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TECHNICAL FIELD
[0002] This invention relates to a system for improved

fuel efficiency and cleaner emissions.

BACKGROUND
[0003] Engines convert energy into work. 1In that sense,
they power the devices we use every day: automobiles,
airplanes, refrigerators. But in a larger sense, engines
drive the world’s economy. For all the efficiencies
afforded by the Internet revolution, people and things
still make their way around the world under the power of
engines.
[0004] Most automobile engines convert fuel into energy
using an internal combustion engine powered by gasoline,
propane, or diesel fuel. Because of the enormous amount

of fuel converted into energy by internal combustion
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[0006] In a conventional internal combustion engine,
gasoline and air combust to provide energy that may be
used (for example) to run an automobile. FIGS. 1A to 1D
show a typical cycle for an internal combustion engine.
In FIG. 1A, gas and air are introduced through an inlet
115 into a cylinder 110 including a piston 120. In FIG.
1B, piston 120 is compressed. In FIG. 1C, a spark is
introduced into cylinder 110 via a spark plug 130, and
the air and gasoline combust. The force of combustion
drives a piston downward, providing energy that may be
used to drive a load (e.g., to turn a crank shaft of an
automobile). In FIG. 1D, the product of the combustion
is exhausted. The exhaust of a conventional internal

combustion engine generally includes not only carbon
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use 1 f he Ssystem may 1 nclude an enginet

behP%ﬁFaa reaction rod positioned in the reaction region.
In some implementations, the reaction region may be an
inner region of‘a reaction tube. The reaction rod may
have a convex end to receive fuel from the fuel injector
and a concave end opposite the convex end. The reaction
tube and the reaction rod may comprise a magnetically
polarizable material, such as steel.
[0009] The system may include a vacuum generator in
communication with the reaction region and configured to
reduce the pressure of the reaction region. The vacuum
geﬁerator may comprise a venturi, or a vacuum pump such
as a turbopump. Other vacuum generators may be used.
[0010] The system may include an engine to be powered
using fuel from the reaction region. The system may

include a fuel transport tube positioned between the

engine and the reaction region, where the fuel transport
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concave. [0013] .In general, in another_ aspect, a
netWRRF%ﬁ In general, in another aspect, the system may

include a first stop positioned at least partially in the
reaction region proximate to a first fuel receiving end
of a reaction rod and a second stop positioned at least
partially in the reaction region proximate to the second
end of the reaction rod. For some implementations, one
of the stops may be integral to the reaction region. The
first fuel receiving end of the reaction rod may be
convex, while the second end of the reaction rod may be
concave.

[0013j In general, in another aspect, a method of
providing fuel to an engine may include generating fuel
droplets from a fuel source and transmitting the fuel
droplets to a reaction region proximate to a reaction
rod. The reaction rod may have a first convex fuel

receiving end and a second concave transmitting end. The



providing fuel to an engi ne may include generating

fuel droplets froma fuel source and transmtting the
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reaction rod. The reaction rod may have a first

cogERotugryY feedh@irng nedddend ransddsihd dortd@yduel to an
transmtting end. The 4 WO 2004/085822

PCEhY$2@04/ 008212 net hod may further include

transmtting the fuel to an engine. [0014] The nethod

may oiondljudehgenet ladd ngagnengl zee dereerabingremsmyitedgfuel
fuel droplets past the reaction rod, which may

I nghude @lsaatitiigry Il ansinisngadtt kerstres@td omofrod,
the droplets. [0015] The details of one or nore

| MphaRBNtAl AR 18R %Q%ctEQ%%ﬁl§Pt&%%s%ﬁﬁﬁﬂpéﬁ¥hﬂgeast some

draw ngs and the description bélow. Oher features

and nt il be apparent fromthe description
angfg%é%l%§§§i§g fromthe clainms. DESCRI PTION OF

[0016 IGS. 1A to 1D illustrate an jnterna
colDReaTon 12, kpEa T8 3F PR T5 THbS piinsoAre tAEEo) axe set
FIGS. 2A and 2B are schematics of plasma, fuel L
gereraty Ag He SRSOMRAIRRT G Y 189G Fe I e SRS IRELon
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i ndleddivhg &t hemgifrativres pordattdygrd A9e8 Wdder® iaRparent
system such as that shown in FIGS. 2A and 2B.

from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS
[0016] FIGS. 1A to 1D illustrate an internal combustion
cycle, according to the prior art.
[0017] FIGS. 2A and 2B are schematics of plasma fuel
generating systems, according to some implementations.
[0018] FIGS. 3A and 3B are schematics of systems
including an engine incorporating a fuel generating
system such as that shown in FIGS. 2A and 2B.
[0019] FIG. 4 shows top and side views of a fuel injector
assembly that may be used in plasma fuel generating
systems.
[0020] Like reference symbols in the various drawings

indicate like elements.
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[ 0021] Systens and techni ques descri bed herein may
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exhaust. In particular, the exhaust produced may
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chesfcktienthdnd ol¢rprechenainesican ceroyidpecpbamans cost

fuel have not been conpletely characterized, the term

pl esmd druel rasmentsel henefiitss sinply used as a title

to refer to fuel produced as described herein. The

terpp02mn- peéser kfElicicasyused kekanerr efxelas sto falelbe

that is input inits
obtained using a fuel generating system such as system
200 described below. The resultant fuel appears to have
charécteristics of a cold plasma, and thus will be
referred to as plasma fuel. However, since the chemical
and/or other characteristics of the plasma fuel have not
been éompletely characterized, the term plasma fuel as
used herein is simply used as a title to refer to fuel
produced as described herein. The term “non-plasma fuel”
as used herein refers to fuel that is input in its
unprocessed state to an injector and used to generate the
plasma fuel.
[0023] FIG. 2A shows a plasma fuel generating system 200
according to some implementations, where the term
“generating” refers to changing one or more
characteristics of the non-plasma fuel to generate the

plasma fuel. A reactor tube 210 includes a reactor rod

220. Reactor rod 220 has a convex end 222 and a concave
6



unprocessed state to an injector and used to generate

the plasma fuel. [0023] FIG 2A shows a plasma fue
\V@emmmamhng system 200 accordi ng to some PCT/US2004/008212
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non-plasma fuel to generate the plasm fuel. A

reaceog.t ubes21l0di pckudesfasteatt @achofe d220. tReaGt®i red

rod 220 has a convex end 222 and a concave 6 WO
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made froma single piece of netal (e.g., a solid
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substances such as gasoline, diesel, ethanol, and
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Non- pl asma. fuel nmay be provided to an input end of
i nj 220 ois 239. an | et 06 r 2380 | NtNOGHISESsthhe F08NsPkBSHBmay be
fuel into interior
used with system 200 include substances such as gasoline,
diesel, ethanol, and crude oil.
[0024] System 200 may operate as follows. Non-plasma
fuel may be provided to an input end of injector 230.
Injector 230 introduces the non-plasma fuel into interior
region 215 in the form of droplets. For example,
injector 230 may be an atomizer configured to generate
fuel droplets from fuel in liquid form. Fuel droplets
flow between the inner surface of tulbe 210 and the outer
surface of rod 220. Plasma fuel exits tube 210 and is
provided to an engine. Note that the reaction region is
described as being interior to reaction tube 210. As
used herein, the term “tube” refers to a material that

encloses a region and not to any particular shape or type

of material. For example, tubes of different sizes,



region 215 in the formof droplets. For exanple,
injector 230 may be an atom zer configured to generate
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determ ned that good results may be obtained with a
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Additionally, interior region 215 is at a | ower
Generation of the relative vacuum in interior region 215
is discussed below with reference to FIG. 3A.
[0027] Additionally, interior region 215 is at a lower
temperature T; than the temperature T; exterior to tube
210. Some cooling of interior region 215 with respect to
the region exterior to tube 210 occurs due to the
thermodynamics of the system operation (e.g., as a result
of the formation of fuel droplets). The interior
temperature thus obtained is generally sufficient for
efficient system operation; however, refrigeration of the
non-plasma fuel provided to injector 230 (or of other
portions of system 200) may be used to further lower T,.
[0028] The distance between injector 230 and convex end
222 of rod 220 may be chosen so that the number of

droplets formed is large (e.g., the distance is large

enough to allow a large number of droplets to form, but
8



tenperature T2 than the tenperature Tl exterior to
tube 210. Sonme cooling of interior region 215 with
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pressure regio

created in the region proximate to concave end 224. It
is believed that the lower pressure region may cause
cavitation of the plasma fuel, accompanied by a region of
relative high electrical activity proximate to concave
end 224.

[0030] Some materials of system 200 may also play an
important part in system efficiency. For example, rod
220 and tube 210 are generally made of a magnetically
polarizable material such as steel made from natural ore.
The current inventor has observed that during initial
operation of a system, the engine runs roughly for an
interval that is usually about fifteen minutes. It is
believed that, upon initial operation of system 200, the
magnetic state of rod 220 changes. Rod 220 is said to
pick up a “magnetic signature” during this time. The

current inventor has determined that subsequent system
9
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state of rod 220 changes. Rod 220 is said to pick up

a "faonetd crsk gnal YR p L b E N Sud | (8. g Thesncugpent
i nventor has determ ned that subsequent System 9 WO
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enhanced by performng this initial process with rod
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is idle for a long period of tine (e.g., one to two
,nnﬁyﬁﬂsport the plasma fuel to an engine may be beneficial.

It is believed that copper produces a plasma sheathing
effect, so that the plasma fuel does not interact with
the inner walls of the transport tubes. This effect is
believed to significantly increase the duration of the
state the fuel is in, so that fuel is provided to the
engine in a significant state of ionization (e.g., in a
plasma fuel state).

[0032] FIG. 2B shows another implementation of a plasma
fuel generating system 250. Reactor rod 220 is placed in
tube 210, which in turn is mounted at least partially
inside an exhaust pipe 252. Note that in system 250, rod
220 is made using a hollow tube with convex end 222 and
concave end 224 included in pieces attached to the
appropriate end of the hollow tube. For example, the

pieces may be attached by welding or other method.

10



[0031] The current inventor has determ ned that using
a non-magnetic material such as copper for tubes to
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exhaust pipe. For exanple, it may have a di aneter of
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treated steel. Tube 210 may be wel ded into exhaust
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tube 210 insi de exhaust
inventor believes allowing rod 220 to spin within tube
210 during system operation may provide for more
efficient plasma fuel generation within tube 210. The
spinning may be sustained by fluid pressure of the fuel
traveling through the tube. However, stops 256 may be
provided as shown to prevent rod 220 from moving beyond
the desired placement region and possibly damaging
fittings or other components of system 250.
[0035] The length of overlap between exhaust pipe 252 and
tube 210 is not believed to be critical, and may be about
twice the length of rod 220. Tube 210 is generally made
from a magnetically polarizable matefial, as noted above.
In system 250, the material should also be thermally
stable to withstand the heat generated by the exhaust

gases flowing through exhaust pipe 252. 1In operation,

the temperature in exhaust pipe 252 at positions away
11



pipe 252 is parallel to the axis of the conplenentary

section of exhaust pipe 252. The axes nmay be not only
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wi t9st anfl the heaé¢r géhenated of thee eXhdustFogasesmple, if
flowi ng through exhaust pipe 252. In operation, the

t enpepat 2T @ has exhaushe pi PEamSPeBtoPOG| 8 DNEnaMEY, Bdactor
WO 2004/ 085822 PCT/ US2004/ 008212 from tube 210 may be

abotty 1990 Hegreese Fahr snbhel tai Mkt &r dhe b &RPes agbib €inches.

in a region 217 of exhaust pipe 252
[0037]. In system 250, the shape of convex end 224 should
be sufficient to form eddies in the space proximate to
end 224. The shape of convex end 222 should allow for
laminar flow, and may be generally hemispherical, or may
be ovoid (e.g., generally bullet-shaped or shaped like
the small end of an egg). Convex end 222 should be
smooth to avoid perturbing the laminar flow of non-plasma
fuel past end 222.
[0038] The size of rod 220 may be chosen to provide a
desired conversion level of non-plasma fuel to plasma
fuel. For example, lengths from about two to about
twelve inches may be used. The chosen length may be
determined by the type of non-plasma fuel provided to
system 250. For example, when gasoline is used, a length

of about 7.25 inches may be used. For diesel fuel, a

length of about 9 inches may be used. For crude oil, a
12



proxi mte to tube 210 nmay be only about 250 degrees
Fahrenheit. [0036] As noted above, rod 220 may be nmde
wo eawnsiseel (e.g. soft steel), or other materPEl/B8S2004/008212

(e.q9., jron_pipe). _The dianmeter of rod 220 may be
frog?ggtht°§5@§?Etaﬁgu%ncb?@éBPYth@ wpedr dPdnebersef, the
tube 210. For exanple, if tube 210 has an inner

di aRBPER BEMONBBONF nehesexemptavy anddoRBErmaymabave aged.

outer dianeter of about 0.860 inches. [0037] In

syst@@8250,Int impeghrdgencf noorydasead 224 shoultt rdficed into
sufficient to formeddies in the space proximate to

endt @2¢. 2 Theushapeanf i epavexr eps 222, shgubd ahhow 595 non-
| am nar flow, and may be generally hem Spherical, or

Mayp 1 HEnO VOIS (Bs Onix&enef @h | y; bufl %fé@&?&digégﬁfg%‘?g?m )

like the small end of an egg). Convex end 2

be asROLdY (Yol d el na e | amar, 1 ow. of

non-pl asma fuel ‘past e’ Zggﬂ% TR 8t 3e 81 1P oline form

22Q, : 'c?hﬂ]s 0. provi de aas%zsi r % nver si on

| eve ojfaﬁlon-p O?;lnéatsf u{ejlo"flon%lpa rcfcﬁ 58 FotnJector 230

exarzplekj Ieng}hs from about two to about twelve

i ncties ay* be UEEE STHY GhdSet 18t a9 - beThe temperature

determ ned by the type of non-plasma fuel provided to

sy&@lerhE vetodropdiffie, 1 swHavagaddlaméhis tmmeerature of the

|l ength of about 7.25 inches may be used. For diesel

f u@xhagsy digtaxhsfusdbmitred A5cheBatmperberaselk s kiy be

crude oil, a 12
obtained by maximizing the temperature difference, but
refrigeration of the non-plasma fuel is generally not
necessary.
[0040] Fuel droplets flow past rod 220 and are converted
to plasma fuel. The plasma fuel is provided to an engine
(not shown) via a fuel transfer aséanbly 254. As noted
above, the pressure in interior region 215 of tube 210
should be less than the pressure in the interior of
exhaust pipe 252. Pressures of about 250 mmHg or less
may be used.
[0041] A plasma fuel generating system such as that
illustrated in FIGS. 2A and 2B above may be used to
supply plasma fuel to an engine. FIG. 3A shows a
schematic of a system 300 including an engine 320 and a

fuel generating system 200 for generating plasma fuel for

engine 320. System 300 is a bi-fuel system; that is, it
13



WD 2004/ 085822 PCT/ US2004/ 008212 |ength of about 12

i nches may be used. O course, the above di nensions
waem4esBepl ary and ot hers may be used. [ 0039] PATIUS2004/008212
~operation, non-plasma fueL is introduced into tube

210M8¥i R§ &HNi HPéBEoFOoRBONhAYNAY &nelnletg232gadohine) via a

plasma fuel is mxed with air in mxture assenbly 257.

As hbred abbtpet Bhé nbnfpkastankuglosheuédgbeei B20heas well

form of liquid droplets flow ng past rod 220.

| nj @st via288condyohepad al@nigerudl @eﬂéﬁéfﬁﬁgn§ﬁ§£§m 200.
The tenperature of the fuel droplets is | ower than

t henbesPERat Usehet thel géné%’éiﬁ& §§9@é’ﬁtiﬂﬂé9§rﬂ§§@ations,
(0] n e

Better results may be tai ned by naxim zi

tenpeeRt s esdifEQr eo6e, b tberg%é&geration of the
non-plasma fuel 1s generatly no necessary. [0040]

Fuet o6l I fl.qw t .rod, 220 _and ar onverted to
0842P' & : . -
pIaLna ?gel. é%bfggﬁglpﬁgllPsrﬁﬁ&QPdg&%va Congayebe a
(not g# wn ia a quI transfer assenbly 254. As noted
abovVe N {Red pt REEUFE K n | TR PP BF At B ore AN S 32QbES 210
shoul d be | ess than the pressure in the interior of
exhaust 1 pt b2 D8P upkRE Sierse bismbotite P50 Panorthesstime,
may be used. [0041] A plasma fuel generating system
suchiek g¢rarator isYstereR0h 4 GSie RN zmdl. 2B abbwe dmytrol
be used to supply plasma fuel to an engine. FIG 3A
shasvizce sohemeds ca dfutt system 300 i 383 Ushigr s enNgd Nelow of
320 and a
air to cylinders 325, which combust the fuel as outlined
above and shown in FIGS. 1A to 1D.
[0043] Once fuel generator 200 is sufficiently energized,
engine 320 is run using plasma fuel. A controller 360
may receive a signal from a sensor in communication with
fuel generator system 200 (not shown), indicating that
engine 320 may be operated using plasma fuel. Butterfly
valve 323 controls the flow of plasma fuel to cylinders
325. However, in other embodiments separate flow
controllers may be used to control the flow of air and
the flow of plasma fuel to engine 320.
[0044] As noted above, portions of fuel generating system
200 may be operated under pressures lower than
atmospheric pressure (e.g., an interior region 215 of a

tube 210). The pressure may be lowered using a vacuum

generator. For example, a venturi 327 may be positioned
. 14



fuel generating system 200 for generating plasma fue
for engine 320. System 300 is a bi-fuel system that
WO 2004/08582213 WO 2004/ 085822 PCT/ US2004/ 008212 p@ElUR®04/008212

run ing _conyentiqnal fuel (e.g., gasoline) vi,a a
fir?%%gﬁgﬁugu%%fr YfJ@HVFa§&3sf@dt%U@ﬁg@@@egzainassystan
wel |, as via second output 312 to fuel generating
sys@891E@O;OwﬂétéhﬁhéﬁeéﬁWéﬁ fdebogénenat ofg fspdt generating
i npl enent ati ons, such as system 250, may be used.

[ 002¥FtPBeP00s agonArailmed i nDiédearnBlOacuhinchendyabera may
standard fuel tank. In operation, engine 320 is

i ni beahbyds ufiousergmpar; phasaBubitebunPuRkPIpthigetii BB, some
fuel generator system 200 is energized. A flow contro

devimplemehtasianbut t ebkl ¥ Makye]13235¢R8tr gl Wy
of air to cylinders 325, which conbgst fhg ?ngggéhg S

out §&neda1 aboygeandos QH@rEEOF}gSVagﬁPﬁQ 1D. [0043]

Once fuel generator 200 1s sufficiently energized,

eNO}064570 1 I WL iANG RASTR JUel - AL apky ol er, 350

may receive a signal froma sen itEAS0iFS

Wi t % |, generat or _system 200 (not shomg%,

nat Rt A £ R gr e 50 ey beperat ehlokimgy include

plasma fuel. Butterfly valve 323 controls the flow of

pl a¥a PHefCTD LYYIRUeFeNSAYS, #Howewettl¢ nposheton sensor

enbodi nents separate flow controllers nmay be used to

contT}) & Hea$$ ol of Law rsemsor t HEAF | anobr pl @sdbof Usther

to engi ne 320.
sensors. However, in implementations of the current
system, controller 360 may only need input from the MAF
sensor, the TPS, and the sensor indicating that system
200 has been energized. Particularly, controller 360 may
not require information from oxygen sensors, unlike
conventional ECMs.
[0046] FIG. 3B shows another system 350 that may use a
plasma fuel generator such as system 200 of FIG. 2A or
system 250 of FIG. 2B. System 350 may be incorporated
into an engine such as a carbureted V8 engine, although
other engine types may be used (for example, engines
incorporating fuel injection rather than carburetion may
be used).
[0047] Engine 320 has a fuel tank 310 having a fuel pump

315. An air filter 362 is provided, and may be a

standard air filter. Many other aspects of engine 320
15



[0044] As noted above, portions of fuel generating

system 200 may be operated under pressures |ower than
W@Rovsgdser i ¢ pressure (e.g., an interior regi oPCRLS2004/008212

a tube Zlﬁé. Thi pressure may be | owered using a

vaclin? - geRBFSt GLaMESr O&x REPRE, fastencus) 327 mey b&own here

posi_tioned 14 WD 2004/085822 PCT/ US2004/ 008212

bet WeENShUPL&FLLY - vaFReiBe33aAdihaéhdgenenathngnsysheake

200 to | ower the pressure of portions of fue

genepBifagd 894t end260casbdestoed3chiffRr eAto¥8CHURYM 368 is

generators may be used; for exanple, a vacuum punp

nmayabetacked to sndereguphesBnéathehScaFOhirdtdkesek or a fuel

engi ne, a turbopunp is generally used to generator a

vacimiecf®&645] In a conventional system ECM 330

receives information froma nunber of sensors, which

nmay[o04sdan %%%i?%s%?f%in$Q§Qe§e%%%r%% ng?k%Eg %o filter

position sensor mass airfl ow se

se d e ensors. ve in o
ingﬁg%%%?gté%%%9%$ {%%gc{ﬁ?%ﬁﬁrkﬁgﬁk O confyel | Eriggbor 230
nayignI% $eed iqgut romthe MAF sensor, the TPS, and

the 3eheT? TATEALT Ny AHArNesks taen-Rboshast weknis provided

energi zed. Particularly, controller 360 may not

r e&ﬁgr@k?enf%l'%t i 3¥orhesg gele sensdrs,a uhl1X® inch heavy
conventional ECMs. [0046] FIG 3B shows another system

35 uhatsurll asdiese plasmm fum gendratny suchf@ter 370 to
system 200 of FIG 2A or

fuel injector 230. From fuel injector 230, the fuel
droplets pass through mixture assembly 256 into tube 210.
Plasma fuel exits tube 210 and passes into intake
manifold 364.

[0049] The plasma fuel is then used to power engine 320.
Plasma fuel is mixed with air and introduced into the
cylinders. The current inventor has determined that
plasma fuel combusts more efficiently and more cleanly
than the non-plasma fuel from which the plasma fuel is
generated.

[0050] FIG. 4 shows two views of an implementation of an
injector assembly 400 that may be used in a plasma fuel
generating system. Note that no particular orientation
of assembly 400 is required, so the two views shown are

not designated; however, one view may be referred to as a

top view while the other is referred to as a side view,
16



system 250 of FIG 2B. System 350 nay be incorporated
into an engi ne such as a carbureted V8 engi ne,
w@bdohossskz ot her engi ne types may be used (forPErRESPDE(08212

engtﬁsé incorporathﬁgéfuel i njection rather than

car 1 o sagmb e dync g7 Ereyitre 1320:d1as #410 for
fuel tank 310 having a fuel punp 315. An air filter
362PFRVHEbNFdedr hadamagmbiyad08t anBagtioni 810i hhgrbe in
Many ot her aspects of engine 320 15 WD 2004/ 085822

PCT¢ U82@04¢ 90804 2witk. gn, ahosei TtaApsnéf OhBRA), so that
fasteners) are not shown here for sinplicity. Engine

320f i ned pel@sa on eagi Be hodakeo g&méf@%@' Itgﬁéfsﬂé‘dfﬁel.
carburetor 366. Athrottle arm368 is attached to and

_ ched 10 :
i e A e R R e ST e E LY

fildety ‘Hg%aé rel&pdi | nfo- reactor tube 2%0. Fuel

i nj ect or i's used %o& c%%)?'rol How Wkh # W‘bﬂl%@nﬁwo

fuel is provided .to t 210.. An ajr hose 372 (e.qg.,

2 TR A 1T (?s%?i%ho"llfbsje‘} Flhs 4romsingle

auxiljary air filter 370 to fuel injector 230. From

f uetPIHT eBPPZoL O heP ¥ URPTE drlot etvo Fast idrouly be used.

m xture assenbly 256 into tube 210. Plasma fuel exits

t udel R FEnGniplasteepieftd ¢omtaikees drard 3 gli @643¢ 098G ssembly

The plasma fuel is then used to power engi ne 320.
430, and are subsequently transmitted to a reaction
region as described above for generation of plasma fuel
from the fuel droplets.
[0052] A number of implementations have been described.
Nevertheless, it will be understood that various
modifications may be made without departing from the
spirit and scope of the invention. For example, a plasma
fuel generator may be used with different types of
engines, such as diesel engines, turbine engines, steam
engines, or other types of engines. Accordingly, other

implementations are within the scope of the following

claims.
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Plasma fuel is mxed with air and introduced into the
cylinders. The current inventor has determ ned that
w@bmgnsssbruel conmbusts nore efficiently and norECTUSZN/§08212

L n-plasma fuel fromwhich the plasma fuel is
lu%@ﬁgﬁbggﬁﬂgFﬁg " FIG 4 shows two views of an
i npl enentation of an injector assenbly 400 that may

be used ian fadnl asm e&pebongg?%r%_ .ng system Note that
no particul ar orlentatlon assenbly 400 is

redul o1 9656 v oKieque ahown are.nat desi anat ed

however, one Wi ew may e refer re
t her referred to as a side view 16 WO

tr%@%bﬁSsggf SETFUEBA6S 66884 2 [0051] Assenbly 400

i ncl.udes central region 410 for providing air to

ass@nbfF§c 66" BEFiGR 2P0TREPiNE itHelcsmemnitbat forlwinhector;

an air filter (not shown), so that filtered air may

be éséﬂaﬁélﬁénépdtQOEP§Sﬁaeﬂueh thAsserblty o40@efibhhethe

i ncludes two injector portions 420, each with a fue
repapiyensesd Nevénghat cahthgughdt wo rebpeoti @AeP@LEIORSom the

420 are shown in FIG 4, a single injection portions

fuet imjectbap twe peattoss wBM bervsed. hadihgand BHSE
droplets conbine in a region 430 of assenbl 3 c and end

oppb eisdbsrgueshi¥xt eggsmtted to a reaction reglon as
descri bed above for generation of plasnma fuel from

the fuel droplets.

2. The system of claim 1, wherein the reaction region

comprises an inner region of a reaction tube.

3. The system of claim 2, wherein the reaction tube

comprises a magnetically polarizable material.

4. The system of claim 1, wherein the reaction rod

comprises a magnetically polarizable material.

5. The system of claim 4, wherein the material

comprises steel.

6. The system of claim 1, further comprising a vacuum
generator in communication with the reaction region, the

vacuum generator configured to reduce a pressure of the

18



[0052] A nunber of inplenentations have been
descri bed. Nevertheless, it wll be understood that
WO 2004088822 nodi fi cations may be nade wi t hout deper/Us10g4/008212
fromthe spirit and scope of the invention. For
reaxtaiqmh ere@i ph asheh feebegenes ad oredibyn bextusetlon t8 the
different types of engines, such as diesel engines,

red&if Pbmer&qpbRnes, steam engines, or other types of
- engi nes. Accordingly, other inplenentations are
within the scope of the followng clains. 17 WO
2004/ 085822 PCT/ US2004/ 008212 WHAT IS CLAIMED I S: 1.

A fuel ESLNG; f gy fi
TP B DR ST ok DL SOLRL SRRV acor

a reaction region to receive fuel fromthe fue
COMRT 625 Dr? VE rehttion rod positioned in the reaction

region, the reaction rod having a convex end to
receive the fuel fromthe fuel injector, the reaction
rod further having a concave end opposite the convex
endB. 2. Tire systemof claimd, wherelm the vaeewhopenerator
region conprises an inner region of a reaction tube.

cordpr Tdes sy stenvopurgpai m 2, wherein the reaction tube
conprises a magnetically polarizable material. 4. The
systemof claiml1l, wherein the reaction rod

9. The system of claim 1, further including an engine

configured to be powered using fuel from the reaction region.

10. The system of claim 9, further including a fuel
transport tube positioned between the engine and the reaction
region, the fuel transport tube configured to transport fuel

from the reaction region to the engine.

11. The system of claim 10, wherein the fuel transport

tube comprises a non-magnetic material.

12. The system of claim 11, wherein the non-magnetic

material comprises copper.

13. The system of claim 9, further including an exhaust
pipe configured to transport exhaust from the engine to an

exterior region.
19



conprises a magnetically polarizable material. 5. The
systemof claim4, wherein the material conprises
wG@t@elsssd2 The system of claim 1, further conppPCBHUSPOE008212
vacuum generator in comunication with the reaction
region, the vacuum generator configured to reduce a
pressure of the 18 WO 2004/ 085822 PCT/ US2004/ 008212

reacti oNnThe9YEPBt ¥t Bfr 859Gt 18P RhéLgiANtEXt eELOEiHA region
the reaction region. 7. The system of claim 6,

co#ﬁ?[@ég LhecYacuym g6ner AL RE rLQBPL6RCBuBe VEBEYE i ondd at

e systemof claim®6, wherein the vacuum gener at or
L SES tur np., 9 yst em of aim1 .
Led S Thar et o REP LM an gt s b it 8 F5 R pspuac pie-
using fuel fromthe reaction region. 10. The system
of claim9, further including a fuel transport tube
positi oned between the engi ne and the reaction
region, BRecRgénret PAAEHBr t CPMPELEBRFF gured to
transport fuel fromthe reaction region to the
enginéuellstFhegeyseghrnf claim 10, wherein the fue
transport tube conprises a non-nmagnetic material. 12.
Theasysteninfectarncdidfigheeei hot hecadme mfgagét feom the fuel
material conprises copper. 13. The system of claim9,
stbdagberenehudhdgrant eXhaMst fuel in droplet form;
a reaction region to receive fuel from the fuel injector:;
and
a reaction rod positioned in the reaction region, the
reaction rod having a convex end to receive the fuel from the
fuel injector, the reaction rod further having a concave end

opposite the convex end.

16. The system of claim 15, further including an engine

in communication with the reaction region.

17. The system of claim 16, wherein the engine includes

one or more cylinders.

18. The system of claim 16, wherein the engine comprises
an engine selected from the group consisting of a turbine

engine, a diesel engine, a steam engine, and a gas engine.
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pi pe configured to transport exhaust fromthe engine
to an exterior region. 19 WO 2004/085822

wWEFonANSROD4/ 008212 14. The system of cl ai m 13PCTHIS2004/008212
the reaction region conprises a reaction tube, the
reacs j onmrhelbey poshtbonetaph 17 cashrpeet i @bhyr s ifd na atacuum
| east a portion of the exhaust pipe. 15. An engine

gertY S € LONBEhRhADCa R a1 B4 OF ROC £ 88K 0Fn Bed1iSh.
injector configured to receive fuel fromthe fue

storage region and to transnmt fuel in droplet form a
reaction region to recelve fuel fron1the fue
inj tor and reac n e} |oned in
el1 o hBgTOReT et ¢ ERHE TEe TR REN e %%%%m gfperator
to receive_the fuel fromthe fuel I npector,

1s 1285670 r BECT UF R ReI T PR | AP 3 ToieaVR eﬁdve%Eﬁﬁ%l?%d a
the convex end. 16. The system of claim 15, further

Vag¢uegh ueliirig- an engi ne in conmunication with the
reaction region. 17. The system of claim 16, wherein
the engine includes one or nore cylinders. 18. The
system of claim 16, wherein the engine conprises an
eng@ne Sehecsest & odT t dika gt oup, comsisin nghefedginebipetem is
engi ne, a diesel engine, a steamengine, and a gas

in&Ngi&®. 1202 vehicle.

22. A fuel system, comprising:

a fuel injector configured to receive fuel and to
transmit fuel in droplet form;

a reaction region to receive fuél from the fuel injector;

a reaction rod positioned in the reaction region, the
reaction rod having a first fuel receiving end and a second
end opposite the first fuel receiving end;

a first stop positioned at least partially in the
reaction region proximate to the first fuel receiving end of
the reaction rod; and

a second stop positioned at least partially in the
reaction region proximate to the second end of the reaction

rod.

23. The system of claim 22, wherein the first fuel

receiving end of the reaction rod has a convex shape.
21



WD 2004/ 085822 PCT/ US2004/ 008212 19. The system of
claim 17, further conprising a vacuum generator in
wa@eomusgisent i on with the reaction region. 20. TPET/ByEDEMS212
of claim 19, wherein the vacuum generator is selected
fromthe group consisting of a venturi and a vacuum
punp. 21. The system of claim 17, wherein the engine
syst£m iBhei 8¢t tERUof NcBa ¥RN2 8] Bwh@Peih tHE! sEYSHEMNG of
conprising: a fuel injector configured to receive fue

th@nfed &t 5 bA 2RSH lt\aé“@'c&@cé’&é’p%]}%?éprm a reaction
uel f e

region to receive f rom -t uel injector; a

reaction rod positioned in the reaction region, the

.reaction rod having a first fuel receiving end and a
receivin

segggd end 0£$ site the,firstffu I ? end, a . .
first stOp pLrei Shed QY+ ¥ &gt FpartFalfy FrIther comprising:

reaction region proximate to the first_fuel receiving

endoorerahing ehide oRrebet anfiram s cHRL sERPrpdsi ti oned

at least partially in the reaction region proximte

t o thensecontnenthef fuak deerie¢on teod. roact foe sygiem

of claim 22, wherein the first fuel receiving end of
prébEmsieacto on redctihsnarcdnvex shape. 21 WO 2004/ 085822

PCT/ US2004/ 008212

generating energized fuel by transmitting the fuel

droplets past a reaction rod, wherein the reaction rod has a
first convex fuel receiving end and a second concave
transmitting end; and

transmitting the energized fuel to the engine.

26. The method of claim 25, wherein generating energized

fuel comptises electrically transforming the fuel droplets.

27. The method of claim 25, further comprising reducing

the pressure in the reaction region.

28. The method of claim 25, wherein the reaction rod

comprises a magnetically polarizable material.

29. The method of claim 25, wherein the reaction region

is enclosed by a reaction tube.
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24. The system of claim 23, wherein the second end of
the reaction rod has a concave shape. 25. A nethod of
w@emniogisey fuel to an engine, conprising: genECEUSI0G4/008212
fuel droplets froma fuel source; transmtting the
fueBOdr ophetsetiood daclabn 2egi Wherpiwxthat eehotbon tube
reaction.rod; generating energized fuel by
cohp NSEE t4 i Mgghbeityel y 8608k ek spbPashaer €aLt i On rod,
erein the reaction rod has a first convex fue
recei ving end and a second concave transmtting end,
and transmtting the energized fuel to the engi ne. 26.
The net hod of claim 25, wherein generating energized
fuel conprises electrically transform ng the fue
droplets. 27. The nethod of claim 25, further
conprising reducing the pressure in the reaction
region. 28. The nethod of claim 25, wherein the
reaction rod conprises a magnetically polarizable
material. 29. The nethod of claim?25, wherein the
reaction region is enclosed by a reaction tube. 22 WD
2004/ 085822 PCT/ US2004/ 008212 30. The nethod of claim
29, wherein the reaction tube conprises a
magneti-.cally pol arizable material. 23
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