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1 OXY-FUEL BURNER SYSTEM DESI GNED FOR ALTERNATE FUEL AL%KGE %&%A\ID/C?: ?»;
THE I NVENTI ON The present invention relates to an oxy-fuel burner system -
for alternmately or possibly sinultaneously burning gaseous and liquid fuels
in the presence of oxygen or oxygen enriched air. Mre particularly, the
present invention relates to such an oxy-fyel burner system having fuel and
oxi dant nozzl es designed to project gaseous and liquid fuel 5 jets and one
or nore oxidant jets so that either gaseous or |liquid fuels can be burned
wi th conbustion supported by the oxidant Burners are used to heat a variety
of nmelts such as glass, ferrous and non-ferrous netals and etc. A recent
burner devel opnent_concerns the use of oxygen or oxygen 10 _enriched air to
support conbust QXYJUELBURNER § QMrD RFQ] MWTELF%L USAGE
burners are conpact and produce typically small flames with a hi gh power
out put. The di.sadvantage of the high power output produced by the conpact

fl ames- produced by the oxy-fuel burners is that hot spots may develop in
the nelt because of 15 excessiy ates. In order
to prevent thi's, burners have bEaALdd . € LIt 8N
out over a wide area For exanple, in U S. 5 199, 867 an outwardly divergent
fan-shaped fuel jet is sandwi ched between two simlarly shaped oxi dant

~aw

aystion is carried

jets. The |ower oxi dHit presenti mveletiongretates to pn axtydfeclabiraer pystem ufoe altemiattly @r
) possibly simultaneously burning gaseous and liquid fuels in the presence of oxygen or

oxygen enriched air. More particularly, the present invention relates to such an oxy-fuel
burner system having fuel and oxidant nozzles designed to project gaseous and liquid fuel
5  jets and one or more oxidant jets so that either gaseous or liquid fuels can be burned with

combustion supported by the oxidant.

Burners are used to heat a variety of melts such as glass, ferrous and non-ferrous

metals and etc. A recent bumner development concerns the use of oxygen or oxygen

10  enriched air to support combustion of a fuel in a burner known as an oxy-fuel burner.
Such burners are compact and produce typically small flames with a high power output.

The’ disadvantage of the high power output produced by the compact flames
produced by the oxy-fuel bumners is that hot spots may develop .in the melt because of
15  excessive localized beat-n-ansfer rates. In order to prevent this, burners have been
developed in whxch eombusbon is carried out over a wide area. For example, in U.S.
5,199,867 an outwardly dxvergent fan-shaped fuel jet is sandwiched between two similarly -
shaped oxidant jets. The lower oxidant jet is designed to produce a low pressure field to
influence the fuel jet and thereby spread the combustion out over a wide area.
20  Alternately, as illustrated in U.S. 5,299,929 the fuel jet can be designed to produce a low
pressure field to influence the oxidant jets. In the former case the fuel is aspirated into
the oxidant and in the latter case, the oxidant is aspirated into the fuel. In another type
of oxy-fuel bumer or burncr system, shown in U.S. 4,927,357 a divergent fan-shaped
oxidant jet is located below a burner or fuel jet to produce a low pressure field to attract



I nfluence the fuel jet and thereby spread the conmbustion out over a w de
area. 20 Alternately, as illustrated in U S. 5,299,929 the fuel jet can be
desi'gned to produce a |low pressure field to influence the oxidant jets. In
the former case the fuel is aspirated into the oxidant and in the latter
case, the oxidant is aspirated into the fuel. In another type of oxy-fuel
burner or burner system shown in U S 4,927,357 a divergent fan-shaped
oxidant jet is located below a burner or fuel jet to produce a | ow pressure
field to attrathe fuel2jet randf thei'ebjyepomuh theeiflaime downwardly, t towvardsathe melt. The
downwar dl y, towards, {he el t he net hpdol ogy inv Ived I's known in the art
as oxygen | ancfodeiagynvelxed ?S;@ d-gbﬁﬁr?gr%yﬂﬁn &ns. are optimzed to

operate with a specific 5 type of fueI either a gaseous or a liquid fuel.
Very often though, the cost of the fuel varies in dependence upon the tine
of the year or sorremnymfthf/&regdmgbummscdrsyaymsmﬁptmhzeﬁmﬁmmwsthﬁmcxﬂc

The cost of ensurl
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becomes cost e{fged €14 upBY Wk £ dfUREER G ¥bmictiled eh fthie tinfdl of @aise

used for the gaseous 1 f uel W|th a fuel nozzle that is for a liquid fuel.
As can be appr shich the fuellipussd. SEhercostof ensuring availability of gaseous fuels during periods

of peak demand ("non-interruptable rates”) can be sufficiently significant that it becomes
cost effective to shut down the furnace and replace the fuel nozzle used for the gaseous

10  fuel with a fuel nozzle that is for a liquid fuel. As can be appncciated, though perhaps
cost effective, the shut-down is an expensive production delay. |

As will be discussed the present invention provides an oxy-fuel burner system that
is designed to accommodate either liquid or gaseous fuel or both with a very rapid
15 turnaround time when switching between the fuels.

SUMMARY OF THE INVENTION

The present invention provides an oxy-fuel burner system for alternately or

20 simultaneously burning gaseous and liquid fuels. The oxy-fuel burner system includes an
oxy-fuel burner including an actuable first fuel nozzle means for producing a first fuel jet
composed of a main fuel and an oxidant nozzle means for producing at least one oxidant

jet composed of an oxidant to support combustion of the main fuel of the first fuel jet.

An actuable auxiliary second fuel nozzle means is provided for producing 2 second fuel

25  jet composed of an auxiliary fuel to burn within the oxidant. The main and the auxiliary
fuels are respectively composed of the gaseous and liquid fuels or vice versa. The oxy-

fuel burner and the actuable auxiliary, second fuel nozzle means are configured such that,
under pormal operating conditions, the first and second fuel jets each have a momentum

different than that of the at least one oxidant jet to cause mixing of the main and auxiliary
30 fuels with the oxidant.



cost effective, the shut-down is an expensive production delay. As will be
di'scussed the present invention.provides an oxy-fuel burner systemthat is
desi grred t o acconmopdate either liquid or gaseous fuel or both with a very
rapid 15 turnaround tinme when sw tching between the fuels. SUMVARY OF THE
| NVENTI ON The present invention provides &n oxy-fuel burner systemfor
alternately or 20 si mul t aneousl y burni ng gaseous and liquid fuels. The
oxy-fuel burner systemincludes an oxy-fuel burner including an actuable

first fuel nozzle ugl | | ots S . |
fuel and an oxi dantrrﬁﬁgébf e %gﬁgl gg&ﬁ%éﬁﬁéﬂﬁﬁcﬂéf%@&oﬁgﬁtﬁ?%
- conposed of ansystentlisprovided foaltematelyibusiing pasebust & Bepiid fiele| The buhwer isystem
fuel jet. An actuabl e auxili :i\ second f gel ugﬁzzl e mag s .0s provided_for
produci ng a scemRAsesap oxyfug iﬁmsbm&c@& KrauxHiagy, $pqan @elm ¢ mFaps fbe oxy-
wi thin the oxiga ' Qﬂ%?: id, :ﬁzﬁ \ ¥h§ﬁﬁ 'qﬁby .
conposed of t hgégggggﬂ?gﬁdﬁlﬂw ug#g fl(gérlat\g/l ce@?ggﬁﬁ' e ox&fgt *ue %'lﬂ’ ﬁeefr
and the actSiabtomposed bf amyain Sl camioxidant nozzie ineansefon progducing dwbisgbsididrysoxiiant
t hat, under noymal operating cqnditions, .the figst.and second fuel Jjets
each have a nd%’i‘lﬂ’&ff‘i@@r‘g‘n?x’aﬁ%@ Wiching 'lbﬁeﬁ"élt ﬁegé%ttwﬁ%alfxﬁ?&ﬂ‘ﬁjmo
cause m Xxing QhetdiCis Einihtedth ﬁa‘bﬁh&é £ "fow 8f &H%%&haﬁ&‘ﬁ)&ﬁhﬂ%- a combined
oxidant jet when the first fuel nozzle means is actuated to at least reduce said flow of the
main fuel. The second fuel nozzle means produce a second fuel jet composed of an
10 auxiliary fuel to burn within the oxidant when the actuable, first fuel nozzle means is
actuated to at Jeast reduce flow of the main fuel. The main and the auxiliary fuels
respectively are composed of the gaseous and liquid fuels or vice versa. The oxy-fuel
bumner and the actuable auxiliary, second fuel nozzle means are configured such that,
under normal operating conditions, first and second fuel jets each have a momentum, in
15 case of the first fuel. jet, different from that of at least one of the two subsidiary oxidant
jets and, in case of the second fuel jet, different from that of the combined oxidant jet to

cause mixing of the main and auxiliary fuels with the oxidant.

In accordance with the present invention, the alternate burning of liquid and

. 20  gaseous fuels from separate and distinct nozzles permits the fuel usage to be rapidly

turned around within the burner system or even permits both fuels to be used in a

- combined fashion. It is to be noted that the term "actuable” as used herein and in the

claims means that the applicable fue] or oxidant jet can be turned on or off at will and/or
in addition, be proportionally adjusted between full off and on conditions of flow.

25 -

‘While the specification concludes with claims distinctly pointing out the subject
matter that Applicant regards as his invention, it is believed that the invention will be
30 better understood when taken in connection with the accompanying drawings in which:



3 In accordance wi th anot her aspect of_ the present invention, an oxy-fuel
burner systemis provided for alternately bur ni ng gaseous and liquid fuels.
The burner system conprises an oxy-fuel burner and actuable auxiliary,
second fuel nozzle neans. The oxy- fuel burner includes an actuable first
fuel nozzle means for producing a first fuel jet 5 conposed of a main
fuel, an oxidant nozzl e. neans for producing two subsidiary oxi dant jets

conposed of an oxi dant, .sandpi chi n the |rst é et en, the fi rst fu
nozzl e means is actg ddsane ?’6‘&95‘6'&“5 fq - M ﬁb
into a conbi negdrdi gﬂWnnb gt when the first fuel nozzle neans is actuated to
at | east reduce sal ow of the main fuel. The second fuel nozzle neans
produce a second fuel Jet conposed of an 10 auxiliary fuel to burn within
t he oxi dant when th a% : tl rs}. e nozzl e neans is actuated to at

| east reduce_flowo B8 Train and the auxiliary fuels
respectivel® are conposed of the gaseous and I|qU|d fuels or vice versa.

The oxy-fuel burner_and the actuable auxiliary, second fuel nozzle neans

are confi gured suchfmatlsalﬁaamenmﬂaw@pfegal peraion of anoxy-fuelcbumner
second fuel jets eacg rmrrentun#sﬁlﬁ case of the first fuel jet,
different fronfyTee 1F &E{S‘bﬁ b two subsidiary oxidant jets and,

in case of the second fueI jet, different fromthat of the combined oxi dant

jet to cause m xi ng_of the mai n and auxiliary fuels with the oxidant.
Fig. 4 is a fragmentary view of Fig. dlustratmg operation of an oxy-fuel burner

10 systemin accor_dance with the present invention _utlhnng a liquid fuel;

Fig. § is a top plan view of the outwardly divergent, fan-shaped jet developed by
the fuel or oxidant jets of the present invention; and

15 Fig. 6 is a fragmentary view of a furnace utilizing an oxy-fue! burner system of
the present invention heating a melt. ’

DETAILED DESCRIPTION
20
With reference to Figs. 1 and 2 an oxy-fuel burner system 10 in accordance with.
the present invention is illustrated. Oxy-fuel burner system 10 comprises an oxy-fuel
burner 12 designed to burn a primary or main gaseous fuel such as methane in an oxidant
of oxygen or oxygen enriched air, and a atomizing fuel nozzle assembly 14 designed to
25  burm an auxiliary liquid fuel. Oxy-fuel burner 12 and atomizing fuel nozzle assembly 14
are positioned within a burner block 16.

Oxy-fuel burner 12 (fully described in U S. 5,299,129, which is hereby

incorpo_réted by reference) is provided with a body 18 of elongated configuration baving

30 top and bottom walls 20 and 22 and side walls 24 and 26. A central fuel nozzle 28
divides body portion 18 into upper and lower oxidant nozzles 30 and 32.



I n accordance with the present invention, the alternate burning of |iquid
and 20 gaseous fuels from separate and distinct nozzles permts the fuel
usage to be rapidly turned around within the burner systemor even permts
both fuels to be used in a conbined fashion. It is to be noted that the-
term "actuabl e" as used herein and in the glains neans that the applicable
fuel or oxidant jet can be turned on or off at will and/or in addition, be
proportionally adjusted between full off and on conditions of .flow 25

BRI FT DESCRI PTI ON Ot THE DRAW NGS Wil e the specification concludes wth
claims distinctly porntal fiisl sezzle Jhissuppasted within bedy partiomb$ by upper apd lowersetss

NS gy IVENLiON, of Yarke® 3P nd $§ Gl hnld Seheld $l1 nBP1V8 bo Biberin IRk Widfils 20 and

under st ood when en I'n connection w acconpanyiitg draw ngs: |

whi ch: 4 Fi Q2. Upper &nd loer vdries 34|andi36vdivide alie spper hndlower ipassagay®isfomiing -

AcCordance Wt b per and lower oxidant Bozzles 30 8nd%2 fa the 1ehgiivise divecion and thesefore the

5 flow of oxidant passing through upper and lower oxidant nozzles 30 and 32 into a

plurality of subflows having velocities of equal magnitude and oriented so to gradually.

diverge in a traverse direction into the flow of oxidant. As a result, upper and lower

oxidant jets emanating from upper and lower oxidant nozzles 30 and 32 have an

outwardly divergent fan-shaped configuration. Central fuel nozzle 28 is provided with

10 passageways in a transversely divergent pattern to the direction of fuel flow. This

produces an outwardly divergent fan-shaped fuel jet which is sandwiched between the

oxidant. jets and that has a gréaier momentum and velocity than the upper and Jower

oxidant jets emanating from upper and lower oxidant nozzles 30 and 32. As a result, the

fue] jet influences the upper and lower oxidant jets so that oxidant aspirates into the fuel.
15 . |
A coupling assembly 42 is connected to the rear of body portion 18 to supply
oxidant into body portion 18 and then into upper and lower oxidant pozzles 30 and 32.
Coupling assembly 42 is connected 1o a threaded inlet 44 attached to body portion 18 and
is designed to acccpi a conventional quick-disconnect fitting 46 attached to an oxidant line
20 48. Oxidant line 48 is attached to a valve 50 to either allow supply of the oxidant or to

cut off the supply of oxidant to body portion 18..

A conduit of rectangular, traverse cross-section 52 supplies central fuel nozzle 28
with fuel, A transition piece 54, which transitions from the rectangular section of conduit
25 52 to a circular cross-section, allows attachment of a conventional coupling 56 designcd
to attach to a quick-disconnect fitting 58 which is in turn attached to a fuel line 60. Fuel
line 60 can be supplied with methane and is prbvided with a valve 62, designed to cut off
the flow of methane when such gaseous is fuel is not in use.

30 Oxy-fuel burner 12 is set within a passageway 68 of bumner block 10. Surfaces
70, 72, 74 and 76 of burner block 16, located in front of burner 12 and forming the front



Fig. 83is a fragnentary view of Fig. 1 illustrating operation of an
oxy-fuel burner systemof Fig. 1 utilizing a gaseous fuel; Fig. 4 is a
fragmentary view of Fig. 1 illustrating operation of an oxy-fuel burner 10
systemin accordance with the present invention utilizing a liquid fuel;
Fig. 5is atop plan view of .the outwardl g divergent, fan-shaped jet

devel oped by the fuel or oxidant jets of the present invention; and 15
Fig. 6 is a fragnentary view of a furnace utilizing an oxy-fuel burner
syst em of t he ofrpassage gl&a\mldiesignddew aligwaheflame piadncadrby bESER 12TtcOgradpally
Wth reference.to Figs. 1 and 2 an oxy-fuel burner system 10 in accordance
with the presé%‘(“?%vent ion is illustrated. Oxy-fuel burner system 10
conpri ses. an oxy-fuel burner 12 designed to burn a primary or nain gaseous
fuel such as nmethane in an oxi dant of oxygen or oxygen enriched air, and a

atom zi ng fuel nozZFuel nozzlesssembly 1dds designedito prsiuce adivesgent, fan-shaped atdmjacdi
fuel. Oxy-fuel_ b 1 d.at om zi Juel | 4 o s

bost 11 oned Sw RN o Theh s EBEsishk BF 4§ alkiptiinnarte R SaPBELI B ovicr BE ke esket ,
U.S. 5,299, 1230, WAhGdlomEzatién gBY inl&XCHipe ®224rdda 'ckgdi%oﬁﬂé‘&)w for atavhiéad ofi d h

a body 18 of el ongated configuration having 3 t and bottomwal | s 20 and
22 and side wsbmpressedairiorxxygsn Enn86 supplyedmpressed air shelp atomize the fuel. A valve

88 is provided to cut off the supply of atomization gas when liquid fuel is not in use. A
coaxial tube 90, provided with a quick-disconnect fitting 92, attaches to atomization
10 nozzle 78 and runs the length of tube 80. It supplies fuel oil to atomizing nozzle 78
' through. a fuel line 94 which is fitted with a valve 96 to cut off the supply of fuel when |
liquid fuel is again not in use. In the event high-pressure oil is available, atomizing
nozzle 78 can be replaced by a.pressure atomizing nozzle which does not require an
atomizing medium.
15 |
Fuel nozzle assembly 14 is angled so that the resultant fan-shaped atomized spray
* of fuel is also angled into the oxidant. Even though the fuel and the oxidant will mix due
to their momentum differential under normal operating circumstances,-under turndown
conditions of operation, there might not be enough fuel to influence the oxidant jet
20 sufficiently. The angling of the fuel jet produces an intersection between the fuel and the
oxidant jet to ensure mixing of the fuel and oxidant during turndown of the burner. As
illustrated, oxy-fuel burner 12 and fuel nozzle assembly 14 are set within a burner block.
Obviously, as illustrated, since the fuel nozzle undershoots the oxidant jet and the fuel
has a higher momentum than the oxidant, the flame would tend to be deflected upwards,
25 away from the melt. This would not be a preferred operation of the subject invention.
In order to prevent this, the entire burner block can be canted downwardly, towards the
melt so that under normal operating conditions, the flame is directed towards the melt.
Alternatively, both oxy-fuel burner 12 and fuel nozzle assembly 14 can be canted
downwardly towards the melt with there being an angling of fuel nozzle assembly 14 with
30 rcspeét to oxy-fuel bummer 12 to ensure that thg alternate fuel jet intersects the oxidant jet
aianamneamﬂa



di vi des body portion 18 into upper and | ower oxidant nozzles 30 and 32.
5-Central fuel nozzle 28 is supported within body portion 18 by upper and

| ower sets of vanes 34 and 36 which connect central fuel nozzle 28 to upper
and lower walls 20 and 22. Upper and | ower vanes 34 and 36 divide the upper
and | ower passageways form ng upper and Igmer oxi dant nozzles 30 and 32 in
the I engthwi se direction and therefore the 5 flow of oxidant passing

t hrough. upper and | ower oxi dant nozzles 30 and 32 into a plurality of

e o 19, ks .o Ry o s
36" and 32 have SaHE7 d Bt T[S0k %) eI Sm Hine W borbhe 0ty BRAEA°
fuel nozzle 28gassoyy finel jteemandting ffom jeamtral Faslapzzie B8 to produce/ e combystiblembaerat
Fan: shaped 1 UcPAIcBas RiFReA’ WG FfrmrcsriecFib A, ADGRE PrIOUS Hhed Resso0e SUel Wometfabe.
omanat g, 13 ontly CHAET Alife 67 i bif hP Howl BP UBBE0R el BIE bul%le 8830ISH, e
fuel jet infl uepemed te supplypil and atbnhicivgrgasto pmduce an atomiringhfite! spraylaFuel nozzle
aspirates into Lhe, L U4% is located below bumer 12 and is set at an angle so that a second fuel jet 100
intersects a combined oxidant jet 101 formed from subsidiary oxidant jets, which in the
illustrated embodiment are subsidiary upper and lower oxidant jets 102 and 103,
10  emanating from oxy-fuel burner 12. The angle of intersection is preferably less than 20°

with 10° being a particularly preferred angle of intersection.

With reference to Fig. 5, second fuel jet 100 is outwardly divergent and fan-shaped in the
same manner as subsidiary upper and lower oxidant jets 102 and 103. Second fuel jet 100
15 and combined oxidant jet 101 have closely matched shapes. The term "closely matched
sﬁapes" as used herein and in the claims means the liquid fuel and oxidant jets are
suitable shaped so that either the fuel jet will have a smaller cross-section or about the
same cross-section as the oxidant at the point the liquid fuel jet intersects the oxidant jet.
This matching of shapes will ensure envelopment of the oxidant in the liquid fue! and
20  thus, combustion of the fuel supported by the oxidant rather than oxygen present in the
furnace environment. In this regard, in oxy-fuel burner 12, lower subsidiary oxidant jet
103 has a greater flow rate and momentum than upper subsidiary oxidant jet 102. Asthe
fuel projects unburned fuel particles become increasingly more buoyant and thus cause
the flame to lick-up. In order to counteract this typical behavior associated with projected
25 combustion of fuels, upber subsidiary oxidant jet 102, flowing at a Jower flow fatc,
supplies oxidant to burn such buoyant fuel particles. Therefore the fuel jet emanating
from central fuel nozzle 28 has a closely matched shape with respect to Jower subsidiary
oxidant jet 102. In burners where the fuel jet is sandwiched by oxidant jets of equal mass
flow rate, all jets will have closely matched shapes.
30



15 A eoupling assenbly 42 is connected to the rear of body portion 18 to
supply oxidant into body portion 18 and then into upper and | ower oxi dant
nozzl es 30 and 32. Coupling assenbly 42 is connected to a threaded inlet 44
attached to body portion 18 and is designed to accept a conventi onal

qui ck-di sconnect fitting 46 attached to ag oxidant line 20 48. xi dant
line 48 is attached to a valve 50 to either allow supply of the oxidant or
to cut off the supply of oxidant to body portion 18. A conduit of

Fucl A transi (on SUKEAERTRTIRS Bay S RyREF righh Ris PR it Eih]

of conduit 25 lbiu_tinziagqbégasbats m&ma—m&ﬁgh Fheltad 060 \IB isath bR lated thatoflarde 108 is
conventional coupling 56 designed to attach to a quick-disconnect fittin

58 which is i norigatad slightdysewards met 106.| | Riadencertain circumstamses,ctharepmay not

supplied with F}%g'%;g[ ' 'tIP@ I ‘?gﬁa '!ge Lo Y fof |
the fl ow of rre?ﬁéid@na en sﬁucc é‘%égﬁ@ &g VII%S%%%I?&; S .&3% 1§'~i4:‘8€¢
Oxy-fuel bus negoﬁﬁoﬁea below\bunier 1182 hnsisch dase) \fuélonoxklebasssratly 4ocdn Bé positioned
Surfaces 70, 7 74 and 76 of burner block 16, |ocated in front of burner
12 and formi ngwmtls andginclined downwardly at the acute angle of less than 20°, preferably
10° to intersect the fuel jet. The illustrated, undershot configuration is desirable, however,

because the flame positioning close to the thermal load is more easily controllable.

10 Tt should additionally be pointed out that the present invention has application to other
oxy-fuel burning systems. For instance, in place of burner 18, the invention would also
have applicability to an oxygen lance system in which an outwardly divergent, fan-shaped
oxidant jet were positioned below an outwardly divergent, fan-shaped fuel jet issuing from
a burner.to attract the flame. downwardly, near the thermal melﬁ Another example of a

15  possible alternative embodiment would be to use an oxy-fuel burner in which the fuel jet
were sandwiched between two high velocity oxidant jets to aspirate fuel into the oxidant.
In addition, for furnaces run primarily on oil with a gaseous fuel such as propane or
natural gas as secondary/backup fuel, oxy-fuel bumér 12 can be run on liquid fuel as
dgscribed in U.S. Patent No. 5,299,929. The fuel nozzle assembly 14 can be used for the

20  gaseous fuel when fuel types need to be switched. Also, valves 50, 62, 88 and 96 could
be proportional valves. This would allow dual usage of fuel. For instance, if a low
heating valve fuel such as propane were used in place of methane, then some of the liquid
fuel could be burned along with the propane to increase the power output of burner
system 10. In such case, valve 62 would be set in a partially open position to produce

25 - areduced flow of propane through oxy-fuel burner 12. In such case, valves 50, 88 and

96 would be set in fully open positions. A combined oxidant jet 101 would be. formed
because very little combustion would occur within upper and lower subsidiary oxidant jets
102 and 103.

30 Although, the present invention has been described with reference to a preferred
' embodiment, it will be understood by those skilled in the art that numerous additions,



of passage 68, are designed to allow the flame produced by burner 12 to
gradual |y diverge. Fuel nozzle assenbly 14 is designed to produce a

di vergent ,- fan-shaped atonized 5 spray of fuel. It consists of an atom zer
nozzle 78 attached to an outer tube |ike jacket 80. An atom zation gas
inlet pipe 82 and a quick disconnect 84 f attachnment of a conpressed air
or oxygen line 86 supply conpressed air to help atom ze the fuel. A valve
88 is provided to cut off the supply of atom zation gas when liquid fuel is

not in use. Vi W, th uj, ckzdi s onnect fitting 92,
attaches to atom at | on@gs g‘%&?%@‘%%ﬁ&%h 8 o the spinit and seape ofithe

suppl i es fuel presentimventive, zi ng nozzle 78 through a fuel line 94 which is
fitted with a valve 96 to cut off the supply of fuel when liquid fuel is
again not in use. In the event high-pressure oil is available, atom zing
nozzl e 78 can be replaced by a pressure atom zi ng nozzle which does not
require an atom zing nmedium 15 Fuel nozzle assenbly 14 is angled so that
the resultant fan-shaped atom zed spray of fuel is also angled into the
oxi dant. Even though the fuel and the oxidant will mx due to their
nonmentum di fferential under normal operating circunstances, under turndown
condi tions of operation, there m ght not be enough fuel to influence the
oxidant jet 20 sufficiently. The angling of the fuel jet produces an

i ntersection between the fuel and the



oxXi dant jet to ensure mxing of the fuel and oxidant during turndown of the
burner. - As illustrated, oxy-fuel burner 12 and fuel nozlzllmﬁmﬂmumlﬂmt
set withi.n a burner block. Cbviousl y, as illustrated zl e
under shoots the oxidant jet and the fuel has a higher noherturhtflan®the
oxidant, the flame would tend to be deflegbed upwards, 25 away fromthe
nelt. ThIS woul d not be a preferred operaltion of the subject invention. In
order to prevent this, the entire burner block can be canted downwardly,
towards the nglQlaigR that under nornal operating conditions, the flame is -

directed towards the nelt Alternatively, both oxy-fuel burner 12 and f uel
nozzl e assenbly 14 can be canted downwardly towards the nmelt with there

e 10,4, 0 4108 o 5 4SBT Mol P sHREBIRE b

at an acute alighid.foels, shd/‘bkyzﬁrcebmﬂmcsmgnsﬁg when gaseous fuel such as
nethane is to be used, subsidiary oxidant jets (See Fig. 4) emanating from

burner 12 combine with a central gaseous fuel jet emanating from central

fuel nozzle -ZEII: %ﬁl?y-g{c? gﬂﬁﬁr fhe Ac\%;ﬁ 1ot Me?n% &eér?s f*&l"ﬁ&ﬁgmggvatﬂ}si fuel

reference to uri'ngperi-ods When’ gaseous 'S No
jet composed of a main fuel and oxidant nozzle means for producing at least one oxidant

5  jet composed of an oxidant to support combustion of the main fuel of said first fuel jet;
and

actuable auxiliary, second fuel nozzle means for producing a second fuel jet domposed of
an auxiliary fuel to burn within said oxidant;

said main and said auxiliary fuels respectively-composed of said gaseous and liquid fuels

10 or vice-versa;

said oxy-fuel burner and said actuable auxiliary, second fuel nozzle means: conﬁ'gurcd
such that, under normal operating conditions, said first and second fuel jets each have a
momentum different than that of said at least one oxidant jet to cause mixing of said main
and auxiliary fuels with said oxidant.

2. The oxy-fuel burner system of claim 1, wherein each of said first and second fuel jets
and said at least one oxidant jet has an outwardly divergent, fan-shaped configuration.

3. The oxy-fuel burner system of claim 1, wherein said main fuel oompri#es the gaseous
fuel and said auxiliary fuel comprises said liquid fuel.

4. The oxy-fuel bumner system of claim 1, wherein said first and second fuel jets and said
at Jeast one oxidant jets have closely matched shapes to cause said at least one oxidant
jet to envelop said first or second fuel jets.



5 uséd cut of f vaI ve 62 cuts off the flow of the gas;@lglgﬁeeimlae@m lmdlves

88 and 96 are opened to supply F—crrret as t
cat r 12
S8 conbi ned

atom zing fuel spray. Fuel nozz &THS SEFBT
oxidant jet 101 forned from subsSTarary oxi?an't jets V\:hl ch in the

and is set at an angle so that g secdtEPY
Il lustrated enbodi nent are subsidiary upp and | ower oxidant jets 102 and
103, 10 emanati ng fromoxy-fuel burner 12. The angle of intersection is

preferably |ese e ﬁ] % Myofukl bk s?ermlof*emgl awhé@ein thel RbMeéntRre b siid N ahd

of |ntersect|on erence to 5, second fuel jet 100 is outwardly
di vergent and secondsfuabjets lsrgredmthmw&ahmatakasmmm@w%pper and | ower
oxi dant jets 102 and-103. Second fuel jet 100 15 and conbi ned oxi dant jet
101 have closely matched shapes. The term "closely matched shapes” as used

herein and in g hque!kylfaclBiiér syiftm ofiblaiin 1) Siheréll said skkbhd joRidanejet means is
sui tabl e shaped so that either the fuel jet wll have a snaller

cross-sect i on amglediwith respest tonsaid atrleast onsoxidant jetsorthat said firshfuehijet intersects seid
the liquid fuel |nters ¢ts,the oxid

will ensure erﬁ&‘ﬁ{)%n? 87“ ﬂﬁgﬁfﬂgﬁpﬁﬁ‘?%%g?%ﬁﬁgﬂgl%ﬁp us, said
conmbusti on of dyidant USder IRRITIE hondidogg@nt rather than oxygen present
in the furnace environnent. In this regard, in oxy-fuel burner 12, |ower

subsi diary oxidant jet 103 has a greater flow rate and nonentum than upper

become | ner aack nyoTReel BurpeE el I RcRiaR A ot SHBUAREKIy WS BhicSh P ind

order to countlijuid fueld)isaidtoxyifuell bubseh system comamprisingt ed wi th proj ect ed

an oxy-fuel burner including an actuable, first fuel nozzle means for producing a first fuel
et coniposed. of a main fuel and oxidant nozzle means for producing two subsidiary
5 oxidant jets composed of an oxidant, sandwiching said first fuel jet when said first fuel
nozzle means is actuated to produce a flow of said main fuel and merging into a
combined oxidant jet when said first fuel nozzle means is actuated to at least reduce said

flow of said main fuel; and

actuable auxiliary, second fuel nozzle means for producing a second fuel jet composed of
10  an auxiliary fuel to burn within said oxidant;

said main and said auxiliary fuels respectively composed of said gaseous and liquid fuels

Or Vice-versa;

. said oxy-fuel burner and said actuable auxiliary, second fuel nozzle means configured
such that, under non-nél operating conditions, said first and second fuel jets each have a

15 momentum, in case of said first fuel jet, different than that of at least one- of said two
subsidiary oxidant jets and, in case of said second fuel jet, different than that of said

combined oxidant jet, to cause mixing of said main and auxiliary fuels with said oxidant.

8. The oxy-fuel bumner system of claim 7, wherein:

AN A

—



25 conbustion of fuels, upper subsidiary oxidant jet 102, flow ng a

| oner flow rate, supplies oxidant to burn such buoyant fuegmmﬂ'lllmwlu"lm
Therefore the fuel jet emanating fromcentral fuel nozzle

mat ched shape with respect to | ower subsidiary oxidant jet 192.° I'f burners
where the fuel jet is sandw ched by oxi ditgt jets of equal mass flow rate,
all jets will have closely matched shapesS™ 30 8 Wth reference to Fig.

6, oxy-fuel burner system 10 is illustrated within a furnace 104 utilizing
t he gaseous fuel and heating a nelt 106. It is to be noted that flane 108

i s oriented slm:twﬁiebwnds is"otiéntdd SuchUhde kaid awo subsidiaie oxidhatnjeasaret jocdted
may not be enough di s nce between the nelt and burner 18 to all ow fuel

bur ner assenbl !ﬂﬁﬂ fushigh bel ow burner 18. In such case, fuel
-nozzl e assenbly 14 can be p03|t|oned above burner 18 and inclined
downwardly at the acute angle of Iess than [err], preferably [err] to

i ntersect t he shidegasgonss ﬂxeTrbamsI rsaidedudamdsapmum acpmjecgdr@dmohmmg a length
desirabl e, _howeye because t he flame posi |on|n close to t hernal, | o
s nore ea$ | ynéamusqnsmreas mpre byoyan femémﬁawel wfﬁff éﬂdacmcq t

t he present ’ﬂé‘?&thﬁ&‘ has application to other

said oxidant nozzle means is configured such that said subsidiary oxidant jet, located

above said first fuel jet, has a lower mass flow rate than said subsidiary oxidant jet,

located below said first fuel jet, to ensure combustion of said increasingly more buoyant
10 fuel particles.

9. The oxy-fuel burner system of claim 7, wherein each of said first and second fuel jets,
said two subsidiary oxidant jets and said combined oxidant jet have an outwardly
divergent, fan-shaped configuration.

10. The oxy-fuel bumer system of claim 7, wherein said main fuel comprises said

gaseous fuel and said auxiliary fuel comprises said liquid fuel.

11. The oxy-fuel bumner system of claim 7, wherein said first fuel jet and said at least.

one of said two subsidiary oxidant jets and said second fuel jet and said combined oxidant

jet having closely matched shapes to cause said at least one of the two subsidiary oxidant

jets to envelop said first fuel jet and said combined oxidant jet to envelop said second fuel
5 jet

12. The oxy-fuel bumer system of claim 7, wherein the momentum of said first and
second fuel jets is greater than said at least one subsidiary oxidant jef and said combined
fuel jet, respectively.

13. The oxy-fuel burner system of claim 7, wherein said actuable auxiliary, second fuel
nozzle means is angled such that said second fuel jet intersects said combined oxidant jet



oxy-fuel burning systenms. For instance, in place of burner 18, the

i nveriti on woul d al so have applicability to an oxygen | anceoﬁmmwumummlﬂ“
an outwardly divergent, fan-shaped oxidant jet were positi k e 1
outwardly divergent, fan-shaped fuel jet issuing froma burner %Yo attract
the flame downwardly, near the thermal negt. Another exanple of a 15 :
possi bl e alternative enbodi nent woul d be to use an oxy-fuel burner in whic
the fuel jet sianacsadgietdensupemikiap of said aivgliaryduel@nt gaidviidant uridef furi-down
aspirate fuel -intp the oxidant. In addition, for furnaces run primarily on
oil with a gooRERIDE BRGNS as propane or natural gas as secondar y/ backup
fuel, oxy-fuel burner 12 can be run on liquid fuel as described in U S.

Pat ent No. 5,299, 929. The fuel nozzle assenbly 14 can be used for the 20
gaseous fuel Whelhé ozy-foslbumensystemoofoelainnbtoriclaim 1 whereinedaid acifié angie is 86
and 96 could be prgpor{i val ves. This would allow dual usage of fuel.
For instance, &Fft &Bﬁ\ﬁgﬂg%ﬁ!ﬁ?ﬁt ve fuel such as propane were used in

pl ace of nethane, then some of the liquid fuel could be burned along with

t he propane to increase the power output of burner system 10. In such case,
val ve 62 woul 15.bEbsexy-fuel bumer systém of olaim 1dowhereinrsai isa® greaterthaned
fl ow of propa%%“f ﬂé?u h oxy-fuel burner 12. In such case, valves 50, 88 and
96 woul d be s ﬁgﬁf‘open positions. A conbi ned oxidant jet 101 would
be formed because very little conbustion would occur within upper and | ower

subsi diary oxidant jets 102 and 103. 30, ‘Al t hough, the present ]
i nventi on” haslée®he axyéyel bumeisyfemenfeslaim: 14, whesein saidseeand fuel nozzle means is

positioned below said oxidant nozzle means so as to be angled upwardly into said oxidant.



enboderent it will be understood by those skilled in the art that numerous
addi tY ons, changes and_omi ssi ons_nay-be—aade wthoutﬂﬂ%ﬂ&iﬁés'ﬂe om g he
spirit and scope of the fj ngHE@VﬁﬂQIBHEN 10 1 . C a|

burner system for alternativel \zpp aoeml taousl y bur ni n

liquid fuels, said oxy-f bHE-Rer—sysEERrcognpri Si ng: an

i ncl uding an actuable, first fuel ‘nozzle médns for pr oduci ng a f| rst fuel
jet conposed of a nmamin fuel and oxidant nozzle neans for producing at |east
one oxidant 5 jet conmposed of an oxidant to support conbustion of the main -
fuel of said first fuel jet; and actuable auxiliary, second fuel nozzle
nmeans for producing a second fuel j et conposed of an auxiliary fuel to burn
wi thin said oxidant;

g i T

OXY-FUEL BURNER SYSTEM DESIGNED FOR ALTERNATE FUEL USAGE
ABSTRACT

An oxy-fuel burner system for alternately or simultémeously burning gaseous and
liquid fuels. A gaseous fuel jet cmanating- from an oxy-fuel burner is either undershot
by an oxygen lance or is sandwiched between oxidant jets produced by two subsidiary
oxidant jets which are preferably formed of oxygen. An actuable second fuel nozzle is

5 provided for producing a second fuel jet composed of the liquid fuel which is angled

- toward the oxidant jet at an angle of less than 20°. 'When the liquid fuel to be used, the

- gaseous fuel is turnied off and the liquid: fuel is turned on and vice-versa or both can
operate simultaneously where the oxidant supplies oxygcn to both fue] streams.



and sai d actuabl e
under nor nmal

bur ner

sai d oxy-fue
nozzl e neans configured such that,

or vice-versa;

d said auxiliary-fuels respectively conposed of said gaseous
second f uel

and Fquid fuels 10

auxiliary,
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6., The oxy-fuel burner systemof claim1l, wherein said second fuel jet
means’ is angled with respect to said at |east one oxidant jet so that said
fuel jet.intersects said at | east one oxidant jet at an acute angle to
ensure mxing of said auxiliary fuel and said oxidant under turndown
operating conditions. 7. An oxy-fuel burner systemfor alternatively or

si mul t aneously burning gaseous and liquid fuels, said oxy-fuel burner.
system conpri sing: an oxy-fuel burner inc%ﬂ?ing an actuable, first fuel
nozzl e means for producing a first fuel ¥t conposed of a main fuel and

oxi dant nozzl e neans for producing two subsidiary 5 oxi dant jets conposed
of an oxi dant, sandw ching said first fuel jet when said first fuel nozzle
nmeans is actuated to produce a flow of said nmain fugisand nmerging into a
conbi ned oxidant jet when said first fuel nozzle neg \S actuated to at

| east reduce said flow of /§aid nmain fuel; and actua [ iary, second
fuel nozzle neans for pr ing a second fuel jet chfposad?
auxiliary fuel to burn WifRify said oxidant: said mefi ,
fuel s respectively conpq f said gaseous and |i g}
sai d oxy-fuel burner an actuabl e auxiliary, skt
configured such that, un ormal operating condit |
second fuel jets each hgv 5 nonmentum in case pf*
different than that of {gt ajt one of said two

idauxiliary
¢ Or Vvice-versa;
nozzl e neans
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10: The oxy-fuel burner systemof claim?7, wherein said main fuel conprises
sai d gaseous fuel fuel conprises said liquid fuel. 11.
The oxy-fuel burne , Wherein said f/. SR et and said
at least one of sallq, t\@®(SMAYI xidant jets and gap secord '
and sai d conbi ned. e cl osalay- matche !
at | east one of the two subsidiary oxidant jets to g
jet and said conbi ned oxidant jet to envel op said sk
The oxy-fuel burner systemof claim7, wherein the \{
and second fuel jets is greater than said at |east ‘I‘ sub51 di- ar/y_}am dant
jet and said conbined fuel jet, respectively. 13. Th&gx -__f_ueL.-—-' ner
systemof-claim7, wherein said actuable auxiliary, setdhgl

Teans 152091, SED ! Ao SERRRY oLyl iCISBRE bR,

and sai d oxi dant under turn-down operating.conditions. 14. The oxy-fuel
burner systemof claim6 or claim13 wherein said acute angle is no.

ABSTRACT

Eﬁﬂsraidf Fist fuel
onc?ﬂfnaﬁlm ) Jet‘ 12.
piRLLM Of sauel first

An oxy-fuel bumner system for a]tcrhatcly or _simiﬂténeously burning gaseous and
liquid fuels. A gaseous fuel jet emanating from an oxy-fuel burner is ¢ither undershot
by an oxygen lance o is sandwiched between oxidant jets produced by two subsidiary
oxidant jets which are preferably formed of oxygen. An actuable second fuel nozzle is

5 provided for producing a second fuel jet composed of the liquid fuel which is angled
toward the oxidant jet at an angle of less than 20°. When the liquid fuel to be used, the
gaseous fuel is turned off and the liquid fuel is tumed on and vice-versa or both can
operate simultaneously where the oxidant supplies oxygen to both fue] streams.

Fig. 1.




great'er than about: 20 degrees 15. The oxy-f uel

into said oxidant. 11

5. The oxy-fuel burner system of claim 1, wherein the momentum of said first and
second fuel jets is greater than that of said at least one oxidant jet.

. 6 The oxy-fuel bumer system of claim 1, wherein said second f}igl jet means is
-SeCco

angled with respect to said at least one oxidant jet so that said /~ : fuel jet intersects said

at Jeast one oxidant jet at an acute angle to ensure mixing of said auxiliary fuel and said

oxidant under turn-down operating conditions.

7. An oxy-fuel bumner system for alternatively or simultaneously burning gaseous and
. liquid fuels, said oxy-fuel burner system comprising:

an oxy-fuel bumner including an actuablé, first fuel nozzle means for producing a first fuel
jet composed of a main fuel and oxidant nozzle means for producing two subsidiary

5 oxidant jets composed of an oxidant,.sandwiching said first fuel jet when said first fuel
nozzle means is actuated to produce ‘a flow of said main fuel and merging into a
combined oxidant jei when said first fuel nozzle means is actuated to at least reduce said
flow of said main fuel; and '

actuable auxiliary, second fuel nozzle means for producing a second fuel jet composed of
10 an auxiliary fuel to burn within said oxidant;

| said main and said auxiliary fuels respectively composed of said gaseous and liquid fuels

-OT Vice-versa;

said oxy-fuel burner and said actuable auxiliary, second fuel noz’zJé means configured

- such that, under normal operating conditions, said first and second fuel jets each have a
15 momentum, in case of said first fuel je!,'diﬁ'crcnt than that of at least one of said two
"~ subsidiary oxidant jets and, in case of said second fuel jet, different than that of said
combined oxidant jet, to cause mixing of said main and auxiliary fuels with said oxidant.

_—

AR g

8. The oxy-fuel bumer sysic:_n of claim 7, wherein




