Bond Energy 413 kJ /mol

Accordingly, it is easy to see by this list that every carbon bond that is not broken in the
hydrocarbons that are present in the exhaust represents a sizeable measure of stored energy that
is being wasted. It is this wasted energy that Hydrogen Enhanced Combustion (HEC) is geared
at capturing. The second measured component, CO, is a result of depletion of reactive oxygen
in the vicinity of decomposed carbon atoms. Carbon monoxide has a higher enthalpy of
formation (-110.5 kJ/mol) than carbon dioxide (-393.5 kJ /mol), further depleting the energy

available for transfer to the drive train.

[0064] There is much discussion in engineering circles regarding the potential for

efficiency gains with hydrogen administration. The description in the following section titled
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Unavoi dabl e Assunptions: [0072] The following is a |ist of assunptions which
are deened unavoi dable due to the level of conplexity and inconsistency in
t he speciwpootispmssi ti on of diesel fuel and at nospheri cPairfus201/9s818®d
conposition of diesel fuel: C12H23 Assunmed CO2 conponent in atnospheric
air: 0.033% These assunptions, although generally accepted, will limt the
accuracy of the conputation to a small degree. Lim atkidnes)2@P0.0FRETUS

Comput ational Anal ysis:. [0073] This set of c utations is desjgned to

et Bbl | shCAMPHHEAMHELTS i oRtreE PRt MR doTse tﬁ&r&l&w@é conbust i on
process iidubdeway hdcgder valuthRabapudiat depnad in@dnid isdhsnidsof desiogmagion@ quant i fy
the degree to which the comi)u tion achi eves conpl etion. TEi S 3{)}? ysi s
descri bed*PheMBEAET A ST MHFIRS LEFSSH TIATER TS MEHI® SR OSRF I ed

( deconposedhdi@ By midh dk@teApai@f that which is not (all other carbon
derivatives). There is not an avail abl e dataset which provides sufficient
information reg i.nhg the true nolecular c osition of the dr ocar bon
(MO and part 1 odlBeL e RrePles SAPRR S rEReRyat IS QUCT T cari on
cannot bes@lrrodusedct aWdrhicdrgilpegituteof theyRaguesitesivDatass (00p4sTheerE uel

i nput relthati ve t(g t he emhaust S %hcritti ciﬂ dat aset. W t h %es ect to the
conput at i"OHTEE REHTS AFHTY ° FRE: iAf Siehae 81 UHSROWRE SRUPKSEnt i r e

conput at ingmsurs! pluedioc aDetbiaNdsdris 2 Gogscagstaac Thafuadasnpbdasicdpe ® 25N order to

pr oduce easonabl e so| ut.i on. 075] The .AFR . reguest ed as f or m of
Checks: antlBar Ahoesor & ElbbEBher B08 Hre oAt oar Teatiee: FaY nat
reason, catwitoat icp@sdhhre aAERRASH(). OMhetrBieixyganng B 4Chia,, extiaust 4gr@duces a
i | 24 Do No. 0281 0 12PleOtS | n, Ref h
g;;]ﬁgyab%g’?*gﬁ? @1&: Eistda?aéur%}ét%% composition OP t?fe exhaust gas as WQU asetheexgzeelg (t:gf tIig The
fuel being administered. Allowances were made for the carbon content of the air component of

the input. The CO, component is compared to the input carbon as a direct measure of the

percentage to which the combustion reaction has been propagated to its completion.

Computational Analysis Regarding Tests Performed On A Detroit Diesel 71-2 Engine With ‘The
Present Combustion Management System
The Computational Model:

Reaction: 4C,,H,, + 710, > 48CO, + 46H,0

Model Specific Parameters:
100% efficiency: 4C,H,, + 710, = 48CO, + 46H,0
=-142x10° kJ/gal
= 39.4 kWh/gal, since 1 kWh = 3.6 x 10° k]

97% efficiency argument:

97 * (-1.42 x 10°) kJ /gal
-1.38 x 10° k] /gal

= 38.27 kWh/gal
Dataset:

Baseline:

Consumption =1.585 gal/h

Theoretical output = 6245 kW
Genset Load: = 21.46 kW
Output Efficiency = 34%
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[ 0076] As described herein, this conputational analysis is not a
quantitative energetic analysis, since such an energetic discussion would
be subj ecwotzetiz3imsge margin of error. For that reason, PCI/US30100881pHSSI bl e
or pertinent to produce such a diagramw th respect to these conputations.
Measured Val ues And Conputational Paraneters: [0077] These are the val ues
fromwhich all conputation and conversions will be Bagedibo 020el0128F&d Hp of
t he Engl O@k :%72 I\/Easured Exhaust (conposite ekW17): CO 0.51

Mol ecul ar él?f“ AGIEBIOYECRIC 0. 91 Mol ecul ar Wi ght: 14 g/ mol C PT: 0. 08
Mol ecul ar Wi ght : 1do@bdplionC  Fuek 1defzhinh ti on paranmeters: Fuel nodel : C12H23

Mol ecul ar Wei ght (kg/ no 0.167 (Def Val ue) Fuel Density
(kg/ L) : 0. 85( Def i ned™¥ “ffl:?utPiéat of%é%E%’ustl on (MJ/kg): 44.86 (Measured) Fuel

| nput  (g/ kWh) G283t BoadFr om ABC) = 21.87 kW
Output Efficiency =50.1%

Discussion regarding 16.1% output efficiency increase:

[0066] There are three major factors affecting the output efficiency of the two-
stroke diesel genset model: combustive, mechanical, and thermal. The Combustion Management

System application affects all three to produce the 16.1% observed gains.

Combustive:

[0067] The Combustion Management System has effected a 73% reduction in
hydrocarbon emissions and a 4% reduction in carbon dioxide while burning 17% less fuel and
supplying 1.91% greater load. The argument is that these results require clarification as to their

feasibility. We will start by analyzing combustive energetics.

Diesel fuel (model) = C,H,,
Density = .85 kg/L
Molecular Weight = .167 kg/mol =5.988 mol/kg
Conversion:
x Gal/h *3.785 L/Gal * .85 kg/L * 5.988 mol/kg * 12 mol C/mol C,H,; = mol C/h
x Gal/h *¥231.179 mol C/h = mol C/h
Composition Model
CO, accounts for 49% of combustion product
Air Fuel Ratio (AFR) (in this case measured lb air:lb fuel)
Air properties: Density 1.2 g/L = .010 1b/Gal
24.79 L/mol => 6.549 gal/mol => .0655 Ib/mol
20.95% O, & .038% CO,
Baseline: 51.16 1b ait/Ib fuel * 11.9 1b fuel/ht = 608.84 Ib air/ht =>
9295.27 mol air + 1947 mol O, + 4 mol CO,
Combustion Management System: 52.7 1b ait/Ib fuel * 9.9 1b fuel/ht = 521.73 1b ait/ht =>
7965.34 mol air + 1669 mol O, + 3 mol CO,

Conservation of mass states that total mass in must equal total mass out
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CH4 Heat of Conbustion (kJ/nol):802.34 (Defined Value) CO vs. CO2Formation
Energy (kJ/nol): 283(Defined Value) Conversion paraneters: 0.2778 kWl M
Overal | BmQi2ne/BifeBci ency: [0078] The first set of conputraTiuse&ionegyasd t he
overall efficiency of the systemin terns of potential energy adm nistered
versus derived power. 25 WO 2011/031763 PCT/ US2010/ 048135 Docket No.

028100. 0112PTUS Fuel In 203. 3 g/ kW Docket No. 028100.0112PTUS
Mass in: Baseline Combustion Management System
620.74 531.63
Exhaust Gas Composition:  Baseline Combustion Management System
HC (ppm) 102.75 27.75
CO, (%) 4.25 4.08
NO, (ppm) 549.25 282
Diesel Fuel Input: Baseline Combustion Management System
Gal/h 1.585 1.11
mol C/h 366.42 256.601

CO, component in exhaust: (CO, = 44 g/mol => .097 Ib/mol => 10.31 mol/lb)
Baseline: 4.25% => 26.38 1b/h * 10.31 mol/lb = 271.96 mol/h + 4 mol/h in air
excess C = 90.46 mol/h
75% combustive efficiency or 25% incomplete burn
Combustion Management System: 4.08% => 21.65 Ib/h * 10.31 mol/Ib = 223.63 mol/h +
3mol/hr in air
excess C = 29.98 mol/h
88% combustive efficiency or 12% incomplete burn
Combustive gain 13%
[0068] The following is a brief discussion regarding the 3.1% gain not accounted

for in the combustive analysis.

Thermal:

[0069] The Combustion Management System reduces thermal efficiency losses
by reducing combustion temperatures, which in turn reduces cylinder head and exhaust

temperatures.

Futther Claim Bases Computation:

[0070] Hydrocarbon emissions are a mixture ranging from unburnt fuel C,H,,
to methane CH,. In this example, a mean hydrocarbon is used such as hexane C.H,,. For the
Baseline, this would mean 15 mol/h hexane in exhaust. The 13% gain in combustive

completion can be represented as the burning of 2 mol C.H,

2CH,, + 19 O, — 12 CO, + 14 H,0 =-5835.76 kJ /mol

For the two mol considered in this computation, the energetic gain is 11671.52 kJ /h or 3.24 kW.
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0. 2033 kg/ kW Measured Heat of Conbustion 44.86 M/ kg x 0.2778 kW 4
12. 462 kWh/ kg Energetic Analysis
WO 2011/031763 PCT/US2010/048135

Docket No. 028100.0112PTUS

Recoverable L.osses:

The Paradigm Regarding The Calculations:

[0071] The calculations are strictly a consumptive calculation relating the carbon
put into the system versus the carbon in all forms other than CO, coming out of the system.

This number gives an overall conversion efficiency for the combustion.

Unavoidable Assumptions:

[0072] The following is a list of assumptions which are deemed unavoidable due
to the level of complexity and inconsistency in the specific composition of diesel fuel and

atmospheric air:

J Assumed composition of diesel fuel: C,Hy,

. Assumed CO, component in atmospheric air: 0.033%

These assumptions, although generally accepted, will limit the accuracy of the computation to a

small degree.

Limitations Of The Computational Analysis:

[0073] This set of computations is designed to establish a fundamental
agreement that there is a non-complete combustion process in the cylinder. The computational
analysis is designed to quantify the degree to which the combustion achieves completion. This
analysis describes the percentage of input carbon which is completely oxidized (decomposed to
CO,) in terms of that which is not (all other carbon derivatives). There is not an available dataset
which provides sufficient information regarding the true molecular composition of the
hydrocarbon (HC) and particulate (PT) constituents, so a true energetic quantification cannot be

produced.

With Respect to the Requested Data:

[0074] The fuel input relative to the exhaust is a critical dataset with respect to
the computation at hand. This is the information upon which the entire computation is

predicated and must be as accurate as possible in order to produce a reasonable solution.

[0075] The AFR was requested as a form of checks and balances to substantiate
the computational result. For that reason, calculating the AFR based on the oxygen in the

exhaust produces a circular argument.
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1472 kW 100% Efficiency = 1472 kW/ 12.4621kW/ kg 4 118.12 kg/h True
I nput = 0, 2003 kg/ kWh x 1472 kW4 299.26 kg/h Overall Engine Efficiency
118. 12 kgwb 20112897636% kg/ h PCT/US2010/048135

Docket No. 028100.0112PTUS

In Reference To The Sankey Diagram Of Figure 1B

[0076] As described herein, this computational analysis is not a quantitative
energetic analysis, since such an energetic discussion would be subject to a large margin of error.
For that reason, it is not possible or pertinent to produce such a diagram with respect to these

computations.

Measured Values And Computational Parameters:

[0077] These are the values from which all computation and conversions will be

based:

. Delivered Hp of the Engine (AW):

1472
. Measured Exhaust (composite g/kWh):
CO: 0.51
Molecular Weight: 28 g/mol C
HC: 0.91
Molecular Weight: 14 g¢/mol C
PT: 0.08
Molecular Weight: 14 g¢/mol C
. Fuel definition parameters:
Fuel model: C,,Hys
Molecular Weight (kg/mol): 0.167  (Defined 1V alue)
Fuel Density (kg/L): 0.85  (Defined 1 alue)
Heat of Combustion (M]/kg): 44.86  (Measured)
Fuel Input (g/kWh): 203.3  (From ABC)
CH, Heat of Combustion (k] /mol): 802.34 (Defined 1 alue)
CO vs. CO,Formation Energy (k]/mol): 283  (Defined 1 alue)
. Conversion parameters:
0.2778 kWh > 1M

Overall Engine Efficiency:

[0078] The first set of computations regard the overall efficiency of the system

in terms of potential energy administered versus derived power.
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4 39.5% Exhaust Analysis: [0079] The next step is to analyze the conbustive
efficiency of the engine. The sane net hodol ogy has been enpl oyed as the
previ ous wocamenitze3only utilizing the information perti RemuSt@onisa3ABC
engine. Al conputations are conducted using 1472 kW Fuel In 203.3 g/ kW
0. 2033 kg/ kW Using the Cl2H26 nodel for Diesel Fuel 0.4156 nol C kWh X
1472 kW 4611. 71 nol/h Carbon atons Non-0Q2 Carbon DedERlddsf0-Cariuy, 51
g/ kWh (0.51 g/ kWh x 1472 kW / (28 g/ nol) 426.81 nol /h
Carbon atons HC® Buding/kwh (0.91 g/kwh x 1472 kW / (14 g/ nol)
495. 68 nmol / h Car bomzat.pp®nPT - 0.08 g/ kW (0.08 g/ kWh x 1472 kW / (14
/ mol
g ) 0.2033 kg/kWh

Measured Heat of Combustion

44.86 M /kg x 0.2778 kWh > 12.462 kWh/kg

¢ Energetic Analysis

1472 kW

100% Efficiency = 1472 kW / 12.4621kWh/kg > 118.12 kg/h

True Input = 0,2003 kg/kWh x 1472 kW > 299.26 kg/h

¢ Overall Engine Efficiency
118.12 kg/h / 299.26% kg/h > 39.5%

Exhaust Analysis:

[0079] The next step is to analyze the combustive efficiency of the engine. The
same methodology has been employed as the previous document, only utilizing the information

pertinent to the ABC engine. All computations are conducted using 1472 kW.

] Fuel In
203.3 g/kWh
0.2033 kg/kWh
Using the C,H,; model for Diesel Fuel
0.4156 mol C/kWh x 1472 kW
> 611.71 mol/h Carbon atoms
. Non-CO, Carbon in Exhaust
CO -0.51 g/kWh (0.51 ¢/kWh x 1472 kW) / (28 g/mol)
> 26.81 mol/h Carbon atoms
HC - 0.91 g/kWh (0.91 g/kWh x 1472 kW) / (14 g/mol)
> 95.68 mol/h Carbon atoms
PT - 0.08 o/kWh (0.08 g/kWh x 1472 kW) / (14 g/mol)
> 8.41 mol/h
Total Non-CO, Carbon in Exhaust 8,41 mol/h + 95.68 mol/h + 26.81
mol/h 2> 130.90 mol/h
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48.41 nol/h Total Non-CO, Carbon in Exhaust 8,41 nol/h + 95.68 nol/h +

26. 81 nol /h4130.90 nol/h 26 Docket No. 028100.0112PTUS Conbusti on

React i on EOf20tiiesnwyg Car bon at ons admi ni stered to the sygCemszovonisa3s or m of
di esel fuel is fully converted to CO (611.71 nol Ch - 130.90 nol C'h) /
611.71 nol C/ h4 79% Carbon atons adm nistered to the systemin the form of
di esel fuel exhausted in a formother than that of EOketNoH3E0GRARPHEG
potential energy with it: 100%- 74% 4 21% Energetic Mbdel And Conputation
[ 0080] The non- CO, caf9sPusitisReactienEffidncyi esel engi ne exhaust are a

m xture of literallychupdneds .@hinlicfhies entysrml acht Bfm St ket ud &Srulyangi ng
fromthe pol ynerase soot nol ecul es and unc%

anged di esel fuel noléecul es down
to the sinplest hydrocarb%ﬁW“ﬁ%ﬁ%Qﬁ@«”F6¥m@H%%§a¥@9BPK%ﬁ(@/€§é7kﬁ§b, t he
mean energetic value betwean the diesgl fyel, nodel and net hane has been
used as a solid estimate of the energetic value for the hydrocarbon and
particul ate constitu@ﬁﬁ§ﬂ6®ﬂ¥h@n@¥ﬁﬁg§?ﬂwFwﬁﬁmﬁimmbeﬁﬁ%@?ﬁ@?@ﬁﬂmH@ﬁr95.68
mol /h Carbon atoms 95. 68 golghf, bkl BRL O chsdhiobheKeiki Bhd:g, @f i£ar bon
atoms fromfuel PT - 8.41 nol/h Carbon atons™8.41 nol/h / 611771 nmol C/h
41.38 A ratio of carbon atWts ®om fudl Tél%4ls = 95.68 nol/h + 8.41 nol/h

Energetic Model And Computation:

[0080] The non-CO, carbon constituents of diesel engine exhaust are a mixture
of literally hundreds of different molecular structures ranging from the polymerase soot
molecules and unchanged diesel fuel molecules down to the simplest hydrocarbon, methane.
For the sake of this exercise, the mean energetic value between the diesel fuel model and
methane has been used as a solid estimate of the energetic value for the hydrocarbon and

particulate constituents of the exhaust.

HC And PT Computation:

HC- 95.68 mol/h Carbon atoms 95.68 mol/h / 611.71 mol C/h
> 15.64 % ratio of carbon atoms from fuel
PT - 8.41 mol/h Carbon atoms 8.41 mol/h / 611.71 mol C/h
> 1.38 % ratio of carbon atoms from fuel
Totals = 95.68 mol/h + 8.41 mol/h
> 104.09 mol/h Carbon atoms
15.64% + 1.38% > 17.02 % ratio of carbon atoms from fuel
Computation
17.02% x (299.26 kg/h x12.462 kWh/kg)
4 634.74 kW if diesel molecules
(802.34k] /mol x 104.09 mol/h) x (0.2778/1000 kWh/M)])
> 23.20 kW if methane
(63474 + 23.20) / 2 > 328.97 kW mean value

[0081] There is also a measured value for the CO component in the exhaust.
Since the energy of formation is higher for CO than it is for CO,, it is possible to calculate the

energetic loss for this portion of the exhaust.
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4104.09 nol/h Carbon atons 15.64% + 1.38%17.02% rati o of carbon atons from
fuel Conputation 17.02% x (299.26 kg/ h x12.462 kWh/ kg) 4634.74 kWi f diesel
nol ecul esw0202/B4163/ nol x 104.09 nol/h) x (0.2778/ 1000 poh/usi)lon28320 kWi f
met hane (634.74 + 23.20) / 24328.97 kW nean val ue [0081] There is also a
measured val ue for the CO conponent in the exhaust. Since the energy of
formation is higher for COthan it is for CO, it i $oposde BHEOFABIES cul at e
the energetic loss for this portion of the exhaust. 27 Docket No.

028100. 0112PTUS® CO EShhemeerentner getic Di vergence 283 kJ/nol 26.81 nol/h
283 kJ/mol x 26. 81 mpl(BAilIRVerfBckI/ h (7587.63 kI/h x 0.2778)/100042. 11 kW

[ 0082] Overal | energetic conparisons wll take into account the sumtotal of
t hese energetic conp@%%ﬂﬂ(‘@ﬁ]s to derive useful energetic data.
26.81 mol/h
283 kJ /mol x 26.81 mol/h > 7587.63 k] /h
(7587.63 kJ /h x 0.2778) /1000 > 211 kW
[0082] Overall energetic comparisons will take into account the sum total of

these energetic computations to derive useful energetic data.

. Potential Energy Total for Exhaust
2.11 kW + 328.97 kW > 331.08 kW
. Comparisons
(422 kW + 331.08 kW) /((299.26 kg/h x 12.462 kWh/kg) — 1472 kW)
> 15% fraction of total energetic losses
(4.22kW + 331.08 kW) / 1472 kW
2> 22% fraction of total output energy
(422 kW + 331.08 kW) /(299.26 kg/h x 12.462 kWh/kg)

> 9% fraction of total input potential enetgy
Conclusions:

[0083] Although these calculations are not rigorous in the strictest sense, the
assumptions are reasonable. The information provided by the computations shows beyond a
reasonable doubt that there is a considerable value of potential chemical energy in the exhaust.
The Combustion Management System is designed to capture this energy by increasing the rate of
the combustion reaction to produce a more complete burn. No laws of physics are being

refuted within the construct of this analysis; it is simply a more efficient chemical process.

Summaty

[0084] The Combustion Management System models each hydrocarbon
combustion application and supplies a product gas PG, comprising a dynamic mixture of nascent
hydrogen (H) and oxygen (O), to the internal combustion engine to propagate the formation of
hydroxide radicals (OH) and thereby to improve the level of completion of the hydrocarbon

combustion reaction.
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Potential Energy Total for Exhaust 2.11 kW+ 328.97 kWi331. 08 kW
Conparisons (4.22 kW+ 331.08 kW /((299.26 kg/h x 12.462 kWh/ kg) - 1472
kW 415%Wwoaoetiien’édf total energetic | osses (4.22 kW + BB8IB301kMIs185 1472 kW
422% fraction of total output energy (4.22 kW+ 331.08 kW /(299.26 kg/h x
12. 462 kWh/ kg) 49% fraction of total input potential energy Concl usions:

[ 0083] Al t hough these cal cul ations are not rigorous bkt B§lpGE128EYS sense,

t he assunptions are reasonable. The 'n mat i on provi ded by the

conput ati ons shows beyond a reasonaE:Lé 1g%)ubt that there is a considerable

val ue of potenti gner i e _exha tion
Managenent Syste&illts Ealme to(g%ezilr dtotgef’ WteCteg%éLetter%mm8rt§a5| ng the rate

of the camusbhonisr eact i on to produce a nore conplete burn. No | aws of
physics are being refuted within the construct of this analysis; it is
sinply a nore efficient chem cal process. Summary [0084] The Conbusti on
Managenent Systdm mﬁelySerﬁ&&heglnydmg)mabmmOﬁoﬁhimgin@,rwkammdeﬁasti on and

suppl i es duc as P rjsi m xture of nascent hydrogen
(H and oX %fgcea%b%“o%dg 3tsr?erce {ﬁP e Bgﬂ ? f%nﬁbuesﬁ(éri arllrefrr 0% B opagate t he

f or mat i orombushiyd mgmhehemraaﬁimﬁl & d(e(liyl)lroagnblort fherebyorblasticpiioy enttheed avel of

conpl ot | on, of  Lhe hydr ogarbon conbust] on r eactl.on: . 28, Rogkel Mo ion
028100. 0

by-products, said system for regulating the operation of an engine compirises:

product gas generator for producing a product gas comprising a substantially
stoichiometric mix of hydrogen and oxygen; and

product gas injector for dynamically adding the product gas to the combustion air in
a substantially predetermined ratio with hydrocarbon fuel, from the source of hydrocarbon fuel,

presently consumed by the engine.

2. The system for regulating the operation of an engine of claim 1 wherein the
product gas generator comprises:

converter for generating a stoichiometric mix of hydrogen and oxygen from water.

3. The system for regulating the operation of an engine of claim 2 wherein the
product gas generator further comprises:

a catalyst mixed into the water to facilitate the electrolysis of the water.

4. The system for regulating the operation of an engine of claim 3 wherein the
catalyst comprises:

at least one ionic salt that stays dissolved in solution in water.

5. The system for regulating the operation of an engine of claim 1 wherein the
product gas generator comprises:
electrolysis system for using an electric current to dissociate a stoichiometric mix of

hydrogen atoms and oxygen atoms from water.
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CLAI M5 What is clainmed as new and desired to be protected by
Letters Patent of the United States is: 1. A systemfor regulating
t he oper awpan11a31®A engi ne, whi ch recei ves hydrocar bon fPaglusteloms3sour ce
of hydrocarbon fuel and conbustion air froma source of conbustion air,
wherein a m xture of the hydrocarbon fuel and conbustion air is conbusted
in said engine to rel ease at | east one of nechani calPognetogifSigHd2PHEr mal

energy as well as copbustion by-prodycts, said system.for regulating the
operation of an ‘engi e%ﬁ'ﬁ&?&%&”&mg the operatiqn ol 4t ERsing £ d@&h%?’]getrﬁ?t or

pr oduci ngralupr Qdeetra@asGerghipsisdg a substantially stoichiometric mix of
hydr ogen and oxygen; and _. product gas injector for dynam cally
addi ng the proddét@gHsTy R PO P B AT o OB RSB HRES al | y
predetermned ratio with hydrocarbon fuel, fromthe source of hydrocarbon

fuel, presently cons d by the engine. . 2. The system far

regul ating the c?pera&ggﬁ“(‘%%g farrife%%é‘lﬂﬁgieé’f’er&‘i‘%%alie%ﬁ)gflﬁm{(ighﬁﬁ?‘&gﬁct gas
gener at orca@IpAPshE@Ss: converter for generating a stoichionetric mx of

hydr ogen and oxygen from water. , .3. The systemfor regulating the
operation of an agﬁbsfﬂ%“@?“ Ay E e tHEOBIbYYUEL gas generator further
conprises: a catalyst mxed into the water to facilitate the electrolysis

of the water. 4. The system for regulating the operation of an
engine of clai m® whéPemierHe %P%@Foeﬁﬁ%“i‘gé%?n%&teq?é%@tl%%@il ic salt
that st aysoddbiSsohyedr tdins@dsut i on in water. 5. The system for

regul ating the %ggéat ion of an engine of claim1 anr ein the product gas
generat or conpr i'st catbon fuel conSUBPRET FOIYS _fQé‘ ey CRIgAg FOPSIREF APHIPPEPEM 1 i ¢
curr en]E thaert&ﬁﬁlCﬂr(gfé aleaetsdlf@hgerku dg)azgg%g %Sﬂzgxrisgés ihéé&iih%g&ﬂ ndt 19135&6 daﬁd oxygen f
atons from wat er. Docket No. 100. 0112PTU. , . The system for
regul at i RYIPHEPBHET JPT SivbridgAuengf erosrbe Welnise\rgreirins esiudt gas
gener at Ofenfitk RAVBIHGRMRF MRS, didseCabiakb Wsbochir¥@Rel i@t D& M@t®lind@af acilitate
the electrolysis of .the water. . . .

diagnostic array of the diesel engine, exhaust flow of the combustion by-products, diesel engine

cylinder pressure, and the like, to dynamically determine a volume of hydrocarbon fuel presently

consumed by the engine.

9. The system for regulating the operation of an engine of claim 8 wherein the
product gas injector further comprises:

combustion characterization system for storing a set of data indicative of
hydrocarbon fuel consumed corresponding to measured values of each selected monitored

engine operating characteristic.

10. The system for regulating the operation of an engine of claim 9 wherein the
product gas injector further comprises:

product gas volume computer for determining the volume of product gas
corresponding to the substantially predetermined ratio of hydrocarbon fuel, from the source of
hydrocarbon fuel, presently consumed by the engine, as indicated by the set of data

corresponding to measured values of a selected monitored engine operating characteristic.
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7. The systemfor regulating the operation of an engine of claim®6 wherein
the catal yst conprises: at |least one ionic salt that stays dissolved in

sol uti on WO 2061031763 8. The system for regul ati ngCrhis2apeusass on of
an engine of claim1l wherein the product gas injector conprises:

hydr ocar bon fuel consunption nonitor for determning at |east one engine
operating characteristic fromthe set of engi ne opefatkny CHIABEEN stics

i ncl udi ng, but qgt limted, to: qurocarbon fqgl fl.ow from said source of
hydrocar bon fuel'" di E<BISHGT K& R GITIPE2EYR PhiAG Sty BRIEN "6 ne Revol uti ons
Per M nuthgdrothri@salel &g N@uictbhigahaiper fuRemekothb s Refodvh Butlr&,ofi Nt er nal

di agnostic array .of the diesel en ige, qéﬂﬁast flow of the cqnbustion

by- pr oduc¢PEPUsEPEEEIMIERI AR EHA L AT TP ERYLIME, A0 PR HEC F ROy Y Hani cal |y
det er m neaid cv@lcubeel@fc )t osaslierhinitel cnplof sRINth EyhaCRBS W ABEIRY cdriiisengi ne.

9. The s sten1for,reg%% tin %he gperation of an engi ne of claim8 wherein
the prod P YUESiH] GETGF FirHHieps BoAPrLas an engine compiGiinyst i on

characteri zat i opr&ysiheipioatct ghs@bhPgsiay S@bstialatachidittineahixcweh@foday dr ocar bon
fuel consuned corresponding to neasured val ues of each sel ected nonitored
engi ne opB? abBHy“¥har act eristi c. 10. The system for regulating the
operation of an ®ngiagy f.jljcdjr@tl&i &icnheeihn c&hlﬁlswr?ﬂuﬁh s@RGindilj ect Ol’h f ur]t her
conpri ses: . _product gas vol une conputer for determ ning the vol une
of pr odu&edﬁﬁgnlﬁﬁrfﬁ‘é%ﬁ]&h@idﬁﬁa’gi%n %’%Lﬂgﬁﬁéﬁ SOHECF 8f Wmﬁ?fgafé?%ﬁn Hictf8® rati o of
hydrocarba&u&@@byﬂ£eg@m§he source of hydrocarbon fuel, presently consuned
by the engine, as indicated by the set of data correspondi ng to neasured
val ues of a selected nonitored engine operating characteristic. 30 Docket
No. 028100. 0112R3US 'The method fok %guﬁjﬁg&h@é}%rafti@ﬁ of ﬁgﬂﬂl!giﬁé bh@ithhe wapehakd on of
an engine, which receives hydrocarbon fuel froma source of hydrocarbon
fuel and SEBRPUSETYN QPP om a source of conbustion air, wherein a nixture
of the hydrocar hemfigh s@rbiomenlust bafyddkén 4nd ocREDESH&:N Sai d engine to
rel ease at | east one of mechanical energy and thermal energy as well as
conbustion by-products, said nmethod for regul ating the operation of an

engi ne conpri sess.  The metho@®FRAGIAE Be HELMUE bf GASBOBPAISI1DYhdcin the
substantially stoichiometric m x of hydrogen and oxygen; and
dynanicaFW?Oé@@ﬁﬁﬁ¥ﬁW@“ﬁF@Hﬂﬁﬁggas to the conbustion air in a substantially
predet er mi ned ratiiife WeddshyEEOBA BORad Ul facilfAhOM: LIBRBRWBEBE @htchydr ocar bon
fuel, presently consuned by the engine. 12. The nethod for

regul ating the operation of an engine of claim1l wherein the step of
produci ng conpriiges: TgeRehad idgedlaSiahChhMBh bF i dFbiXe 6f iy ds Q@erinand oxygen
fromwater. . 13. The nmethod for regulating the operation of an

engi ne of?@dFKicpaPesiher ei n the step of producing further conprises: adding

a catal yst m xedieft Ondib8c Wateh sh@ fitaiddiid ali@iohhewgbect rol ysis of the
wat er .

15. The method for regulating the operation of an engine of claim 11 wherein the
step of producing comprises:

using an electric current to dissociate a stoichiometric mix of hydrogen atoms and

oxygen atoms from water.

16. The method for regulating the operation of an engine of claim 15 wherein the
step of producing further comprises:

adding a catalyst mixed into the water to facilitate the electrolysis of the water.
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14. The method for regulating the operation of an engine of claim 13
wherein the catal yst conprises: at |least one ionic salt that stays

di ssol vedwDrosi@gl3utedon i n wat er . 15. The met hod PCoUSe@gOl&aBs ng t he
operation of an engine of claim1ll wherein the step of producing conprises:
using an electric current to dissociate a stoichionetric mx of hydrogen
atonms and oxygen atons from water. 16. The Dyetthod 281801 28HH at i ng

t he operation of _an ine of clajm15 wherein_the step of producing
further conprisés: aﬁggwat%agé%%ﬁ €t s QEEPALE REDGAL Sm(B PEER T at e ¢ he
el ectrol yshigst@émpdres: wat er. 31  Docket No. 028100. 0112PTUS 17. The
nmet hod for regula%ing t.he gferation.of n engjne of claim16 wherein the
catal yst conpri $El§2st §pe ipig st dy ataysulissQiveddp tolfH95( ¥1'8y s di ssol ved in
solution in water. 18. The method for regulating the operation of

an engine of claim1l wherein the step of dynam cally di onprj ses:

det ermi ni ng at East %Bﬁ@eté‘ﬁﬁi?%ée%lﬁ%? ‘f%ﬁfﬂélﬂ%Pg]%“teélﬁlinéP @a@ﬂgmiﬁfﬁlé et of
engi ne opepat lypgmeharnaghednstdsés 1 ncluding, but not limted to: hydrocarbon
fuel flow fromsaid source of hydrocarhon fuel, dieseL engine throttle
setting, diesel BHHMABS M UEICOHRE PEFIRE HUTRECTYS EOBY heigP @8 ftr bochar ger
Revol ut i epsafgrchMidetstes ihdideizal: n6i IRgRAOSS: hedradaay f@fl 160 eobl sgig eburengi ne,
exhaust f %M/Of t he conbustion by-products, diesel en ine,c%lfnder

pr essur e, YHRERuT el efl%nf‘o‘gWé EEPE vl einfifirEelatiqps Pemding® H98r ocar bon
fuel | pr ese@gihéht)ar%aﬁsgw_ﬁ@l]obm?ﬁmf mgijtae}ter?al dilagr_los‘dc %&mmed@@t ﬁfgﬁi\e,f or f

regul ati ng the operation of an engi ne of claim erein the step o

dynami caF%u%fa]aWé HPPREYTIOR BRPOrEEs diesel engine C;H‘é‘ffcf’if‘?sﬁﬁe’én%‘@? Tt “at a

i ndi cat i \ien@ficahly di:@salcRaBlufd el hrRaahEE tieCpeiagnAdinng by ehcomaasur ed val ues of
each sel ected nonitored engi ne operating characteristic. 20. The
met hod for regulating the operation of an engine of claim19 wherein the
step of dynami cably addinB@od Hfr&%@fati@ﬁ@bﬂe&@iﬁhofan engine of @EHhaB KihBlkinghd he

vol une of product gas corresponding to the substantially predeterm ned
rati o of SKY&F OCAPSHN 2Adiag b dRPHES sour ce of hydrocarbon fuel, presently

consumed by the @pgh et oSt iNditLiat 8ChyRY Ao SetcopfundatEminiggpondi ng to

nmeasur ed val ues of a sel ected nonitored engi ne operating characteristic. 32
measured values of each selected monitored engine opefating characteristic.

20. The method for regulating the operation of an engine of claim 19 wherein the
step of dynamically adding further comprises:

determining the volume of product gas corresponding to the substantially
predetermined ratio of hydrocarbon fuel, from the source of hydrocarbon fuel, presently
consumed by the engine, as indicated by the set of data corresponding to measured values of a

selected monitored engine operating characteristic.

32
534303.03



