SYSTEM FOR PRODUCI NG A SUBSTANTI ALLY STO CH OVETRI C M X OF HYDROGEN AND
OXYGEN USI NG A PLURALITY OF ELECTROLYTI C CELLS CROSS- REFERENCE TO RELATED
APPLI CATIVONIZ0{10B0p Thi s Pat ent Application clains priorPCY/USe010848144

Provi sional Patent Application Serial No. 61/241,783 filed on Septenber 11,
2009. This appl ication is also related to applications filed on the sane
date titled "System For Increasi ng The Level O Conpletion O D esel Engine
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20t h Centursz1 Intteret N4 (L gtétrswt has been inconsistent over the
years, 3K H© 5B af( ht UGS NE i ffi cul ties in achi eving consistency
in successes yet gaining support but not success, during tinmes of fuel
scarcity and social envi ronnﬁtM@i&WﬂQﬂhe met hods of introducing
hydrogen into the internal conbustion engi ne have varied widely from

hydr ogenat i ng bil0@93] noukhisfsyss¢rs corgrokdhd ericstier Prighydesaborscdnydriogemcisnt o t he

i nt er nal ti C ns have
suggest e&gt eg‘%odflé;lﬁyt ?g‘% Pﬁ gleﬁalg{){]tgéwp&x%gg@%ﬁ&% %nglgﬁggl;{}eg%dg%any | evel s,
but the plyeetiatngenapif meatik ohndest halerped ubl ousn nyp dledpmbugiostir tche sl i ght est
gl i npse t s. The
foll ow ng”“)d’eg" ceﬁ%ﬁitﬂit}%%& df% (hsrls)%%&g%\%%%gﬁ%eg?%ﬁ' 1%%% ?%aﬁ%%g%%?ﬁggt i ons
with a fcemsleom, &rlfdeeXtrh@og yloe@rmengaﬁplabﬂleefselrae@gdmnlhﬂ levef @runbwoeahsi st enci es or
negative grg&ll%] mlj}gggoqlgoqlg%%n%ﬂu,gtt ory [0005] Hydrogen was first suggested as

a fuel fo inery 1n 1l

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



Cecil's treatise, "On the application of hydrogen gas to produce a noving
power in machinery." Several incarnations of hydrogen-powered machi nes

f ol | oned,woust1/wi77ehi ch were very efficient, yet fail edPrCo/usehioovadsar ket
success as a result of fuel cost and scarcity. In the end, fossil fuels
(petroleunm) won out as the primary mechani cal fuel source, and hydrogen was
all but forgotten in this arena. [0006] The mlitary nobilization efforts

| eading up to orce confront petroleun1fue|
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hydr ogen apflicedictahebaan Byhsisiidath hittehe Ugiargolinfi8e bf&lasmtmeu:scamye&sslblef whi ch

t hey had pl Hydr ogen Enhanced Conbustion (H was born. By the
end of t ﬁ8m§)éffl°ﬂ ?ﬁ&%ﬁ%gﬁeé@ﬁmﬂg iR S By e ?fitaﬁﬁfect&ﬁld a sharp
decline iapplich@nneella fuPst Gblehebliabd aRPbIOAGIPohEKle f irRoks@laatitv® né@gsat i on of
research in this field. [0007] The petrol eum supply crisis of the 1970's
marked t H&"%%econd wave of interest in HEC research. This wave was | argely a
garage novenent and sparked a shift in the production of hydrogen and its
appl i cat itbidropkdt hi isiohie | nt ernal conbustion engine. Electrolysis as a neans
for onboard gaseous hydrogen generation was the process favored by the HEC
hobbyi st, and sdq0@s5hl a‘di;xdmgelesrawﬁemeugmdei asn fidhér meahimrph 182EIgt Wol yti c
deconp03| er. anwhi ossil fuel reformati on was .t he,comon
mechani srﬁe%l?rsptffea‘gsewg%thteﬁw%é%ogﬁk %dfo Rl uRitY “as"d P‘evefe”?f‘%a?i ent means to
a hlgherEWW%Mdmhemwga@ﬁqﬂSghy@m@gﬂnmgmneﬁd&w@drm%ho&wMéchﬂeb@gyﬁahso saw
Gor man ot trEs > TRy by art GaL S Hrordran de Mete Sttt 1y
ei t her dmmeekhm)wn@e@medmmnmewmmehnthhaewsaohﬁﬂhéngmr@mmﬁbmﬁb@ﬁmmﬂ|on
engi ne or. Hﬁf%ﬁ with the engine's air supply. [0008] As petrol eum supplies
again becan® “Wore accessible, the interest in HEC experienced a decline
until recent environnmental awareness net with forecasts of fossil fuel
depl etion to prdf¥6E a Sumglaiymdblieatioy difogermdegonomyond Vememw 2 Many
conpani e Mk forJe%{)tmﬁoqwti&% 68{0%% lgga(r-)c%g%gl%s Sﬁ Ileglrs dEcQ ehbl%% %eﬁ%ﬁstted for
their successes in e 197 , makin xtraor nary alns w th respect to
fuel savnmg@lundoeﬂwséﬁbﬂsnﬂedaeQ4bwg¢2@b®¢mv&;@bbmemn@néh@ﬂwahyh no
gover nenf., AILNEY, 1A% ARRLAUEHA RIS BoAIEENARODY.: hOda G MEBPUOL,
internal co ti6n en manuf acturers a esearch nstltutlons allke
have beemhmwaWﬂq&%ﬁPhﬂpeﬁéméﬂﬂeﬁﬁcmﬁaaﬁdﬂempémuednbmdg@hspU@u@@hleve
mar ket abl e rity of this community has
f ocused f?%%%%g%ﬁégzgﬂ%% gﬁggﬁgmf%c gﬁggy, deeming the difficulties in
applying HEC to the |nternal conbustion engine to be prohibitive. A handful
of research instlPU4t i onderaydcepnenl cads Gtthai%8es malkehthe perprddavs9écess,
ul ti mat elyy.agreakng.thal fhe,dE thi 1%%&1%5%& ﬁ%%&@’%&h aM‘%a&@é enkd al mgai ns.
Hydr ogen Enhanced Conbusti on Mdel e original nodel for Hydrogen
Enhanced PColvbisstat brdrages apd edipeldaden wﬁeﬁtl}srlrega@*l|Cﬂtgblt§r1@ru¢ﬁgﬁeugleﬁtﬁé5rse to be
usabl e i nsh RLG @&'OHBQMga%,EduQH ﬁg%ghg%raulﬁ)wﬁmlé x%@é!s rabdleq brgk rMes actual ly
hydr ogenated at a processing fac li"ty, and theﬁ ped and stored in this
hydr ogendreldist.ondrcviiedrmarorveeonpleicat ramn pfrﬁlqcﬁplgﬂ oresitpast v#e- i nher ent
st abi | E@h RSl FHnabdtel N8 00RRECATR 30, 3 3BLGaE N Lhi s
format that many of the theoretical attributes which made hydrogen
ori gi nal lcymewnincisngnanerfeciemsmenrsap i 2igherivivldhegiespls nderesn efnerhen. i héser nal
combust | QyfGhNEo sAlhuel ARLILLY cldats. TRRELELEhS Lael il . LR, f orm of
sl uggi sh response and chronic backfiring of e internal combusti on engi ne.
FwdrogenQQﬂW%@ehEnﬁ*ﬁbﬁ@ﬁﬂ@@@%@ﬁﬁﬂkﬂwmd%eSQ@W@N&hWyﬂéeeb@@bdmﬁﬁ@bI f or
Hydr ogen ; 8'&?&8&%&%@%%&&95} cé%&gh%edﬁg <bPRLENGTOELIE ﬁeesoinﬁsﬁgﬂfnt of di esel
fueI wi th a hydrogen conponent Thi s del 1s hereby eferred to as the
"Hydrogen Repl acenent Moddel" (HRM). In the HRM the quantity of h drogen
added to the di 9Bl uels Hegolgwp prplicsiapinprspgetpes A fhee@feqeﬁlftﬁ Cdi esel
fuel congsup@d.ccdhEALCERT REPEEILSERN 24 R sdRAGithifSretBabs 188 refner gy
derived fromthe conbustion of diesel fuel is fixed within any particul ar
system TrEetinge fonpkdt BEsi AdEVIPSH PO e MR Mgy (apregserdi esel f uel
consunption by replacing a portion of the diesel fuel with a vol une of
conbusti bl e hydrogen that carries the sane energetic val ue as the diesel
fuel. Emssions in this nodel are expected to be reduced relative to the
gquantity of carbon-based diesel fuel omtted. In practice, however, side
reactions and quenching also play a role in determ ning the em ssions
reductions. In |aboratory testing, gaseous hydrogen has been adm ni stered
to the diesel engine al nost exclusively fromconpressed gas storage
contalners In narket appllcablllty notes, fossil f uel reforning is cited
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Energetics are valued and described in terns of separate hydrogen
conbustion and di esel conbustion nechani sns; | nconplete burning of both
hydr ogen woeb11zn3d77di esel (hydrocarbon) fuel is observedramdSaeasusied as a
result of stoichionetric oxygen deficiencies relative to active sites; and
Large vol unmes of hydrogen addition are required to effect energetic
substitution requirenents. [0011]1n contrast to these limtations of the
di esel engi ne applicatipn, HRI VI technol agi es have achi ev a reasonabl e
| evel of q@%@é%@%fnﬁtec&f?%cwl & Qs @a{eﬁgﬁfstﬁ%wfé%ﬁw%@?&%ﬁm pands t he
| ean opegaﬁgioﬁgrﬁdr} miﬁqsxlzmﬁ lretsﬂ%at fb}fgfﬂ @;flngé ihﬁ%ehﬂ@@n@&@ldﬁﬁ@g DReSite aitl) ghihti on ihs
initiated by the spark plug, and the conbustjon o rogen becomnes the
primary BEE PORIIRE BFEE Bs epers! Wyt grhnolR © %F@&“&@%&ﬂg, 618" dubi ous
si nce t heo®bINELE &R MangRtthicBNn@FeséR® i6Hi8SiBhs Aikkehavt Bech R@rii@aeitH on

initiator. Th ol unes of hydrogen required to achieve energetjc
subst | t utTBROLEE ﬂéﬂgﬁwﬁéﬁdiwgﬁés RAriTe SAISHER SHS e é‘ﬁ%ﬁlﬁ%ﬁge HEE i nhibit a
successf uhajdritf @hiatodRuniPhReocksaCiOeSHuMes shnelCbll NatneldefQde)iddhde st andar d

di esel engine has specifically engjneered air flow volunmes which are

desi gned e t&mﬁpﬁ%ﬂgﬁoﬁ%t HOE T CEGHE R PR BRE Pﬁg‘lbbtié’frgéﬁla ‘%‘él&?fi cto

t he conbustirgnin@fruddnebl chldtted dehididshivish ERRdALEELLNINBL@Y idccPiORAgRt € t O

conpl etion, the exhaust fromthe diesel engine would be conprised solely of
carbon didGRFHss oyRteisR theantrnial suss at nosphere. The presence of carbon
nonoxi de, hydrocarbons, and soot are a consequence of other factors which

i nhi bit tthergenphlebheddombustondmodef t he di esel fuel. [0013] Pol yneri zation, a
form of quenching, occurs when active sites in adjacent carbon nol ecul es of
the diesel fuel [p@ALt Wiliclrigng naxddtitellydrqef Gnhanacd Cngestearderedehad n. Thi s
is the nmechanismr ansi ble for the.geperatign of soot and.many
v ocar 6 B GRUE LT AoG reear "ehE AR R TR RATE RN no
oxygen i Sugpwexdcralyehytiogthedact proessig feslicgnnd then diigse bhnd uekd oahibon nol ecul es

to continue the i dation befor ol rization can. occur. . WO

2011/ 031 7Y OBEHTOBEUT0/ b B PO AL ANOE REr o a6 TF SPRear ST ng i s
oxygen deghketnk 6l '1Thye @rdto@xpg@mead omdlt mahis Gomeshauianpbf thhehecotidalist i on
chanber a%ta%he e %n¥kping othq{ t han a caQon atqﬂ1i% %n gxygen at om
that did ROt i eEBar S6E8TY SRS SEEBLETISH T EalTPE® % ewi se, any
car bon atigemilhathblseavegidch@he eatilis issemaitandiasclboniledrh of dupgishi ng ot her

t han two oxygen atoms gsjggkip&>pogeqtia% energy with it. Conpeting
conbust i SHPPERAL] SREs HOFHEE QY e Hiard QPO PRe dF8Sel engine, such as the
formati on of NOx, strip the primary reaction of oxygen and rob the system
of power yEwem Répdacenabyexdelon of hydrogen, as proposed by the HRM renopves
reactive oxygen fromthe system Oxides of nitrogen (NOx) are hazardous
by- products of de#BLst ilsday, dmaticols ajepptichinedah &l Hydwhuskdloncedngi nes wher e

at ”DSphefdogqbagtron!sadfé;sgqletegerg&ggé%%y&%PdieJegfgé%L@a%%%&% %;negg‘ryehg{y

at mospheric air is nitrogen, en the conditions’are rig
f or mat i omodehehachygetpoedshey thagdydbgea Feplpgsingnoflodsl’t HEgen latho MR M, Fiee  maj or

factors 'l i t of i P@x .ar eppar-at ure and
resi dencégﬁn%ﬁgéﬁ%négd%dﬁgél{ev#érg\gtf%eﬁg d%%e an%lg%}:tgc g{)&%n/ogjl tg t%n(g%%%ef%q have
obser ved chmomedsEs: dceepNOpraemicss transodeThids:t ihs cougy deovaldmpethietcpwieustieact i on

mechani i o MikLis U8 'Witilﬁkyagxﬁ Eﬂ&&ﬂ a0d 4l &g Lih{‘&ﬁ%&% RAMod GAEE HRAS
general |y support I ncrease esi dence time of actiVe oxygen as a result of
conpet i ngo dicdescrdadtfic pssanptiondy erpsichl e ppripe phibd Hatcbfuplvoductodimetii s al so
means a gqr . h er [ re |l i f . N, §

rechan; st Ry ESRE R bt PR B ERE AL B R Tl St ok UR,

di ver gentm(g]g]}'mftxgec@efd tp bactlied rehittvh farht frantity 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,



Hydr ogen Enhanced Conbustion (HEC) conmmunity, both of which show promise in
different internal conbustion systens. The Hydrogen Repl acenent Mdel (HRM
has showweigniiBizant potential in Gto Cycle systens becaaseotwioestisgni ti on
source is independent of the fuel source. However, there are many vari abl es
whi ch have nade the HRM struggle within the D esel Cycle applications.
Therefore, there is presently no viable process for enhancing the

efficienc nd fuel versatility of a diesel internal_conb i on engi ne by
intr oduciaﬁ@%ﬁﬁﬁf@@ﬁ P&éﬂgctiomocﬁhﬂﬁ%geafs EFMIBHONS SRR $ah e RVENTI O

[ 0017] The dpsesaite, SY sdRME@binRrRadusimgrde Substvantial [y Stoichionetric M x
O Hydrogen And Oxygen Using A Plurality OF Electrolytic Cells (terned
"Product Gas Generator" herein) works in conjunction with a Conbustion
Managenent Syst ém WAPE R FrsaR e lh%r%@a%%&ﬁﬂfdwgtﬁ Bh%4ppl i cat i on,
and the Product Gas Gehgealbalignglsppk iheSiceel pleDEkGE (g @Find&OBPhE Sigh@; a dynam ¢
m xture of nascent hydrogen (H) and oxygen (0), to the internal combustion
engi ne to propagate theqfRE Mt 0l dbvd-axl dendddifatsonyidn and thereby to
i nprove the | evel of conpletion of the hydrocarbon conbustion reaction.
Atomi c hydrogen (or ABRBHIN Hdicedeeinbisdon Hechaelrs es denoted by H (atonic),
contrasted with di-hydrogen, the usual "hydro%en".(Flz) comonly invol ved
in chemcal reactionsicoBeleigurreationihdydivagcienitnhfeicbgetioprenateis are nuch
more reactive and, tBUS. .2, MHE0IRY & &LLE6E MenbadUCLNg.Ag80Etdban ordinary
diatomc H atonms. The Conbustion Managenent System provi des product gas
vol unetric requi r emendatvafosettsiteshirdnd t akes into account the engine style,
primary torque requests, and hydrocarbon fuel consunption information to
devel op an oper &t i nglsygst@mespe bydrogen apfiancat icgnret attiqor @dyces consi st ent
measur abl e resul ts. §hg&&g&p%§$&hgmgndels are used versus trial and error
data obtained fromrunning t engi ne on a dynononeter through various | oad
and engi ne speedy@oNdi 4, QNS MHLER. SAYES.LriR ARd LJoney. il exirRsuri ng t hat
each Conbustionqwhgggenent %?étenlappﬁiégtipncgg §%gqgéfe for its intended
use. [ 00I8hThegiChatsurshicd 2MapragelaEntl oSyustasninédfoeick applistaselereonbust i ve
potenti al; biel 1A l8e RaHYNARLE LM Ey Qlm NRSEED L, IYALAIRNiOR)s and oxygen
(0) prodﬁgé%mﬁnetae Pro ﬁcﬁQGa§£GEnerafb? to propadg@e.Fﬁé%%%rmﬁion of
hydr oxi denifadi yahsspp®)ug, Sdvky @imbigried @frbyvireden didofmes dnpewatyetaeiren In hi s and
the Hydr qgen Replacamant  Mdel o HRM 0. 0836 e AR0Y By nilifor thHESE
hydr oxi de r add;gals% e( (]—|)1 are orders o%oumagcni teuge Prore %%?tlgnv% to&‘?ﬁi Zi ng
agent s t HehisQl; reacTipeinither.mbidyeaumice ohpdedzet anuityd tdedir begeiiasubgryrenof or der
of COITpl %géa{%QoB[veédbgthﬁLgJ, %ﬁ%p%%g%&@hthgtqmbﬁgLugpessfull\fpé gk, Hydrogen (H) is

added in perfect stoichionetri ce wth additional oxygen (0) to
maintain the integrity of the internal conbustion engine's Air Fuel Ratio
desi gn aéﬁhgéggﬁégmﬁﬁﬁﬁﬁéﬁé&haust gas concentration of oxygen; and Mich
smal | er vol unes of hydrogen are required since the energetic gains are a
function of addilf98hal "d5rBedrbdrdsenpingkenpicHicelengydrddutBanoraes .

[ 0019] TheHRhodULLiofaSo G &@kﬁ&n&§§§c&%@5&5@&@%9&%%%%p&ﬂk96QQUCG a product
gas, which is a conbi nati on of nascent hydrogen ( and oxygen (0). This
product §aabygPiel desehyphnifchibeRmhupinn s RircePagtieodPaPhet tengh4ttee radi cal
const i t UgRLSthY HRleHiddhe FrodRDe Wb PriseX St bRRBbhA MiokigRaRXhf@tiue potenti al .
The hybridi zed gas m xture is unique to the electrochem cal process and
cannot bétpephire athsdrisgich gt @ompredeside hydPagons ¢gas sQFaf cotseqiessiof f uel

r ef or et i PLOAUALE. inliQ0ZOLbIK eohhRbRM mNL SNt r oduces a conpetitive
reaction into the internal conbustion engine, this approach directly
addresses the primary reaction driving the hydrocarpbon conbusti gn nmechani sm
toward conpl et i dBOBIThi FouBlFEERh AP Eat el U MR B VI HACRESESS 'R 24HEY eact i ve
t endency chBvahrdlceQRRI elcidaiel fldy BE@XiidH ent atditeatoStofongdr@arbb@fHaRl ThiRan t he
st andard dia%%nic oxygen goéz bei ng adniniﬁ%ered, which allows for greater
di ff usi vity RIS RO Rl SN HEP AT SPYPIORP YA PP RYMRIPHITEHR R t 0

ﬁu ger S?g@ieg@glygﬁrf&f iPg ﬁala)@m?rfd)cs@f? %Hﬁn&dg@@&ﬁﬁsh Qf_&(iﬁlﬂfeit(\!ﬂd_eﬂeiv% Ritdsah dof t hﬁ

ydr oxi de_radi cal s all ow for carbon chain cl eaving reactions, thus
creat i ng 4fY éuef%Mi RiceRlet WLOBHIE His Wﬂ?‘b‘cb&?%%ﬁd%qﬁé%t@%? AWY- gr eat er

reaction distribution.



[ 0021] Fuel savings are achieved as a result of extracting nore stored
energy from each hydrocarbon nol ecul e. Every carbon-carbon and

car bon- hywoagar3bond in the cylinders of the internal cecbustilonssangi ne
represents stored energy that could be translated i nto nmechani cal work. By
pronoting a higher degree of oxidative conpletion, the Conbustion
Managenment System extracts nore energy fromthe hydrocarbon fuel.

Simlarly, ems of rticul ate tter, hydroc ons,_and carbon

nmonoxi de from tﬁ@&gﬁt er/?fgﬂﬁle{:@ﬁ’ﬁﬁ 6 ‘éeﬂbl?“ﬁ%ls ?yée%&ﬁ Pt EEHE of thi s
hydr ocar hem @erdust H@rf Betcopb@pagaiainbg: dache® tPldngthingdhel ek etab@, arddir t heri ng
t he conbustive proc é‘ dﬁg 2 g‘y ect and ;ﬁvr abl e i npact, on both fuel
consunpt i'oft GHE" &S STOIs" Y 4 lﬁ%’ﬁposf@‘(f uﬁﬁFéEFC‘é‘Hb\}ékeWﬁﬁlaQﬁerl zation
i's a prokh®sh hiBmGRIASS ke ohBagibh Sibe ARthdt@ apfthiiB b CRAUMSOS Rfgen

BT CompOGIE B T B a gy 28 ol e PERE € O HECKAAP ST T COBULE on
air conp a i on
Manage e niiesSy sdi@Muakl 6 (88 58S @A Nobx, (e aR piiyasiftLtod & SRgHL] sYegessful and
consi stent reductions. The F}roduct gs i njection gyort t only adm nisters
the acti ﬁﬁfeéla%hgévebﬁveaﬁwo Sues PYREEPetD b riepeasl B efeetand ensur o
horTDgeneQ&,hsmFBd&gégag frofuBé sybijne ClxQlSofafiod® N k)@ 10kariep bagedué®oopt i m ze
dropl et size and injection t| m ng. The actjvated reaction chanj sm

gener at e SORBIEOMET ALY BLTHISHEPIEPD STEFE Hhee yreatherc deipRicaf? RPYAI | of
these fack@ks conbine to facilitate a near total reduction of particulate
matter em ssions. [0023] The Conbusti on Management Systemis geared toward

i ncreasing the r&ﬁgf'l Vk&%)r(%fémgt?%7 e ggg{p%grg%%gﬁmrég eslé)f ¥h i ncreasing the
nunber of activ bo se I'n the

cyl i nder soefitdnkercirighebnDxcombust, e iengitveagddie saipafcdfsﬁttocgai at@hObEHei | 1ty of
oxygen reacti n in the desirefd f ashi ) mat i ca i rove Al so, the
oLt on 1O TRy g ai PR LGk KIS B P & AT ORI TR Sxygen (O)
nul i fi eﬁntehStud@meélmhgma}h@mﬁﬂmeteheycﬂwﬁgmgﬂmw(&Jd)seraﬂﬁn&adsaom N&G) for

oxi dation. .Also, . the creation . of rmreatlve es redyces residence
¥t of  GETOB oy oA AR b O BHERET HETSrRET SLCRI B BRsnT Hy T nat

g itr ;)gen h@&ttdca@mﬁg&actqml éenﬁx?]llyl sluﬁﬁ)rduct’rfd’s]gil ﬁeh&nee{)immt)ﬂmcﬁx?rm@geﬁs\;u ﬁsﬂtl’l\tlifoe(s hol d.
eaction rate. reductions S0 _serve i m i mef rane where

format i or?o‘inBet@ﬁé'g@éf‘f‘i“é)ﬁT ?F@ f?vééf prem @Eﬁ'ﬂj”%“ﬁ% AR PEEH 2 KEf&ement System
I S a nor ehdddhoMertsad thycapphiveabl eedbddis hetause it is based on a principle
of directly affecting the primary reaction rather than introducing a
conpeting.reaction mechani sm The Conbustion Management System nodel

requi res &1 OWer votune of gas injection to achieve results. This system
Shrultancous!y FhHBE! S NSk SONSUIPEL 0 A AL RRAANSLeduGh ORe vi @ Lhe
sane nechani sm rocess wor or ‘al | ‘oxidative processes Wi th respect
to hydr odazﬁblgmﬁmiaecﬂdlelbuBRhEHEDES@RthyCﬂﬁﬂOFfvﬂfh@ sDRAWONGS if 0i02&hti gure 1A
LUt g b AL AT e ANEZRLALL S0 QL NGRS LRY MinageTen
process @orhtia lnl @do bycld ygerGordoust the ngnl‘vbzn a@emnmd@sdeen@f t[l@@@la])Fncg ure 2

:):c ! ;J?]'él‘ acf:)}? \Vevlrin tél%reo% macri1 ag‘la?]%nss&l’?l%hr%av t\m‘lllp HE u%%l'éﬁ?ﬁﬂ&ﬁﬁtk% 1este? %gapb odi ment
Gfan 1(_'ar at orap};l{cﬁl@)z?] Phegaicvre tBerﬁ is![pmtnﬂatnesmble pi?gi:ss &lr iclolntmgthle afficoncyahd tiee net al

pl at es con [ eactor u

[ 0028] Fi glire % i |dﬁ°“%€§ M C‘%%bus?‘i?pﬁi“%laf fo‘%“c‘“ “Cro%?“ e IFQ%
plate engine.

spr eagl on typical

SUMMARY OF THE INVENTION

[0017] The present System For Producing A Substantially Stoichiometric Mix Of
Hydrogen And Oxygen Using A Plurality Of Electrolytic Cells (termed “Product Gas
Generator” herein) works in conjunction with a Combustion Management System, which

models each hydrocarbon combustion application, and the Product Gas Generator supplies a
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geonetries in the Reactor Cell of the Product Gas Cenerator; [0029]Figure 5
illustrates a typical gas scrubber for use in the Product Gas Cenerator;
and [ 0030WPi2gures1B0i | | ustrates, in block diagram form ®he/USeniowst1ison
Managenment Systemas installed with a typical internal conbustion engine.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON | nt ernal Conbusti on Engi nes [ 0031] A
di esel engine is an internal conbustion engine that uses the heat generated
by the co ession of the atnospheric air in the conbustion chanber to
Uit at & FFEHECRS RO ABapae Phavep dsaienriidioe bl an ?)@g‘?ﬂrﬁﬁé&? into the
conbust i aitellabbBistiEbEdgnG tb P@plidarahe BirAgon of hyClaqle @&8dal NOHY itdSshéSbyl N
contrast to a gaﬁoline en%ine,ﬂﬁﬂic uses the Oxto Cycle, In mgich an

ai r-fuel ‘MO Fetat eaPicnot Heh e BIERIAPPo FOBNSHTEI Ay oM REREH by a

pi ston, s daghdigofdh) & tEPpEdesPkttged e (@aS0| EdheafRQlinedi ha&ogn! der mal
efficiency g%hﬁ conversion of fuel in o.wgrk).of % or 9% while the diesel
engi ne hds"4 BALETal HarPPErahn &y olrd B56urcR 696D 0FI I TOEHE &Sl engi ne,
only air hy&obdni(th &by ate R Sheeadaciid Mdl thes, € S bicRe&Rardeling 2k air then
is conmpressed with a conpressb%g rg%io,t ically between 15:1 and 22: 1,
resul ti ng"' ¥ Y Y AECBE I U0D - MPS COBBE RS MR RSN ¥ BISEFEICt B 85t 0 14
bars (0. 80luhRtrit rdyuradnt (BRBUEr2HQ 84 ihtdl ddcduberhg as@cisHR, gRginerquEhi s hi gh
conpr essi on of &GE diegel engi ne heatggthe air %f approxi mately 550C (1, 022
F). At aBtlieste AFSYATERPT TUFFaPsetphindemadPidp detopy PRI BRE Chnpr essed ai r
in the cophugtip@RahandefodudhishsiBRY: D@ s OredulY. 08 ickibpi€ aloliys froteidal in
shape) in the top of the Bist n or a. pre-chanber dependingﬁup%n t he design
of the di6S¥ "dAgd e HREOPIE! PR Y erSlf 88 M PHET fiiRtEhiva Bt oken
down i Nt QoaANBY kngthe QRc@ tSndaidds bihah skhedbhbald hsncivildihbuibech.euenl y. The heat
of the caonpressed air vaporizes fuel fromthe surface of the droplets. The
vapour t FEPHUEionfAneesErepysyitHB APRISHHOP IGHF4HE fRgRpPERsescair in the
conbusti on chanber, the droplets continue to vaporize fromtheir surfaces
and burn, getti rooispal I'gie Cotbiiition dManag@fetdsestérd effedsindrbreedtivaphetrs has been
burned. The start . of vaporization cause del riod duri Lgnition,
e naoEnR Bvubiet B SRk SRR Dot e iRt dbropdat fos

i gni tion dhelPpercatuy Genectiadt t6 ptapBGtcahe dhhitph of hek@akeadidlspOES.SiHaaabove t he

pi ston. The rapi d expansi on of . conusti.on ses the ri t he piston
Clownvar o W SHBERYHG BoMRE e PRETLAS He-Er SRR ORar T U0SITRe: FarPds  he
hi gh | evebowefargonpr essi on whi ch all ows conbustion to take place without a
separate ignition system a high conpression ratio greatly increases the
engine's efficiency. Increasing t conpressi.on ratio in a spark-ignition
engi ne where fuel ﬁﬁﬁe%@F“gééﬂﬁ?§g§H%@?8?%“éﬁ???“?ée?ﬂ@a@VFPE@@Pgis linted
by the need to preyemtddamagi ng pre-ignition. Since only air is conpressed
in a diesel engine, and fuel is not introduced into the cylinder until
shortly before toprgaadncgam® hdddn bPHABRIHEeHel @Al OMtohPlast oan i Ssue
and conpression ratios are nuch higher. Advancing the start of injection
(i njecting before PREVPPLINGA fHbeRIHRSIOPDC) resul ts in hi gher in-cylinder
pressure and tenperature, and higher efficiency, but also results in
el evat ed engi fe noNsecraAldiopey Eh seddeii aescotoidianegehlaorox)h aditesd ons due
to higher conbustin.d.ORES ALiMhiEShe iPREAY ble IR€n St @Hus@n dnBih€Chi: @R CauUses
i nconpl ete conbusti on, reduced fuel efficiency, and an increase in exhaust
smoke, cont ai ni ng Btesksgide ke ddysiehast parrceureeecivaracerndnd unbur ned
hydr ocar bons. [0034]In addition, diesels devel op maxi num hor sepower and
ef ficiency over a Midenriegeluoks sifedwgen F waatedemgi thesnergepi galslage aar e al so
equi pped with a tufuppq%p%'fgo%ﬁ]dOHMLr%Q Hér%%ﬁf‘d&ﬁfiﬂ%e ﬁ%&%ﬁbé& g the diesel

t i} 1ghly co

engine to drive a turbine at supplies _ ressed air to rapidly

remove ($CaV?”9an9Fha%%kPQ%E%%}&RQQ%&QEu&XEE&%%%&&BU%Q&Emﬁ&£@§ﬁ§§§tthe

conpression in the cylinders and helps to cool the cylinders and cylinder

heads. Tises, Which sasedboormreéssicon hidiogehecyrionder (Plesibistrsoduat dai tptver 2

effici eNWridnfe Qggmgmg whfl€hel iebmic AFENENEE ﬂ%&&@ﬁé&ﬁ@g wight turbocharger
se th y 30%

can incre power output of a diesel engine o0 50% dependi ng
on vari owuscepagnalhyigh oxidative potential. The hybridized gas mixture is unique to the



System Application [0035]Figure 6 illustrates, in block diagramform
Conmbusti on Managenent System 200 as installed in an existing internal
conbust i omoeny/a3e77602, as an exanpl e of the use of the EoFhISE100OM8144
Managenment System 200 with a hydrocarbon conbusti on process. The internal
conbustion engine 602 is equi pped with standard conponents consisting of an
exhaust system 604, an atnospheric air intake super charger 606, and an

el ectrica enerator 610. Th nbusti on nment 00 is
power ed Cté‘? E%Plﬁg CHIC“8A “dyn‘ﬁ@ﬁéﬁip (& “B%}g tHEP e foéerp%ﬁ@r(j @reﬁ]&f ator 610

and pr odye@sf@npti@dteiucgas PG which is m xed with the incom ng atnospheric
air at the supercharger 606 and injected into the internal conbustion

engi ne 602 in no a hi nbusti on Managenent [ 0036] Fi gure
2 illustrates, valbézbroc\lﬁllEI |%t3‘ra o:%(r)ﬁh”ftﬁ()dufesaf%na?e%% eerr?%cnf)X ?{ﬁ'

enbodi neriteroil cohtydst trgineMai agﬁme:htdu&yls hdtesRO he p@un&e;t re@fiod dikiigh thes ervoirs
201 is pro(y e%to tore a}p “I%"% |try onfj 1qur ‘}ﬁ ) h in a desr(g(?ated one of
reser voi rS 8GIRISETENTIRT ) PeQEUEITPITA sltS(%Fr’p & B CHESht TOFOF wat er

whi ch i s iusest 1hﬁ1edbassmbrale3cymmd mlﬂeddydﬂegemdé H)hcaﬂ@)}m)mfrallghm thafxygen
(0); a second re gervorr 201 |s usg 0 ﬁehaﬂ% e ectrto iyllffs, %h is used
in" React &r° CAf'f* iﬁi)mlcsmggscrr SSHERIT BT n‘a ich $RIF & EEASH VBTV 361C s used
to store na;r@atda)b;eeﬁa,l fmmmknvresonmedmé@)sﬁph@ﬁepolyrhﬁlzamcwsﬁn&e hjrgheReact or Cell
204 as des: rr bed o irs 201A-.201C. i ncl udes

cor r esporta i PIa peve Eenboriad & TRt e S PeBar Harsl B Br 0 e

i ndi cat i engtfmdéhecatdvdiieks be el hydioceaahmsleses ol grea2d 1Ae @0 G ribuGomt r ol | er

[ 0037] The Controller 220 includes hardware and software specifically

designed to man n tignality and
saf ety protocol 6[9(%0];”0&?, ‘%%ﬁg’raﬁ%{%ﬁgggsg% %rog%géag%rg%g%risﬁeﬁ eﬂ&%nr tors and
cont r ol s ftdnrecanmpairochbgn moteolrrpolﬁem@rbonmedbuldamatbheheapmrbbyd tnoheranage t he
nultiple iteration t act or 21 ntrold 220

al so nana ﬁé@“ﬁPu%a%ttér%%a%%‘%B? Rg‘m Ser ?ﬁ%ﬁse s;féoerecl %W’Egé 04t “?dnbe ARG eAr o e
renot e acoesmichlunek.i Bm@romp@r@%j@ﬁhedw ef o?pdwm comfplealomhd(@cbhlelstiMer nmodynami ¢
nodel is.the fir ste v i roduct. The next
ri i car i E SR e R PR e Phos e 2n P B S o 5 o
the prod qvaitncud&e mttegh;eltoedcbarndandcteabbn frybnorgdetfkcen Keynterasl |carbblesorpergtnre aent to

t he succes f the ration iver ens c | oops, fuel
consunpti (Slsnrec(r%aﬁfSult ot 18:11 Ocaﬂion Corfqrﬁasﬁgrrl 3?1tpr%%a% hg e¥10n OPheéf‘ fifan RPMs are
just a fefwﬂahngrhecmabusasblreecetsdlaeomsacd@ri MWbmlmpmt pmgottndiudl minegnatoe.
Present | yhdgnq SSIOcr:lcgrrreb str .on Managenent System 200 is optimzed for | ow RPM

hi gh- duty cyc]I e engl hes: Long operating times in steady state conditions
and limted feedback | oop nmanagenent systens provide for a sinpler

i nterface than tlA@&2Hynakircdnbowst pdlyrreipttoy isvaralged insypgtbesrye seedenin t he

hi gher  RRM and | ower - AUty XEh 8y Ste 2Ll G b Lyst rates, in

t abul ar orm%tﬂ{?e&%puesratr)égﬁ of uﬁ 1 rngQ]ongl]ll\j/larfagerreient Seystem 200. The
Conbust i awbNaragérempogiost quhetzﬁonzrméseagtse madchapisny dritodantbosfiooonbust i on
process npdel ., siQLed, WorfR: s En ARLE G, e of a

pr oduct ga%sg%aner e%?r e%ﬂfg&%gg voollﬁegrreed ﬁgt %ogcua‘% 8%(? [ P(?Emg t|léch IS

requi r ed redyctiampr Ehﬁerﬂbﬁet oo e ctigrf pagowrp oaly iadmineferSttheacrryaﬂmabtb@ho fsuel

conbust i roces O RLoVvided. s, a RIng;.of pthe e f ctor

Cel l's 20%reISI a? Onlegf §I?)ee%aet:Z'rnld\c/éegjllén or g g;?egtgo & Fd'J‘q (lfrgg egtlrjlg%le&goﬁfount of
the pr oduqilacgfht@ OP@mzasrqrtb;t erarnd egecfipronmini Ehe(maraited ra'alqe(rremccslarsdﬁmm a col um
| abel | ed ' t f &h can be
associ at €3 e?{t&#éégv(?{% E&rlr%es%gﬁmér"%%\g% a(r)l?gl%ﬂ i ar;ﬁ%ﬁ %hgp %lgsgr &Jré? ichis
consuned fbyltﬁhendaywr@crau@ionOfpﬁetllcutamanmr:rglssrmn@cess There are a nunber of
operating characteristics which can be used for this purpose and they

i nclude, but ar E{O(ﬂl@{ | 'T‘Heh%ﬂwbh&ron%ghgéﬁleﬁ%‘yﬁwﬁs'g@!&éd P%rd%é?ééglﬁ H€Ngi ne
turbocharger Revolutions Per Mnute, internal diagnostic array of the

engi ne, esdq@aisof fk bylrefarlondud ﬁrﬁﬁuﬁwrr@rrametb@ odier st acayrglarpen eiyds rrmljer
pressure,gq r;‘quﬁhh dk@n tlrzlenylﬁde@ R 8RG DR Q&%@E&rﬂ rgl;ﬁﬂlg %@&&t@ﬁda%rbGabiﬁy

i ndi cative of acorre ondi ng hydrocarbon fuel tion vol une, ch
can act uaff Pyygpereectipg e@ﬁﬂlrtﬁiyfehhmarcb@natfcr}ellmp@rmmﬁso dic pdditqore ﬂe‘rfigfitne
operating characteristic nay not be a sinple immutable nunber but can
consist of a "level" of operation. For7 exanple, the throttle setting T is
i ndi cative of a demand for power fromthe engine, but the throttle setting
can be a continuous variable; and a particular throttle setting T3 could be
i ndi cative of a request which falls between predetermned limts on a range
of the continuumof throttle settings. [0040] The product gas volune also is
i ndicative of a required vol une of



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

char act erwet2otl)a31he nunber of Reactor Cells required t@csaspéiy/ossius vol unme
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]1In the Product Gas CGenerator, the Reactor Cell Power

Cont r ol zes the electrochem cal reaction in Reactor Ce|]l 204
within t ﬁ%gfﬁéefla{hg]t“ér%h&mtﬁrfeb UL B R A e CEPRTERT %W?Gflr{rr S
corrponenthycﬂrag@qm add@rbeX {C)eoBdydahidg Al EHe@Rdatidit dflnhczeabby cakthea sikgact or - Cel |

204. Current itored using current sensor. 210A, d deci si ons are made
by the Ré B “ﬁ&ﬁgrw&ﬁ%&q ang SECrEses rﬁrrérﬁabwrolafm%gatﬁrt&e&fh%ﬂdr equest

for currerjgeh ezmaiomaeldlirrnrgmhel%gﬁemlrtemmur%(amresh&ds QuUatien wamedgtignalsoi s

O el Seh G i SO ReBbral S50 i I e cuty
cycle of the square wave signal is adjusted to limt the effective current
draw with sensitmmmly tﬂtheﬁmapamngyemeﬁﬁeehnnmn@hemweemyﬁ@hmbkn H bridge
2104, ‘“’“'Iﬁ? 'da%c%? ‘ats ﬁg&r@cﬁ gQ' grllt?élpr%gé qﬁrgc LGS G %tp%%ag gagﬁénargt%ﬁttﬁ rfe appl i ed
across a el Ut vEFse arf'ty across
t he t er mimaldsciof a tdngcReaeioton GethaniROA Tid @dﬁnhite@[bﬂ Mﬁﬂagqmdnosy’sedi,tﬁ@iem gration,
[0042] The FERTOIT g HEo 4T FT G087 EyBrEd 1*bor (" coneT dePRrToRs Beet or

[ ] Th d ViSreal “1"oyi orned by
t he Reacﬁﬂﬂc&khmpﬁbMﬁdeﬁbﬁ@ﬁ@hﬁ&ﬂﬁmvﬁthﬁ@@SUﬁ&mﬁkﬁCﬂhﬁ@ﬂEuEmeﬂkﬁhhbwnng

t hr ough ngmgk%%gEode%%g%pReac%gr C%pn IHS2 Communi cat e punp activation
request s T ELHI G EOTN TP PROSUNE L22°" MY thE event that sensors S1-S4
indicate a need for addition of mater fronrreservorr 201A, concentrated
electrolyte fromreservB 3 e ALK E ir 201C, the
request is conmunicated to FIurd Cbntrol Nbdule 224 for fluid transport
management ; 3. B#FINi daguec Bhilivscdown sbdtnfsmoftherpReaet orthQephb@ddn t o

React or I in
parallelgﬁ%%Fﬁ%¥ﬁ$%§%§£ﬁ é£%$ﬁ3¥$§§h£$§@}e1m§§h%efﬁ9§%§gg ﬁ%%;requrre

t he enti rent@lnbbisthi Gnmhbamiayehresgem8ysSyemm200 t o shut down; mhen React or
Cells 204 are linked in series, the entire series block is deactivated. Any

shut - down condi trp@¥g) i S F‘}g%@g@fﬂh&&{e?% ﬁlgcéﬁaggﬂﬁfo%%e %Bﬂéaﬂefe&gﬁgo%&eh a master
control database 223 |ocated in Controll espond to requests for

|nfornatﬁ6ﬁ0¢ﬁﬁm¥ﬁéﬁeﬁeﬁwﬁﬂﬁéﬁmﬂﬁﬂﬁpe%@§maﬂeﬁg@ﬁek%@eBﬂﬁy“ﬁﬁe sensor array
S1-S9, the.Sgrsor Mnitor 226 of the Controller 220 surveys the status of
each sensor for data |ogging; 5. Maintain watchdog circuit: Reactor Cel
Power Control 225 antrcrpates comuni cation with Controll er 220 at regular
intervals, and d8%dli ntfduan’ Eryugres pbaisalicpniiggiHomeicht men! Riagfenaiped in

confir medpe BoactVPOULFihcO8bduct GAUGEhe¥el © A sensor S7 is built into the
structure of the Reactor Cell 204 to nonitor the fluid at the m ni num

desired |l evel; t ensor signal "de- unce d", nmeaning tha | ow | eve

i ndi cation nust[gﬁﬁiisﬁﬁ?%ﬁigu%?@ﬂ éﬂﬁ?ﬁ% g ﬁﬁ“%@ﬂﬁ?@ tﬂ?%J@ﬁTed upon to
conpensateorh@fiestihée @il of thaBrddat: dak GieBeri®ot;i ONS i n a novi ng application;
7. Monitor the printed circuit board tenperature in the vicinity of the
bridge 210A vigyhprparatur g, sensor, 2: HO.Lemmer aturgs cap, damge the
circuitry; and hrg ures af eI e ¥ anT i idiPt At Ton ot &1 ar ger

functi ondlente®gendhi ch suggests the need for further i nspection; and 8.

Moni tor supply voltage: |f supply voltage begins to drop, the power source
610 is not provi S C 0. [ e e

React or Cel | 46’63‘3?\/\8%@ aesélt% stetfaf%?i\l%%lﬁ% dl%?ﬁﬁ%é‘%r%ae%ﬁg‘fsﬁg ggrgﬁg%%%tl ng
systens;Eﬁadn@pn@ﬂkdwﬁhvw@mﬂmmmeﬂwsmHWUMmdeeat|on t hat 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 indications by activating selected ones of the input sol enoids 202 to
enable fluid flows fromreservoirs 201A-201C to Reactor Cells 204 as

provi ded by associated fluid punps 203.




Reactor Cells [0043]Figure 4 illustrates a typical configuration of the
nmetal plates contained in the Reactor Cell 204 of the Product Gas
Gener at orwOThe/dewbgn utilizes bridged pair plates 404 wCThiSoisohsts ng
partitions dividing each pair 406 and an entry el ectrode 402. Plate design
and configuration are based on a conbi nation of el ectrochem cal standards
and physical el ectron transport process dynam CS. [0044] Figure 5
|IIustratesthetyp|CS ] , J pical plate
geonetries in Reactor=€ et errerator and is an
exanpl e f gurren dI.S rsion optimzation based on 30% el ectron drift
(506, 51 . (504, 510). The square plate (502) has a
great percentag surface, area. that dges not. achi eye enough current to
pr opagat e reasoﬁg(&]e re‘%% loerrfgmf:fsraf:lrmeteﬁf:l@COIEbuSE‘ﬁnenémﬁ P RS ?a?e di nensi ons
to a 3:1 geatdeal k(y’&h‘k&)o;rnpwmhn asth24006sghetidier 1ﬁurer<emﬁ>u@1bﬁe1@tmb¢&oaﬂneaei s a nuch
greater percenta of t yrface area o te zr n urrent
saturati on Nas' hf%‘ebu TSIt d?esesl UL SR mto tﬁec(fn?bdlﬁtson romggra ‘%gtgreactl on,
i ncr easedintileagt @frcoemfpfessnme rithys,ls 1al’¢dnt|ra@1we 2} glilseﬂﬂie cgglﬂe, Foghlich @8es the Otto Cycle, in
[ 0045] El ect oche a 23V otentr a dr ogen- Oxygen
bondi ng |‘%1 et alr%e?mlm}/ﬂf V\%Clat\?%mth "RIETEm aV\fFﬁr anéc) péessf)%ﬁ)éf 6"t eén plate
pai ]rs in 1?1&&(1 BS3 spwktphugt Whagzyolp]leah?nepas fi shefroi efélagmr(myecfrﬂw‘élo:;lof ﬁuels?rtst em
configurati ar ed s nfiguration
pr opagat i H§* Oﬁé P?e‘?ﬁ%‘lﬁtﬂ? ffﬁ%enﬁlﬁegﬁsteeﬁgp g%legg h 3@% strai ght shorts
and el ect roI ytic nedia connection. In one inplenentation of the Conbustion
Managenent Syst d#i32D0, Indrcinductiny enlghivisderdy arredusédd ©e enshuseorpr oper
charge or t at ti In.contr onvent j onal
yat s, o ByAR CLanELRU AR copfhaRl Ris BRDA R SRR
stainl essesstnegintq:)dfaltlesﬂ Q/\M@m SB(hgm)pmssmc g/ommrerdetmﬁ tanisbagy (D 8 teeldt MIP@)ng t he
i agonal Blut B Bl AUSe o BRRL XL BLY AT SIELLIRG, OB OHLR AL g R el 11
di mensi om@hpprmmuely\/éfrOéC d;h(b?Qéﬁ). PF?Iala@eshlamemfmtxfed iy injeRethditeotly iGelthes 204 | n
such a manner t 0. Vibra tim.zes the rel ease
of pr oduch gest B i Pl sp AR R i B MRS BR PRSP oo
[0047] Then R@acqiﬁrthe@adtbrsorzqfte -Clontbat depefdory @mmd@ldeslgntomm@espileagim riléuer s. The
pairs ar %eac' o?‘tf":r(lasgrels %ﬁt the ?uefls grOE{S c?ow sl t)(() sz\a]!l 5rogleiis an tha atLefu 1nd| vidual l'y
connecte “Tnrser e desig e” connected in
par al | el discrrbuted/eizanbj bk heaapﬁjdhr: &ahpmm@i earnzdpc»me«sibellfw tfne)surfav‘eqsﬂtye four volt
Systems. FUILOCRIOSy: S0L LIS EPRCLO. CRLL S, A0 Ty 08 il hKed L hyel t her

IS vol pliearic
series or paral ar ray of vary 0 i'cations can be
support edhsirnbeapmd Ch‘B}I)letﬁ asimnmmtp vlapsbrxzt frerrn thmrsdéaces zrndtblnen ga&% sofalla@, dvebally duty
twel ve-val %h % ntE g@g %atgegr?b m e Rea]%togxrraporlzatlgn cagsdéscgqfl urgd for
twel ve volts can be in para Ie rovid irs of reactive
pl at es Wdihingigditi@x, Vo] the q:imtaetaﬁsualdleseFkrrdcheg mnneas thovapar rzsachvngmu@yst em such
as a rail roaégatlllrgcagcrlrogul \é%h alg)rrl}etmcrea ein sure% Ve the Orsltfongjllﬁeeg 1&%!; a%\qentiy fOUI’
vol ts can P& Conmected i n “geried %o (5’fefs 6" €kt Ve paits O tHe°
pot ent i alcomp@@d4Bdses thdwedrendhppiodu dbynard Rgpdiite p@fveﬂalﬂ]&’t dnglné C1gukshist. and
combusti bl e gasses with high diffusion coefficients are intrinsic to the
Combusti on Manageant SYSIAM 40%an FRAC B ALESANEN i Sy RBI k80 [ bk N0
seal s and transf fficiency se barbs are nol into the conponent s
wi t h spegilaat wirlegt mwm@nproo@zﬁma high @@n@r]e@degﬁgés@sreR® e enggxtsr act ed

fromthe eﬁ?&%ﬁ& rInc%ng th%Q mllf)lj%{s%lﬂggho in a spark-ignition engine where fuel and air are

mixed before entry to the cylinder is limited by the need to prevent damaging pre-ignition. Since

only air is compressed in a diesel engine, and fuel is not introduced into the cylinder until shortly
before top dead centre (TDC), premature detonation is not an issue and compression ratios are
much higher. Advancing the start of injection (injecting before the piston reaches TDC) results

in higher in-cylinder pressure and temperature, and higher efficiency, but also results in elevated



out put sol enoid 205 and flow switch 206, then pulled through the gas
scrubber 207 by a vacuum punp 208. The Conbustion Managenent System product
gas PG asoOnotiediaEbove, is a m xture of nascent hydrogerCTHS2@amm48tygen (0)
in dynamic equilibriumw th hydroxide radicals, and diatom c oxygen and
hydr ogen, (ternmed "oxyhydrogen"” herein) produced via an electrolytic
reaction in the reacti on ceI | s, part of the physi cal Conbusti on Managenent
System (200Q). Reac ﬁli I errent 0050] El e | cally, the plate
conf i gur &P BNNBF 3¢ S % B o04 N O LS A TR GRr o8 ei 1 oui t
of pairs w@hpeplrate Delaping lﬂ’le&&l@th)fﬁﬂ]@h@l @egeaglc@fﬂpletlaabrhb@ﬁorardde&ﬁtfhaye pair of
plates. T e inter-plate ction specific) volqg ﬂgf is a functlon of the
nurmber of° ﬁé?fl?ysa%lfanﬁ?céfia%?sm ’g’ta’t}\?éétﬁ‘)]feh%mf?&img&ccton% S TGPEt YRRt React or
Cel | 204:mdwt dwRhahal Watckages= Supply Vol tage/ # of Reactive Pairs of

Pl ates The optimum voltage i s dependent on the reaction, and a typical
val ue i s betwee \% 1 Thi s onfl uralonls S correcting for
reaction propag[’h)l oﬁ aI %%T@p%lgsle |df’:veg anpl e umg(ﬁ Froaﬁgﬁ’éf EhYiar't. 8 v

I nput POtvédHm@eMspéedsR@@tllerlgn@anﬂ(ﬁlﬁﬂare :E’EJI‘ eqRaped Vﬂiﬂﬁﬂhﬂbtl&@er \a((hlchalgﬁ 0.8

V/ pair of | at es 44% of ui.red potent,i t13 a rs. of plates
carry out™ e &¥ac ??16}916 dl?sa%n%?%té)rd% atuﬂ?me hass Su%hﬁ%% Ceoﬁqé’V A& sal t

bri dge t aafidlarsjpor ([scakzh%e)Odﬂha’u@lfgfase\i\lifrbfm tha eylindens \mlsnrag@sdsl ml&p:omwasslon in

2011/ 031770P US2010Q/ 048144 0052 at es is critical
yet r oactiaNTESBaN MU iad ko bRe o PEREL s B RoP TR Bar t§ cul ar
reacti on.thd @hﬁt&dteﬁdh@m higHeeefatitrer rathirdng OF fdeb@ncblﬁdnﬁkgﬁloﬁdlfroa@pqﬂﬂﬁl Ai on

promt es curfent. propadat on, al ong, the di agonal, of,thg,pliat es;,, Bl ate
various factors.

System Application

[0035] Figure 6 illustrates, in block diagram form, Combustion Management

System 200 as installed in an existing internal combustion engine 602, as an example of the use
of the Combustion Management System 200 with a hydrocarbon combustion process. The
internal combustion engine 602 is equipped with standard components consisting of an exhaust
system 604, an atmospheric air intake supercharger 606, and an electrical power generator 610.
The Combustion Management System 200 is powered by electrical energy generated by the
electric power generator 610 and produces a product gas PG which is mixed with the incoming
atmospheric air at the supercharger 606 and injected into the internal combustion engine 602 in

well-known fashion.

Combustion Management System

[0036] Figure 2 illustrates, in block diagram form, the typical elements of one
embodiment of Combustion Management System 200. A set of fluid reservoirs 201 is provided
to store a plurality of fluids, each in a designated one of reservoirs 201A-201C. A first reservoir
201A stores a quantity of water, which is used to dissociate monatomic Hydrogen (H) and
monatomic Oxygen (O); a second reservoir 201B is used to store an electrolyte, which is used in
Reactor Cell 204 as described below; and a third reservoir 201C is used to store a catalyst, which
is used to enhance the reactions in Reactor Cell 204 as described below. Each of the reservoirs
201A-201C includes a corresponding fluid level sensor S1-84, as described below, to provide

indications of the fluid level in each reservoir 201 A-201C.
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[ 0053] The caustic nature of the electrolyte used in the Reactor Cell 204
necessitates the use of inert electrodes. Platinumis the preferred

el ect r odewgmbawa3ai7oor coating in industrial applicati on®CTAISAEIO/0Ng144 S
highly inert and has great electrical conductive properties; however, it is
an extrenely expensive material. Mlybdenumis a close second choice for
many of the sanme reasons as noted above for Platinum An alternative

mat eri al !s 3&6 L stainless steel, which is highly inert, nmuch |ess

expensi v Ceither Pl atinum or Mol ybdenum and is readily available. A

further alternatj material i cle i nat ed carbagn. fibers,
whi ch have. & | oWPBEL o e e e s W T GETGHE SPear e ATy
i NCr ease ts tafi-ae ehedlogduaivd M@ascehmehteastn gopfuapentlicesd safcygldtbdd.y t 0 engi neer

current n _pr i oved efficjenc and. zero atomic drift
and d|ssg%ng%ﬁhﬂgggwfgﬁﬁﬁmwﬁFggﬂgﬁm%ﬁ?m§€?ﬁﬁ%@?ﬁ%bﬁgﬂfﬁFgﬁWe 2 illustrates
a typi calcoppedtsfingasnde &phdibhemna0d tht afuldpsactafiotshe dRrradiet COPswener at or
which is a ent th urifies_the product |or to delivery to
o £t or naiCoao 6Sb Tl BhgRa b5 Mg B St b pGElibnen 587 1 ur i her
provi des dancfrbrashbaek farci@st or. The product gas PG scrubber 207 renoves

coll ective noisture such that there is 5% or |less noisture in the product
gas PG admi ni st h ternal n f uncti ona
desi gn of produi?ﬁga H% gg?u “56 ﬁ%ﬂ% %r%OSHgnl (QQJsmeE“t?q)Fate and
irrigatedhd&m@emnwebfﬁﬁﬂmhhemmnﬁﬂeh$mwﬁh@l@m@duamngamda@m&hmybber 207 uses
a conbi nat | f sor n,and Bromn d xtract

par ¢ cul atsh sl Rt b 0o R B Rl L LR G 4P Bt ami nati on.
Pr oduct ga@nB@utmamsp@sbf®8nm@ﬁMDmeﬂmb&maxya@muwrQMﬂwkﬁﬁgﬁ@bnnected to the
product gas PG scrub / n.out put
flom/(fIgM/va F%%me%seéC(m3%M% 3 r%% %6P$|t%€§H§ MGH““”%YF%aF.on based
on React0@n£h$h)@ﬁd&xvﬁﬁgfﬁﬂnmghedm@md Vapﬁﬁy{%@@@ﬁmke$LMﬁmgmmmtgas aﬁ
enters the as scr, at the om of . the ch r ere
it is i m’rﬁé 6515 i or%eéicfotl f oug/gﬁghdlﬁyfcﬁcé? OB a2 SR ERe e vl Sfea(?yt he i nput
stream Ih&nﬂn&ﬁ@ﬁmn@hmﬁ@ﬂﬁﬁbﬁk%ﬁ@rmm%ﬁﬁﬁﬁeﬁﬁenimﬁw&mbﬁcmmybﬂﬁﬁﬂh& i ncom ng
gas stream as .as,;to be in s aragéon wlale%gk rap |on]7The
consti t uent's 5m?ﬂ§anr%ﬁﬁ%? ga%m%%%”ﬁf ingof “di 1¥an Q¥ SePEnce,
d|fferenﬁwﬁm®elerat|on of entry into the fluid extraction nmenbrane. As
surface tension of the water shapes the gas into a bubble, the individual
nol ecul es strik . 0 0 si ze,
and charge, are a%ﬁgrbeﬁg%gﬁg£?+m' lAmgg%ﬁb?ﬁ?%ﬂt ﬁg%lﬁtﬁ &&Fhmhtﬁ time it
t akes f oManhgriutiybtem260. pﬁs§0trrhzest9ﬁ Nmagemenodysthe 28Uimblgs ese dfhere is an

aver age of i 0055] The

pr oduct gﬁ¢%g%§%§?§% t%£§%§£ HQMQT@%%?%E?} co%%t?@gagggpﬁﬁém%n%ugLport and
two out put 2 poxite gasalPt eveleddensotymaridydrowmrbagasel diWHidiss euiptiat eprod vacuum
punp is ne th r h f e ir. The
Reactor c TeE b RbLE bRl hforbIfich Bl WIS PSRERER. fout port a
t he basenm@pmgefmesenvmbeaﬁheCdB§@4ﬂmimm@@ﬂ&a&mshawdehe@kwukyne fluid,
which acts_ as _a enarator duc areqforced via t he
vacuumpra%3 Meﬁn%mn ﬁﬁwgﬂ%ugﬁﬁ uaﬁd$1nmxggﬁﬁt&mgg¥fu5|oﬁsgPWFe traveling
t hr ough Kmemhmwd@dWﬁhKMEﬁkmmgtwmdsmahddhmbmhﬁsnw@mswa@eaaﬁea%anﬂabubble

Size are A TR, EanSAgh Akl on, Beeaksesbits edl 8, senaralian. aklovs the
systemto col ['ect/'scavenge |npur| Ies for return "1 qui m The

t hree d|ﬁﬁ@smﬁmm@gatessaTthaetownbﬁofhﬁxm@gdﬂmmwnmhawmdm&®3emmﬁdbt|ng and
act as a_condensat i peratio .d level in the
reserv0|rﬁme?0%a'égw%ﬁtci émaﬁ%ﬁ%?%?% O‘mgfﬁﬂeT%$€T§m9 ol s secondary
out put p@mrboahsrgattltaolhecdlstPer erﬂuteqlute@tlapdmgnowalachy @xha agins, ceoogsewldfgui d and
returns it gmgns ea '991%“ oLy The pr %,%&:%%.SEG scrubber fluid is the
same as the elec ¥%ﬁ Frthe cell s R ranspdr? t@nt%%%SG]The
fluidt rahswrtsusysﬁemvlesf 1 gsponsiti eycfr@rrarbnsmfm ainnimygrioprvopet, eligodanol yt e

| evel's in ta e%&lt f(:)(l;f roc nf4€1 olumeé lsmce thggnsurelon% I‘ Oga?rlacteﬂ)g‘gcrr%(:t i on and
del i very “6f f%f AT d < Sef endi meni f ol d
transpormomatemp@eomOQMM¢anﬁﬁréhewtankymég“amﬂ cfatpatayst Hoo cdepicgthat ed
conpartnments. A system of |evel sensors and control logic directs
operations, as well as nonitors functioning of components. [0057]AlIl liquid
media is filled and stored in one or nore reservoirs - unique to each
particul ar application. For exanple, a short haul operating system where
the truck returns to a base at the end of every day generally can function
on a five-gallon water tank that can be topped off at the beginning of each
day, mhereas a IoconDtlve englne that runs for ~many days at a time wthout

.



systemis a venturi effect inducer port installed directly into the turbo
line of the engine system In order to achieve consistent success, the

f ol | ow ngwoansivder’at i ons are characterized for each engiPn@/usyp@e/48ilegati ve
air pressure at injection; Honbgenous m xing; Fuel injection timng

recalibration; In common rail, achievenent of surplus hydrogen for al
torque requests; and Interface with CAN Bus i n newer engi ne types. Fuel
I nterface 0059] The e rface metho es th u gases PG
directly t?fﬁ{ 46 ¢ %@f@w EratndgPs RSPt oD ﬁhﬁcttﬂ?f&e cueing

i npl ementcat b@d‘bonﬁﬂﬂ%u§%ﬁﬁalﬁéﬂaﬂcﬂ h bdrd@Sr ehr@0 Eclekirl Bfcheabe mcuehtn@ oBPRAiat us to

di ssolve th duct PG c onents intq the dies I el in the line.
Due 1o t ARG SErEHI fffF@f@fﬁBFle%%@*e% RS G HCEPREGI PO Ty ii PS8kt ract ed
using a fluid/gas extractor conponent installed pre- fuel filter. The
extracted gas i o@&dm niiéh‘te@rcehlcttg@s ‘tdilﬁnfﬂdlﬂ’o isiugipdtye vl raguitel eolaint of nt er f ace
conponent . Fuel aterfac novel as. .co dr ogen
Enhanced PESHD IR |oﬁd§L ()mn jﬂﬁébér oagﬁ%ﬁggw%%a%é:mgqgmgﬁggé gyof this
met hod, kher&@hhﬁdk@@xﬁ@ﬁ&hﬂﬁma@mans®aﬂbeamhhfméﬂawmkpdh@@pmahgsthroughly
dlssolvethnlfue c d i bﬁ—ac i e gd vi.a a qtatloqar m xi ng tube%hth
appl|cat|oﬁW)%8%?ﬁ”%Lﬁé?f lﬁﬁ?fﬁ PP aB oY dt oF Y Pr oveR T o e hiim'
thresholdkmakhbsppﬂwmgmﬂm}lnstallatlon, Any un-di ssol ved gas is extracted
prior to entering conmon rail - A special gas phase separator is added to

t he fuel Lne. ot N [ Qiglyi i njector housing; Stable at high
t enper a Rea08, Ll B0 (Pqngfqmagﬁg%géﬁgﬁs free upon injection; 5% nolar
hydr ogen to f uel 0041\ 995 o AHAPG] S GRLIAT AL BT} 09cap194v§69 bhodizspeci fic fuel
l'ine requirenments Extracted gas (un-disso oxygen Is injected into
the air $ﬂ@p&¢thaddmbdwﬁmmhﬁwmnunﬂqm@mﬁﬂM@ﬂWﬁ@n§tabwew@nvfwu1Idup of

hydr ogen bl kl\rla%g%% en g?ﬁggﬁ &Y yf‘hqs C g’hé& h& Jlggsotgg J:Xm%elg Iﬂ%ﬁ“c&r%nt

COprOSI tion O he ectr te determ es t
utilized by the Reactor Cell 204 Current is monitored using current sensor 210A, and decisions

are made by the Reactor Cell Power Control 225 as a function of the present request for current
received from Reactor Cell 204. A square wave signal is generated by the Reactor Cell Power
Switch 210 at frequencies which optimize the electrochemical reaction in Reactor Cell 204, while
the duty cycle of the square wave signal is adjusted to limit the effective current draw with
sensitivity to the capacitive effect of the reaction. An H-bridge 210A, which is an electronic
circuit which enables a voltage to be applied across a load in either direction, is utilized to reverse
polarity across the terminals of the Reactor Cell 204 with regularity to reduce migration, again

with special accommodations for the Reactor Cell’s capacitance.

[0042] The following is a list of typical logic considerations performed by the

Reactor Cell Power Control 225:

1. Measure electric current flowing through the electrodes of Reactor Cell 204;

2. Communicate pump activation requests to Fluid Control Module 224: In the
event that sensors S1-84 indicate a need for addition of water from teservoir
201A, concentrated electrolyte from reservoir 201B, or catalyst from reservoir
201C, the request is communicated to Fluid Control Module 224 for fluid

transport management;

3. Communicate shut-down status of a Reactor Cell 204 to Reactor Cell Power

Switch 210: When Reactor Cells 204 are linked in parallel, a failure of one
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efficiency, and product of the electrolysis. KOHis the electrolytic

catal yst of choice in the Hydrogen Enhanced Conbustion (HEC) market,

al t hough woneamB3izdi ons vary from conpany to conpany. TRETTS2I09I$18N
Managenment System technology utilizes a 1.5% nolar concentration of KOCH,
which is a strong Base (al kaline). Theoretically, any al kaline can serve
the primary function, but other characteristics of the al kaline el enents
make t hem unfavorabl e as cat al n this environ The reaction
equation is multi PeieH A Bfafor f%%?%%%%f%}é%\ﬁf RSN MERPE OH ag.
These conponents, ggﬂemgaocaisalhydd\x@l whavieasier liag®t drdlidkb@inaedadahe daikd
reactions. Conbustian ment féfyste 108 al%g utilizes t hg wetting
properties of a no?’?mfsd’é r‘F AVt AR Yoy 5P S ARIASte t(harbpem alized
applications. Surf@getadtangRaddysiths PiseYtcdes @nsigebl bcdame Cakidlict y and
pronotion of a hydé?@gen speci fic product gas. [0061] HEC technol ogy utili zes
catal ysis as a protmoter of el ectrochem cal efficiency and increased product
gas PG production r educi n e _ent hal f dec sition. Proper

el ectrol yte cfieni s?‘}r/S '}Sjrt8ﬁ%1f1 8&?&%‘???“%“%%&6SYenbg‘?%eaﬁeﬁéla‘é‘éf?%ﬁ@y A good
el ectrolytic catal rylseenadrsl&aj SICYY, tHe atesr Bshitcacld ethoCoftoneieet sgass Be at ons
fromthe reactive el ect rogle. % \él ew Regardi ng Hydrogen Enhanced

Combusti on Gai ns [UHBXATHE SSURT IoF 949 R&5¥h of a hydr ogen/ oxygen gas mixture
fundanmental l y_i nprgves. t he veraII orrbu [ act ef.fi CI ency by
driving the r 'actllg[ﬁm‘ialg‘%at (Qﬁférfulfe Vet ©o é” g 1% Irhgﬂ’fﬁ '€P4'pr ovenent
translates into a Sjngmlnﬂdaﬁc&n\hth Oatteise2( ﬁtraﬁ&m glyer‘lfﬁl aaee iaodn dect eased
fuel requirenent 911/ 031770PCT/ US201Q/ 048144 [ 0063] Consi der the
standard Di esel eng?%el %?smn%‘f“rlfbfl?/ncén?m Eﬁm A thamber for the conbustion of

Di esel fuel. %n t hM(S)mPrce g@level se sor gms% 1r|1t8tthes ILCttrrf]:%f!E Fﬁe}lct(g;r()rmUStI on
fuel, the input atnospheri ida essive noti o

auto-ignition, andCglne4 exﬂnanu&ff rhe'rt‘hei aﬁdﬁb]umtnuonde@fedd@zelbma stﬁll%rl sip@aliin t he
cylinders of t he d4£ eI (Iilgl ne.is, an, oxjd Eldg)n react[| on that, from an
energetic anal ysis, T ealr e Po Y Sach” ek TEhPPEsUlt's in cO and
H2O.  Any nol ecul eSprbdlEtetrﬂnmeéﬁﬂnah&bregiaSadﬂﬁdxipt]ﬂ8) @ﬁrtpemsaterfamht fiéese ot W0 can be
classified as caused b]yﬂ 1({rlguur| ties or fal]llure to achi eve reaction
conpl etion. Present”&fi S¥i onsonélﬁlaalm%vér%%apf’ecé?onf or the foll ovm ng:

drocar bons - Car S, jocXygen
EZf erring to t7 he g@%\]}g@ Irt.hesgtmga’f1 ﬁlrcuftl v %rtd% eé%urﬂng&ﬁ%wgg% ass%efl gg as a
neasure of the degilea voxfterhb@ata@rmiasﬁ%omhgﬂ-ﬁyrdp@aambmslamb@\thd@rcum; | owest
degree of decomposi Liof. .f.SPLEREN! ShoLedGRSION DAL, Das. ol heen
transferred to the %/ I?Plzaln Sy s% m*" The stton™o ar bon 1ol ecul es
described inits sdug@lsteslterfeeﬂﬁaWﬁmhamd@e@wpmdtl on of nol ecul es such that
energy is derived fromthe breaking of coval ent bonds. The following is a
i st of bond &ner gMesitdrewpplyaroba: Fohgdutasge beginGoBord tepemgyso8486KJ/ nol
C=C Bond Energy 611% n(l)(t‘]];{rg\;?ching sufficient power to support the operation of the Reactor Cell

204 as well as the internal combustion engine’s operating systems; a drop of 1.5

V or more is an indication that the Combustion Management System 200 needs

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

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

provided by associated fluid pumps 203.

Reactor Cells

[0043] Figure 4 illustrates a typical configuration of the metal plates contained in
the Reactor Cell 204 of the Product Gas Generator. The design utilizes bridged pair plates 404
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CC Bond Energy 839 kJ/mol C-H Bond Energy 413 kJ/nol Accordingly, it is
easy to see by this list that every carbon bond that is not broken in the
hydr ocar bwo=0tist77ar e present in the exhaust representsPaT4diSz@abks4sreasur e
of stored energy that is being wasted. It is this wasted energy that

Hydr ogen Enhanced Cbnbustion (HEC) is geared at capturing. The second
measured conponent, CO is a result of depletion of reactive oxygen in the

vicinity o decorrposed carhon a Car bon nopoxi a hi ent hal py
of for mat O FA1RPE RS %&5 E EhaRAC 4PN SR Y eégga@at&fi?s |ay further
depl et i n@oii@r@HeigYasay aih h acbllﬂﬁnafneﬁ of dl@nsfemidattdnbadinid\paysidaiddidacrod 0064] Ther e
i's nuch discussion in engineering circles regarding the potential for

ef fi ci ency"garm REG IR ¥dr ogen admi ni stration. The description in the
followi ng section titled "Conputational Analysis" does not in any way,
shape, or form Je@H]to F&g@m@iﬂa@@iemﬂie t}ipﬁﬂaBeldcﬂidMSthﬂTg&tWirdﬁ oacgept @ae val ue.

Rat her, it delves dee i cs_of t(pl s conbustion to paint a
etﬂes 1n eacto ]l thte FO t engato]g ?. 15 an exam o) curre nt
nor e acc@ra ure of hi's acce Ici ency P means, as wel |

as to il |du;$&rl§161ﬁ epttnlil&upﬁ)bﬁﬁcﬂ braBO% deamacih&gﬂ's%ailé}r alg@u thcsdlagoﬁ%ﬁ)]atﬁmjen t he

accepted.princip e concret e measure val ues, ﬁ% ﬁtre used to

const r uct %fee”eﬁg? et PrEPUre st St Ne Sy st e goeéo UStTVE Brocess and
assess V\heﬂfrmttdﬁlaop@ats Waeﬁhalgateaenoaeffmahdyy B@@lmgjiwg dmplaTd"erd&Ioas tdﬁee”dl for this
foll ow n m wer;36mssredt usfor a Petroit e fth ZfGenset
system AT heept” q SC%S TP OWS . SR %e“set“é%ﬁ? dEFTVi ng power
fromthe aea nsbthstplaazn l\ﬁﬁnndh%@ﬂrrelfm.k@ﬂuraﬁi)@hasttﬂit&o&aﬁi@ ﬁfecﬁs hesecleatoasl ati ons
represent ed as._ Cet ane CGH acti o occurring i.s 4Cl12H23 + 710248CQ2
+ 46H20. Pﬁ%@gﬁﬂa%fea%asla%aa fﬁaétoé&%i%n‘iyt 18RS DR 8B HAUst gas as wel | as

t he weight of the fuel being adm nistered. Allowances were nmade for the
carbon content df045he dilqzctcodwpnménal@iwpbrentiah‘piﬂforeaﬂ'he P@@rogcre@pyzgaent is

conpared,to,the i carbon S ercentage to which
the co ITbL]IDSFdl%m rWea%gtulltnon ﬁve D sgstgmglgsa r% S%Od%F W& rfgate a1rs & iR tsenes Wgtg

Conput at mnasl’ plAn ahiysgors2 tR@g&lffdlf mgt él?@@msoﬂ?%ufaaomeﬁhe@hatdk aEaeﬁartmf tn Ddesdl 71-2
Engi ne Wt Pr esent tem Th ti onal

S
iadels Reatte FOmebhES SRR TRt B0 MAORGSHER SR AT OP CRIBULALL P20 ey

ar gunent :andldd@4dB8c medid ORnd@COR I ond GhiZOmentation of the Combustion Management
System 200, nonconductive dividers are used to ensure proper charge orientation and

distribution.

[0046] In contrast to conventional systems, and considering the path by which
the current flows through stainless steel plates, when the primary current was oriented along the
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
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4C12H23 + 7102 48CO2 + 46H20 = - 1.42 x 105 kJ/gal = 39.4 kWh/gal, since 1
kWwh = 3.6 x 103 kJ = .97 * (-1.42 x 105) kJ/gal =-1.38 x 105 kJ/gal =

38. 27 kWwgoabiiDstmset : Basel i ne: Consunption= 1.585 gal PoT/iseawnisigal

out put = 62. 45 kW CGens et Load: = 21.46 kW Qutput Efficiency= 34% Conbustion
Managenent System Consunption = 1.11 gal/h

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

pairs of the same potential.

[0048] In the end product, transport of caustic liquids and combustible gasses
with high diffusion coefficients are intrinsic to the Combustion Management System 200.
Special attention is paid to fitting seals and transfer efficiency. Hose barbs are molded into the

components with specialized molding processes.

[0049] Product gases PG are extracted from the Reactor Cells 204 through
output solenoid 205 and flow switch 200, then pulled through the gas scrubber 207 by a vacuum
pump 208. The Combustion Management System product gas PG, as noted above, is a mixture
of nascent hydrogen (H) and oxygen (O) in dynamic equilibrium with hydroxide radicals, and
diatomic oxygen and hydrogen, (termed “oxyhydrogen” herein) produced via an electrolytic

reaction in the reaction cells, part of the physical Combustion Management System (200).

Reactor Cell Implementation

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

between the contact electrodes of the Reactor Cell 204:

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

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

This configuration is self correcting for reaction propagation.

[0051] Specific example:

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

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

drop.
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Theoretical output = 43.69 kWGens et Load = 21.87 kW CQutput Efficiency =
50.1% Discussion regarding 16. 1% output efficiency increase: [0066] There
are t hreewoaporosimet ors affecting the output efficiencyPofi/ush@owwsi44 stroke
di esel genset nodel: conbustive, nmechanical, and thermal. The Conbustion
Managenment System application affects all three to produce the 16.1%
observed gai ns. Conbusti ve: [0067] The Conbusti on Managenent Syst em has
effected a 73% r ti in hyd ar bon em ssi ons. and 4% r ion in
carbon di oxi de v{,ﬁ%iﬁ %S%mﬁ 8 gSgapea Wareéﬁlﬁﬁlsliﬁc%@ é)% é&eat er
| oad. ThendegusRMunh for tiiggarddRERadHES. uintaadlﬁelqumergae@htafm&fu&a;tnugnmap to their
feasibility. We wll start by ana yZi COWPQ/@F‘ ve energetics. D esel fuel
(nodel ) fo‘é“‘?—fr PTRIBHSY tHyrens Pf%ﬁg%t&fllf% AP - 167 kg/ ol =5.988
nol / kg Conver si on:

Plate Construction And Design

[0053] The caustic nature of the electrolyte used in the Reactor Cell 204
necessitates the use of inert electrodes. Platinum is the preferred electrode material or coating in
industrial applications, since it is highly inert and has great electrical conductive properties;
however, it is an extremely expensive material. Molybdenum is a close second choice for many
of the same reasons as noted above for Platinum. An alternative material is 316 1. stainless steel,
which is highly inert, much less expensive than either Platinum or Molybdenum, and is readily
available. A further alternative material is nanoparticle impregnated carbon fibers, which have a
low cost of manufacture, are light weight, dramatically increase surface area and gas releasing
properties, an ability to engineer current dispersion properties, improved efficiency, and zero

atomic drift and dissociation over time.

Product Gas Scrubber

[0054] Figure 2 illustrates a typical product gas PG scrubber 207 for use in the
Product Gas Generator, 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 port regulating a 5 to 13
L/min output flow (flow vaties 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
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x Gl/h * 3.785 L/Gl * .85 kg/L * 5.988 nol/kg * 12 nol C/ nol Cl12H23 = nol
Chx @Gl/h *231.179 nol Ch = nol Ch Conposition Mddel CO accounts for
49% of cowbustivwsn77pr oduct Air Fuel Ratio (AFR) (in thisPcags2meassined | b
air:Ib fuel) Ar properties: Density 1.2 g/L = .010 I b/ Gal 24.79 L/nol =>
6.549 gal /nmol => . 0655 | b/ ol 20.95% 02 & .038% CO, Baseline: 51.16 Ib
air/lb fuel * 11.9 |Ib fuel/hr = 608.84 | b air/hr => 9295.27 nol air + 1947

mol 02 + 4 | CO, . usti on Managenent,K System 52.7 |b air/lb fuel * 9.9
b fuel/ Hwbﬂgs%&%gw%ggafewlwtﬂkenﬁgégf?ﬂgﬁl ! aﬂiidfpeﬂglfé 60 “olltlip2125 250 o) O,
Conser vatch@pe, ok 1hR8%d st dlfRGed Rk ink®thalbubis In ikt ditst megdal thd Bibale ass out
Mass i n: Basel i neConbusti on.Managenent System 620. 74531, 63 haust . Gas
Conposi t ipaﬁ:th@ééégf%&%ﬁﬁ%ﬁ ﬁﬁ?%ﬁaaé%wf 4@%{1@%%3%%% f%@%%fr 75 CO
(% 4. 254.:R8ubble.

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

the same as the electrolyte in the cells.

Fluid Transport System

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

directs operations, as well as monitors functioning of components.

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

components of the system to manage fluid flow between the components. Level sensors in each
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NO (ppm 549. 25282 Di esel Fuel 1nput: Baseli neConbusti on Managenent System
Gal / h1.5851. 11 nol C/ h366. 42256. 61 CO conponent in exhaust: (CO = 44

g/ mol =>wOQuidsdiTol => 10. 31 nol /| b) Baseline: 4.25% =pC2a1S3@0/okg14 * 10. 31
mol /1b = 271.96 nol/h + 4 nol/h in air excess C = 90.46 nol/h 75%
conmbustive effici ency or 25% i nconpl ete burn Conbusti on Managenent System
4.08% => 21.65 | b/h * 10. 31 m)I/Ib = 223.63 nol/h + 3m)I/hr in air excess C
= 29.98 nol/h conbustlve efficiency ar % i nconpl ete burn
Combust i V&™HAIA" ‘i%f@“’[‘tbé%g]“ﬂ’% dept PR Fgiieig PEICE o 8 gfﬂbﬁ “1'€gar di ng t he
3. 1% gai rpaefiond e otk ittnfetfatidd) the peoceR bS] I0gR camahy&d-iSsoundihesgmiimd 0069] The
Conbusti on Management System reduces rmal effi Ciieencgnl osses by reducing

t
conbust i GHY BRpErA 58 COW?W“@I’?"%PW E:égciﬁl%eté’ PEPT Hen Ut exhaust
t enper at Wr@ss qubt[otnhhglbf ?Heaqlmi aﬁﬁ&stoagm%h@uy 30t d&@ﬂﬁﬁﬂd@ﬁa{t@eafak)@f@ oﬁm ssi ons
are a mixture ranging from unburnt fuel C'H an is
exanpl e, PRHEEH 2 ‘ﬁ)?f‘rlyoﬁté'n5 O]isé’%seAchaélﬁéﬁb%‘?Cﬁ%%]é &L‘@@Hﬁ@qu—e&?e He Basel i ne,
t hi s woulsditereanrigh 8P4 fuh sSRecvameo imu@xhatstricedh@ed 3% gad froddec 6RDUSt i ve

conpl eti on can be represe ted as t e burning of 2 nol C6H14:
nstantaneous event such as ouncmg Ofr slos mg

Air Intetface

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

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

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

Fuel Interface

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

following considerations are achieved:

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

maximum threshold values prior to installation;
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2C6H14 + 19 02 -> 12 CO, + 14 H20 =-5835.76 kJ/mol For the two nol
considered in this conputation, the energetic gain is 11671.52 kJ/h or 3.24
kKW Recowsoabli@3leses: The Par adi gm Regar di ng The Cal ceCaitisons/04§18071] The
calculations are strictly a consunptive calculation relating the carbon put
into the systemversus the carbon in all forns other than CO2 com ng out of
the system This nunber gives an overall conversion efficiency for the
conmbustion. Unavoi dabl e Assunptions: [0072] The following is a |ist of
assunptions whi ch Amerdésnier in&roirgslPaotgsnang el — 6fsPethgtexi ty and

i nconsi stency in the SPeeid iCakRIRASE FleOhe BEfofl BS&Imhdiehi 8Ndicabmospheri ¢

air: Assuned conposition of diesel fuel: Cl2H23 Assuned conponent in
at nospheric air: 0MOS8% These assunptions, although generally accept ed,
will limt the accuracy of the conputation to a small degree. Limtations

O The Conput &t i ondkblogdighgimperfroes 7@ Thissirset of conputations is desi gned

to establish a fundanental agreenent that there is a non-conplete

conbusti on pr ecessHydogehe feyluppdieectiochhe conput ati onal anal ysis i s desi gned

to quantify the degree to which the conmbustion achi eves conpletion. This

anal ysi s descri bes5% helqpéydesh agaclof A idpgng puogribahibmieil chappicadapleatiel y

oxi di zed (deconpos§gto Cc2 terms of that which is not (all other
PR

in
carbon derivatives eﬂgﬂ%gm%bt an avail abl e dataset which provi des

sufficient infor ion regarding the true .nolecul ar co sition of the
hydr ocar bon (F{)ng%ﬂﬂﬁﬁﬁE%?ﬂf%?%hf€ﬁ¥%%§ﬁé@?%%%ﬁ?g?“§3g§3¥F energetic
quantification canpot be oduced. Wth Reipect to the Requested Dat a:

[0074] The fuef inpltt t%ﬁ%@é”?%ﬂﬁﬁgﬁﬁgﬂ%ﬂ 5ﬂF§“hméW#?Pgél dataset with

respect
P tlﬂectrolvte Chemistry

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

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

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

energetic favorability and promotion of a hydrogen specific product gas.

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

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

Overview Regarding Hydrogen Enhanced Combustion Gains

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

decreased fuel requirement.
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the conputation at hand. This is the information upon which the entire
conputation is predicated and nust be as accurate as possible in order to
produce awoeasigisatibe sol uti on. [0075] The AFR was requestPel/isgoia/ofisingm of
checks and bal ances to substantiate the conmputational result. For that
reason, calculating the AFR based on the oxygen in the exhaust produces a
circular argunent. In Reference To The Sankey Diagram O Figure 1B [0076] As
descri bed herei utati on ysis is not a gquantitative
energetic anal ygpgﬁtr ncg)élngﬁé%“ %‘ﬂ@ﬁ&@%‘%ﬁ? %%%?F“%%Paﬁjbﬁ%oééﬁj ect to
a large rfaﬁqglhsﬁo@f)fIBfefeDfuel o thid fAaldigh©asefrent &onbists BOthe p@sts(iobibesuaﬁ fRerti nent
to produce such a q?a gramwth respect to these Corrp g E[/E?sured

Val ues AN BIHBIRAPIGRAL e aETRrPoPeierAl tHedR tppernd %< DFr om whi ch
al | conpubabis@dn andrHoaRNAEsSh RS ydkd obe bﬁﬁzﬁéhgme Rehiovanes (Hpqef thhdie Engi ne

(kW: 1472 Measured haust onposite ek\W17): CQ 0,51 cyl ar
Vi ght : 28"8) %?oﬁlﬂef@etﬁéngx HIVIBIA é%wdaw A @%PYG\% NPT mé%ﬂ%ﬁbﬂe@- ecul ar
Vi ght : 14n@dcimd inGhe exhaust gas mixture other than these two can be classified as caused by

impurities or failure to achieve reaction completion. Present emissions analyzers test for the

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

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

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

o C—C Bond energy 348 kJ /mol
. C=C Bond 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
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Fuel definition paraneters: Fuel nodel:Cl2H23 Ml ecul ar Wi ght

(kg/ nol):0.167 (Defined Value) Fuel Density (kg/L):0.85(Defined Val ue) Heat
of ConbuswDani(asi77kg) : 44. 86 ( Measured) Fuel |nput (g/ kWeCTAB2018/0¢HrOM ABC)
CH4 Heat of Conbustion (kJ/nol):802.34 (Defined Value) CO vs. CO2Formation
Energy (kJ/nol): 283(Defined Value) Conversion paraneters: 0.2778 kWl M
Overall Engine Efficiency: [0078] The first set of conputations regard the

overal |l efficiency of the systemin terns of potential energy. adm nistered
ver sus dePPWBHawM%a1YSIM%&%ff0wW hise bt ol o At asnst s

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.

[0065] Given the accepted principles and concrete measured values, they are
used to construct a more complete picture of the system’s combustive process and assess where
the measured gains actually come from. The data used for this following example were
measured values for a Detroit Diesel 71-2 Genset system. The fundamental concept is as
follows. The system is deriving power from the combustion of diesel fuel (for the sake of these
calculations represented as Cetane C;H,,). The reaction occurring is 4C,,H,; + 710, = 48CO,
+ 46H,0. The test measured the composition of the exhaust gas as well as the weight of the
fuel being administered. Allowances were made for the carbon content of the air component of
the input. The CO, component is compared to the input carbon as a direct measure of the

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

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

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

97% efficiency argument:

97 * (-1.42 x 10°) kJ /gal
-1.38 x 10° 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%
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Fuel In 203. 3 g/ kwh 0. 2033 kg/ kW Measured Heat of Conbustion
44.86 M/ kg x 0.2778 kW
WO 2011/031770 PCT/US2010/048144

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:

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

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

Combustive:

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

feasibility. We will start by analyzing combustive energetics.

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

Conservation of mass states that total mass in must equal total mass out
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4 12.462 kWh/ kg Energetic Analysis 1472 kW 100% Efficiency = 1472
[ 12.4621kWh/ kg 4 118.12 kg/h True Input = 0,2003 kg/ kWh x 1472 kW 4

WO 2011/031770 PCT/US2010/048144
Mass in: Baseline Combustion Management System
620.74 531.63

Exhaust Gas Composition:  Baseline Combustion Management System

HC (ppm) 102.75 27.75

CO, (%) 4.25 4.08

NO, (ppm) 549.25 282
Diesel Fuel Input: Baseline Combustion Management System

Gal/h 1.585 1.11

mol C/h 366.42 256.601

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

for in the combustive analysis.

Thermal:

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

temperatures.

Futther Claim Bases Computation:

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

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

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

For the two mol considered in this computation, the energetic gain is 11671.52 kJ /h or 3.24 kW.
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299.26 kg/h COverall Engine Efficiency 118.12 kg/ h / 299.26% kg/h 4
39.5% Exhaust Analysis: [0079] The next step is to anal yze the conbustive
ef fi ci encywoab1td3e77engi ne. The sane met hodol ogy has beenPemfuiSeyien4ss4 t he
previ ous document, only utilizing the information pertinent to the ABC
engine. Al conputations are conducted using 1472 kW Fuel 1n 203.3 g/ kW
0. 2033 kg/ kWwh Using the Cl2H26 nodel for Diesel Fuel

Recoverable L.osses:

The Paradigm Regarding The Calculations:

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

This number gives an overall conversion efficiency for the combustion.

Unavoidable Assumptions:

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

atmospheric air:

J Assumed composition of diesel fuel: C,Hy,

. Assumed CO, component in atmospheric air: 0.033%

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

small degree.

Limitations Of The Computational Analysis:

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

produced.

With Respect to the Requested Data:

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

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

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

exhaust produces a circular argument.
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0.4156 mol C/ kW x 1472 kW 4611.71 nol/h Carbon atons Non-0Q2 Carbon in
Exhaust CO - 0.51 g/ kw (0.51 g/ kw x 1472 kW / (28 g/ nol)

426. 81 nowoOhoGasbon atons HC - 0.91 g/ kWh (0.91 g/ kWh x PCAR26aWD48144 14

g/ nol) 495.68 nol/h Carbon atonms 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

mol /h + 95.68 nol/h + 26.81 nol/h4130.90 nmol/h WO

2011/ 03177gPCT/ %Sﬁ%]jO/ 048144 bustion Reaction Efficiency Carbon atons
adni ni st &f 886 'f hE SRR TR RE Br m of diesel fuel is fully converted to
CO, (611.71 nol {;472 - 130, 90 ranklﬁj C/ER'i /[ 611.71 rml{ .G h4 79% Car bon at ons
admi ni stered t o PH&! syt eliThReIFE™ SFh Bt UgHaLLin 2Pl "eh Bt S in a form
ot her t hafedidtiatinadfsis GQce sdchus edegdetin@sdpaicantdual bealige@ Yo Miafoh miatgin HQRA%.- 74% 4

21% Ener %eti ¢ Model. And Comput ati on: OOQO Th% ndon-CO,. car bon (Ehonsti tuents
of diesel o&ﬁléf ﬁ?o%kwaﬂ%ttpogg@e%pﬁfu)?flﬁf produce such a diagram with respect to these
computations.

Measured Values And Computational Parameters:

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

based:

. Delivered Hp of the Engine (AW):

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

Overall Engine Efficiency:

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

in terms of potential energy administered versus derived power.
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of literally hundreds of different nolecular structures ranging fromthe
pol ynerase soot nol ecul es and unchanged di esel fuel nolecules down to the
si npl est Woanogsityon, met hane. For the sake of this exePCras20miesinkan
energetic value between the diesel fuel nodel and net hane has been used as
a solid estimate of the energetic value for the hydrocarbon and particul ate
constituents of the exhaust. HC And PT Conputation: HC- 95.68 nol/h Carbon
atoms 95.68 nol/h / 611.71 nol C/ h 415.64 % ratio of carbon atons from fue
PT - 8.41 nol/h°*Caf®dkratoms 8.41 nol/h / 611.71 nol Ch 41.38 Aratio
of carbon atoms framsfugknTotals = 95.68 nol/h + 8.41 nol/h 4104.09 nol /h
Carbon atons 15.64% + 1. 38%117. 02% rati o of carbon atons from fue

Conput ation 17. 02983302966 kg/h x12.462 kWh/ kg) 4634.74 kWif diesel

nmol ecul es (802. 34kyilbmled X1cdQ4 09h@LA h) x (0.2778/ 1000 kWh/ MJ) 423.20 kWi f
met hane (634.74 + 23.20) / 24328.97 kW nean val ue [Q081] There is also a
nmeasured val ue for44HMCE EBRAPEHFAT in the exhaust.Si nd@46HeWbAeg gy of
formation is highe . nitis for CO, it is possible to calculate
the energetic Igssﬁ?%g&?ﬁgéﬁp%?tion of the exhaust.

1472 kW
100% Efficiency = 1472 kW / 12.4621kWh/kg > 118.12 kg/h
True Input = 0,2003 kg/kWh x 1472 kW > 299.26 kg/h

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

Exhaust Analysis:

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

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

] Fuel In
203.3 g/kWh
0.2033 kg/kWh
Using the C,H,; model for Diesel Fuel
0.4156 mol C/kWh x 1472 kW
> 611.71 mol/h Carbon atoms
. Non-CO, Carbon in Exhaust
CO -0.51 g/kWh (0.51 ¢/kWh x 1472 kW) / (28 g/mol)
> 26.81 mol/h Carbon atoms
HC - 0.91 g/kWh (0.91 g/kWh x 1472 kW) / (14 g/mol)
> 95.68 mol/h Carbon atoms
PT - 0.08 o/kWh (0.08 g/kWh x 1472 kW) / (14 g/mol)
> 8.41 mol/h
Total Non-CO, Carbon in Exhaust 8,41 mol/h + 95.68 mol/h + 26.81
mol/h 2> 130.90 mol/h
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CO Conponent Energetic Divergence 283 kJ/nol 26.81 nol/h 283 kJ/nol x 26.81
nmol / h47587. 63 kJ/ h (7587.63 kJ/h x 0.2778)/100042.11 kW[ 0082] Overal |

ener geti cwoanpasizons wi || take into account the sum t orall/ustomwloesies
energetic conputations to derive useful energetic data. Potential Energy
Total for Exhaust 2.11 kW + 328.97 kW331. 08 kW Conparisons (4.22 kW +
331.08 kW /((299.26 kg/h x 12.462 kWi/ kg) - 1472 kW 415% fracti on of

total energetic |losses (4.22 kW+ 331.08 kW / 1472 kW 422% fraction of
total output endrgy CamppstionyBReaggon fffiqiqqey/ (299,26 kg/h x 12. 462 kWa/ kg)

49% fraction of totalcaihBRWorRlEREIRY (& DekeYenTancd tdgh 8NGesel 831\ t hough
these cal cul ations are not rigorous in the strictest sense e assunptions

, th
are reasonabl e. The i nf or fat ¥ A DEEvIdEd By ¢ e BOP TRt BALI$RbRE! beyond a

reasonabl e doubt that thegg, is a consipderabl,e val ue of potential chem cal
energy in the exhaust. The Conbustion Managenment Systemis designed to
capture this energy bybrhermasgimigisttid to dcayssin inkle feonbldescloncl edaettidon to

produce a nmore conpl ete byLRoNOmLaNs R POYSIES S RRLAI encrgy with it:
100% - 74% > 21%

Energetic Model And Computation:

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

particulate constituents of the exhaust.

HC And PT Computation:

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

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

energetic loss for this portion of the exhaust.
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refuted within the construct of this analysis; it is sinply a nore
efficient chem cal process. Summary [0084] The Conbusti on Managenent System
nodel s eawb 2hydBoar bon conbusti on applicati on and supplPCegisaoipeiuct gas
PG conprising a dynam c m xture of nascent hydrogen (H) and oxygen (0), to
the internal conbustion engine to propagate the formation of hydroxide
radicals (OH) and thereby to inprove the | evel of conpletion of the

hydr ocar bon conbustion reaction. CLAI M What is clainmed as new
and desired to Be pr SEe®HCRRNt Letters Patent of the United States is:

1. A system for prodygibgiciiduct gas using a plurality of electrolytic
cells, conprising: a plurality of electrolytic cells, each electrolytic

cell conprising: a ré J(BPr  cont ai ni ng a fluid conprising a m xture of
water and el ectrol ytesganpl/Hrality of sets of anode and cathode pl ates
imrersed in the fluid, and an output port, positioned above a surface of

the fluid and respong?did/mel 2208 seidt gas emanat i ng’B7-63kk/he fluid, for

outputting the produegtsggas, %Qx@.ﬁ%ﬁl%ﬁ whi ch consunef e product gas; and
a source of electric curre applied to said sets of anode and cat hode

pl ates of said dP®2lrolGterad coehdtic comppaneratibkhiaopeedoche s ojmy of

di ssoci aty AeR o3t Ol GNONEL Qe s 0 AYHpgEN at oms, hydroxide ions, and
oxygen atons fromthe fluid. 2. The system for producing a product

gas using a plurality of electrolytic cells of claim1, further conprising:
a source of el ectrol Preential Engugyw Eotgf fopkxkqust and a val ve for

enabling fluidic comuypigat 5%73(%“\6(3@ saifggowce of electrolyte fluid and

said reservoir, and between said source of water and said reservoir, to
mai ntain a | evele of Sahgafibatisd i n said reservoir.

(422 kW + 331.08 kW) /((299.26 kg/h x 12.462 kWh/kg) — 1472 kW)
> 15% fraction of total energetic losses
(4.22kW + 331.08 kW) / 1472 kW
2> 22% fraction of total output energy
(422 kW + 331.08 kW) /(299.26 kg/h x 12.462 kWh/kg)

> 9% fraction of total input potential enetgy
Conclusions:

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

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

Summaty

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

combustion reaction.
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3. The system for producing a product gas using a plurality of electrolytic
cells of claim1 wherein the product gas generator further conprises: a

cat al yst wbDxed/i3mt70 the fluid to facilitate the el ectrolPggits2ai/osdies wat er .
4. The system for producing a product gas using a plurality of electrolytic
cells of claim3 wherein the catal yst conprises: at |east one ionic salt
that stays dissolved in solution in water. WD 2011/031770PCT/ US2010/ 048144
5. The system for producing a produE% %ﬁf using a plurality of electrolytic
cells of claim1 wherein the source“sf™Pectric current conpri ses:

power contr ol | ery.for. generating, apulsed tlow b, direch, gurpggt for
application to the &4he e plra eS8 an ole f 6. The system
for produgingSacpisoduct gas using a pIurallty of electrolytlc cells of
claim5 wherein the source of electric current further conprises:

el ectric current regulator for nodulating the electric current to control
the vol une of hmdrogamyﬁhﬂﬁﬁpamydm@xﬁdémkgnsmmgmﬁmaxy@éﬂaamQHsadhssociated
fromthe fI 7. The system for producing a product gas using a
plurality®d H?ﬂ %%ctrolytlc cells of claim1 further conprising: a
gas scrubber fom¢mnsﬂﬁmmﬁﬁ@ﬂga$dhaﬁmiﬂawo@ﬁc&ﬁeompmﬂ@ct gas received from
said electrolytic cell and for cIe the roduct gas of p$u5|t|es

8. The system for pr%dﬁgvﬁraxm%n%ﬁhd¥ AgE: 1nmu“5PUW%PVP968tK’ @ctrol ytic
cells of claim7 mhea@hnm@hés@aﬁﬂﬁc&uhbeﬁh@hmmm$smﬁmmahﬁﬁ&ébubmm,contalnlng

an electrolyte flu p port., responsiv to rece|V|ng t he
product gas fron1thea%?%BWF8F¢?F@O$%“Emma@Pﬁ?ﬁjg%??%%’ ESBPEEUSt* gas into
t he e|eCtrO|ypkﬂu&guhﬂmnﬁﬁgﬁbnnheﬂmdf&nnqmﬁ@gﬁh@@b&mt@@&tiq@@@dﬂﬁhove a
surface of the ele 1%5| uhd and responsive to product gas passing

t hr ough t he eF@%Fngy?? ?Tﬁ?ﬁm'for outputting the product gas to a system

whi ch consunes mhempf@ﬂﬂﬁﬁmga&mtthahosmdaﬁs&h@o&yﬁﬂenh&m@hﬁﬁaduming a
pr oduct 9 i

ysin luralit electrolytic cells of erein said
Poorvor MGGk ol PRyttt b esPubaht e foarntert g8 ot put
port fromkhﬁckﬂhﬁmkmgmb@dsggdlnapu&o@@Mdﬂmd

2. The system for producing a product gas using a plurality of electrolytic cells
of claim 1, further comprising:

a source of electrolyte;

a source of water; and

a valve for enabling fluidic communication between said source of electrolyte fluid
and said reservoir, and between said source of water and said reservoir, to maintain a level of

said fluid in said resetrvoir.

3. The system for producing a product gas using a plurality of electrolytic cells
of claim 1 wherein the product gas generator further comprises:

a catalyst mixed into the fluid to facilitate the electrolysis of the water.
4. The system for producing a product gas using a plurality of electrolytic cells

of claim 3 wherein the catalyst comprises:

at least one ionic salt that stays dissolved in solution in water.
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10. The system for producing a product gas using a plurality of
electrolytic cells of claim8 wherein the gas scrubber further conprises:

a vacuumwyorepiigsmniiect ed to the output port for drawi ng Phe/Useaduesi4gas from
the gas scrubber and creating a flow of the product gas to the system which
consunes the product gas. WD 2011/031770PCT/ US2010/ 048144 11. The
system for producing a product gas using a plurality of elect roI yti c ceI | s

of claim1 wherei anode pl ates and the cat hod | at e
plurality of re ang&ﬁ%?ys@’ﬁafﬁgﬂoéﬁf’ﬁlapbcldéiftegésusmgapurﬂl %fe“*i‘ﬁ § temfor

produci N@f aaipf DElkEEin gRSOMUSE $TGlcarrip buttaat tdny[:)rl@és el ectrolytic cells of cI aiml
wherei n the anode pl at es, and the cath

S conpr
plurality of redCHAGIPEPLE s BEyaHRE 4" ﬁﬁ&? ﬁla fﬁ’éfef“effs%b”cﬂl?h‘&ﬁﬂ“ Wthffh
di mensi onsodeplapph®%HFEE glys.a 3: 1 ratio.

6. The system for producing a product gas using a plurality of electrolytic cells
of claim 5 wherein the source of electric current further comprises:
electric current regulator for modulating the electric current to control the volume of

hydrogen atoms, hydroxide ions, and oxygen atoms dissociated from the fluid.

7. The system for producing a product gas using a plurality of electrolytic cells
of claim 1 further comprising:
a gas scrubber for preventing gas backflow of the product gas received from said

electrolytic cell and for cleaning the product gas of impurities.

8. The system for producing a product gas using a plurality of electrolytic cells
of claim 7 wherein the gas scrubber comprises:

a reservoir containing an electrolyte fluid;

an input port, responsive to receiving the product gas from the electrolytic cell, for
injecting the product gas into the electrolytic fluid; and

an output port, positioned above a surface of the electrolytic fluid and responsive to
product gas passing through the electrolytic fluid, for outputting the product gas to a system

which consumes the product gas.

9. The system for producing a product gas using a plurality of electrolytic cells
of claim 8 wherein said reservoir of electrolytic fluid prevents said product gas at said output

port from backtlowing to said input port.

10. The system for producing a product gas using a plurality of electrolytic cells
of claim 8 wherein the gas scrubber further comprises:
a vacuum pump connected to the output port for drawing the product gas from the

gas scrubber and creating a flow of the product gas to the system which consumes the product

gas.
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11. The system for producing a product gas using a plurality of electrolytic cells
of claim 1 wherein the anode plates and the cathode plates comprise:

a plurality of rectangular-shaped metal plates.

12. The system for producing a product gas using a plurality of electrolytic cells
of claim 1 wherein the anode plates and the cathode plates comprise:
a plurality of rectangular-shaped metal plates having length and width dimensions in

approximately a 3:1 ratio.

31



