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The prese invention relates to the field of reducing nitrogen OXIde )
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larly to a novel nmeans of adding hydrogen prepared by nmeans of a
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1. Field of the Invention

The present invention relates to the field of
reducing nitrogen oxide emission from internal combustion
engines and turbines, and more particularly to a novel means
of adding hydrogen prepared by means of a novel burner from
a portion or part of the main engine fuel whether it be

gaseous or liquid.

2. Brief Descriptijon of the Prior Art

It is well known that nitrogen oxides (NO,) form
at the high temperatures normally associated with combustion
processes and that operating an engine at lean conditions
with excess air lowers temperature and, therefore, decreases
NO,. However, decades of engine and turbine studies have
shown that ltan combustion limits for all fuels are above
those where NO, emissiops are below specified goals.
Natural gas and gasoline are examples where lean combustion
has been pushed to .its limit and where it has been found
that hydrogen addition increases this limit to where NO,

output is acceptably low. However, means to obtain hydrogen

for this purpose are beset with problems.
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processes ang#fT hat operating an engi ne at | ean condif?ons W t'"h“eXxcess

| oners te rature and, therefore, decreases NJerr]. However, decades of
engi ne turbi ne studi es have shown that |ean conbustion limts for al
fuel s dfe above those where NJerr] eri%sions are bel ow specified goals.
gas and gasol i ne are exanpl es where | ean conbusti on has been

pushed to i1 Ippbbiand 2he' i '9&???89nPLQaneekhgkc?MgEggﬁﬁ A1 on
increases this Iimt to where err output I's acceptably "ow. ver,
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of hydrogesepsr PEQVELRE PNitRI&ihabe ER£FeRd]1 | NhadavycRARALBqLERkWNI Ch can
be extrenely heavy and requires pressurization. As exanples, nethanol,
hydrogen gsrewsmriz@tion. As examples, methanol, hydrogen or ammonium

nitrate can produce hydrogen when added to an engine
combustor. However, these add to the fuel and so feduce the
volumetric storage capacity which lowers overall
performance, and results in complications through use of
secondary materials. Hydrogen stored in the pressurized
container which holds methane (Hythane) can also be used,
but this causes about .75 percent reduced engine range for
each percent hydrogen used because of its very low energy
content on a volumetric basis, and alsc requires special
means to enable safe storage of hydrogen.

A more favorable method to obtain hydrogen is by
properly treating a portion of the main engine fuel itself.
This does not require storing and using a new expendable and
can be accomplishéd with little or no loss of fuel energy.
Hydrogen may be produced from fuels by high-temperature
decomposition, such as those listed in Greiner, U.S. Letters
Patent 4,350,133. The;actual patent discloses a fuel burner
and decomposer combination on which hot gases produced from
the burner.heat a secondary flow of fuel within a heat
exchanger to temperatures where it decomposes of form
hydrogén. It is intended for use with methanol as fuel,
which can uniquely decompose without formation of solid

carbon "scot" which can harm the engine process. The burner
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nmeans to enabl e safe storage of hydrogen. A nore favorable nethod to

obtai n hydrggel irSdly, wHeHEIdthdreidd MyBrd@shi 08 pfodli€edBi nH?&BbQénf uel
itself. This does not require storing and using a new expendable and can
be acconpl i shed alisch Hé tfdaiumedi by assacf ifigietheneugy. witlydwagep sy be
produced fromfuels by high-tenperature deconposition, such as those

listed i n Gpaiodarce HySrdgern etherouddt ent” e 8o5omii3@" pghecess ual Spaheat

di scl oses a fuel burner and deconposer conbination on which hot gases

produced fr pmocelss blhowevematregsisgteshdinvyoIvedy odtdlgtioinéansatbebring
about the water-fuel reaction, a heat input for its
endothermic reaction, stored water or means to obtain it
from the engine exhaust, etc. 1In addition, it often is
difficult to obtain rapid and accurate flow response.
Because of such facﬁors, the reformer process does not lend
itself to an engine process.

The fuel may also be reacted with a deficiency of air
to produce hydrogen. Doing so, however,.is challenging
because the excess fuel is not highly reactive and therefore
difficult to involve in the reaction. For this reason, such
previous processes relied on catalysts and complex hardware,
which tended to make the process virtually unusable. Thus,
Houssman, et al., U.S. Letters Patent 4,033,133 teaches the
use of special high temperature catalyst coupled with
intensive pr&heat of the reactants to combust fuel with air
to produce hydrogen. §uch catalytic devices, by their
nature are complex, difficult to control, and require
undesirably long start-up times. Thus, they do not lend
themselves to an engine process.

Therefore, a long-standing need has existed to provide
a novel apparatus and means for accomplishing a technology

breakthrough for a simple means of producing hydrogen from
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use with nethanol as fuel, which can G%' ( onpose
mation of solid carbon "soot" which can harmthe engine
The burner PCI,US93/ 12576 - 3- of the
nti oned patent cannot efficiently conbust when fuel rich, where
rw se hydrogen is produced. Hydrogen - can al so be produced by
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and accuﬁ&ﬂgﬁchvrbsponse. Because of such factors, the reforner
process does not |end
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defici éncy of air to produce hydrogen. Doi ng so, however, is

chal | engi ng because the excess fuel issmot highly reactive and
therefore difficult to involve in the reaction. For this reason, such
previ ous processes reljed on catal ysts and coipl ex hardwar e, whi ch
tended to make the process virt3IMMARVIOR AHE INVENTION Houssnan, et al .,
U S Letters Patent 4,033,133 teaches the use of special high
tenperature catalyst coupled with . I ntensi ve preheat of the reactants to
conbust fuel wth air to produce hydrogen. Such catal ytic devices, by
their nature ACEEXGHINDY,, dilte iahave RF LumIandfi § }eies are
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hydrocarbons at fuel-rich stoichiometric air/fuel ratios
from 0.3 to 1, which includes a burner having a combustion
chamber properly coupled to a main source of fuel which
includes means for diverting a portion of the main fuel into
the burner along with a portion of the main air so that the
fuel portion and air portion impinge against a first and

- second baffle arrangement whereby impingement thoroughly

mixes the fuel/air combination preparatory for ignition in
the combustion chamber. Ignition means are provided for
exhausting the burned gases from the burner into the
combustion chamber of an engine. The excellent mixing
provided by said impingements results in close to
theoretical equilibration of the fuel-rich reaction, despite
the low reactivity of the excess fuel.

In one Torm of the invention, hydrogen gas is produced
by enpiayinq a portiogﬁof methane gas which is mixed with
the air by the baffle ;ssembly, and in another form of the
invention,lliquid fuel, such as gasoline, is vaporized in a
heat exchanger in the burner combustor prior to mixture with
air in.the baffle assembly for subsequent ignition and

discharge to the engine combustion compartment.
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SUMVARY OF THE | NVENTI ON Accordin&ly, t he above probl ens and
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combusted gases so that hydrogen output is increased.
Therefore, it is among the primary objects of the present
invention to provide a novel burner apparatus for éombusting
air and hydrocarbons at fuel-rich stoichiometric air/fuel
ratios from 0.3 to 1 which incorporates means to intimately
mix the air and fuel vapors prior to injection into a
combustion chamber.

Another object of the present invention is to provide a
novel burner means having intimate premixing of fuel and a
deficiency of air which is achieved by bringing the air and
fuel together in a separate chamber where the flow is
induced to move back and forth via a series of baffle
assemblies preparatory for entering the combustion chamber
where ignition of the mixture occurs. |

Anoﬁher object of the present invention is to provide a
simple burner apparatus for converting a portion of main
engine fuel to hydrogen which is then added to the main fuel
flow to the engine so gs to permit combustion under
conditions where little or reduced.nitrogen oxide is
produced. |

Yet another object is to provide a novel burner
apparatus which is a very simple, non-catalytic burner means
to produce hydrogen from a portion of the main engine fuel

for injection into the main engine combustor with the
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reducing nitrogen oxide in an engine emission which does not

require additives that degrade fuel performance aﬁa which
burner contributes little to engine complexity.

Yet another object of the present invention is to
provide a novel means and apparatus to reduce nitrogen
oxides from internal combustion engines and turbines by
utilization of a simple hydrogen generator fed by a small
portion of main engine fuel whereby the resultant hydrogen
produced is to be co-fired in the engine with the remainder
of the main fuel.

A further object resides in the provision of an
air/fuel mixture pre~heating means so as to provide a higher
combustion temperature to assist the equilibration process.

Another object resides in employment of a pre~heating
means to insure vaporization of liquid fuel with increased
hydrogen output.

Still further, the hydrogen generator employs a pre-
heater means utilizing heat exchanger processing of
combusted éases to increase the temperature of the air/fuel

mixture.
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air/fuel mxtu bef ore conbustion which is based on a at exchange

rel ationship Aith respect to the fully conbusted gases so that hydrogen
output is increased. Therefore, it is anofgyrthe primary objects of the
present//fnventlon to provide a novel burner apparatus for conmbusting air
and hygdrocarbons at fuel-rich stoichionetric alr/fuel ratlos from0.3 to 1
whi ch”i ncor por at es neans t @RIEH RBESARIPTHEGN (G T 2353 ed  vapors prior
to-injection into a conbustion chamnber. Another object of the
present invention is to provide a novel burner neans having intimte

rem xi ng of fuel and eficiepcy of air which is achieved by bringin
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Anot her ~obj ecgp;s%n&@s PIEBED! | PHELLOMhE 1AVBREYLAS Botn as to its

organization and manner of operation, together with further

objects and advantages thereof, may best be understood with
reference to the following description, taken in connection
with the accompanying drawings in which:

FIGURE 1 is a schematic drawing of a combustion engine
incorporating the novel hydrogen generation means of the
present invention effective to reduce nitrogen oxide in the
engine emissions;

"FIGURE 2 is an enlarged diagrammatic view in section
illustrating the novel burner means employed in the engine
system shown in FIGURE 1 for hydrogen generation;

FIGURES 3 and 3A are diagrammatic sectional views of
the hydrogen generator employing a pre-heater means using
heat exchange principles;

PIGURE 8 is a chart pertaining to factors contributing
to nitrogen oxide formgtion involving reaction between
methane (CH,) and air (% + 4N,);

FIGURE 5 is a chart similar to the chart of FIGURE 4
involving the decomposition of methane at various
temperatures based on equilibrium species per mole of

methane;
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present invepit@g.is to provide a hydrogen generator for use in connection
with reducing nifrogen oxide in an engine enission which does not

FIGURE 7 is a chart which amplifies the section of
FIGURE 6 below a ratio of 1; and
FIGURE 8 is a chart including experimental points for a

methane-air burner where luminescent carbon appears.
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require additives at degrade fuel performance and which burner
contributes littfe to engine conplexity. Yet anot her object of the

pr esent inyenfion is to provide a novel «ans and apparatus to reduce
nitrogen .-oxides frominternal conbustion engines and turbines by
utiIL/afron of a sinple hydrogen generator fed by a small portron of main
engi fuel whereby rhRESCRIPE j REFERREDJEMBO i
the engine with the r emai nder of the main fuel. A further obj ect
Tesides in the provision of an air/fuel mixture pre-heating means so as to
provide a higher _conbustion tenperature to assist the equilibration
process. AnoRRpEershpgctor EIGHRE iln emFicheRattli ofl dysteateien nis neans
to insure vaporization of liquid fuel with increased hydrogen output.

Still furthePreFﬁEthYBPBQéﬁ @EHSFé@oﬁ°eﬁﬁﬁﬁﬁ§%ﬁﬁﬁw§-cQﬂﬁﬁQﬁlqﬁﬁ%r

utilizing heat exchanger pr.ocessin conbusted gases to increase the

t enper at ur e cpmbustieR, epginefavd g an exhaust 11 which normally emits

gases having a high level of nitrogen oxide, as wéll as

other contaminants. However, by employment of the present
invention, these contaminants are greatly reduced or
eliminated. The engine 10 includes a manifold 12 into which
engine fuel from a storage tank 13 is introduced to the
engine main combustion chamber. The fuel contained within

~tank 13 is mainly introduced to the manifold 12 through a
carburetor 14 via a regulating valve 15 connected to a main
fuel line 16. Ambient air is introduced to the carburetor
for mixture with the main fuel éupply via a valve 17 and an
air inlet 18. Thus, it can be seen that the combustion
engine 10 is employed with fuel from tank 13 via the
carburetor 14 wherein the main fuel supply is mixed with air
according to a proper ratio to permit efficient combustion
in the engine 10.

Hovever, the conventional system described is enhanced
by utilization of the hovel burner apparatus of the present
invention, 'indicated in the general direction of arrow 20
which may be referred to as a hydrogen generator for
supplying a hydrogen vapor to the manifold 12 in order to
reduce or eliminate nitrogen oxide in the combustion engine

exhaust. It can be seen in FIGURE 1 that the hydrogen
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The features of the present invention which are believed to be novel are
set forth with particularity in the apperded clains. The present

i nvention, both as to its organization and nmanner of operation, together

with further objects and advant ages thereaof, my, best be, upderstood with
ref erence togteﬁgr qrdvmlﬁ’gjhtﬁ?stﬁqa Y Srmeradefin HrithrR} Wt th 2he

i ng_dr awi i n,whi ch: FI GURE 1 i hematic_ dr awj f
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em ssi ons; enl arde agranmatl c vi'e

I Tustrati ngniRe QeKe g M riorBANTHPRIGH & VA1 Jd'© £N9i1he 24 connects
the valve 23 with the generator 21.

Referring now in detail to FIGURE 2, the hydf;gen
generator 21 includes a housing having an internal
combustion chamber 25 in which the hydrogen generating means
are located. When the main fuel is a gas, such as methane,
a portion of the gas is introduced via line 24 in
combination with air supplied via line 26 so that the
gas/air is initially combined in a tube 27 within the
combustion chamber 25. The tube 27 is open-ended so that
the combined gas/air is directed towards a baffle 28 carried
on the end of a cup 30. The combined gas/air impinges
against the baffle 28, as indicated by the flow of arrows
such that the flow is reversed upon itself and exits through
the open end of the cup 30, indicated by numeral 31. The
two streams of air and gas move together through the tube 27
so as-Ep £indlly exit inside the cup 30 where the streams
impin§;-on the baffle 38. This causes flow direction
changes, first 90 degrees radially outward and then 90
degrees to‘the opening 31. This process induces mixtgre of
the air and gas. The reversed flow exits the cup at the
orificé or opening 31 and immediately impinges on the end of
the burn wall, indicated by numeral 32, serving as a second

baffle where the flow is again abruptly caused to move at
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system shown in B RE 1 for hydrogen generation; FI GURES 3 and 3A
are di agrammat .€ sectional views of the hydrogen generator enploying a
pre-heater neans using heat exchange leﬁ%fﬂes; FIGURE 4 is a chart
pertainin o factors contributing to nitrogen oxide formation involving

etween nethgpe (CH4) and air ([err] + 4Nerr]); FI GURE 5
art si gukeessd viehe igh tarff1 e ‘&idqﬁvﬂlﬂﬁ&tﬂlﬁ;ﬁe&pwétlon of
met hbne at various tenperatures based on equilibrium species per nole of
mef hane; thorobghlySHIxkd gas and air is now within the -dombustion
FIGURE 6 is a chart presenting further information on nmmjor species at
equi l'i bri um vehamdeai 25f utler®lioi dynditdion &f rAid dixed gddddRhy gases chart
whi ch anplifies the section of

already burning in the burner combustion chamber takes

reactio
is a

place. The initial ignition of the first entry of unignited
gases occurs upon operation of a spark plug 34 haéing its
electrodes within the combustion chamber 25. The flame
continues through the burner and finally exits at a
discharge duct 35 from which it is introduced to the

! combustion chamber of the engine 10.

In another instance, when the main fuel is a liquid,

such as gasoline, the fuel is introduced through a line 36
and moves through the heat exchanger coils 33. Heat from
thé burning gases is properly exchanged to the liquid fuel

causing it to vaporize. The latter vaporized gases then

pass through a tube 37 eventually being conducted through

openings, such as opening 38, where the gases meeting
oncoming air in the line 26 with resultant consequences as
described immediately above.

!!f-rring now in detail to FIGURE 3, a fuel pre-heating
arranﬁinnnt is illustrjted. The hydrogen generator 20
includes a housing 21 having an internal combustion chamber
25 in which the hydrogen generator means are located. The
main fuel, liquid or gas, is introduc;d in the combustion
chamber 25 via an input fuel Iine 39 so that the gas/air
mixture is initially combined in spiral tube 41. Tube 41 is

in heat exchange relationship with the hot gases 31 formed
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experinental potrnts for a nethane-air burner where | um nescent carbon
appears. .~ -10- _ DESCRI PTI ON OF THE PREFERRED EMBODI MENT
Referring to FIGURE 1, a schematic illusttation is present wherein nuneral
10 represSents a conventional conbustion engine having an exhaust 11 which
normal Ty emits ases—~having a high | evel of nitrogen oxide, as well as
ot her cont an’rr?la‘f'ﬁﬁ.cm\B%Er 25y BfDI SIMBHETHPN RBSprakent PLacfent iTRe t hese
conta TN Shedk YR ERLEE ol ensthTROot Al FhE FRURRRAC TS
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insures vaporization of the liquid fuel. The length of
tubing required for such heating effects virtually completes
thorough mixing of the air/fuel mixture in the tub; 41. A
tube 43 is attached to tube 41 having an open end 42 located
in close proximity to the insulated housing end plate 32.
The pre-heated and pre-mixed mixture impinges upon end plate
32 and travels along the plate 32 to the corners of the
housing where the flow abruptly is changed 90° to further
enhance the mixing of the vapors and gases. The thoroughly
mixed gases are then ignited by spark ignitor 34. After
initial ignition, spark ignition 34 may be turned off and
ignition will occur as the gases exiting tube opening 42
contact the burning flame. Opening 42 at the end of tube 43
is dimensioned so that the gas mixture exits at a linear
flow rate greater than its burning rate so ignition does not
flash back into the tube. The embodiment of FIGURE 3
includes means for pre-heating the air/fuel mixture prior to
combustion. This resujlts in a higher combustion temperature
which aids the equilibration process, especially with regard
to the unoxidized fuel fragments. A cup, such as cup 31 in
FIGURE 2, may be used for further mixing if separate pre-
heater devices are used for the air/fuel mixture.

Because normal burners have an excess of very reactive

air, it is no real chore to bring about efficient reaction.
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carburetor 14 via a__.-?e/g/ul ating val ve 15 connected to a EQWUHJe? Lihet 671 0O
Anbient air is introduced to the carburetor for mxture with the main fue
supply via a valve 17 and an air inlet 18. .JQus, it can be seen that the
conbustion engine 10 is enployed with fuel fromtank 13 via the
carburetor 14 wherein the main fuel supply is mxed with air according to
a proper ratio The pEmvefft véi suenér coabust depicientheoengipne $0. its
Movever, the conventional system described is enhanced by utilization of
t he novel burnereappiomtoccwrst i fwesstepsi nvEhei ddrstndscakédatdiohhef
general direction of arrow 20 which may be referred to as a hydrogen
generator for pAamplgfnghe fyel ogeth vapbrthe tkpgaanptekdnt? whichdercues
reduce or elimnate nitrogen oxide in the conbustion engine exhaust. It
can be seen in WitURFoad (e icieney dregpse of the intrinsic reactivity of

oxygen. The second is decomposition of the unreacted excess
fuel on absorbing heat provided from the oxidation reaction.
Since fuels are inherently stable, thermal decomposition to

equilibrium products is difficult to achieve. Instead, it

At e rm e nma - e

generally leads to partially decomposed fuel fragments,

including some original fuel. This does not provide the
theoretical equilibrium products which are needed.

FIGURE 3A illustrates a modified pre-heater with the
addition of an exit tube 70 over the exhaust 42 so that
gases exist via a horizontal slit 71 at the top and then
curve towards the end wall. This curve is known as a
"Coanda" curve. The combination causes the flow to bend
over and follow down the outside of the attached tube. The
Coanda device is used to induct air from the surroundings
into the lamina made by a smaller flow of air pumped into
the Coanda. ~Up to 100 times the air flow can be so educted.
Using this in the burﬁfr will cause circulation of the
burning gases, which decreases the length of the combustion
chamber.

The inventive concept shows that equilibration in
excess~fuel burners is achieved if the air and fuel are very
homogeneously mixed prior to ignition. Apparently, within

this intimate mixture, heat supplied from oxidation of part
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fuel supply by g
which is coupld to the hydrogen generator 21 through a valve 23. Line 24
connects t valve 23 with the generator 21. Referring now in det ai
to FIGURE Z, the hydrogen generator 21 ingudes a housing having an

i nternal ~ combustion chanber 25 in which the hydrogen generating neans are
| ocat ed” When the main-fuel is a gas, such as nethane, a portion of the
gas is introdficedevifaelli ie 24muntanedislat iapsorbdd Ay Wirgddwst Viwel i e 26
so that the gas/air is initially conbined in a tube 27 within the

hbust i on chamédiage. cdheéatthewRichs theen dendietampddentto terp chitt el
as/air is directed towards a baffle 28 carried on the end of a cup 30.

" The conbi nedpyaduats.i npi nges against the baffle 28, as indicated by the
flow of arrows such that the flowis reversed upon itself and exits

‘through the openTRAS éntimateuprevixing d& aghieviedrdyalbringinge thevair
streans of air _and %as nove together through the tube 27

and fuel together in a separate chamber, where the flow is
made to move back and forth. This intimate mixtuf; then
enters the combustion chamber wherein ignition occurs. It
is necessary that burning does not travel back into the
mixing chamber, despite the burning gases at their exit,
which normally is an excellent ignition source.
This is prevented by the velocity of the stream that

" leaves the mixing chamber, taking advantage of the fact that
the rate of burning through a mixture of fuel and air occurs
at a finite rate. Thus, if the burning rate is 1 ft./sec.,
then the gas mixture exiting the mixing chamber must travel
at a higher rate. Otherwise, the burning gases in the
burner would cause a burning lamina to travel back into the
mixing chamber, which would be destructive.

The dimension of the burner 21 in inches used is:

I.D. Insulated Burner 21 5.373
Diameter of Cup 3§ 1
Height of cup 30 1
Distaﬁce betweéen Cup 30 and Rear Wall 32 0.875
Diameter Tube 26 : 0.5

Distance from end of Tube 26 and
Bottom 28 of Cup 30 0.75

No Annulus or other hardware added to
Orifice 31

' b | 21, i lied with ' foth
3%?70%/ gugﬁ):ss | i nlaszzupgolnﬁec}t,med tg %ﬁ{/tﬁﬁe% /SLLE“‘; 76
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so as to finally/exit inside the cup 30 where the streans inpinge on the
baffle 18. This causes flow direction changes, first 90 degrees radially
outward and then 90 degrees to the openi-nig-31. Thi s process induces
m xture of the air and gas. The reversed flow exits the cup at the
orifice or opening 31l.and i nmedi ately inpinges on the end of the burn
wal |, indi cafeombyheuabeuke, 32hesennuigsashats eedsd theaffflow Virmme niweidd ow
is again abruptly caused to nove at successi ve right angl es
produci ng f uehamberi xhhg. bThnert kbaobehl Pasi Led®.gaf And and iIs howfna 4 n
the conbustion chanber 25 wherein igpition of the, m xed gases by gases
al ready burrfPgits 2Re2pulnetsScofBudfi o?F ch@fbirftakeFuet A5 FIREPWS i al

ignition of the first entrz of wunignited gases occurs upon operation of a
spark pl ug §H3$Eﬁmﬁg $Psd Prevaporlzing asSembly was not used. Oxidizer

was laboratory air taken from compressor at maximum pressure
of 50 psigqg. |

The linear flow, LF, in ft. at the annulus was
estimated from the air flow, AF, and fuel flow, FF, both in
standard cubic feet per hour (SCFH) at the temperature and
pressure, and the area, A, using,

LF = (AF + FF) / (A x 3600).
Flow data from the tests at minimum and maximum flows,

and as derived therefrom are in the following table:

Test Flow Rates
ft3hr ft/sec
FF AF Total LF
Min 20.75 105.2 126.0 8.53
Max 39.2 219.1 258.3 17.5

Linear burning rates for air-fuel mixtures can be found in
standard engineering texts, such as the "Chemical Engineers'
Handbook", John H. Pergy, Editor (1963). These vary from
about 1 ft/sec for most fuels to maximum of about 8 for
hydrogen.

The linear burning rates in the table always exceed the
linear.burning velocity of the air-fuel mixture, so flash
back burning into the mixing hardware was not likely, and it

was not found. Had problems occurred due to too low a gas



el ef-:.trodes Wi Mﬂﬁfe conbusti on chanber 25. The fIarrePOC%Q'\?\HSgE%S}t ?;fugfs 76

the burner andstfinally exits at a discharge duct 35 f
i ntr-oduced t@ the conbustion chanber of the engine 10. | n anot her
i nstance, when the main fuel is a liquid, _such as gasoline, the fuel is
introducgﬂ through a line 36 and noves t%ﬁbugh t he heat exchanger coils
33. Heat from the burning gases is properly .exchanged to the liquid fuel
using it ¥ﬁ$ rj ze, The ter i e t hroygh a
37 eveh’%&al %yﬂe?r?&-gglor‘# Sltc]tdgfﬁvtﬂ%%g% o%gﬁ?ig%&%%clﬁggésOpgn?gﬁe%,
re the gg %grﬂ?gyé@& ‘Gﬂﬁ ' idad | | r I t
onsequences%'as escri be |%nmhg’|q’£e§eyérgbéo%%ﬂ£ g&%\#%l?eri%g&ﬁidgvgrn det ai |
to FI GURE 3gxpefri@nddl dralieaiond tHiIANIe Brlvdrit 'élléisﬁfﬂéé;@datTP&Qgédroge“
na

generator 20 “includes a housing 21 having an inter combustion chanber
25 in whi chabdethygnogte atadl Ain@aN o rEidd el audeee R Padiehi-
liquid or gas, is introduced in the combustion chanmber 25 via an input
fuel line 3%rapplihgt effecathaitr inhibits ignition.

Factors Contributing to NO Formatjon
FIGURE 3 is constructed from data calculated by the

chemical equilibrium program for reaction between methane
(CH,) and air (°2 + 4N,),
(1a) (%, + &Ny,
where n is stoichiometric ratio. At n = 1, the air contains
just sufficient oxygen to react with all carbon and hydrogen
atoms, producing carbon dioxide (CO,) and water (H,0) in the
ratio,
(1b) co, + H,0.
The lower curve of FIGURE 3 is volume percent NO, in the
combustion mix, the upper curve is equilibrium reaction
temperature in °F (divided by 10* to fit the ordinate), and
the slant line from the origin is air/fuel ratio by weight
(divided by 100). i

Results show that temperature and excess air effect the
formation of NO,, which peaks just beyond the stoichiometric
ratio of 1, where the air/fuel ratio is about 12. This is
near the conditions where many engine combustors operate.
At stoichiometric ratios greater than two, NO, is

substantially diminished, as temperature drastically

»~



mixture is initi aﬁl)y%onbi ned in spiral tube 41. Tube g Tg g nyhgay ]_2 5 76

exchange rel atiorfship with the hot gases 31 forned

PCT/-US 93/ 12576 -13- in the chanber 25 after
combustion. has taken place. The tube is_pf_sufficient |length so that the
internal AAir/fuel mxture is heated within the range of 500 to 1000F,

whi ch_~1 nsures vaporigzation of the liquid fuel. The I ength of tubing

required foraadedadest i nonhefdeep sueirtaelbyisonpbateso bbogeuahelfi.xi ng of
the air/fuel mxture in the tube 41. A tube 43 is attached to tube 41

havi ng an oefactical ¢@5&t béncé Nhes ositown oxhatt MetRahbecorduktisepodelsi N9
end plate 32. The pre-heated and pre-m xed m xture inpinges upon end plate
32 and travelt tHeonprtter thige 82r+fuéheraviosrshetet No, iwubowg ahdre the
flow abruptly is changed 90[err] to further enhance the m xing of the
vapors and ddsss.tHim ¢anrbegheyed ed by gadésngr ant Appropriiate bBypospdr lof
ignitor 34. After

hydrogen.

Hydrogen Production Using a Burner

Two means of producing hydrogen from fuels generally
using a burner are discussed below. The hydrogen so
produced would be co-injected into the engine combustion

chamber with the remainder of the fuel.

1. ogen Produced b herma c ition o
Methane '

The CH, molecule contains, in effect, two moles of
hydrogen per atom of carbon, so the fuel is a candidate as
hydrogen source. On the other hand, its hydrogen content is
only 25% by weight, with the remaining 75% being solid
carbon. Complete reaction is,

(2) CH = cC(,) + 2 H

FIGURE 4 has equilibrium data on the above reaction at
various temperatures, talculated with the theoretical
program. In this analysis, only methane (CH,), solid carbon

(C(,)), and hydrogen were included.

At above 700°F, notable dissociation occurs,
approaching 50% at 1000° and 100% at 1500°F. Each mole of

hydrogen is accompanied by 0.5 moles of carbon.



initial ignitionf/;;ark ignition 34 may be turned off and ignition wll

occur .as the

gases exiting tube opening 4219eontact the burning flane.

pening 42 at the end of tube 43 is dinensioned so that the gas m xture

exits at a li

not flash back into t

near floywrate greater than its burning rate so ignition does
M%é@nqﬁeSM%dth%ﬁtdéFSFGG@REOB appEraddd ngeans

for pre-heating the air/fuel m xture prior to conbustion. This results in

a hi gher comfEt)oPRARA XeFeiremi the afuelt RaseqtRFPEERt SBRCHAdCesS,

especially w

th regard to the unoxidized fuel fragnents. A cup, such as
PSPt Dl Re e e st LYSich! BE0FRLR05A, BPL or o,
heat er devic re used f jr/fuel m xture. Because nor mal
bur ners have%%ﬁa§&§££?Qﬁé%¥é£E¥€%%tive air, it is no real chore to bring
about efficient reacti : : . -14-
I nventive burner has a (ﬁﬁ?ge%EEP%fl%jF?q%%F??sto heat the metfiane ;gﬁ

effect dissociation at the given conditions. Such data are
in the curve labeled kWT-hr/lb. To refer this to an
automobile, preliminary assumptions were made of 20 miles/§
l1b. of methane (at, say, 60 mph) and need for 10% by volume
of hydrogen to improve engine emissions. Results for these
conditions are in the-curve labeled kWT (multiplied by 10 to
fit the ordinate). As an example, if decomposition by
heating to 1000°F is called for, where one mole of methane
converts to one of hydrogen, there is a continuous need for
.016 kW thermal, or 16 watts.

If the latter energy is supplied electrically from
the auto alternator, various inefficiencies would result in
a 6-fold drain to the engine or about 100 watts, if the
energy is from a battery recharged by the engine. This
enerqg:wouldaadd to the other electrical needs of the engine
and heat transfer from‘electrical heaters is difficult to
carry out. |

| Energy for the process may be supplied by a
separate burner, as in Greiner, U.S. Letters Patent
4,350,133. Here, energy from hot burner gases produced by
burning some of the fuel is used to heat anoth;r portion of

fuel in a separate heat exchanger to decomposition



reaction occurs in two steps. The first is oxidation of part of the fuel
with all the oxygen present, which occurs wth good efficiency because of
the intrinsic reactivity of oxygen. The sed@®m is deconposition of the
unreacted excess fuel on absorbing heat provided fromthe oxidation
reaction. Since fueliggre i nherently stable, thernal decoqgosition to

equilibriunlprEﬁHBF§ai 8irf pRQuithe; gases dFem |tha @xFhangerydhian passeddso
oes not - pr ovi Bt RESLARAor Ehe: PeBG BHFHET A AARAR A SHNAUS Sl (FRRIHE ng
FIGURE 3A il f h f

fube 70 over the SpRRgY, THSsEh°FalpRnlitet nlied ditbudted itk Fhe™7i
at the top and Sgﬁﬂt 89 Ve ntRALES f'blileug%dw war%e%%o UTE fiay dd%’r‘?%v?“

" Coanda" CUI‘VE € Co |nat|on causes en over a

doun 1 UL s GhekPouB g bu T Shptdn B 0 ko gt
punped into the coanda.thie terh8Pibh"BE Lherdn' vy AWsERR iR i WRELM.
fuels which are not methanol results in severe handicaps.
Most important, as a solid carbon can severely clog various
engine parts. Also as a solid, it is difficult to burn
which reduces the energy output of the engine.

The overall conclusion is that formation of
hydrogen by thermal dissociation of fuels for subsequent
injection into an engine is fraught with problems. These
are overcome by the alternative method of producing hydrogen

by reaction of fuel in a burner at sub-stoichiometric

at/fuel ratio, as next discussed.

. Hyd Prod i bv_Sub-stoichi tric Air/Fuel
: Reaction

Further information on major species theoretically
formed in afLurner at equilibrium vs. stoichiometric ratio
is given in FIGURES 5%nd 6. (Nitrogen and oxygen are not
shown since they are not important to the analysis and their
high concentrations overpoﬁer those of the other species.)
FIGURE 6 amplifies the data below a ratio of 1. Note that
above a ratio of about 0.4, aﬁout 1.55 moles of hydrogen
form per mole of methane, while carbon does not form. This

suggests that if a combustion technique could be developed



Using this in thegs#®ner will cause circulation of the burning gases,

whi ch decreases the I ength of the conbustd2as chanber. The inventive
concept shows that equilibration in excess-fuel burners is achieved if the
air and fuel are very honogeneously m xed prior to ignition. Apparently,

wi thin thistpnatkadie Tavisuequidar ismplitewdulsinnet kadwirofarpaxternal
PCT/ US 93/ 12576 . -15- of the fuel is

si mul t aneousP§2ibdBPHEd FRptadyssst 8 Fpacial heate@X¥ARRnNIHmeANs wanrd t hen

do deconpose 53 e?uLIibriun1 %noducts. This intinmate prem xing is
achi eved by Brin§fngdBhECRPNSTIRG PHOAUCSFe RS Passsdithattdie RidbiRe to
where the flow.is, nags to gnve back.and forth. This intimate m xture then
enters the cBABABEFEn “RPRARBEr SRAEREI AOCFRSti on occurs. It

EXPERIMENTAL RESULTS

The ability of the instant burner to attain theoretical
equilibration at sub-stoichiometric ratios required to
attain the process goals of no carbon was experimentally
ascertained by operating the burner whose design and
dimensions have previously been given, using methane as
fuel. Visual observations were made of the sudden
disappearance and reappearance of incandescent carbon as the
actual stoichiometric ratios are also drawn on the Figure.
The points all fall on the line for stoichiometric ratio of
0.45, which is where theory predicts formation of carbon.
Conservation of mass requires that the remaining species,
including hydrogen, essentially also follows the theoretical
predictions.

While particular embocdiments of the present invention
have been shown and deicribed, it will be obvious to those
skilled in the art that changes and modifications may be
made without departing from this invention in its broader
aspects and, therefore, the aim in the appended claims is to
cover all such changes and modifications as fall within the

true spirit and scope of this invention.



S ﬁécessary t hag~burni ng does not travel back into the m xing chanber,

despite the burning gases at their exit,=2&hich nornall

i gni.tion source. This is prevented by the vel oci t\ﬂmm mmﬁmm"hat
| eaves the m xi ng chapber, taking advantage of the fact iy e «Oof
burni ng through a m xture of fuel and a$¥§%%§urs at afinite rate. Thus,

If the burning rate is 1 ft./sec., then the gas mxture exiting the m xi ng

chanber nust travel at a higher rate. O herw se, the burning gases in the

burner would cause a | .Ng; ] t [ay. ack | he_, m xi ng

chanber . whi ch we d o R eR A | Cohb LR PARE PR KL )

I nches used ;s ] ; ner 21 5.373

Di anet er of 1g§zgo§r§mer{t théﬁ%@&ﬁdl&g, 1 Hei ght of Cup 30

1 Di stance betweg diitheld mdlthfefsr Wbhbdet ing air0a§35rr;f¥dr c%g%%er
0.5 end o ube

Tube 26 D Stance fro
26 and at rudiOBrR&idAibmdric air/fuel ratios from0a7% to 1 to
provide air/fuel vapors;
said burner means includes a mixer means
intimately combining said air/fuel vapors for injection into
said internal combustion apparatus;
said burner includes a combustion chamber having
an inlet means for receiving a supply of fuel and air;
a pre-heater means for heating the supply of fuel
and air;
said mixer means includes a baffle wall disposed
in said burner means combustion chamber for receiving said
pre-heated and combined air/fuel supply in forced
impingement relationship to create a mixed vapor; and
| said baffle wall receiving and re-directing said
pre~heated and combined air/fuel mixture within said

combustion chamber to further blend said air/fuel mixture.
$

2. The invention as defined in Claim 1 wherein:
said mixture means includes a tubular coil for
receiving and mixing said air/fuel supply; and
| said pre~heater means constitutes a heat exchanger

employing combusted gases in said combustion chambers to be

This Sheet Has Been Replaced
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No Annul us or omm ﬁﬂ““!ﬂﬂﬁl&ﬂ dto Oifice 31
- 16- From t he L us that sepg-the flow fromm xing chanber

<

into burner chanmber has OD. of 1.0 and |I.D. of 0.5,

2 2 soits area, A is .59 in or .0041 ft . Fuel was gaseous
met hane, so agndwcpedTadngcanseshlig wabular vedéd. toOriadiszerthenas

| aboratory air taken from conpressor at maxi num pressure of 50 psig.

The linear fltamperatupefof saidhaimpfukilsmiksuresprepaszdtorymtcherdiering
flow, AF, and fuel flow, FF, both in standard cubic feet per hour (SCFH)
at the tenpersdiff CapeMsShieRsghambend the area, A using, LF =
(AF + FF) / (A x 3600). Flow data fromthe tests at m ni nrum and
maxi mrum fl ows, and as derived therefromare in the follow ng table:

3. The invention as defined in Claim 2 wherein:
said coil terminates in an exit tube opening

immediately adjacent to said baffle wall.

4. The invention as defined in Claim 3 wherein:
each coil is of sufficient length so that the
internal air/fuel mixture is heated within the range of 500°

to 1000°F.

- 5. In an internal combustion appératus,lthe
improvement which comprises:

a burner means for combusting air and hydrocarbons
at fuel-rich stoichmetric air/fuel ratios from 0.3 to 1 to
provide air/fuel vapors; and

said burner means includes a mixer means
intimately cembining said air/fuel vapors for injection into

said internal combustign apparatus.

6. The invention as defined in Claim 5 including:
means for preventing flame flash back into said

air/fuel mixer means.

7. The invention as defined in Claim 6 wherein:

This Sheet Has Been Replaced
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y il FUtiue 77 144 10

Test ' m [m 'int es ft3hr
f22)/ igc 105. 2||!||“c| IHIILl “erE!sol * A 543 To"tvgl( Iég 2 Mo
219.1 258. 3 17.5 Linear burning rates for air-fuel

m xtures can be found in standard engineering texts, such as the "Chem cal
Engi neers' Handbook"ssal@hbudndzerinsludlid of 4didd8t iod hesember Yha v 0y
about 1 ft/sec for nost fuels to maxi mum of about 8 for hydrogen.
The |inear anrdnletr aieans Ifdrhedoadilvd my emarmatceeshpbry ©6f nfael bandi ng
velocity of the air-fuel mixture, so flash back burning into the mixing
har dwar e waaimet ahidkely, and it was not found. Had probl ens occurred due
to too | ow a gas PCT/ US 93/ 12576
-17  velocity, whichs@dd mixer means darlyudes rerbagtle assenhly

disposed in said burner means combustion chamber for

receiving said combined air/fuel supply in forced -

impingement relationship to create a mixed vapor.

8. The invention as defined in Claim 7 wherein:
said baffle assembly includes a cup-like member
having a wall adapted to interfere with flow of said
combined air/fuel mixture to blend said mixture and redirect
the flow; and
said burner means having a back wall for receiving
said redirected mixture flow adapted to further blend said

air/fuel mixture.

9. The inveﬁtion as defined in Claim 8 including:
said burner means having an ignition means
adjacgpt to said mixer means for selectively igniting said
air/té%i mixture. N
10. The invention as defined in Claim 9 including:
heat exchanger means disposed in said burner means
combustion chamber for vaporizing liquid fuel;
a source of liquid fuel operably connected to said

heat exchanger means.

This Sheet Has Been Replaced
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nmet al scr en attached over the annulus. Experience has

shown t hi iﬂnnﬂ hback at rates about 2/3 the actual I|inear

bur ni ng el asr Ical- trapping effect that inhibits ignition.

Factors Cbntrlbutlng to NJ err] For mat i o 2>~ FIGURE 3 is constructed
from dat a calculated by the chem cal eqU|I|briun1progran1for reaction

bet ween net hane ([ecLr rr:]

):‘/S st oi chiometric rat [ 8%?’%{%: = f%rr edéllcr N%g létl)rr?sgqj us’{l?de F9¢ en)f'\{%'(%
0 react wt a n % 9;(1
(Cgerr]) an§m3§§8§ ? %)% n ?ﬁgEﬂggtﬁgﬂH%%ﬁbawﬁg¥#a éﬁ%%g) OiRT
curve of FIGURE 3 is vglﬁggnpghgqnguy?h?r in the conbustlon m X, the
upper curve is equilibriumreaction nperature in[err]F (d|V|ded by
10[err] to fit the ordanatg), sapglyt;he slant line fromthe originis

air/fuel ratio by weight
a burner means operably coupled to said fuel

supply and said air supply for receiving a portioﬂ;of said
main fuel and air in close proximity within said burner
means;

mixer means carried in said burner for thoroughly
combining said fuel and said air together to form a blend;
and

ignition means secured to said burner for igniting
said fuel/air blend for discharge into said internal

combustion power source.

12. The invention as defined in Claim 11 wherein:
said mixer means includes spaced-apart walls
having a first wall adapted to receive impinging fuel
portion and air flow adapted to achieve flow reversal to a
second wall -adapted to receive and redirect impinging fuel
porti;; and air flow 59 produce a thorough mixture of said

fuel/air flow.

13. The invention as dgfined in Claim 12 wherein:

said fuel is in a gaseous state.

14. The invention as defined in Claim 13 including:

This Sheet Has Been Replaced
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(divided by 100). Resul ts show that tenperature S alr effect
the formation of NJerr], which peaks jusig-beyond thémﬂ{) t'j
ratio of 1, where the air/fuel ratio is about 12. Thi

condi tions where many engi ne conbustors operate. At st0|ch|onetr|c ratlos

greater than two, N(J eerfouscesualistaguiidl Ifnedi;m ni shed, as tenperature
drastically PCT/ US 93/ 12576

- 18- decreases. The heatfesthanges meaakbodispOsed dnesadd buPmzct imesmns
experience has shown that methane conbusts poorly at the latter high
air-fuel ratfes neeetvimpernfi vappohzingdsaidatignild S¥elbe renedi ed by
addi ng an appropri ate anount of - hydrogen. Hydr ogen Production
Usi ng a Bur ner

15. The invention as defined in Claim 14 including:
means in said burner means to prevent ighition of

said air/fuel mixture in said mixer means.

16. The invention as defined in Claim 15 including:
means in said mixer means for inducing sudden flow

reversals of said fuel/air mixture.

17. A method of reducing NO, contaminants in an

internal combustion power source comprising the steps of:

withdrawing a portion of fuel from a main fuel
source;

introducing a quantity of air with said portion of
fuel to produce an air/fuel flow;

conducting said air/fuel flow into a mixing
assenb;y by forcibly urging said air/fuel flow into
engag.i.nt with walls c;using flow reversal and thorough
mixing of air and fueljio produce a combustible vapor;

igniting said combustible vapor in a burner
chamber to produce combustion products; and

exhausting said combustion product from the burner

into the combustion power source for mixing with main fuel.

is Sheet Has Been Replaced TG B
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Two rr;:ans of leﬂmn‘wmmmn fromfuels generally wusing a burner are

di scussed bel ow. ydr egem so produced woul d be co-injected into the
engi ne conbustion chanber with the renai r@d~ of the fuel. 1.

Hydr ogen Produced by Thermal Deconposition of Met hane

The CH[err] nolecule contains, in effect, two noles of _hydrogen per atom
of carbon, so the t8el FReameshafdasedgs inefdidy&d adduide WHEF &Y ot her

hangsy its hydrogen content .i s _onlﬁ 5?6b% wei ght , mﬁth,%he remai ni ng 75%
¥hg solid carbon. Cofipt@tBatBafle nlﬁs,etP?%e eAce St S38R9g) + 2
err]. FIGURE 4,_bhas e%ué%iﬁt%ﬁn1data on tgg aboye reaction at various

t enper at ur es, t e r ysi s,

1g9f B4R SAURETHIPAE VARBF ePFESNCSS SYFERISM VAR L9 ysi
only net hane C;?%! |} n 4 ) hydrogen were incl uded.

At above 700[é%r ,rigtgﬂ?éaéggsggﬁéﬁggéggéc8?%2% Ségfggéhing 50% at

1000[ err] and 100% at 1500[err]F. Each nole of

19. The method as defined in Claim 18 including the
step of:
introducing air and fuel portion vapors into the

mixing assembly where said vapors are produced in a heat

exchanger converting liquid fuel into said vapors.

20. The method as defined in Claim 19 including the
step of:
preventing flash back ignition if said air/fuel

mixture is in the mixing assembly.

21. The method as defined in Claim 17 wherein:
said main fuel is selected from a group of liquid

hydrocarbons including gasoline and diesel.

THIS SHEET HAS BEEN
REPLACED
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7
hydr ogen is accoqpéﬁied by 0.5 noles of carbon.
-19- Experi ence shows that dissociation approaching
equilibration requires the fuel pass through special catalysts while being
heat ed, which represents an engi neering-2&npl exity. Ener gy
input is required to heat the nethane and effect dissociation at the given
conditions. Such data_are in the curve Iabeled kVW hr/lb. To refer this to
an autonobile, prelimnary oABSH RF \ = 28 niles/6 |b. of
nmet hane (at, say, 60 nph) and need for 0@6by volune of hydrogen to
» nprove engi ne em ssi ons. Results for these conditions are in the curve

| abel ed kWP | t.i pl by 10 fit di le, I
dgcgn305|t|ognﬂy dpar ‘ﬁytiﬁl %é??%ZeégééflgﬂrfSPduﬁﬁEFeegggnﬁole of

et hane  conuert s gggtf,gfdgfemgm S0 ug ELE1h§ AySRBLERUBHERSEH Qhm 2016

kWt her mal ,

portion of engine fuel within a simple burner. The
apparatus includes a burner having an internal combustion
chamber for receiving either a portion of gaseous fuel or
liquid fuel for mixture with air and subsequent ignition by
a spark plug. A mixing chamber is included having a series
of baffles against which injected air and fuel vapor impinge
causing thorough and complete air/fuel blending into a
mixture subsequently ignited and burned; and then discharged
into the combustion chamber of the engine itself. A pre-
heating arrangement is provided for raiéing the temperature
of the air/fuel mixture via a heat exchanging process with

the combusted gases in the combustion chamber.

s | THIS SHEET HAS BEEN
REPLACED

This Sheet Has Been Replaced




If the latter %ergy is supplied electrically from the Pgﬂ'ﬁU@@e&}étP;257 6

various inef§#®7encies would result in a 6-fold drain to_ the $ng|ne 0
about 100 watts, if the energy is froma battery rechd?d? byl Nhe r
This energy woul ds add to the other electrical needs of 22 gh§$neqyg%gﬁhg 199
heat transfer fromelectrical heaters is difficult to carry out.

Energy for the process may be supplied hy a. separate burner, as in
Geiner, US. Letters Patent 4,350,133;/ﬁere, energy from hot burner gases
produced by burning sone of the fuel is used to heat another portion of
fuel in a separate heat exchanger to deconposition

- 20- tenperature, and the gases fromthe exchanger then passed to the
engi ne. The spent burner gases are exhausted, resulting in energy |osses
resenbl i ng t hosg drstussed—apove. The

’/-13
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patent was intended for use with nethanol as fuel, which CBBT/LUsauéI& 1 2 5 7
deconpose wi t how?%%or mati on of solid carbon "soot". \ ET 5 ~ <
formati on of carbon by dissociation of all fuels which gjﬁot Qsthaé%l il e
results in severe handi caps. Mbst inportant, as a solid carbon can

severely clog various engine parts. Also as a solid, it is difficult to

burn which reduces the energy output of the .engine. The overal
conclusion is that foemation of hydroger A8/ thermal dissociation of fuels

for subsequent injection into an engine is fraught with probl ens. These

are overcone by the alternative nethod of producing hydrogen by reaction

of fuel in a burner at sub-stoichionetric at/fuel ratio, as next

di scussed. 2. Hydrogen Produced by Sub-stoichionmetric Air/Fue

React i on Further information on nmajor species theoretically

formed in a burner at equilibriumvs. stoichionetric ratio is given in

FIGURES 5 and 6. (Nitrogen and oxygen are not
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shown since they #6°¥dt inportant to the analysis and thPi(T/UE&n3 / 1?25 71
concentrations overpower those of the other species.) FE RE %agrpl I fies
t . )

the data below a ratio of 1. Note that above a ratio of a@o8t MAR i
1.55 nol es of hydrogen form per nole of nethane, while carbon does not

form This suggests that if a combustiontechni que could be devel oped

-21- to attain this equilibrium it would not require an external heat

i nput, catalysts or special heat exchange neans, and all of its conbustion
products could pass into the engine to mninmze thermal energy | osses.

.EXPERI MENTAL RESB34 . Tt AR | RE N 1S Shat @ ner to attain
t heoreti cal gggl'hjsgﬂ’af i on aPERL NZfM&M@%M attain
|y ascertaipe

t he process gg_gLE of nolcarbogswas experi nent by qgperating
t he bur ner whgg; desi gnjand f
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di mensi ons have ,grevi ously been given,
observati ons were made of the sudden
I ncandescent carbon as the
The points all
0.45, which is where theory predicts formation of carbon.

t he Figure.

usi ng net hane as
actual stoichionetric rati os&Qe
fall on the line for stoichi tr

I ncl udi ng hydrogen,

di sappear ance and re%gggﬁugl 6f 1 2 5 7
TOR G208 AR 15

Conservati on of

essentially

nmass requires that the remaining specigss
also follows the theoTetical predictions.
enbodi ments of the present invention

Wil e particul ar

have been shown and described, it

will be obvious to those skilled in the art that changes and nodifications
may be nade t gt dep Hh R ' ts broader aspects
and, therefore aimi a% M@@E%gg 8 §1;5 0%,1 1Q3H over all such
Changes and eatt+ons &S—T ar——tH-h e of this
I nventi on. 1
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CLAMS 1. A l‘ﬁfr(}ﬁa‘ro%odpar atus for generating hydrogen f
qE%E?ﬁéyghaJ?n 3%_5 7

power “source, the apparatus conprising: a burner
combusti on chanber (25) for conbusting air and hydrocar 2 MAR
fuel-rich air/fuel stoichionetric ratios from0.3 to 1 to provide air/fue

vapors; preheati ng nmeans (39, 40, 41, 43) within the conbustion
chanber (25) for preheating the air; mXx€¥ means (28, 32) including
at | east one inpingeneEnt wall within the conbustion chanber of the burner

means for intimately conbining the air received fromthe preheating nmeans
and the fuel to formthe air/fuel vapors into a blend by forced

I npi ngenment of the air/fuel vapors against the inpingenent walls during
and/or prior to injection into the conbustion chanber, the inpingenent
wal | s being |located in the conmbustion chanber such that the air/fue
vapors inpinging on the walls are thereby caused to substantially reverse
flow at | east once when being fornmed into a

AR AIR BURNER, FLOW IN Ib/hr.
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To Ot KL~

bl~end; wherein said air/fuel vapors are conbined in a tube wthin

t he conbustlon chanber which is open ended so as to direct the flow onto
a cl osed baffl e formngthe—end of —a cup, whereby the flowis abruptly

caused to nove at -HLUGGHESFhMRed RePldedangl es to be reversed upon itself and
exit through the op Eﬂ"ﬂ Zlmegmgup tSvbstituter sheeti mfi Sgetemben 18961 at

the end of the burn a second baffle in conbination with the
outer wall of the y the flowis again abruptly caused to
nove at successi ve rlght angl es to be reversed upon itself.

23Substitute sheet - 20 Novenber 1999 . 2. The apparatus as clai ned

in claiml1l characterized in that the ABsTRACheat i ng neans within the
conbustion chanber preheats the air and tuel in conbination.

APPARATUS AND METHOD FOR DECREASING NITROGEN
OXIDE EMISSIONS FROM INTERNAL COMBUSTION POWER
SOURCES

Apparatus.is-disclcsed herein for reducing enéine.
-nitrogen oxide emissions by ﬁixinq hydrogen prep&red t:cn.a
portion of engine'tuel within a simple burnezr. The
apparatus includes a burner having an internal combustion
chamber for receiving either a portion of gaseous fuel or
liquid fuel for mixture with air and subsequent ignitien by
a spark plug. A mixihg-chamher is included hafinq a2 series
of baffles against which injected air and fuelgyapor impinge
causing thorough and complete air/fuel blending into a
mixture subsequently ignited and burned, and then discharged
into tha combustion chamber of the engine itsclf. A pre-
heating arrangement is provxded for raising the tcnpcrature
of the air/fuel mixture vza a heat exchanging process with
the combusted gases in ;ne combusticn chanber

(Figure 1)

. | “THIS SHEET HAS BEEN
7 | REPLACED




3. ' Thé apparatus as clained in claim1 further characterized by

means _f or prevent| n flame flash back into the air/fuel mK ns.
4. /A8 ﬁ? HIGEd in clalms1to3characteriz§p

t hes 'Fls (20) lncJ uding a copbustion chanher (25)
'r|lﬁ§nﬁﬁa“%‘ﬁlﬁroﬁ‘iﬁﬁ'm @Bﬁtﬁﬁaﬁ&mhllm@fotfhﬂﬁhtﬁn@& s B
tRe_mxer means (28 32) further conprising a baffle acqpnhl Y 21§ 28)
and wal | (32) di sposed in the conbustion chamber’ (25) of the =~ “Burner

g dApparams (20) és disclesed bernin forreducing nging niffogen oxifle ermisyiens by mixing hydrpgancpsepared from a

i portigevéenginediuel withis A simplebumar§21). Therappatatus{Pdrincludes a burnerg21) haying an internal
afjcembustion elsamtien (25 borirecebling eitherla pastion oftgaseaus fael (troughiline 24) or lighidtfuelithrough
bydine 86)foemixtfrg Mithhair(throughdine 26 andsebsequenBighition by a spark plog (34). ‘A mikingchamber is
e dictuded Bavit@y sdries ofleaffiest(R8,SRY agafist which ifjévtedauiand fieel vapor impingewansing thorough and
complete air/fuel blending into a mixture subsequently ignited and burned, and then discharged into the combustion
chamber of the engine itself (through line 35). A pre-heating arrangement (33) is provided for raising the temperature
of the air /fuel mixture via a heat exchanging process with the combusted gases in the combustion chamber (25).

C
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6. The apparatus as clained in clainms 1 to 4 characterized by: 76C“(091{<j:

heat. eéxchanger ' ed in the conbustion chanber _ (25) of .
t he burner meargmgu I lel @gmzi-ng liquid fuel; a source of :
liquid fuel ope , «10 the h@ZSubstitute shéet €20/NoeshbsE3 999 33)

7. The apparatus as clained in any one of the preceding clains,
characterized by: a main fuel input line (39); _ an air supply
line (40); CLAIMSthe ignition nmeans (34) being adjacent the m xer neans
(28, 32) in the conbustion chanber (25) and being secured to the burner
nmeans (20) for i BnPEFRYF tIRPAFEENE 59T weneRAlingapyireden diosc hgsgwith a

powexr source, the apparatus comprising:

a burner means (20) having a combustion chamber (25} for
~combusting air and hydrocarbon fuels at fuel—rich.air/fuel
stoichiometriC'ratics from 0.3 to 1 to provide air/fuel vapors ;
prehéating means (39, 40, 41, 43) within the combustion .
chamber (25) for preheating the air;
mixer means (28, 32) including ét least Ane impinéement wall
K./ 5?“ within the combustion chamber of the burner means fbr intimately
combining the air received from the preheating means and the fuel
to form the air/fuel vapors into a blend by forced impingement of
the aix/fuel vapors against the impingement walls during and/or
prioxr to injectich into the combustion chamber, the impingement
walls being located in the combustion chamberlsuch that the
air/fuel vapors impinging on the walls are thereby caused to
substantially reverse flow at least onée when being formed_into a
blend; |
Qherein_said alr/fuel vapors are combined in a tube.within
KJ/ the combustion chamber which is open-ended so as to direct:-the
- flow onto a closea Béfflé forming the end of a cup, whereby the
flow is abruptly caused to move at successive right angles to be
reversed upon itself and exit through the open end of the cup
thereafter to impinge on a wall at the end of the burner serving
as a second baffle in combination with the outer wall of the
burner, whereby the flow is again abruptly caused to move at

successive right angles to be reversed upon_itse]f.
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into the |nternal conbusti on power source (10); and t he conbustion
chanber (25) of the burner neans (20) being operably coupled to the fuel
input line (39) and the air supply Iline (40) for receiving fromthe
preheating neans a portion of the main 288ubstitliteishest t H0NoVerhidH 199

means (20). 8. The apparatus as clained 1n claim L Wiererm the—tuer is
I n.a gaseous ‘state. 9. The apparatus as clainmed in claim1l
characterized by: a source of quuid fuel; and heat exchanger
means (33) dlsposed i n the burner peans (20) for recei ving and vagor|2|n

the |iquid?fuel The 2PRRE-SHE éﬁpﬁ?%&@ﬁﬁeﬁ?<ﬂléﬂﬁeﬂ thrrahiarigscharatieti Herl
by neans Iéreﬁéﬁit%gwka @Eagéhﬁﬁoéhé mbus ionlghaéﬂé¥1ﬁ%2h%5£éfgﬁg gfgors

in the m _
and fuel in combinationm.

3. The apparatus as claimed in claim 1 further characterized by
means for preventing flame flash back into the air/fuel mixer

neans.

LV/ C; 4. The apparatus as claimed in claims 1 to 3 characterized by:
the burner means (20) ihcluding a combustion chamber (253)
having an inlet means for receiving separate supply of fuel énd
aif; and -
the mixer.means {28, 32) further comprising a baffle assembly
(28) and wall (32) disposed in the combustion chamber (25) éf the
burner means (20) fox receivin§ the combined air/fuel supply in

forced impingement relationship to create a mixed vapor.

( 5. The apparatus as claimed in claims 1 to 4 characterized in
(y/ that the burner means (20) has an ignition means (34) adjacent to
the mixer means (28, 32) for selectively igniting the air/fuel

vapors.

6. The apparatus as claimed in claims 1 to 4 characterized by:
heat exchanger means (33) disposed in the combustion_chamber

(25) of the burner means (20) for vaporizing liquid fuel;

a source of liquid fuel operably connected to the heat

REPLACEMENT SHEET
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25 Substitute sheet - 20 Novenber 1999 11. The apparatus as clained in
any one of the preceding clains, characterized in that: t he
preheating neans (41, 43) is provided in the combustion hanber ( for
preheating and premixing the fuel and 248ubstitute i o des a
baffle wall (32) disposed in the conbustion chanber (25) of the burner
means (20) for receiving the pre-heated and conbined air/fuel vapor in’
forced in%L enent relat%ggship to create a m xed air/fuel vapor; and
_the baffl RIS3FPEc4P9ks and re-directs the pre-heated and preni xed
conbi ned air/fuel vapor mxture within the conbustion chanber (25) to
further blend the air/fuel m xture. 12. The apparatus as clained in
claim 11,7 charmed elggeattu hbaélaimed int BRyPESEHESE IviG: F@@aahﬂgl UL,
tubul ar coil (41) for receiving and m xing the air and fuel vapors; and
characterizad by:

2 main fuel input line (39);

an air supply line (40);

the ignition means (34) being adjacent the mixer means (28,-
32) in the combustion chambexr (255 and being secured.to the burner
means (20} for igniting the blend of air/fuel vapor for discharge

K,/(T. into the internal combustion power source (10); and

the combustion chamber (25) of the burner means (20} being
opergbly coupled to the fuel input line (39) and the air supply
line (40) for receiving from the preheating means a poition'of the

main fuel and air within said burner means (20).

8. - The apparatus as claimed in claim 1 wherein the fuel is in a

gaseous state.

9. The apparatus asg claimed in claim 1 characterized by:
K,; a source of liquid fuel; and
heat exchanger means (33) disposed in the burner means (20)

for receiving and vaporizing-the ligquid fuel.

10. The apparatus as claimed in claim 9 characterized by means in .
the burner means (20) to prevent ignition of air/fuel vapors in

the mixer means.
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conbusted gases in the conbustion chanber (25) adjacent to the tubular
coil raise the tenperature of the air/fuel vapor mxture in the tubular
clil preparatory to entering the conbustion chanber (25). 13. The
apparatus as clainmed in clai m12 chara&Substitute shaet - 20HNovember 4899
termnates in an exit tube (70) opening imedi ately adjacent to the baffle
wal | (28). 14. The apparatus as clainmed in clains 12 or 13 characteri zed
in that the coil (41) is of sufficient length so that the m xture of
26Substi t sheget - 20 Novenber, 1999, .air/fuel vapor within the coil (41)
is héateduafthirlﬁrﬁgqaiﬁﬁgso?s Sinss iod e PRB(Rer™e PEesediag FEgins, 15
The?apparaggg%égié;iqg@eqniehféain12 characterized in that the preheating

means includes a tubular coil (41) and an outlet tube

the preheating means (41, 43) is provided in the combustion

_ chambef {25) for preheating and premixing the fuel and air;
the mixer means includes a baffle wall (32) disposed in the
combustion chamber (25) of the burner means (20) for receiviﬁg the
pre-heated and combined air/fﬁel-vapor in forced impingement
relationship to create a mixed air/fuel vapor; and
(ﬁ} the baffle wall (32) receives and re-directs thé pre—heéted
and premixed combined air/fuel vapor mixture within the combustion

chamber (25) to further blend the air/fuel mixture.

12. The apparatus as claiméd in claim 11, characterized in that:
the preheating means includes a tubular coil (41) for
receiving and mixing the air and fuel vabors; and
- combusted gases in the combustion chamber (25) adjacenﬁ-tp
the tubular coil raise the temperature of the air/fuel vapor:

i "~ mixture in the tubular coil preparatory to entering the combustion

chamber (25).

13. The apparatus as claimed in claim 12 characterized in that
the coil (41) terminates in an exit tube (70) opening immediately

adjacent to the baffle wall (28).

14. The apparatus as claimed in claims 12 or 13 characterized in

that the coil (41) is of sufficient length so that the mixture of
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(43) into the conbustion chanmber (25), the outlet tube having an opening
(42) Which is dinmensioned such that the.mixture exits the opening (42) at
a linear flowrate greater than its burning rate so ignition does hot
flash back into the outlet tube (43). 26&ubshitutepsheett-120 Noverbert9bo
claim1l wherein the m xer nmeans has four walls for reversing fTow -
‘direction. girifuellRAaRiRPMiRbYS 8% JRNMA1hNis! RLMID WSS RubVWRaRde tdre
wal | s are adjacent and at right angles to each other and cause the

ai r/fuel vapor to ¥®WAEFE28p0ntotSE] fCli.n two rapid 90[err] direction
changes, the other two walls being adjacent and at right angles to each
ot her and causing the air/fuel vapor to undergo a second reversal of

di ' ' : 110 | ai red J l.ai -
aner i n t hSor nep¥ ptiae, o8 sl [th 2h et Beniibd ot THAE ros
90[err] tupBSheheihs SheddPlidch188s 1A10AARNS A1 RY (A1F ddd Hn LHR1VR! Live

{43) into the combustion chamber (25}, the outlet tube having an

opening (42) which is dimensioned such that the mixture exits the
opening (42) at a linear flow rate greater than its burning rate

so ignition does not flash back into the outlet tube (43).

16. The apparatus as claimed in claim 1 wherein the mixer means

has four walls for reversing flow direction.

17. The apparatus as claimed in claim 16 wherein two of the walls
are adjacent and at right éngles to each other and cause the
aix/fuel vapor ﬁo reverse upon itself in two rapid 90° direction
changes, the other two walls being adjacent and at right angles to
each other and causing the air/fuel vapor to undergo a second’

reversal of direction in two 90° turns.

N\ 18.

walls are spaced'froﬁ each other such that the two 90° turns are

The apparatus'és claimed in claim 17 wherein the other two

less rapid than those caused by the first two walls.

* c L M s *
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