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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

hydrogen into the internal combustion engine’s air supply. Theoretical computations have



Hydrogen In History [0005] Hydrogen was first suggested as a fuel for
machinery in 1820 by W Cecil's treatise, "On the application of hydrogen
gas to prwowres/®1m™8vi ng power in machinery." Several i nearnskéiongsios

hydr ogen- power ed machi nes foll owed, nost of which were very efficient, yet
failed to achieve market success as a result of fuel cost and scarcity. In
the end, fossil fuels (petroleum won out as the pri mary mechani cal fuel

source, and hydrogen | al | ‘but for nlnthl &VOO 6] The

mili tarySH%sﬁtf?/@ﬁtEsP?t&q? f it foé%{ﬂ'f %ﬁfﬁfleflﬁv%mm PCSRRAEIGer nan f or ce
conf r ont iapgicp@inmat Rndiniels, sadnEjudchd sﬁgfu@Sghnﬁﬂgbm&E$hed&€1ta(ﬂ¢§os§1blat their
best option was tfg utilize hygoogen to Cre e a hybri %‘fl,{ﬁed fuel using the
bi t uni noW8™PLEPS CIGFICRKRUR> tHEY AT gFEHRYPY ﬁbﬂswfwb EhRZAEED Conbust i on
(HEC) wasphiRidbns Bith b Reuehttkhethebly@ndvdriablthespd bl O S incessittehSeuradteed by HEC
attenpts and a sharp decline in the need to pursue this approach led to a
rel ati ve '©88sati on of research in this field. [ 0007] The petrol eum supply
crisis of the 1970's marked the second wave of interest in HEC research.
Thi s waveélmaged Brigisloww a gar age novenent and sparked a shift in the
production of hydrogen and its application within the internal conbustion
engi ne. El ectr ol[96805k asH;alrcrmawss ﬁrarsuggahabasd fgaﬁﬁmshlhgﬂmd@%bg@ner ation was
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Lear ni ng Qf)emol’fuﬂhhﬁom elsueéle\ptlmhrytxﬂmehaaa:all fh@ 501@&1; aelrhysiopch ves all g1a§e«gutsenhydr ogen
was adm n| ered as a separate entity, either directly injected into the
cyli nder " of° ¥%& i nternal combustion engine or mxed with the engine's air
supply. [0008] As petrol eum supplies again becanme nore accessible, the

i nterest in HECI[8006kr i élicadlitary debllizston gfitit leadengantto Bivdid Nonbreavtaal  awar eness
met withdores %?&%O%onfngggét%vgfu}ﬂ%elg&pélt?EsLu%g 9 '&%Qﬁ?&%ﬂhﬁ%@‘%e&” the
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expanded E%éﬁg%ltl%dt?gqez%tﬁ’%é%gaugrrﬁ}r!%g{%grbﬁvgy%ﬁ%ggsses wi th hydrogen. The
majority of this community has focused its resources on fuel cell

technol ogy, deertP®gl t helhdipeolewn wirels crive el WihgmpEa! the seched waveef nal
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The maj or conplication in this process was the in rent stability of the
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[0008] As petroleum supplies again became more accessible, the interest in HEC
experienced a decline until recent environmental awareness met with forecasts of fossil fuel

depletion to promote a surge in the hydrogen economy movement. Many companies were



[ 0010] Today, the generally accepted nodel for Hydrogen Enhanced Conbusti on
studies is the energetic replacenent of diesel fuel with a hydrogen
conponentwOThiig3ndel is hereby referred to as the "HydProgars2Rephsacenent
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 prem se of this nodel is that the energy derived fromthe
conmbusti on of diesel fu is fixed within apy particul ar The ai m of
hydr ogen "84I S BR™PH C‘i—ll?\’ﬁﬂﬂ?fstotﬂﬁ”%l%‘Feég%réﬂ%’i Seer el RS ubee on by

repl aci n@x@aopdiidry @OOmMOTvith Repddi @Fed] sdvihgd andl chlkssidny@bwaBn0 DSt ihbl e

hydr ogen }hat carries the same ene%gftlc valgg as th di esel fuel

Eni ssi ong 4 Phed CTrBtR] g @fﬁ@f@f Ut BERPEN AYVE 16 the quantity
of dcar bo Qﬁﬁaﬁsﬁdn @hg@ﬁﬁhhanﬁﬂd&hrelﬁmha te@archllﬁtualma@stdhzﬁhavhsa&a%mngmde reactions
and quenchin role in determni the em ssions reductions. In
| abor at ofvewg%?fwﬂaﬁé&a&@lﬁsbuﬂ%ﬁaﬁ% SR AETBEER SRR @Z}V%ag%efgﬁe di esel
eng: ne glnrm&y &%k dﬁhr}ﬂ&ht}ﬁ hlfa{?msle@m?@ﬁ&edorgﬁsl csit esm@@gm&tnahg}@és | BI mar ket
appl i cabi not es 0sSi uel reforming is cite vi_abl e
means f ordlfjaﬁf?ﬂ &5 SrAPREOE B edb gterg! W&P%ﬁ&ﬁﬂ%mﬁ% Oglﬁ’éfwf hér%l%&&qf ol ytic
product i Qaeth BytEERGERvE SordRted fFd@dwiioliRie:dtse@eds Nedihd @) fdeing\Wd: her eSpect to
a diesel engine, the follow ng points best characterize the HRNI: The
hydrogendéﬁﬂﬁﬁ%??%ﬁ%?§wéﬁ§?ﬁ%€%?%zed as being initiated via the conpression
ignition of the diesel fuel wthin the cylinders of the engine; Energetics
ar e val ueddaneh HetsacddirthhustidheMadel of separ ate hydrogen conbusti on and

di esel conbustion nmechani sms; | nconplete burning of both hydrogen fuel and
di esel (‘hydrocar{pes) fu@kohgnﬂbﬁﬂﬂﬁéﬂﬂﬁh@xﬁﬁﬁhﬂm@ﬂQaﬁmﬁmﬁB&Hkﬁa@ﬁmd
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vol unes of “hy§F add?'tion’ are "Féqui r'e fectener geti'e su%stltut|on
reqU|renﬁmﬂsms*aﬁmmbﬂﬁgﬁmnﬂmespmmd%mgﬁﬁmWkmth@ﬁnmmsamimmm@nﬁh@sel engi ne
applicatio nolo i es . have.achi eved a reasonabl ev, I of success
in Gtto g?%ngﬁpklcaﬁgoﬁﬁo PSRN PR Fgﬁﬁg?%gﬁagw?ﬂ“mﬁlghfgperatlng
limts oﬁmmhmrﬁyst@mﬁwmﬂgmhesﬁma@pﬁMeaﬁhgﬁsmmnganmﬁnf%sﬂmﬂmﬁmated by the
spar k plugg and .t he co stion .of h dro%%n becogegnl£ j;theactlon In
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hydr ogen re %%%§(mam1 ml ﬁ e&ggthcoslgg&iéut|on create conpetitive
hur dl es, as quenc |ng, AR BIP SLCEES st ul integration. O her

Factors Vbrthy C] hbte [ 0012] The standard di esel engine has specifically
engi neer dtf Ag odsl whi ch are designed to optimze stoichionetric
concentratlons of oxygen specific to the conbustion of diesel fuel. If this

conbusti on mere[WHObroﬁﬁ@améw@@mm@mEkaWﬁbmoﬁﬂﬁefbﬁh@@sﬁmﬁn@ﬂ1the di esel
engi ne "‘%'n%u%%n%%ﬁ}ég 984,50l &l 1&&11&1@%?8%%%%)&! éﬂ%% mgg%n?.xﬁﬁ’sss
e e érocg n

at nosphere presence of “carbon nonoxi soot are a
consequemmebb$h@ﬂheﬁb¢®bpe$@6%HW@%ﬁhﬁhﬂ@wnwnﬁﬁotﬁﬁﬁﬁébehc@nbﬂ@ﬁkbﬂ of the

di esel I r t f i ~ r active
qi tos i n koA RN IR AR R0 P WU UBRER Do QR ET
anot her Kgmmmmh1Eh*@n@eﬁpsan@aﬁdwhapﬁﬂmTMWéwﬁ@ﬂghéﬁw@dhmmﬁ@nwn@sp@ns|bIe
for the %? P%&Pﬁmﬂpﬁ% iR 2lan gﬂaﬁgglfysﬁ%d hRE %P&%y@rro%e%%&ﬁoﬁﬂ Re ﬁkﬁ[s?'

engi ne. ynmeri zation occu no oxygen is ximate to the active
sites ont@ﬂ@mﬂwggEﬂfwmehwmmwbmmymuhemghegﬁmmOﬁ@nﬂmﬂhéwbhéuoxhdanﬁon bef ore

pol yner i chlgwl)&)sgblg %er%eﬁ Wl ca\@rli)es %lgels%éwg gr;]EZggegg) géelé@%q%]d%/sg %1186;' 7§missions 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

fuel reforming is cited as the most viable means for generating the requisite hydrogen supply,



[ 0014] Anot her maj or form of quenching is oxygen depletion. Every oxygen
atom that cones out of the conbustion chanber attached to anything other
than a cawbanuiaBoysi s an oxygen atomthat did not fulfiPCTiUsgopmug106e in

t he conbustion reaction. Likew se, any carbon atomthat |eaves the

conmbusti on chanber bonded to anything other than two oxygen atons is taking
potential energy with it. Conpeting conbustion reactions in the cylinders
of the diesel engine, such as the forpation of NOx, strip the primary
reaction aBﬁ?gﬁf];?&gW“éﬁﬁ)d%tﬁmt BYJ;%P&#%fmlﬁmrb? t‘E\f&?Fa‘flﬁ“é' %ﬂﬁﬁg‘fﬁt@n of

hydr ogen,a dasel pr@Rose tolbying heintiRW: chanmires teedaii ve oxygen fromthe system
Oxi des of nitrogen (NOx) are hazardous by-products of conbustion reactions
in internal conbusti engi nes ere atnospheric air |is used to supply
oxygen. [0015] Ap'proxi%Pr%l Yé’fg%ge‘?g%l “%lﬁﬁ?ﬁﬁé??eéaéP?‘nglgluﬁtF ¥'dg€n, so when the
conditions are right c$@FredNOX idn@lolRE iR Micsd RRI GitiS thaQylBhat begecinea supply of
nitrogen atons. The major factors contributing to the fornmation of

nol ecul es are t anper ahihicahd viesi 8 BCEriHel MBrernR Mdiasid IMRLMI Ng t he HRM and
Di esel Cycle engines have observed increases in NOx em ssions. This is due
to competitive react FORPYBRAAidicHE COMPHSEPL PEBPYPY dr ogen and

di esel - hydrocarbon) reactions generally support increased residence tinme of

active oxygen ag a r &xgivplegfbugdigrdtbpigydicde frdaed fiowshatideartopeiugliipl e

i ntermediate product gp..Thi ) AhSQERANS Q1 9F 8aLEEmENE §3DQ] drvhgie the _
tenperature is suited for this nechanism Key Conclusi'on Points [0016]1t is
cl ear that there arerdajoe Wiagdrcgaetandchool s of practice within the Hydrogen
Enhanced Conbustion (HEC) community, both of which show promi se in
different interrral comgustlivon ofptreqys addifre Ay drogeme Repl @cement Mdel (HRM

has shown signifi Ca”&b@?&@ﬂn@a@]ﬁé nxto Cycle systens because the ignition
source i s independent of the fuel source. However, there are nany vari abl es

whi ch have nade eﬁ)(ﬁ?} HRVI, 5.4cogl, ehed Minaﬂorﬁshﬁ‘t@&eﬁ&'eng%’eca%gu&&&h‘f@/fi ons.

Therefore, there is presently no viable process for”enhancing the

ef fi ci encschegiekidsihete agkipednirtapangblpfeve offiussred iniQrtaeeysklaprelomisus whan engi ne by

i ntroduci I, ad MO di . i cs ARY  OF THE; ] NVENTI ON
nt r oduc iodhy € a sl on

e i DTN -UELR, GRG0, XSS RS SeERsLjan. gog | cat on
hydr ogen fdH)s ﬂaﬁ’rmaC@wy'gléhFO(f-O"’fbe obinteh ef hydragrmahuicd b ubich omeengi westtwiopr opagat e

the T or mfd QoW AROHIG AdhkAlSul AR, LRELEM bRy dJIPT Ove the | evel

of conpletion of the hydrocarbon conbustion reaction. Atom c hydrogen (or

nascent hydrogen) is the species denoted by H (atomc), contrasted with

di - hydroééb?iﬁ@%@@yﬂw ogen" (H,) conmonly involved in chenical
reactions. Being nonatom c, nascent h.ydrogen.(!é—? atons are nuch nore
reactive and, tHB¥2l a mlerepdrederckegor b spedisdlyrgeiaged i tRgoymgs nary

di at om ¢ yHichatQBignciRE ofMRUSS R MANRPENB M onPYBE:8 MR QW dE & cPr Oduct gas
volunetric requirenment information and takes into account the engine style,
primary tengEor ebtiesltiacl Haks spehvsioarBonofidirecorsampleith testsvttat i on to
devel op aRnPReHRl 8Yind YohRMe SOk Eol%p&ich&@ﬁ herdt Rater, RRPAYEES consi st ent
measurabl e results. “Stoichiometric nodels are used versus trial and error
dat a obt afpsEhds obheriifich gt eonarRiioNEe diracalimo rBEtos e ¢ KPBERRNY & i ous | oad
and engi Rgnhes PeeH RRAhLibioms cohIk€ RomRKEsS 4 hBdidrdkuioney while insuring that
each Conmbusti on Managenent System application is adequate for its intended
use. [0018] The Combusti on Managenent System effects increased conbustive
potential by utilP92} ng TRVRFADEPE 2Pt AW e IORLSEERY DR GGER 1t Fi;acﬁrﬁd oxygen
]£0) dt o prc@f{aalg@hgcm&e)fmrdgwa ifQNre@ft F]V!itydﬁ@agiodﬁr fogsgﬁaloﬁge(rgﬂ?n Severals Ii/sb del
undament al di fferences between this and the rogen Repl acenent e
(HRV), déRchibadsmaiseragsibly i the seREaionRf rS R i@ A PO BN PYBre2 or der s of
magni t udeliem kiR PoMBe@Xticl ddchg wage SxykdhanpB2imate henctbekRRAYyAawd ¢ nodel

can be described in terns of order of conmpletion of the hydrocarbon fuel
combust i ¢fsel fuel carbon molecules to continue the oxidatiorrlpbe ore polymerization car)ll occut.



Nascent Hydrogen (H) is added in perfect stoichionetric balance with

addi tional oxygen (0) to nmaintain the integrity of the internal conbustion
engi ne' s WoRoHBI79Rat i o desi gn as neasured by the exhauPCTg®soionsient rati on
of oxygen; and Much smaller volumes of hydrogen are required since the
energetic gains are a function of additional carbon bonds broken in the
hydr ocarbon fuel. [0019] The Conbusti on Managenent System uses

el ectrochem stry produce a product gas, which i . i nati on of
nascent hydrogeﬂoégb ﬁﬁ“ﬂ%@ﬁ%ﬁrgﬁT o Q“ﬁ?ﬁaﬂ@?l%ﬁgu@bggﬁqé“&§ﬁanlc

equi | i briatsm mhttdantetlen@t&tetwmeusa&dcttaﬁeef attaaie@aJ anG@RSlokicHent § cib@l dihg a gas
w th exceptionall hlg } ve potent The hybridized gas m xture is
uni que t & YHEVENE rt e 'L PUELEE Brf e&etﬁetOflﬁ%aC?%Hﬂi?mS&&ﬂns' ng

conpr esseghby IR 1GAS tt(elﬂo)nbﬁ)sfttofl OlsSiber Bdsakd troetlgaﬁlﬁgbtheﬂhm QoustEn WO

2011/ 031798PCT/ US2010/ 048176 02g¥UnI|ke t he HRM whi.c trodu S a
conpet i t i%AESTBAERE ST G BRE ™ fit EPRETINE 6HBUSE O EHYI RE)  PHE™ BhgF oach
directly d&gaelegst&e@ct RehPrdni@ion of 8@BE bap d@rpiaRGedchen &yﬁyg&a afibon dgonbust i on
mechani smtoward c | etion. This pproach cr eat twofold increase in

t he reactVVé&" ¢ d@ﬁ °p GifecP b ﬁﬁﬁ%Pgt HﬁﬂlﬁVHPH%Fgé”iﬁﬁﬁgﬁanT@}ﬂ are
l'ighter thaivetdifyes Fanrdas gs@inatmeCofanygen NOR)rdelRgor dpridaéesed, whi ch
all ows for greater dlfoSIVIt End an increased potential for oxjdative
cont i nuarEBPYGOR (FpEicaTde HaryREPTZat Fisines WSO MOMSHE Yhiaroxs HaPYve

pot enti alox@knt he hydroxide radicals (OH) allow for carbon chain cleaving
reactions, thus creating nore reactive sites on the hydrocarbon nol ecul es
and greater reac}| distributio 021 uel .savi ngs ar hi eved as a
result of extra b#@g nﬁ%%”%?%?%ﬂ%%ﬁé ﬁmo%’gﬁV%“Sﬁﬂ dr'8ca %%l i nol ecul e.
Every Cak&&ﬂmﬁ@ﬁﬁ@@hﬁmdNC&ﬁhmﬂﬂ&ydﬁﬂﬁﬁﬂob@mm%ddﬁabﬂ@b&f&hﬂ@ﬁfﬁmﬁi’Hhe

i nt ernal ustion i ne resent tor d ener that c ulqlb
translatéﬁ” Tﬁ”%%@ﬁ ‘%%ﬁﬁn“@9 %ﬁ@ ‘ﬁ&“aﬁi S UHEYF 86 Coxi dat i ve
conpl eti @ime. Bﬁﬁmﬁ@%ﬂﬂ%ﬂﬁmﬂmﬁmmgbﬁﬁmty&@ﬁﬁﬁwﬁmmé&ﬂ&b&hﬂﬁﬁﬁaﬁﬂngy fromthe
hydr ocar bon f uel enisstons art| uIa tter, hydrocarbons,
and carbSW“ﬁBW;gpﬁésg%é ?ﬁ%mFﬁ?8¥H%tm tﬂ% L?ﬁgpg?éngdﬁ¥£ect resul t
of this hly@tbaelafnb)macmngmsfhmyanppwtm@Ea(amgatﬂdne@mh@ommloeyge@ms a rthiedEf or e,
furthering the C. nbustlvedproc s has a dlr%ﬁt Bg measur abl e i npact on
both f uelEBHEENT [BH AN &R SN GRS PEHTART 35 R BEEE above,

pol ymer i ziakdhohl Wi raxhPtcobl@fid insoedriyd stid Mechk@aet i ons; and the primary causes
of polynerization within an engi ne cylinder are fuel droplet size,

turbulen%g Onduwxﬂgﬂgltlon nol ecul e size, and reaction nmechanism The

Conmbust i oni&gnagenen%4§ystentaddresses each of these dynamics to ensure

successful and | st n r.oduct i njec port not
g&pﬁje P & o rqféact tche?e %l:,l E\VO ep ent 5C ol&%%%ra fice \Vltth 90

only adm ni ster Ivat gas eS|g 0 I ncrease
turbulendedagdrédguﬁe(hmﬁmgemeﬁﬁébnnmmmmn’kaﬂfwhmhebv@psma%end@@khﬁed or

repl aced nlttgrn%pgmmls%tgn St%lpt e’%hesﬂ Zd?ogrf]:%?\ newggt ondewglas %\%ﬂ%‘%%\hca%g ed

reaction mechani sm generates no es 0 sl ze a reater
separatlqnmn@ﬂkﬂbﬁoCheseﬂ&a$M®mse¢@n@ﬂnes@naﬁamdﬂmnﬁmemahm@ehmuwtaI

reduction, of ticul ate ter,.em SS| Ons nagemnment
Systom 1§ 4 Geal o Sl T L L A e A PR A R G o oF el
itself. By@mm&meaﬁwﬁ@Mth@xnmmbEﬂn@hoamwﬁpemcﬂﬂb@nmsnngewwﬁktheah@ékl whi ch

i s pr esentﬁ | n t Qe d1e el n?egr?r§ n%usgtor}leen grodua c?rt Ie(rjl?gaselntgltﬁle 'esel
statistica préba of “OXygen reac i the desired fashion is

dranatlcambyzlnproved Also t he addition of nascent hydrogen (H) in
stoichionetric balance with oxygen (0) nullifies the conpetition between

the hydrogen (H and car borRufEhakQOP¥HakveRy1ANS0, the creation of nore

active carbon S|tes reduces residence tine of acilve oxygen and decreases

the statistical ab'”ﬂ'He&yYesér@@%ste% e %&Wv%&tﬂgﬂotﬁtn' l0£§0bdukd8asdur i ng
t he optlnunttenpera ure threshold Re tion rate reductions also serve to

limt théotedyeddriarpe’ WhdpesgoCangraim Ripcehssteenet GeribesionManeggicnl e.

System” herein) models each hydrocarbon combustion application and supplies a product gas,

comprising a dynamic mixture of nascent hydrogen (H) and oxygen (O), to the internal

5



[ 0024] The Conbusti on Managenent Systemis a nore universally applicable
nodel because it is based on a principle of directly affecting the primry
react i on watzhevosttyan i ntroduci ng a conpeti ng reacti on mechanszewiossine
Conmbusti on Managenent System nodel requires a | ower volune of gas injection
to achieve results. This system sinultaneously affects fuel consunption and
em ssions reductions via the sane nechanism This process wor ks for all

oxi dative ocesses with respec hydr ocar ul es Rl EF

DESCR! PTlcei%L@E—‘oﬁ‘ﬁ@%WRﬁ%te %T%ﬂ.oaa?‘évdi%wf) |f?%f§"¥.<§ﬁé%ﬂd tP?fB?YéBuI ar form
tlh:a oper ahpohc OF 1ebk$1@f @ﬂﬁl&tﬁ)hloﬁfcheMﬁ&a@%&&bm&yﬁbﬁfﬁact@ﬂdAEjnguhﬁir(lﬂng 06 ]

| ustrates a. Sanke ramo t he t1on pI’OC ntro e yt e
Conbust i 6%5%#3%8%%@ ﬂ”§¢g % C?ﬂFf?sr ?&ﬁ? E%d?oaﬁeﬂ Efr G’ di agram
form theh;zcy@geﬁ’a Hﬁ&(ﬁﬁﬁﬂﬂ;&ﬂﬂﬂv@%clﬁﬁi&@ﬁbﬁ&&{s obing henfombustdcon Managenent

System ure3|IIustrates a ical configuration of the netal
plates coW 5’ 4? B i b s o B 2081 Dt eregBgS e Agemsitt syst em

[ 0028] Fi @wn%rénaf& HikkS oty %orﬁsh@h%ﬂ@hﬂ‘aﬁéﬂoﬁh\/faﬁig’ein61&|8y§éiﬁ peMdeSpb@adgen typical
plate g TTE"[I‘I es in the Reactor of the Ctgnbustl on Managenment System
[0029] i JaMEeICifuEPAtEY AR %EFS RACCUPUBH BRI SH UREM TR FHE Combust i on

Managenentqueys ﬁmydaiaﬂb{)@ﬁ&Q}gEgugipﬁen BifdrinhditsitH at@p ah Bplh@ckysdinagr am f or m
t he Conbust i | on nagenent Systemas installed with a typical inter gal
combust i SRS ]ﬁdp atlon that produces consistent measurable results. Stoichiometric models are use

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.

[0019] The Combustion Management System uses electrochemistry to produce a
product gas, which is a combination of nascent hydrogen (H) and oxygen (O). This product gas
forms a dynamic equilibrium with the diatomic and free radical constituents yielding a gas with
exceptionally high oxidative potential. ‘The hybridized gas mixture is unique to the
electrochemical process and cannot be replicated using compressed hydrogen gas (H,) or fossil

fuel reformation products.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON I nternal Combustion Engi nes [0031] A
di esel engine is an internal conbustion engine that uses the heat generated
by the cownpresgidorsof the atnospheric air in the conbusPCoruSehanisars t o
initiate ignition which burns the diesel fuel, which is injected into the
conmbusti on chanber during the final stage of conpression. This is in
contrast to a gasoline engine, which uses the Oto Cycle, in which an
air-fuel mxtur | ocated in cqnbusti on chanber. and conmpressed by a
piston, is igni ﬁ%‘b’-"ﬁy & %W%&%@H%f@as%laiC%P@ﬁé? WEURRETRTE her mal
effici eRerytex(wmhﬁmsﬁz;ﬁu@érfig%@nh@fapﬁru@gl dirEHtl@ adVDEsKs tl‘t}fprﬁ%j] Ofreacg% dx\é%iﬂgl tﬁflzt he di esel
engi ne s.a thermal efficiency o out 30%  [0032]|n the di engi ne,
only air%WQOFWVFﬁQWFVmPﬂPFSHﬂE%dOW% ﬁg?mﬁxﬁoﬁ%ﬁémfﬂﬁ €ﬁ§ﬁﬁ€?@ﬁ%§e air then
i's conpr essae Wil GaIeSSHOAd tahpl@iohy PlyGakilly rabeiinesn ddichtcatdn 22: 1,

resulting int 40- bar (4. a; 580 psi) pressure conpared.to 8 to 14
bars (0. s %ﬂ&gefaahams 0%?&1568@“@@6 a@yiﬂjspﬁif%t ¥hieh é’a%?qfﬁéeatéh PRI @0 h gh

IC: ;) np rA ess g@@eawd ﬁ_b’f&ﬁtiz{ﬂ E&S}@ildatfﬁzla gbmuh@aﬁossupa?dap&y&&izmr cmo,n%t: BlNer550C ( é’ 022
. At about this r nt ue| i nj.ect irectly into the conpressed air
in the céﬁ’g%VFiPBanaﬁgfﬁ%%PYdf@FW!e§a% LD e Oéca{?l&“cf%flfl%?V%IIF%?“‘FBTtBFSdaI in
shape) | rRehfrg h&p r@ttvk Biges ph $tcaR}d@karBorph&e@ita B 8 pabEinNG: «iRasn.t he desi gn
of the diesel engine. The fuel injector ensures that the fuel is broken
down into small @hgfleg§ @nd t hat t.he . fuel isfdistributed evenl%; The heat
of the conpressdd Al r VAPOPTRES T Fohict e ST S SF SPHE “BYBpl ets. The
vapour t hemn éash hgiivcddn bipleclle heat cafHoarubbe acionthoe $g@deaibond i thde

conmbusti o .éhanpgr, thg drgPLets continue to %%forige fﬂﬁg]thqirdsurfaces
and bur n,VgETT Phy® SWATY 6¥7°GHRT TEAF PO REFUSITS A Hearopi"eét's” iids been
bur ned. THhehsiartorbf Byvgpobitizat Highar Gatts esoadaed aynpieibn,abk Cothbddgod gni ti on,

i.e., the characteristic diesel kn cki&g ipun%)az LQf Ya&or.reach S

i gni tion tRRPEFATUFE? AR CAUS &K AN, BT HDPaANE TRIBY LU Gbove t he
pi st on. Taeicilaphdi@xipaagidonspindeedibi sioheidgase tetiftena doib@sot aginpiagt on
downwar d, supplyin r to the engine crankshaft. [Q033].As well as the
i oh Tev it EE B SR R G0ET SSHORSTT B TS Paiea BrATe w ¢ hout a
separ at e fughtiihg OB cSHISEsEVE pracekt 1gHa giedrPirdSiSdaaiabicainpact gh Bathlfyel tdmsteasas t he
engi ne' s eéficienc . Increasing the conpression ratio in a spark-ignition
engi ne WHBY E"FUEN "GNE™%i r are mixed before entry to the cylinder is limted
by the need to prevent danmaging pre-ignition. Since only air is conpressed
in a diesel engi[®2] and\sfrwedd absvenatlynanitatiod iscgdolblat , dohrdugiyk raadens;unt i
shortly before fop dead comre (IDG),, premtuns detangtion ls not an issue
and conpression ratios are’ mic %lg er. %lvan%lng the"start “'or i njection
(i nj ecti ngblledcorag compogiicet wnlerugatipsd TG)onrmegbddsen. i Thelfiogtbestionn- cyl i nder

pressure,and temperature, and higher el ticlency 1B&£§325§6§§§%$JS In
(NOX) *'ehi ssi ons due

d é
el evat ed engine nor se ‘and i ncreased oxi des of nitrogen
t o hi gheredvotansThaqrodenge irgdcusegart e loaly adrgintstees tht aritatafgas byt@esd ison causes
inconplete.conpustion r@duce fuel, efficienc apd an 'ncreasg i n_exhaust
désiened foincrease turbulence and,ensure homaeenepus mrxing. el {néec ors are modified or
snoke, contarning a consi &1 abI € Andunt'o par Pcul'a nmatter and unbur ned

hydr ocar bgised M@pﬂﬁhﬂz&;ﬂ@@ﬂeﬁ’9&%1Arﬁd$ﬁ&1@bﬁ§8we&cﬁ@&a@akﬁbradehhadi@m, di esel s

d.evel op maxi mim oqg &%%qu\:gl%rf snaiamg selzfefalngl SINEYs ]gzga?t{o A 9 Tede FNATs ((:)(Imbslrp etgds'
Di esel erfgifes tYprcarty are al 86 €quipped® W th a furbocharyer," Whi'ch uses

exhaust dgadese f i@motdheddites ef pemglanentter dnisskgsa t ur bi ne that supplies

hi ghly conpressed air to rapidly renove (scavenge) exhaust gases fromthe
cylinders. This ea i i he i nder. lps to
cool the cyIindéP@ﬁgndS@%f%ﬁﬁgggﬁggﬁgghgﬂgkgﬁﬁEé%%é%&ggﬁ%g%ggg%ﬁﬁin t he

cyl i nder reagsity o§ thie hydrbghen fedl fticfi 8poyraasmngrbe mimigr bhestifauetbon aind ithénce, nore
hor sepower ;, A. r n. AGK e t f i ese|l engine
By 300 1 Qb0 GRSy AR A B B Bl g L8R

[ 0035] Fi gtipegén dehdting inrthe éssiredi tashipinacdkeaditaglyampfoardn AlGCo b uddifiarrt Mastege nent
System 200 i | in. isting i Sti. ngi 602, as
. excample By (g LAl A ) b PR R TRHBC BT BRRLRE, °2

hydr ocar hedrogonbustd erhopfOdesssidaiitre Alst, ércnadati@ortust ione erginnges602 i s

equi pped with standard conponents consisting of an exhaust system 604, an
at nospheric air intake supercharger 606, and an el ectrical power generator
610. The Conbusti on Managenment System7200 is powered by el ectrical energy
generated by the electric power generator 610 and produces a product gas PG
which is mxed with the incomng atnospheric air at the supercharger 606
and injected into the internal conbustion engine 602 in well-known fashion.



Conmbusti on Managenent System [0036] Figure 2 illustrates, in block diagram
form the typical elenents of one enbodi nent of Conbusti on Managenent
System 2080 201 1981798f fluid reservoirs 201 is provi ded tecstuse@oasgraral ity
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 ¢ Oxygen (0); a second reservoir 201B is

used to store an, el ectral yte, M|1er\la s used in Re ctor..Ce&3 204 as

descr i bed“BEFGRIETATE AP HOHESPSR e pTEs fusHeborbig Bre pegnty yst,

whi ch i s oigedwiogthaneg thd@tifrRactifiSuicAhRBaLl RactBh tatc2B@ducasnsdBsCr i bed

bel ow. Each of t%ﬁ res rv0| rs §1A- 201C i ncl ud%ﬁ % rresponding fluid

| evel sen€yf o et“& “EEMaUen i B aE Y di cati ons of the fluid
| evel in each reservoir 201A— 201C. Controller [0037] The Controller 220

i ncl udes har dwar[eo2and mtemmestepe@htg'eﬁﬂhdsy?stdesiagﬂ@duhi@ermﬁy\@gﬁcablae

Conbusti on nagenen S stem 209 ftudtlt I|t and saf et r ot coI
mo C S€ 1, 1 ase rlnC c O r a Gtin lt‘nf’llg reaction ther
Control | ér I NC st gt Ssor iC ni FEAnd*cont'tol s t he

maj or | Ogﬁtﬁ)dﬁﬂwqieﬁng ﬂei’tﬁbIUﬁhbd‘hgmtIheTh:fa@aﬁlbdsyodMarﬂi@ﬁﬂﬁt@éS;tshel matet 1 pl e
iterations of tle oL Powe 21]“# t %tso
nmanages f?%lrﬁsgt?‘g?tvﬁumteo %agéftl“ ?llt é)r31p Eve res&at 099 ?mélmu 5 Ousga ‘T ne renote
access f uat tcbr@ﬁtﬁpuo[n&ﬁ& &}miﬁh@sdeineﬁdmp 357} mtte S@Iﬁle anettanikablilsis phae&smdgkl@ awiat nodel

is the first ste(p n the evelg iable product. The next critical
consi der TR PEGHISF LSRRy ‘gjﬁocar %ﬁ'gr? ﬁ systeminto which the product
is integrated and identifying the key vari abI es pert| nent to the success of
the integration. Fuel R Ip 1S CRI Olc hHErIOR , fuel consunption
rates, duty cycle, tranS| ent state dynamics, and nean RPMs are just a few
of the variabl ed0828] corféuderA Memteenepémlﬂnfgrrm ¢hd gpeegeatiehe Gyrelsened y, t he
Combust i g, sHRRRAETROL 3! A0 #0usli R OPLL R AR L0 be OV RRMio Y Bl dut y- cycl e
engi nes. Longy operating ti smseadys conditions a imted

f eedback cbmeplecﬂt’am@gén@httstlsyé/taemmpméwt@e for a sinpler interface than the
dynam c and stringently nmanaged systens seen in the higher RPM and

| over - duty- cycl qo@pt eMBourd DRItk QUBIScIl ok dnl BSHLT AL %ﬁmaﬂeﬁm%&?l#&{e form the
operation of the Conbustion Management System 200. e Conbusti on
Managenentbayiseem! fod-anikepnideageat figidnocar bon conbustion process nodel ,
stored in nenory 222, which determ nes the vol une of a product gas PG

required for a vedupe q—’rlgutné/ﬁmgs@@tebgEyptcmebanuyyeb@Bftheméepputtsec@ntaﬁed Rprove
the | evel of congl et| on_of the hydrocarbon fueI conmbusti on process. Al so

provi ded HsRgcthp! ?yl‘ﬁgheoqonttﬁét‘%mé%m&fﬁﬁété@t or Cells 204 that need to be
active in order to provide an adequate amount of the product gas PG as
determ ned from[odesp chaguke 4 Mhehes e ophaWcaictl @htddia spraddell cgakal filte ot t | e
Setting" which is one of hte %i Ig metrjcs thi\%pﬁcan be associated with a
vol ume or“PRIGE b el B YO GEAP bR RITWHIER | s consumed by t he
hydr ocar bon fuel consum ng process. There are a nunber of operating
characteristics [M#th danrbeiluseds i gpictipisscpbbposesandhd Geybisael ude, but
are not I|m ted t 't enagl ne Revolutions Per Mnute, engine turbocharger

Revol ut i ONS“BEF "M HITE™ i nt er nal  di agnostic array of the engine, exhaust

fl ow of the conbustion by-products, engine cylinder pressure, and the |ike.
Thus, an engi ne [6§36} at ithgrehidiraetean sbilkcdidesn fedincht CymbefiomMamgeregpondi ng
hydr ocar n actual ly be a range of

hydr ocar tbégﬁe = IFSt%F%Hnggwpgs%?ﬁ%gljng%gmgxh%ﬁgnggger ating characteristic may not
be a sinple |rmut abl e nunber but can con5| st of a "|level” of operation. For
exanpl e, the thrott| eRE&MITHYDESCRIR QEVNE B VENJKMNG for power from
the engine, but the throttle settlng can be a continuous variable; and a
parti cul M&e@es—%@&t@e—m coul d be indicative of a request which falls
between predetermined Iimts on a range of the continuum of throttle
settings. WO 2d9%/1b317@@9@[9’“8]826]510}%%8%?‘6‘“["66%1%@&BF BEULE hefas vol une

al so i s ipdifatiyute QfnpRestiSHbl th€mbQIne®ai0h the combustion chamber to initiate

ignition which burns the diesel fuel, which is injected into the combustion chamber during the




product gas PG for the volune of hydrocarbon fuel associated with a
selected throttle setting (or other neasured engi ne operating

char act erwet2oti)a31/PRe nunber of Reactor Cells required t@csaspéiy/ossire vol une
of product gas PGis selected to provide anple reserve to account for
changes in the demand for product gas PG Reactor Cell Power Control and
Power Switch [0041] Reactor Cell Power Control 225 opti m zes the

el ectrocge caI eaction | Reactor Cell 204 within g &cﬁs of the
Conmbust i OV ij'{ecﬁ@ﬁfes%‘i}“s GG 8 A& SRS YR glé?ﬂf% “aktdettel y high
current W&&Iaﬁ&ﬁf&}/mﬁ;ﬂ&ﬁe Reaet thhgiahﬂlbuZM ch@bﬂﬁd’r&ﬁﬁ cdnsprémaaubtyarpawnulsl ng

current Sens 210A, an% deci sions are g%l t he eact or ili‘lé‘ Power

Cont r ol by Pl dhe FPOREPI R SEY GPC LUV FERE OF BeldiPed from
React or G@ru>02®%.orA0/osqma:rtEe Neeenginghala the&mg%ﬁ&rea&;ﬂdabwtam. Reactor Cel |
Power Switch 210 at frequencies which optim ze the el ectrochem cal reaction
in Reactor Cell |Ie dut cleo t he uare ve signal is

adj usted to Ilm[ﬁ&élne ef C{leis%jee Tl P& f‘lrﬁlmuauwnttrﬁg%e%?f t:ﬁel ?mbl{sgonth

capaci t i wbargfct.€Clic Zﬁrfthftrhecd’rﬁa&tdd()ﬁlth Anmigedsdiordigeo Fp0Ay bwlmeﬁhl& 1Sana|22 ¢] ectronic

circuit V\:hl henab vol t to be applie |ther
di rection™™ ﬁf??%@%ﬁ%o ﬁk%\%’gﬁ?gm BsoPar FC? areg t%g flﬁbearst@g @f t he
React or ((ﬂaloht 204sinintthe gadiat argidey The hfgﬁduﬁﬁremogroﬁthe@l&sel a@memew; thla agpeci al

accommodat i ons for e t, Ce aC|t 42 he following is a
et Tor i b g e BRERRET A B P A A S e he kAU Bl T poer
Cont r ol Zaﬁpreassd Meashy @)rr&Jluﬁﬁ)hl’chﬁnl&ldl’Tlﬁsnﬁm;f %d)muomgzoidl*(fypmglgr térhielaled gapsodes of
React or Conmuni ca ctivation. ests to FI d Control
Wl o 2Znte o i Rt e B e s P S Y ey il 11 on of
wat er fr adal mgser vdhites 20dAe febnb®héd diwedn®lseal doblytand thedrhe elsleg voir 201B, or

catal yst fromreservoir, 201 the request is ¢ ni cat e |UId Contr ol
Mbdul e 225 SFedFYi?iTYd%FE?%B%P? “HEREgeEntPorgs C‘g]r%‘:’ﬂhf?‘ﬁ&lfr s?‘fl} down stat us
of a ReaGiff(QﬂetsCE[rhle v then Regaﬁtecblby Gehdar Romelic GwiptGied 2i Q1 thu\heﬂbd%cact or Cells
204 are |jnke rall a failure of one indiyvidual Reac 204
does not PRt SRECShrTRle otBtt on Hit T RSt CeD00 FuShtl  down:
when Reacsk éfe f@ld the 208lcames Bekmketded. rirhsetraftesyapbh@uemmuﬁee a Slelfyi Iﬁ:ﬁocﬂﬂ ock is
deact i vat ed shut - down condi ti ated to,an .operator and
ogged. wEHIEHEE b BoRPer At D D Bl R Ba D ST BT TSr 520. 4
Respond tt@npeegueshs cfusds ah AbrapdBdtodin plfdﬁsuffé’h&)oet\/tﬂiﬁl pistohatThdapidleggab Soase
gener at ed b the sensor_ arr Sl 9 th sor Monitor 226 of %%e

Sont r ol | 6PTBSEOREFAYE ¢he G B ATSDHEGP PaP v a SUrHEC 5

Mai ntai n wat chdog circuit: React or Oel | Power Control 225 antici pates
comruni cati on w[0083ContAsoldles th2z(ghadvelroéguhmssionmrchaums camtlusgioes) talit 0 an
error ?cewuho%mns'lemarg%tl Or(])n%aé nnot m re 510n Ta atly 1ncyrease thggl el QUI d

| evel : APEEREGIU S P BT i nt S’ ?ﬁ StT B ure ofgrffﬁ f-;feac or “&&I° 204 to
rmni tor teffalehéyuﬂdcratmgh]ecammemmmfd@snaq@rﬁ gwiebrn crighe whensod arsizgcrn&i S

" de- bounced, {5‘% ani n Eh*é%thn?erls i ?Y}elthelnrflzg Catrflz Qn d”}ﬂSt sl far.a

pr edet er MRad® Bet or & 1S RS ed "UpSh PO CoOmpensat T o Phe '8t ect s of
nor mal f loglydirfadonpresset in adierpivingige, aqufUIeloaﬁ(thr[ttodﬂced Mm tHe@yhrtdhrempr shntdgd

cLroul ! ReRrdohammerat B R DSV IGHRLLY, OF SRR N doe S0A N
terrperature sensor errpera ures can ‘damage tREPETYCUi ry, and high
t enper at unes h@he |Aldkfellcly1g&m standif ggdction(irgdctiay heavrg ere pﬁstD’ﬂl(IEzlcbdftéﬂD(E)SCSStuEs whi ch

suggests, t ﬁleher mn- cyhn&y; prfeys{;;[qué tem%%gteugé Iar?cphlgher gfﬁaency, but also results in elevated
engine noise and increased oxides of nitrogen (NOx) emissions due to higher combustion
temperatures. Delaying the start of injection causes incomplete combustion, reduced fuel
efficiency, and an increase in exhaust smoke, containing a considerable amount of particulate

matter and unburned hydrocarbons.



8. Monitor supply voltage: If supply voltage begins to drop, the power
source 610 is not providing sufficient power to support the operation of

t he Reactwp 20a/d31284 as well as the internal conbusti onPemgise@om4gIper ati ng
systens; a drop of 1.5 V or nore is an indication that the Conbustion
Managenment System 200 needs to shut down until the Conbustion Managenent
System 200 can be inspected. The Controller 220 responds to received fluid

| evel indicatio a tin |l ected ones of the in sol enoids 202 to
enable fluid fl Qﬁgﬁﬁ oﬁﬁa@ %FSFE dsyy R—%Tt‘:“? fFSé’SW?f&PQéI@FlF%CY?ﬁ% “as

provi ded vy assE batad Hléseuedglﬁm pscaBOi3e alfdea6iHped \Qﬂi 4 @43}, Rihg U fuges 4
|IIustrates a typ%cal nfiguration of the netal es contained in the

React or G2 € BeISt SV w@%ﬁsu@a DOTIPTERHE A& gn
utilizes rmcggge@v@@ta&er%F)a&e@stggQéks Wotnhthd eSndead NG lméagésttﬂea?ﬁlp&iss\ﬂrdhng each
pair 406 an en el ectrode 402 esi an configuration are
Dased on o CHIDAL FOR BF SAIECTIEERER &Yiflfeég s}n%i??ée [EH" Bl ect ron
transpor&h@@@&ﬁﬁ&mmyﬂaﬂyﬁﬁeﬁN&%ﬁQﬂ&ﬁ&&§%@8%§1&i§£&iQbQAﬁi%@m&QOA4]Figure 5
illustrates the typical electrical c a |cal plate

geonet ri SETIRRELE (1 e I THUAT P e COTBSRT gﬁgﬁ\/ﬁfpa%ﬁ trghterdps Pem 200 and
i s an exawphe reforgcurrent di spersion optlnlzatlon based on 30% el ectron
drift (506, 512) along the diagonal (504, 510). The square plate (502) has
a great gprcen%age‘QLlsurface area that does not achi eve enough current to

pr opagat eaction efficiency. By changing the plate di nensions
toa 3:1ratio current ffectlv area i s a much
greater percent §£§Lf ?ﬁ%“s%??%%%sg}ggg%l%¥¥P()Tdﬁtn xﬂﬁ%z %jm%urrent
saturatidmuhagmhhemﬁmkh@mmagmegﬁemm£Cmnmmexehgnt&ﬁnsapm@pag@@%n@mmeact|on,
i ncreased Qr ci enc r ener af
[0045]EIec%ro@ﬁb%ﬁggppm%xﬁw%ﬁﬁ%gn @Wl |a%§loca reasm?ﬂgogvhggﬁen Oxygen
bondi ng mnmmﬁk@mhmhala@ﬁmﬂDW6€VQMRdSMﬁEGn¢ndhMmeﬂﬁfeﬁpﬁmQQfM&xhﬁmtp|ate
pairs in S?I‘ | &JSZL atm S %eArlecnaEr){ntgileasE eer a% [ SGOfbor dan fica Jw%yrenvr(z?llotr 6 stem
confi gur ALTBR THe PP REEE HrEhsar gan 8uce serl% configuration
propagatKm@(bhﬁuﬁhﬁhﬁnﬁmmhﬂdwghnQMMQbﬁﬁﬂﬂHﬁkhguﬁﬂﬁMﬁgQ&n@haﬁMﬂﬁtght shorts
and eIect[ t|c nedle copne 8é)ne |g&]qpeltat| tghlt e Conbusti on
Managenery tgyg?@ﬁﬁﬁﬁﬁ“xnonco esa AV der s Are USEG o ensire br oper
char ge omnenpbﬂmemaahdmﬁeshﬂg%a@i@ﬁnq@ﬁﬂ4ﬁbHﬂnﬁ@ﬂbhﬂsmuﬁonempﬁenﬁnonal

syst ens, eﬁqmcon derlng the path by which the current flows through

st ai nl ess ST 8" a 'es, when the primary current was oriented al ong the

di agonal of the plate apprOX|nater 30% swel ling occurs at the center. In
an effortC lapaganhd uB pl ate charge, coverage plates with a 3:1
di nensi onal ratio were chosen Plates are fixed in Reactor Cells 204 in
such a manner t H84361 heyigre2 dhitowede blochdijgraat wrmwhé ghicdpleivpitz esorche r el ease
of produ tes.
[0047] Ther BERRES I BehPa M AT 0, A o R B 21 B e
pai rs ar eo sepamatrddy ¢frituglsfeadrin g desgnakd sioofpekmsirs WhiteRlar & ﬁifsm dissrir@dual |y
connect e(épmst&%tﬁ §anu%%?wg§§ L8 Al Lo dIs%JciaEe%on%ﬁ)%c %gdr!}%rl\lgﬁ?ﬂl%ﬁ ed in
paral |l el for tme applications and 1 n series y-four volt
systens. nkwatoher @ore) (Bt ier@dReacbio 2V 1k hed 20gtomay clbardyiaiekidh isvs@l it her

series or f can be
uppor t ek TR s et S IR Ly R W ESR (06 BB LEALL RRT, Gty

t wel ve- vad qsecemnh@cegblp rdacans orieadroucclRedet dyscriBed baov@ 0Zack ohfhi guereelrsf or

twel ve V%bt& 81%”159@@[@ h Q(Lﬂ:?@g n’amg%% v%l sbns%pylssép Iz:loc}/esc(;fb cgbe%)oQV Q(?f;)g’o%dg f reactive

plates wt thernore, for a vdol t" system such
as a ralhmbadMBGédwﬁbnﬂe&honehaﬁdwawH@M&ﬂﬁélIs configured for tmenty f our

volts can be connected in series to offer 36 reactive pairs of the sane
potenti aIGontroller

[0037] The Controller 220 includes hardware and software specifically designed

to manage the Combustion Management System 200 functionality and safety protocol.
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WO 2011/ 031798PCT/ US2010/ 048176 [0048] I n the end product, transport of
caustic liquids and conbusti ble gasses with high diffusion coefficients are
i ntrinsi cwoaotims1@nbusti on Managenent System 200. SpeciPall/ts216/0881061 | S
paid to fitting seals and transfer efficiency. Hose barbs are nolded into
t he conponents with specialized nolding processes. [0049]Product gases PG
are extracted fromthe Reactor Cells 204 through out put sol enoi d 205 and
flow switch 6 t.hn ulled thr h t he gas scru 207 by a vacuum punp
208 The (BB GR WE&B@%&%%@?@@W% udd C@&%‘) e niorigked above, 1S a
m xture Qﬁmpa&aenhclw@@g@@a&&y&o @Mg@ehygﬁmg(egaeamansdyﬂ&m&ct@q%ﬁulno%ﬂhu (rjn with
hydr oxi d al s tom c oxygen an rogen er.ne yy rogen"
her ei n) §W8§‘u@@ flfﬁ@ﬁzﬁwgewmgﬁ RPN R g S el d?té BETBAMLEN o part
of the phygireabe GaBhUsician. Managenent System (200). Reactor Cell

| mpl enent ati on [ 0050] El ect rically, the plate confi gur ati on of the Reactor

Cell 204 conpri ni uctive serd es ui t ates,. with
each p | ate bei ng&%’ﬁ hal e\fellogment of e W\})éka‘b Cherm%)cgznfrﬁ) %el hg hrsE step 16' at e
(react i onhsgpedofmda) Oﬁ/z()&}iib&gﬁocﬂ@t dFHeUhEﬂtch@d’:ll @)fnmﬂehmoﬂumd)ﬂefst@ﬁdlm@uhe s of plates

bet ween t he cont act el ect es he React 4 Inter-Plate Voltage
= suppl y V5% agles7 ¥ ?ntCR‘éJ % ﬂ%aft SIS a‘f’? Jlger"ﬁﬁ?an 5BE S ?‘rrllz\%%f tage is
dependentpeginertthethe eactss Of'lt,he a]mgmaoﬁ y@mh@dhvc\tﬁlsmoﬂy:aorbeﬂmﬁmf&l 8V and 2.1V.

Thi s confllgur ation is self correcti n%;yfolr rea ctl “ﬁ %) % n..
[ 0051] SpéET PR e HRDIES OHbetieah Kot Pl ar T BoUEReT B 24 v
Reacti ve vE’@abres 80confédr wRah prefreg teihtegate. mGérﬁgehd]ccanhﬂsﬁm NMar@fenpinat es 44% of
required QOt eB&O‘ isa!)ptimized tfor 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
fuel 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
throttle setting T is indicative of a demand for power from the engine, but the throttle setting
can be a continuous variable; and a particular throttle setting T3 could be indicative of a request

which falls between predetermined limits on a range of the continuum of throttle settings.
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Net resultl1l3 pairs of plates carry out the reaction; the other 17 pairs of
pl at es behave as a salt bridge to transport the current with m ni num

vol t age dwopof30B®8] The spaci ng of the plates is critica&CTyS2010M3RIT6 ON
specific, and .05 to .07 inches is optimumfor this particular reaction. In
addition, the alternation of the bridge strap position pronotes current
propagati on al ong the diagonal of the plates. Plate Construction And Design
[ 0053] The causti ture of the electrolyte used in the Reactor Cell 204
necessitat es the[&b‘@ﬁ of er?é‘?dﬁl“eg%%ﬁ% Qs PR G rie%u”tﬁﬂé‘)lb?léf’érred

el ect r oderdtat@ht BG f6F th€@airhd\§F HyfrotABlistiéliagtbcidpivitle Atel0RS thrshld G ridgt(od S
highly inert and Has.gr eat electrical ggnducti vg pr oggr[&i es; however, it is
an ext r el MEXPEASTIE WRLERS QFCRBFPbdnBTTS oAl ergseelsswatit ehvirde for
many of tidievaanBofRaEeNs:s &S iNaledd abavadd MiplEleadient BRcodit féd chaigBaih idwe
material js 316 L stainless steel, which is highly inert, much |ess

expensi vEPHEHOEPPAY B8t i num or Mol ybdenum and is readily available. A
further alternative material is nanoparticle inpregnated carbon fibers,

whi ch haReaerol Gwll Bosér Ginuvhmif BewatiSevitchr e | i ght wei ght, dramatically

i ncrease surface area and gas rel easing properties, an ability to engi neer
current di sper si[@0#ipr opgenrdttdeS:]l Fowpr Coned] 26 fopamenciic clandciretial @ic@pn o dri ft
and di ssqgci at | er. .time. Produ s.Scruhber [00 Fi 2 illustrates
ot careidan o S bt TERERT n TR Gl PR Sl i hnagenent
Syst em 2@6mpadehcihariagesahccanpodehph thight wiivddfhyelse RdagopCdldiiet Cgasit RG prior to
delivery to.an.internal conb i 0 ngi ne 602. . The prod as PG scrubber
207 1 ur t R R Ve B PR R PR B pp e ARG PR iRber 207
renoves @05 hsecfinarien pbihs ptes@rt sgedic fohatrrehhetdvet $robBaactot @8I0 s§uaree in t he
product gas PG adm ni stered o t int ernal stion engine.602.. The
Punct ronar sy hesr e B Gt TRer B e 005 R SR er % s ngement
pl at e andletttschgaie teattidntie Reavet Cslt24bbiete thodlel gcle thére puaduete gasl PG scr ubber
207 uses g conbinatfon.of absoration.and, Brownian diflfusion, odes. to
extract paritculate contam nants as well as’ excrted nolecular<Vapor

cont am natn IdhriddrBdacthigasarRGctrosinsipoit tvhich epibtrpiddeby a applcduaopunp 208
connect eql to tiher(ﬂroducit gas E(% scr:rubprei\r' S . Quf put port. ulta;t'brhgzpﬁl 5to 13
L/min outBe™ S R Sw® VEFFS L BRESFOBRY Bt FoM Eapani Tt Pes 61 an

appl i cat ivoth rhabed o rdReasipatiolCedaln P@dpecidfantbamonaioadfoarnd Reapautelsat ur at ed

pr oduct gas .tPG enters the product gas PG scrubber 207 at the bottom of the
chamber WHEFE€'ft is immediately forced through a diffusion plate oriented
90 to the input stream The diffusion plate serves to decrease the velocity
of the incom ng [6@42] st ridanvlsinged 4 lisast typcablegic noselparnatsiperoied bpreduct

di ffract iI@QCtormﬁng%‘rséénEHFﬁ%:s of the product gas PG being of different
mass experience, different acceleration of entry into the fluid extraction
menbrane. As surface tension of the water shapes the gas into a bubble, the
i ndi vi dual rnollecul Esasgiterelekic eueent Pavand heduglh thagleftraglagiol erfeillRgon
solubility, size, and charge, are absorbed or deflected back into the

bubbl e. In thé tineoPputigherinfroicttaben apiseo tloiddassot Hedds22d5lnget o t he
surface, there is ap,aygLaQs: 9f sANY%IPL eCMlraladikibf UsiRD takenQut of the
bubbl e. WO 2011/ 031798PCT/ US2010/ 048176 [ 0055] The product gas PG scrubber
207 is a reservoi r2donraeded tlesiodtd putesgurit 2HRdOtonBlY B opUEspeEt s, a

I evel sensor, and §Qur thg?c%ué!{ifsfc&lﬁ&%ca@édacgﬁﬁnd ANREMBRIPYIi Suigonnected to
the output port at the top of the reservoir. The Reactor Cell product gas
PG out put ports aréneineered"®™s t he i nput port at the base of the
reservoir. The reservoir contains an electrolyte fluid, which acts as a
filter and a SeparatBiunipioduciogasse aReadaCebdodp Retgry GeAEavsh pr oduced
by the punp througdiyitche1®I¥AE Neallbf E &S @M Pl AL @in fafANEl thikGe dyneUgh t he
fluid in the formof small bubbles. Surface area and bubble size are a
prinmary consi der atiPoidpe&ases Cehp¥ dostind reebahacisnCarbeiien Maeggyetem t o
col | ect/scavenge i §@Ridhidob &Sshl0lowneHiMRhQot dWls b4l chihegisuig dIh&dthr ee

di ffusion plates at" the top of the reservoir have offset porting and act as
a condensat i on mmat s Plaotiis deectispet atdyohut-dowe cppdiifinds pasyetniqard (g r eser voi r
Wil rise, which is nonitored by the |level switch. The secondary out put
port is attached to a liquid punp which extracts excess liquid and returns
it to the reaction supply. The product2gas PG scrubber fluid is the sane as
the electrolyte in the cells. Fluid Transport System [0056] The fluid
transport systemis responsible for maintaining proper




el ectrolyte levels in the Reactor Cells 204 as well as ensuring proper
extraction and delivery of product gases PG A liquid punp and sol enoid
val ve nmarwbabd/@imesport water, concentrated el ectrol yt @ecTarsdoloassalyst to
desi gnat ed conpartnments. A system of |evel sensors and control |ogic
directs operations, as well as nonitors functioning of conponents.

[0057] Al liquid nedia is filled and stored in one or nore reservoirs -
uni que to each particul ar appl.ication. For exanpl a short. hay] operating
system where the t?H?&aﬁorraﬁcﬂfﬁl’ggFé“fl aén%%%onﬁ‘fﬂ%; Sé%@@f‘“ﬁ)%ﬁ?“ﬁ‘i{? general |l y
can function on a fiyve-gallon water tank that can be topped off at the

begi nni ng of each day, whereas a | oconotive engine that runs for many days
at a time wthout Repahith@q@essabyintirfgidaasethdetdnt thake Yerts @fplpefic@atad Kuch

| arger water reservoir. Stor | eyels are s ording tq the duty cycle
of The ongine the TAFESTE R o T SrECRTPRER At Sh e G TS LAl on

filling is a "no teuedvr cpdinpnsdf fov éta Bpefiat i on. For instance, the reservoir
may be connected to the solenoid manifold and |iquid punp. The manifold is
connect ed to 6t herMeoapornemtss dfcuit: ReasysCMoner Ganage25fdntidightds] ow bet ween
t he conponents. Level sensor Stﬂ{f‘ ef\aﬁh 2E@rrtponﬁant o K with .tthe mani fol d and
punp to nmaintain proper Fevel’s' TH @achuhi te during opertat i on.* fi®one
i mpl ement ati on, t he@ofribeessurdatidt @hndtdgicenfem@nt;ai ns de- bounci ng al gori t hns,
event tiners, alerts, and correspondi ng event handlers (e.g., to provide
i nformati on régar dMngtgprapeidfieyaic tA @ndon§7 ebultheo hegundusps the Meadr@
autommtical |y shutdown. | the sevent. ol 2.1kl fie ol Phocedyral anoml v,
etc.) and/or so on. basi ¢ de- bounci ng al gori MW requi r&'the reed
switch to trigger fdomboandedl memigebondsy tegel imigutia hinapertiheotar i gger event
wasn't a product of an instant ous event such as bouncing.-o | oshi ng.
Air |Int er]l‘o ace [OOS%tf%rt% lﬁlgée magé;g%l&lse%C¥el%n%p8ngoocr?rg}pgrésétg Oratlhef g]f(f) {stoﬁe tur bg
i ne. The del i ver yn@isitiem metaas inenhaening pliedn; i nducer port installed
directly into the turbo line of the engine system In order to achieve
consi st ent sugcess)otihe thegirihovicnguitdonditchereattire istharienchettactieridged for each
engine type:  Negaline, L, RLESSULS @ 1l EGhiB0ics LODACNQUS, X1 nd:  Fuel
injection timng recal’i brati on n co nrail, achiev n o’flrgurplus
hydrogen for all toddigh twreeuestsire Bt anlimietidrage lapd: uniCAMbaBerse ivhichewer
engi ne types. Fuel |nt erface%fOnggegl].The fuel ;interface method mxes the

o]

th ; . P :
product gases PG diFect | f’nle?] HedOwbusStive fuel prior to injection. In

one inplenmentatio he syst tidizes vant.uri fagct m xin ar at us
to dissolve tﬁ'e pp%/[a{ﬁfg)t? sug%%yV%%lglcéb#psgéfgyrl‘fogm%eﬁbtr%%{{tﬁe(ﬁg |’§1§£IOWF1)JS§FQF§R)?he l'i ne.
Due to the | ow solmbothrewdiad sugsoyegernwet esupperdihs spdrated ofas ResctaxXietlact ed
using a fluid/gas tra r, C I tu%e - f U 1 lter .., Ehe
extracted gas is a m'a%ﬁvst%rt}éedlgtggn%{]%g%gédrgﬁgg JSISSO pﬁ%ﬁ%sygk%i’gﬁ%o%iorﬁtl '-egrface
conponent . Fuel i nYer fmaces trgcdirrabogyt ths Conobeltioadlacgapertegstdno 2¢theeddy dr ogen

Enhanced Corbusti og gtaf6, of mttﬁ‘eec&%léusa&%gn%%e%e%t §RREARL S ShpegsS of this
nmet hod, the foll om ng consi derations are achi eved:

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
pair plates 404 with insulating partitions dividing each pair 406 and an entry electrode 402. Plate
design and configuration are based on a combination of electrochemical standards and physical

electron transport process dynamics.
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Hydrogen is thoroughly dissolved in fuel - This is achieved via a
stationary m xi ng tube, the application-specific design which is |aboratory
proven fowormakiasutyst hr eshol d val ues prior to install ati ®aT/US2019/048176

un-di ssolved gas is extracted prior to entering common rail - A special gas
phase separator is added to the fuel line before the common rail or

i njector housing; Stable at high tenperatures and pressures; Hydrogen is

free upon injectjon: 18 5% ol ar hydrogen to fuel - A dosin unp is
calibrated to aﬁh‘?"gl:at ?Fé%?f%%‘ggﬁtﬁafe&t @@lcgll SlGqRICH SHTSY éﬁ?@%‘ﬁoél;typl‘%&]ia?t%ct ed gas
(un-di ssgtMmedi@xXyRebdjor TSl 208jo eHe&Tbnibatidn M@ agivenSHRph P00 @dds an example of
Recircul ated fuel is stable (no bujldup of hyd in fuel tank).

El ect r ol yPEEHERI S PIFH080] THe! Eni SR GBS 1 ori G egrecttol yte
det er m nesot h@e sqh@ plaef G025 h@nGyear paeknpEOSUGHa@hireh Bt @eebdtrathipi@icSougkOH i S
the electrolytic catal yst of choice in t%cwdro%}%n Enhanced Conpusti on

(HEC) martREt™ ‘AP PRSHG A BAYe e bl " Va M . The
Conbust i etio\BIBAGEIRRL 8y shefirl-ecdiRalvo @i Whinhdch @&adr fer@Ympaifale wemeent rati on
of KOH, which is a strong Base (alkali Qe). TFeo,r etjically, an%/ al kal i ne can
serve thé™pri MEPYCr aHSTTER: CBET BHHEPT RRAPAEI QP PSTIES B FRERM kal i ne

el enent s Rk @b emdsnf idnakabkf@siicrhdl ¥ etiSwdr Red: Bérgra@by i ronment . The
reaction equation is multi functional. KOH dissociates in water to form

actual hal 1 7eaddTohs. TCORBUETIGN. VAo BHGHE & beam 0B aReBO8i T zoe tne

wetting poofierihivas:.ofh awloavdoasmemghs dsdasindnto @s plare phiede sGieg afthl yst i n
speci al i zed a}ggl i cations. Surfactant catfal ¥Si S r0\{i des ener.geti.c

f avor abi ITEY &t PBFING TEHY 81 4 hY aFBgERSHERT 1 't B odifdt "g4&" "f¥661] HEC

t echnol ogyried todfigz@sorCiabpdoytii $SheaSirrant plirotgt A rnla@hatelb eefueee heniagat shefd | ci ency
and i ncreased aduct. gas PG producti.on by. redyci t he t hal of
decomposi T SRR e™ BBl Jret CHARTSTH” B BisPRe e S Htt P liner or

bet ween afeat p@gescolugiedinedcaci¢ @y td @s@ap@byrsharad Senfadici 4rdt at es
extraction of product gas PG atons fromthe reactive el ectrode. Overview
Regar di né’“ﬁ%}ﬂ%@en Enhanced Conbustion Gains [0062] The adm nistration of a

hydr ogen/ oxygen gas m xture fundanentally inproves the overall conbustion
reaction effici do@] by ldconiango chrerent@adtsysomst sdaohdidghies the exk by ghich
conpl eti g, curTrQr'g%o'nglg&Y %@Eﬂqﬁeast %&Pﬁllt@st $hen t’ﬁ%gri%a@ L LGN, LAGEEARE 1 N
energy released an ecr ease uel requirenent.

diagonal of the plate, approximately 30% swelling occurs at the center. In an effort to optimize

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
and a half cells configured for twenty-four volts can be connected in series to offer 36 reactive

pairs of the same potential.
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[ 0063] Consi der the standard Diesel engine as sinply a reaction chanber for
the conbustion of Diesel fuel. In this paradigm the system consists of the
i nput comvogbiinsifosel , the input atnospheric air, the cecHUS3&I0WeE81P6 ondt i on
of auto-ignition, and the exhaust. The conbustion of carbon chains in the
cylinders of the diesel engine is an oxidation reaction that, from an
energetic analysis, when allowed to reach conpletion, results in CO and
H2O. Any nol ecul n the exhaust gas m xture ofhe n.these two can be
classified as céﬁi“é by tbfﬁ&?.l@ﬁd@%t e Pt B H?J; B

conpl et i eRth h@h&ﬁﬂﬁﬂfonemfﬁ@dzrﬁm@e anakly Zeihs Co@ststibeMahhemt.alshamh N@:.
Hydrocar%ons Car bon IVQ i.de Carbon ide Nit gen X dgs ygen
Ref er ri ngPtH! HHEULOPET F9 SHI8 LHRAH FASHCT RPGEY tdors PEBh B ELIALE] Ffed as a
measur e @bmphentegihepechfizcihelcoustdcaon. Hydrocarbons, having the | owest
degree of deconposition, represent stored energy that has not been
transferred to t rain system Th conb t|on nol ecul es
described in i tsl&ﬁgﬂpl \eﬁ?éufc%ases areeet%ge(?%%?qtthe P mc])ﬁf %@ﬁ%mu&s uch t hat
ener gy i suger jokedid20mdt e siilzlitelak(%n@eﬁ)f)ulled)ﬁﬁtd)l%htthd:gaﬂ%ubba'ﬂ’ﬂéﬁﬂa@hIv:mmhrﬂg is a

list of bond s for rbon nmol ecul es: Bond ergy 348 kJ/ nol
C-C Bond TERGAE) AR SRR s B 0 £ o b el gy 413
kJ/ ol AGﬁﬁisddnlﬂ@ﬂzdfogeh(H) a&deagyn t(a)) is égnabyt dghiiilsridn $ith h;h]mmce\taﬁqalswﬂbon bond
that is not hroken ig roca rbons that ar g Eres |n1thq exhaust

r epr esent & 4ME PPEYL1E b f8% er@F ‘%XES}PY PeEh Gy PRAEES “aba&er?&“%& ed. It is
t hi s wastredd@ne Hg\redchat ceﬁyﬁﬁrog&he Hnkian CechbGoinh WaihigemedtIS:Em (200)gear ed at
capturing. The second nmeasured conmponent, CO is a result of depletion of

reactive ppxyden. e yicinity of deconposed carbon atonms. Carbon nmonoxide

has a q[g'ET_E"h‘[l?’I%P%V_O'g_ﬁOT mat i on ( 110.5 kJ/ nol) than carbon di oxi de

(- 3935kJ/m)I) t hg.d e thes c Mo r to the
&géﬁdfrhefﬁel gfgcgﬁ%zhh Wl hes L ENELIYs ayvaLlaplen o 5@{@2&@

drive train. ISCU Ion 1n englneering Ci
r egar di ng?nctuh@epgtee pitquafof pagys 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.
[0052] The spacing of the plates is critical yet reaction specific, and .05 to .07
inches is optimum for this particular reaction. In addition, the alternation of the bridge strap

position promotes current propagation along the diagonal of the plates.
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efficiency gains with hydrogen adm ni stration. The description in the
follow ng section titled "Conputational Analysis" does not in any way,
shape, orwbanmse®R to argue agai nst this industry-w dePataspien4s1asé ue.

Rat her, it delves deeper into the nmechanics of this conbustion to paint a
nore accurate picture of what this accepted efficiency truly nmeans, as well

as to illustrate the potential for nmuch greater gains. WO
2011/031§)8P / US2010/.0 %}76 [ 0065] G ven the accepted principles and
concrete v are used to construct a nore conplete

icture of the ni éonbustive ocess. and asse whe he measured
gains actual |y i@%@ffr ec*ﬁgzﬁﬁfﬁoﬁég P RF mf%?@%ﬁfﬁ Sgiénple wer e

measur ed n¢abditess the hiscaf Dettrelttodd. alainuhls de GRSl clsytsile Matcdiler tangairent a
concept is, as fol

) | ows. The s §%§n1is ?@rivin gomgr framthe conbustion of
di esel f B GPPICHE & ARE o P! B g reTe P EEN AP Cet ane
CoH") . Thewkeadtis ONex@e@ely Exdphhivie SnadGdl2 NEdybtten(h(i2 4 BIGkR ecbnd GI2&. forTiyt est
nmeasur ed e conposition qf, th haust .gas as. wel | .as wei ght of the
Moo e Mg sreRetht sascdibbimaseong: A% Bt Pt v fohditaht of the
ai r conpamaditis I8§hlf et inffehless ckh@nsEOrhas eiReRRAdun Sr MofRRAEf boistrbdilf nput
carbon as irect neasure of the percentage to ich the c stion

eacti on e %sgﬁufﬁ% SPATEI S ' BneBiile Paﬁﬁat%%&ﬂ“ﬁbffan%miw Ysis
Regar di ngow est sf Refofureette @ht AcldRt d@mbddlyes@tasd dirf2ccbRgian@gMkdldasidhe Present
Conbusti on NhnaggF q%is stem The.CoqRutationaL NbdglgPReacti Mode

n:
Speci f i c PPAFHiTe PEF £ PETE AR AR F5dBIRY ﬁﬁﬁ%ﬁFgﬂﬁtlezs +
7102 48C@Rmic 4GHAD ACIRUIBB ovter 712 48CCR + 46H20 = - 1.42 x 105 kJ/ gal

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
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.
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= 39.4 kWh/gal, since 1 kwh = 3.6 x 103 kJ = .97 * (-1.42 x 105) kJ/gal
=-1.38 x 105 kJ/gal = 38.27 kWh/gal Dataset: Baseline: Consunption= 1.585
gal / h Thewoevigmh79eut put = 62. 45 kW CGens et Load: = 21. 46 PKWUS2410048176

Ef ficiency= 34% Conbusti on Managenent System Consunption= 1.11 gal/h
Theoretical output= 43.69 kW Gens et Load= 21.87 kW

[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 separation 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
component work with the manifold and pump to maintain proper levels in each unit during
operation. In one implementation, the process control logic contains de-bouncing algorithms,
event timers, alerts, and corresponding event handlers (e.g., to provide information regarding
proper functioning of the liquid system, to automatically shut down in the event of a failure or

procedural anomaly, etc.) and/ot so on. A basic de-bouncing algorithm will requite the reed
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Qut put Efficiency= 50.1% Di scussion regarding 16. 1% out put efficiency

i ncrease: WD 2011/ 031798PCT/ US2010/ 048176 [ 0066] There are three nmjor

fact ors avbeeotiosgroBhe out put efficiency of the two- stroeke/useassisigenset
nodel : conbustive, nechanical, and thermal. The Combusti on Managenent
System application affects all three to produce the 16. 1% observed gai ns.
Conbusti ve: [0067] The Conbusti on I\/anagerrent System has effected a 73%
reduction j droc P ems | ons a 4% r educt i on arb n di oxi de
whi | e burs}‘ﬂt?r]fgt O TS 8%93 “pt?é?coa Oéflﬁbtﬁn‘}ﬁu ﬁ@“iggéfﬁwﬁ é“é}"ttearPfP%‘éHO *The ar gunent
is that tiiesent®sudhssuietitiduteity @niofiiigati on as to their feasibility. W
wll start by analyzing conbustive energetics. Diesel fuel (nodel) = C'H'

Density :!..18; Eg/L Mol ecul ar Weight = .167 kg/ ol =5.988 nol/kg Conversion:
x @Gl /h /Gl * .85 kg/L*5988 nmol /kg * 12 mol C/ nol C12H23 = nol

Ch x Gl/h* 23][0015%? m-’i'Jrog ced gas m n?xes 1ffto comprg%se% altr o?gqe turgg Lne 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;

. Any un-dissolved gas is extracted prior to entering common rail — A special gas

phase separator is added to the fuel line before the common rail or injector

housing;
. Stable at high temperatures and pressures;
. Hydrogen is free upon injection;
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CO, accounts for 49% of conmbustion product Air Fuel Ratio (AFR) (in this

case neasured |Ib air:lb fuel) Air properties: Density 1.2 g/L =

24.79 L/ meb26/B1B89 gal / nol => . 0655 | b/ nol 20. 95% 02 &CTAB3NOBE176
Baseline: 51.16 Ib air/lb fuel * 11.9 Ib fuel/hr = 608.84 |Ib air/hr =>

9295.27 nol air + 1947 nmol 02 + 4 nol CO, Conbusti on Managenment System

52.7 Ib air/lb fuel * 9.9 |b fuel/hr =521.73 | b air/hr => 7965. 34 nol

+ 1669 nol 02 + 3 nol

CO, COnservatlon of nass states that total
in must equal *t ot al” ek hilipeenie BicinA Base rumecorbbrstell srmmhsEgErRsHEC Syst em

. 010 | b/ Gal

air
mass

620. 74531. 63 Exhaugt igasqHemRaai tion: Basel i neConbustion Managenent System

HC (ppn) 102. 7527. 75 CO, (9 4. 254. 08 NO ( ppn) 549. 25282 Di esel

| nput : Basel i neCOfTbEIy&I,aICQEI gzl\@'m&%%@cﬁ o>§¥§15 %rﬁll]ected into the air supply; and

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

Electrolyte Chemistry

Fuel

[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

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.

[0063] Consider the standard Diesel engine as simply a reaction chamber for the

combustion of Diesel fuel. In this paradigm, the system consists of the input combustion fuel,

the input atmospheric air, the compressive promotion of auto-ignition, and the exhaust. The

combustion of carbon chains in the cylinders of the diesel engine is an oxidation reaction that,

from an energetic analysis, when allowed to reach completion, results in CO, and H,O. Any

molecules in the exhaust gas mixture other than these two can be classified as caused by
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Gal / h1.5851. 11 WD 2011/ 031798PCT/ US2010/ 048176 nol C/ h366.42256.61 CO2
conponent in exhaust: (CO2 = 44 g/nol => .097 | b/nol => 10.31 nol /I b)

Basel i ne:w0.286%3+826. 38 | b/h * 10.31 nol/lb = 271. 96 nplCrhuszod/omal7é h in
air excess C = 90.46 nmol/h 75% conbustive efficiency or 25% i nconpl ete burn
Conmbusti on Managenent System 4.08% => 21.65 Ib/h * 10.31 nol/lb = 223.63

nmol /h + 3nDI/hr in air excess C = 29.98 nDI/h 88% conbusti ve
eff|C|en%¥ 12W nconpl.ete burn Cbgpust gai.n. 13% 0068 }he fol |l ow ng
is a bri P‘tﬁt@% “6%%3@?%‘?%‘@?%%@ U9y, d&sie?\t HBT OB Y n t he

conbust i velloamat ysis. Thermal : [0069] The Conbustion Managenent System
reduces thernmal efficiency | osses by reduci ng conbustion tenperatures,
which in turn reduce ¥I|nder head and exhaust tenperatures. Further C aim
Bases Conmput afi on; Hydrocatbons

. 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 Enetgy 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
“Computational Analysis” does not in any way, shape, or form seck to argue against this
industry-wide accepted value. Rather, it delves deeper into the mechanics of this combustion to
paint a more accurate picture of what this accepted efficiency truly means, as well as to illustrate

the potential for much greater gains.
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[ 0070] Hydr ocar bon em ssions are a m xture ranging fromunburnt fuel C'H' to
methane CH4. In this exanple, a nean hydrocarbon is used such as hexane
C6H14. Fowotha/Bamel i ne, this woul d nean 15 nol /h hexanecCirSexloawsre The
13% gain in conbustive conpletion can be represented as the burning of 2
nmol C6H14: 2C6H14 + 19 02 -> 12 CO2 + 14 H20 =-5835.76 kJ/nol For the two
nol considered in this conputation, the energetic gain is 11671.52 kJd/h or

3.24 kW Recover Losses:; The Par adi ardln | cul ati ons:
[ 0071] The cal cul[g(ﬂsﬁns ?’f’é“é‘f PCRGPIRCR ﬁ?@ﬁ%’?‘if% %ﬂ“&e "at'Pon“rEf ati ng t he

carbon puied tat@nstrh@ ASS¢ IMPIRE @t;tﬁretdﬂele@@srtém@mcdnﬁbuadde ptRERBDEshes whdan CO2
com ng out of the sy steﬂ% Thl? glvsg)gg % eral |l copversion

ef fici endyf POFUEhEESHBULCPBRIO™ ?/6%%?5 T RES it o8 "PI0h72] The

fol | ow ngndaﬁlr@i valusd foof Dats&umtdl mns Gohdetdystamh e THERABLhBBMRIEGaRIe due to the

| evel of ¢ and. i.ncons enc in the s osjition of diesel
fuel and ﬁf‘esry e & (1%“%% amé G GF grseﬁu&@qrt e of Gy
Assuned @@culﬁ@ﬁ@@ﬁ@w’nteﬂ Rs atRRIPhEY. |Theaéaﬁmorﬂ)c@u?rap/g ifhesk,, asgwyes kans,
al t hough generally accepted, will |imt the accuracy of the corrput atl on to

a smal | d#—eébq}é@. The test measured the composition of the exhaust gas as well as the weight of th
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

=-1.42x 10’ kJ /gal

= 39.4 kWh/gal, since 1 kWh = 3.6 x 10° k]
97% efficiency argument:

= .97 * (-1.42 x 10°) kJ /gal

=-1.38x10° kJ/gal

= 38.27 kWh/gal
Dataset:
Baseline:
Consumption =1.585 gal/h
Theoretical output = 6245 kW
Genset Load: = 21.46 kW
Output Efficiency = 34%
Combustion Management System:
Consumption =1.11 gal/h
Theoretical output = 43.69 kW
Genset Load =21.87 kW
Output Efficiency =50.1%

Discussion regarding 16.1% output efficiency increase:
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Limtations O The Conputational Analysis: [0073] This set of conputations
is designed to establish a fundanental agreenent that there is a

non- conplwoeotiasiyst i on process in the cylinder. The comrplitstelonadi7anal ysi s
is designed to quantify the degree to which the conbustion achi eves
conpletion. This analysis describes the percentage of input carbon which is
conpletely oxidized (deconposed to CO) in terns of that which is not (al

ot her carbon der reis ot an_avail abl e dat.aset _which provides
sufficient inforl ejﬁ‘)@ﬁéﬁ’o‘gﬁﬁﬁtﬁ}% Er R SR0 PP EREG%Y £F B 61 ¢ ho

hydr ocar hedke(dre)! gaﬂek rRaet: tahhate, @E&]&)mea@ Asd th%hh@mtﬂle SnhastdohWenefafeget | C
quanti fication cannot beéﬁroduced VV%» ﬁ E ao.the Request ed Dat a:

[ 0074] The ¥ RIPAUAFAT 2H&hat e Lo e BxAaldP1E APt tical dataset with
respect to the conputation at hand. This is the information upon which the
entire cdumbwtivon i s predi cated and nust be as accurate as possible in
order to produce a reasonable solution. [0075] The AFR was requested as a
form of checks dmw7baléﬂmé@nﬁom@ub@manhkaﬁemhhemﬁﬁhﬂuia?%@nﬁhabegult For
that r ea%ogrb Cl?' Celflms%tolnsngwd ahle’/ éﬁlﬁﬂbased Qd} h eoﬁy G I nl%ﬁpessefxg an%
produces circular "argument. Ret'erence “to° The Biragram Fi gure
1B [0076%A§ﬁd@§dﬂ9@§dﬁh$ﬁélﬁheﬂ@u&m@@M@ﬂﬂ&kﬂ&W&tmqmahy&ﬁ&mDSammthat

quant i t atj v. gefic analysis since such an energetic discussion woul d
be subject arge margin of error. FoP that reason, it is not possible

or pertinent to pr oduce such a diagramw th respect to these conputations.
Measur ed Digklded (Aot Cobpidt at | onal Parameters: [0077] These are the val ues
fromwhich all conﬁg%§§gqglépg conversions will be based: Delivered Hp of

t he Engi ne (kW
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 air/Ib fuel * 11.9 1b fuel/hr = 608.84 1b air/hr =>
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 b 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

Mass in: Baseline Combustion Management System
620.74 531.63
Exhaust Gas Composition:  Baseline Combustion Management System
HC (ppm) 102.75 27.75
O, (%) 4.25 4.08
NO, (ppm) 549.25 282
Diesel Fuel Input: Baseline Combustion Management System
Gal/h 1.585 1.11
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Measur ed Exhaust (conposite ekW): CO 0.51 Mol ecular Weight:28 g/nol C

HC. 0. 91 Mol ecul ar Weight: 14 g/nol C PT:0.08 Ml ecular Weight:14 g/nol C
Fuel defiwotoom3pmsanet ers: Fuel nodel : CL2H23 Ml ecul ar PO#iUshe10/048176

(kg/ nmol):0.167 (Defined Value) Fuel Density (kg/L):0.85(Defined Val ue) Heat
of Conmbustion (M/kg):44.86 (Measured) Fuel Input (g/kWwh):203.3 (From ABQC)
CH4 Heat of Conbustion (kJ/nol):802.34 (Defined Value) CO vs. CO2Formation

Energy (kJ/ nol oiC;h83( Def i ne?GG\(&I ue) 25661
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.

Further 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.

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.
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Conversion paraneters: 0.2778 kWwhl MJ] Overall Engine Efficiency: [0078] The
first set of conputations regard the overall efficiency of the systemin
ternms of wotzentidat9sener gy adm ni stered versus derived poaenus20160dd176 n 203. 3
g/ kwWh 0. 2033 kg/ kWh Measured Heat of Conbustion 44.86 M/ kg x 0.2778 kW
412. 462 kWh/ kg Energetic Analysis 1472 kW 100% Effi ci ency = 1472 kW/

12. 4621kWh/ kg4118. 12 kg/ h True Input = 0,2003 kg/ kWh x 1472 kW299. 26 kg/h

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:

. Assumed composition of diesel fuel: C,H,,

. 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.

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.
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Overall Engine Efficiency 118.12 kg/h / 299. 26% kg/ h439. 5% Exhaust

Anal ysis: [0079] The next step is to analyze the conbustive efficiency of

t he engi w0 20hi03smRe net hodol ogy has been enpl oyed as t RETAISRM0OUS 76

docunent, only utilizing the information pertinent to the ABC engine. Al

conput ati ons are conducted using 1472 kW Fuel In 203.3 g/ kw 0.2033

kg/ kWh Usi ng the Cl12H26 nodel for Diesel Fuel 0.4156 nol C kW x 1472 kW

4611. 71 I/ ) e \ 02 Carbon in Exhaust CO - 0.51 g/kw (0.51
A 8 BEYOLAFELEEAD] / h Carbon atoms HC - 0.91 g/ kWh

(0.91 g/kwh x 11%(?7710/\) %hege are e va e) 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
Moleculatr 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.

¢ Fuelln
203.3 g/kWh
0.2033 kg/kWh
Measured Heat of Combustion

44.86 MJ /kg x 0.2778 kWh >  12.462kWh/kg
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495. 68 nol /h Carbon atons PT - 0.08 g/ kW (0.08 g/ kW x 1472 kW / (14
g/nol) 48.41 nol/h Total Non-CO, Carbon in Exhaust 8,41 nol/h + 95.68 nol/h
+ 26. 81 meb/2htlB307980 nol /h  Conbusti on Reaction Effici eRCy/USa0loows13¢ onms

adm nistered to the systemin the formof diesel fuel is fully converted to
CO (611.71 mol ¢ h - 130.90 nol C/h) / 611.71 nmol C/ h4 79% Car bon at ons
adm nistered to the systemin the formof diesel fuel exhausted in a form
ot her than that of CO, thus taking potential energy with it: 100%- 74% 4
21% Energetic NbdBpetggif &#abysit ati on: [ 0080] The non- CO, carbon constituents
of diesel engine exhaugt are a mxture of literally hundreds of different
nol ecul ar structures ranging fromthe pol ynerase soot nol ecul es and

unchanged di esel f P hibkierFes7dbWn i%@ﬁ@”lﬁkﬁpl es? hydibBdigdbn, met hane.

For the sake of thig.@XQrcioS6e3 LnAvIRAAREr getic val ue Zlggg(y\g%qlthe di esel
fuel nodel and met hane has been used as a solid estimate of the energetic

val ue for the hydrOearbbngmadficiendycul at e constituents of the exhaust. HC

And PT Conput ati on;, HC; |/ h Carbon atonms 95,68 l.{h / 611.71 nol
C'h 415.64 %rati o“gflglé%{%tfo%%g%%%romfuel PT - 87)41 %15/11 Car bon at ons

5
;
8.41 ol /[ 633,73 mol O/

[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 g/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 g¢/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 > 130.90 mol/h
. Combustion Reaction Efficiency
Carbon atoms administered to the system in the form of diesel fuel is fully
converted to CO, (611.71 mol C/h —130.90 mol C/h) / 611.71 mol
C/h > 79%
Carbon atoms administered to the system in the form of diesel fuel exhausted
in a form other than that of CO,, thus taking potential energy with it:

100% - 74% > 21%
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41.38 %ratio of carbon atons fromfuel Totals = 95.68 nol/h + 8.41 nol/h
4104.09 nol/h Carbon atons 15.64% + 1.38%17.02% ratio of carbon atons from
fuel Conpwoanilans1®3. 02% x (299. 26 kg/ h x12. 462 kWh/ kg) #63A1SZéhokws1ré di esel
mol ecul es (802. 34kJ/ nol x 104.09 nol/h) x (0.2778/ 1000 kWh/ MJ) 423.20 kWi f
met hane (634.74 + 23.20) / 24328.97 kW nean val ue [0081] There is also a
nmeasured val ue for the CO conponent in the exhaust. Since the energy of
formation,is hij er fogl COthan it is for CO, it is possible to calculate
the ener gets L U on of the exhaust. CO Conmponent Energetic
Di vergence 283 li%s'fﬂ" Zlqie%%n— Zlcatlrbgr? gonls(ﬁ]tllleql%l of)éiege ér?gg'nerggllla/upt%ZeSaSnZﬁ(?u?e kJ/'h

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 % tatio 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)
> 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
(634.74 + 23.20) / 2 > 328.97 kW mean valuc

[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.

. CO Component
Energetic Divergence
283 kJ /mol
26.81 mol/h
283 kJ/mol x 26.81 mol/h > 7587.63 k] /h
(7587.63 kJ /h x 0.2778) /1000 > 2.11 kW
[0082] Overall energetic comparisons will take into account the sum total of

these energetic computations to derive useful energetic data.
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(7587.63 kd/h x 0.2778)/100042. 11 kW ][0082] Overal |l energetic conparisons

w il take into account the sumtotal of these energetic conputations to
derive uswbublienergeti c dat a. Potential Energy Total Por/uS2é1a0sg17€. 11 kW
+ 328.97 kW331. 08 kW Conparisons (4.22 kW+ 331.08 kW /((299.26 kg/h x
12. 462 kWh/ kg) - 1472 kW 415% fraction of total energetic |osses (4.22 kW
+ 331.08 kW [/ 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 Con&Pisgtipidinergynbealfar E h these cal cul ati ons are not

rigorous in the strighegiy S6ASLWhe > 33108 kW
. Comparisons
(4.22 kW + 331.08 kW) /((299.26 ke/h x 12,462 kWh/kg) — 1472 kW)
2> 15% fraction of total energetic losses
(4.22 kW + 331.08 kW) / 1472 kW
> 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 energy
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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assunptions are reasonable. The information provided by the conputations
shows beyond a reasonabl e doubt that there is a considerabl e val ue of

pot ent i alwohenvmsatosener gy i n the exhaust. The Conbusti orCivBIsagemesive Syst em
is designed to capture this energy by increasing the rate of the conbustion
reaction 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 b ? 4] The Conbusti on Managenent System
nodel s each hydrocarbon conbustion & 8 tation and suppl i es a product gas

PG conpri si ng rllsacrﬂm(%e as)§1texlx'lzraed gesme gn}ot Q%eg b eethr(ll;zgten?ogthoxygen (0), to
the internal ustlon engine‘to prop a ate ¢ ¥ormatio ﬁydrOX|de
radicaIsIﬁﬁkﬂS@mdmthereby to i nprove the | evel of conpletion of the

hydr ocar bon conbusti on reaction. CLAI NS What is clainmed as new

and desired to be protected by Letters Patent of the United States is:
1. A systenlfor1regu%a@hmgﬁﬁhqmmﬁ@ﬁﬁéb@mnﬁﬁoaahyﬂmﬁmaﬁbmnxhﬂﬁhkmonbustion

Do s B B DGR BT e o NG COTBUSLI @R B o
conbust ed ¥ el Sl A € ? heof' “ AR chah tal ener and rHernEl  ener gy,
sai d sysﬂ@nkh@bfmaQMMammmgyhhﬁﬁm@mﬂakqgnmﬂhwamhydm@ﬁbmmgmbépmmmﬁoﬁbustion

process oggr%se%:l o o ustlon characterization systemfor storing
data indi¢ f%%beeﬁgPHﬁé%l%P“ﬁ§ﬁ? g&R. hydroxi de, and oxygen required to
substantially canmbeﬁenamhydhamaﬁb@mnmnehmﬁ@mhu$khﬂﬂwpﬁ®ﬁbﬁﬁsof

conmbust i moni t nanlcall er m o] une of rocar bon fue
oy esent | P ERy R Curd et FRudyarochr bl fudi Chihetr s pr ccess.
prgd?cttgafrgﬁﬁfpﬁkﬁﬁ fO[ produ0|ng a product gas conprising a |
substantial ly stoichiometric m en, I OXi oxygen; an
roduct gas | nj SOVBIPB PR SRS G e Bl o e g pe
conbustl@ﬁmatwbmngadwﬁhﬂmnhamdﬁkmﬁnﬁemamhmgheﬁpdegﬁee of OX|dat|ve

conpletion of th (? trocarbon fuel, conbusti on proce " 2. The
system for reguiPstIHg™ RaGBIAPTEHGE: PRARFFOBE BB TR dBnbust i on
process @bmﬁdﬁdﬁﬂnmbemek%asamﬁoﬁ&ﬂmu&hm@ﬂ:mharacterlzatlon system

conpri ses menor or stori set of data indicative of a vol une
ofngroduct gas é%??%%%%ﬁﬁ%ﬁb 8W3“§ﬁ@g@§ﬁ%§5ﬁ¥?h%%%a%vg St PAtid to

hydr ocar haplufided pafsiiigher degree of oxidative completion of the hydrocarbon fuel

combustion process.

2. The system for regulating the operation of the hydrocarbon fuel combustion
process of claim 1 wherein said combustion characterization system comprises:
memory for storing a set of data indicative of a volume of product gas corresponding

to a substantially predetermined ratio to hydrocarbon fuel consumed.

3. The system for regulating the operation of the hydrocarbon fuel combustion
process of claim 2 wherein said combustion monitor comprises:

hydrocarbon fuel consumption monitor for determining at least one hydrocarbon
fuel combustion operating characteristic from the set of hydrocarbon fuel combustion operating
characteristics including, but not limited to: hydrocarbon fuel flow, exhaust flow of hydrocarbon
fuel combustion b-products, and the like, to dynamically determine a volume of hydrocarbon

fuel presently consumed by the hydrocarbon fuel combustion process.
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3. The system for regulating the operation of the hydrocarbon fuel
conbustion process of claim2 wherein said conbustion nonitor conprises:
hydr ocar bwo 2budl31imensunpt i on nonitor for determ ni ng at PCeAsR010/0¢8176

hydr ocar bon fuel conmbustion operating characteristic fromthe set of

hydr ocar bon fuel conmbustion operating characteristics including, but not
limted to: hydrocarbon fuel flow, exhaust flow of hydrocarbon fuel
conbusti on b-product and the like, to dynam cally determ ne a vol unme of
hydr ocar bon fueﬁ“prei@ﬁﬂ??mégﬁ@ﬂﬂﬁﬁgﬁ§oP @“WY&F5€§’%6%£Th§bC8@ 8t on
process. prdtEds 20 UALOBIHBEIPGIT fISAQL s MG Iof Gomprises: 4. The system for

regul ati ng the operation. of tgggh gqo rbon fuel conbustion process of
cl ai m 3 wher ei n PEHUgt 7 BYGEP" m% yé§$8$t Bﬁ%??§@§?d“”nnluﬁgmﬁFHHhct gas

m xer f orolyHeasi&pbddhgad dicRgbstdagalp Hadeetmigasaddohi@oeaiusd bakndi r in a

vol une corresponding to the substantially predetermned ratio to

hydr ocar 87" %I presently consuned. 5. The system for regul ating
t he operation of the hydrocarbon fuel conbustion process of claim3 wherein

t he product gas generator conprises: converter. for generating .
st oi chi ometric nix ogfﬁﬁ%ﬁe‘ﬁi‘gf%rrﬁeg # OXicBEAtumY %&va@ﬁaf‘?%ﬁwl\ﬂa%@w@n

6. The sysdemof ahinr Bghtat tRgrdde capenhatibobptondfisan engi ne of claim 3 wherein
t he product gas generator conprises: o el ectrol ysis system for using
an el ectric cur rBRC 0 OHEEEBLILE & R URGICRF SFBITIE I OTF HYPS8En at ons,
hydr oxi derdnDRger. and oxygen atons from wat er. 7. The system for
regul ati ng the operation of an engine of claim3 wherein the product gas
generator further conprises: product gas vol une conputer for

determ ni ng the gvol umge 8RO @R e CRER@SRIAM bRghetD chifes ydeiperr bon fuel
presently consunmed by the diesel engine required to pronote a higher degree
of oxi datFFEEBhPIELioFP B Sthe hydr ocar bon fuel combustion process in the

di esel engine. clectrolysis sysBem fr MBANRCII O cheGHW tAdiisBPact haoopehatit ok &f a
hydr ocar bon fuel combustion praocess wherein a m xture of hydrocarbon fuel
and combUEtPER Aams: Pereuisitistaed orger #reafemattdeast one of nechani cal
energy and thermal energy, said nethod for regulating the operation of a
hydr ocar bon fuel_ comnbustion process conpri ses: storing data

S: ,
i ndi cative of vdtunes oI SHPdPTERIRINE G OEXF RS, of AR Enegiey AT YR &<t o
subst ant ipabduyt GoMREGLE rahbydrReaksbon fuel conbustion process;

product gas volume computer for determining the volume of product gas
corresponding to the hydrocarbon fuel presently consumed by the diesel engine required to
promote a higher degree of oxidative completion of the hydrocarbon fuel combustion process in

the diesel engine.

8. A method for regulating the operation of a hydrocarbon fuel combustion
process wherein a mixture of hydrocarbon fuel and combustion air is combusted to release at
least one of mechanical energy and thermal energy, said method for regulating the operation of a
hydrocarbon fuel combustion process comprises:

storing data indicative of volumes of hydrogen, hydroxide, and oxygen required to
substantially complete a hydrocarbon fuel combustion process;

dynamically determining a volume of hydrocarbon fuel presently being delivered to

the hydrocarbon fuel combustion process;
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dynam cally determ ning a vol une of hydrocarbon fuel presently being
delivered to the hydrocarbon fuel conbustion process; pr oduci ng
a productwgasiiosnpsi sing a substantially stoichionetri cpairusediolygiregen,
hydr oxi de, and oxygen; and dynam cal |y adding the product gas to
t he conbustion air in a volunme to pronote a hi gher degree of oxidative
conpl etion of the hydrocarbon fuel conbustion process. 9. The

met hod for regul atjng the operation . of tge hydr ocar bon fuel _.conbustion
process of cl ai M {HE? BIOH S &1 ORPER T SUST YR ING RO &gRix of hydrogen, gt gorj ng
a set of ndabadé pel &abdnymmdof a vol une of product gas corresponding to a
substantially predetermnnped ratio to hy%roc rbon fuel consuned.

10. The net hod fBrapeguiddinesty RIAGbEE FAPF S IR 1R ¢ IPBRE FHFRTPE]
conmbust i GRphPr RERS 6f @ dab AoMpRHWNer B Ryds@hllos hePeoafhudiphariceal |y det erm ni ng
conpri ses: determ ning at |east one hydrocarbon fuel conbustion
operating characteristic fromthe set of hydrocarbon fuel conbustion
operating charact eri ghé 6:8thbd€dri@uRGag thelbpdaibn bi Mk haBodatbon MydEgemkton f uel
fl ow, exhaust flow of hydrocarbon fuel conbustion by-products, and the

li ke, toPERFARAT E3M §Vrsteidf e A SPEPafi RsFeshy dr ocar bon fuel presently
consunmed by t he shyids 06abb@#R hiielive OMSink T pRIREQEScorresponding to a1 1. The

nmet hod for regul ating the operation of the hydrocarbon fuel conbustion
process OFPsEPEbnprdetmire o hyiretaEiondrel ayndhital |y addi ng conpri ses:
dynam cal |y addi ng the product gas to the conbustion air in a volune
corresponding to the_substantially predetermned ratio to hydrocarbon fuel
present |y consunffd. Themethodfofseoubpine theeriggor gt thr BElPGicAG Y HERIPEat i on of

the hydr QeatRQN chike) whEQEDUSE S P bR QGRS Sy Qlerblidigokprivhier ein the step of
produci ng conpri ses:. generating»a stoichionetric mx of hydrogen,
hydr oxi de, and GX{HERDE FFASIREEydrocarbon fuel conlstiqrepcidph TGSt 90 at i ng

t he oper atd @Nof0fydBBrBRGLA RoBbustib@bBralibe WhelRiiflict MelushePudior phadiel Ng
conpri ses: an_electric current to dissociate a

Stor Chi OREEPREbfRcl GPVHFBOGRTY SR b6 e e B Fig ) DA oy Bt oms from

wat er . to dynamically determine a volume of hydrocarbon fuel presently consumed by the hydrocarbon

fuel combustion process.

11. The method for regulating the operation of the hydrocarbon fuel combustion
process of claim 10 wherein said step of dynamically adding comprises:
dynamically adding the product gas to the combustion air in a volume corresponding

to the substantially predetermined ratio to hydrocarbon fuel presently consumed.

12. The method for regulating the operation of the hydrocarbon fuel combustion
process of claim 11 wherein the step of producing comprises:

generating a stoichiometric mix of hydrogen, hydroxide, and oxygen from water.

13. 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,

hydroxide ions, and oxygen atoms from water.
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WO 2011/ 031798PCT/ US2010/ 048176 14. The nmet hod for regul ating the operation
of an engine of claim 1l wherein the step of producing further conprises:

det er m niwg@ 20hi@3vdBune of product gas correspondi ng to rhe/usgadnoesaroon fuel
presently consumed by the diesel engine required to pronote a higher degree

of oxidative conpletion of the hydrocarbon fuel conbustion process in the
di esel engi ne.

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

determining the volume of product gas corresponding to the hydrocarbon fuel
presently consumed by the diesel engine required to promote a higher degree of oxidative

completion of the hydrocarbon fuel combustion process in the diesel engine.
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