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1 MELT HEATI NG METHOD .- g\ eEPY ™
BACKGROUND OF THE | NVENTI ON The present invention rel atesf tJo
a mét hod of heating a melt containing an oxidi zabl e substance. More
particul arly, the present invention relates to such a nethod in which the
fuel I's burned in an oxidant by projecting a fuel jet and an

under | yi ng oxidant jet over the nelt. Even nore particularly, the

present invention relates to such a method in which the oxidant 5 jet
monmentumis controlled so that the top surface of the nelt is sufficiently
undi st ur bed t hat the nelt situated beneath the top surface does not
rise to the top surface to becone oxidized. The prior art

"~ has provided burners in which fuel is burned within an oxi dant, oxygen
enriched air or nearly pure oxygen to produce a projected flanme over the
~nmelt. In many such burners, the oxidant is supplied by an oxidant jet
- positioned below a fuel jet so that the 10 oxidant jet is |ocated between

"the nelt and the fuel jet. In an aMﬁf‘thAﬁ‘Iﬂ%dﬂe flame,

BACKGROUND OF THE INVENTION

The present invention relates to a method of heating a melt containing an oxidizable
substance. More particularly, the present invention relates to such a method in which the fuel
is burned in an oxidant by projecting a fuel jet and an underlying oxidant jet over the melt.
Even more particularly, the present invention relates to such a method in which the oxidant

5  jet momentum is controlled so that the top surface of the melt is sufficiently undisturbed that

the melt situated beneath the top surface does not rise to the top surface to become oxidized.

The prior art has provided'bumers in which fuel is burned within an oxidant, oxygen
enriched air or nearly pure oxygen to produce a projected flame over the melt. In many such
burners, the oxidant is supplfed-by an oxidant jet positioned below a fuel jet so that the

10  oxidant jet is located between the melt and the fuel jet. In an attempt to project the flame,
a high momentum is imparted to the underlying oxidant jet. Typically, however, a high
temperature region is produced beneath the flame that contains oxygen. In case of an
oxidizable melt such as aluminum, the top surface of the oxidizable melt competes with the
fuel for the oxygen to produce a top oxidation layer, known in the art as dross. This top

15  oxidation layer insulates the melt from the flame and, as a result, the power being delivered
by the flame to the melt decreases. This in turn increases the amount of fuel required to heat

the melt a specified amount.
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present

I nvention provides a nelt heating nethod which acts to
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SUMMARY OF THE INVENTION

The present invention provides a method of heating a melt containing a ogidizable
substance. In accordance with the method, fuel is burned with an oxidant by projecting "at
least one pair of fuel and oxidant jets over the melt. The oxidant jet is at least partially
situated between the fuel jet and the melt. The fuel and oxidant jets have a fuel jet
momentum and an oxidant jet momentum, respectively, and the oxidant jet produces a top
oxidation layer located on the top surface of the melt and having a thickness. A threshold
momentum is determined at which said top oxidation layer is forced aside by said oxidant jet
to expose fresh melt that could potentially be oxidized and increase said thickness of said top
oxidation layer. The oxidant jet momentum is adjusted to be below the threshold momentum.
The fuel jet momentum is adjusted so that it is greater than the oxidant jet momentum to
draw the oxidant towards the fuel and thereby form a desired combustible mixture in a2 mixing

layer of the fuel and oxidant.

In another aspect, the present invention provides a method of heating a melt containing
a oxidizable substance. In accordance with the method, fuel is burned with an oxidant by
projecting at least one pair of fuel and oxidant jets over the melt. The oxidant jet is at least

partially situated between the fuel jet and the melt. The fuel and oxidant jets have a fuel jet

momentum and an oxidant jet momentum, respectively, and the oxidant jet produces a top '
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oxidation layer located on-the top surface of the melt and having a thickness. The oxidant
jet is projected so that tﬁe oxidant jet momentum is below a threshold momentum at which
said top oxidation layer is forced aside by said oxidant jet to expose fresh melt that could
potentially be oxidized and increase said thickness of said top oxidation layer. The fuel jet
is projected so that the fuel jet momentum is greater than the oxidant jet momentum to draw

the oxidant towards the fuel and thereby form a desired combustible mixture in a mixing layer



Sktuated between the fuel jet and the nelt. The fuel and oxidant jets have

a fuel jet nonment um and an oxi dant jet nonentum respectively, and

t he oxi dant jet produces a top 10 oxi dation | ayer |ocated on the top
surface of the nelt and having a thickness. A threshold nonentumi s
determ ned at which said top oxidation layer is forced aside by said

oxi dant j et to expose fresh nelt that could potentially be oxidized
and increase said thickness of said top oxi dation | ayer. The oxi dant
jet momentumis adjusted to be below the threshold nonentum The fuel
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| ayer 10  beneath the fuel jet. Other burners, such as discussed above, have an oxidant jet underlying
the fuel jet so that the oxidant jet is entirely situated between the fuel jet and the melt. Still
other burners héving_ overlying and underlying oxidant jets sandwiching a central fuel jet.
The claims of this case are intended in their brbadest aspect to cover all of these types of
burners. Furthermore, it is important to point out that the term "oxidant" as used herein and

15  in the claims means oxygen, oxygen enriched air or air.

The inventor herein has determined that a specific threshold momentum of the oxidant
jet exists in which the oxidant jet forces the top oxidized layer aside to expose fresh or
unoxidized melt which becomes oxidized. For instance, the top oxidation layer may in its
entirety slide in a direction of flow of the oxidant jet or may cause one or more fissures to

20 develop in the top oxidant layer. . The term, "forced aside" as used herein and in the claims
" is meant to cover all of these posSibilities. The threshold momentum of the oxidant depends

on many factors including any possible deﬂect'ion of the oxidant jet towards the melt and
distance of the oxidant jet from the melt. As momentum is increased, there exists an increase

in momentum transport to the melt which is churned so that the melt underlying the top
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oxidized layer tends to transport to the surface and become oxidized. These aforementioned
mechanisms cause growth of the thickness of the top oxidation layer from the top surface of
the melt. The growth, however, in the top oxidation layer is initiated by the forcing aside of

the top oxidation layer. The present invention does not prevent formation of the top oxidation



3 of the fuel and oxidant. In still a further aspect, the fuel and

oxi dant jets have a total specific nonmentum that is defined by a sum
of the fuel and oxidant jet momentuns divided by the power produced
by the burning of the fuel. In accordance with this further aspect of the
present invention it is further provided that the oxidant and fuel jets are
projected so that their 5 said total nonmentumw || be no greater than
about 60 newt ons per negawatt of power produced from sai d burning of
t he fuel. In its broadest aspect, the present invention has
application to many different types of bur ner designs. For instance,
in case of a burner in which a central fugl nozzle is surrounded by

‘an outer coaxial array of oxidant nozzles, the resultant oxidant jet wll
only partially |jagrl@, dod@&i&&awtelﬂ. ihkibit kro@lth pErhe thidkhas oDsuch ¢dysr bys ietilishsibing the

:di'scussed above, hav X nt j et underlying the fuel jet so that
'the oxidant jet PBSY FPE% 'tuated between the fuel jet and the melt.
Still. ot her burners having overlying and underlying oxidant jets
i sandwi ching a central fuel jet. The clains of this case are intended -
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' that the top oxidant layer is not disrupted. Once set up, the set up conditions could be noted
and a burner used in heating the melt could be adjusted between turn down operation and

operation in accordance with the présent invention. The present invention could be practiced

as outlined above. However, in order to have even further assurance that the top oxidation

20  layer of the melt were not disturbed, the total specific momentum of the fuel and oxidant jets

could be calculated at the exit of the burner and thé fuel an oxidant jets could be adjusted to

be at or below about 60 newtons per megawatt of power developed by the burner. Since the

oxidant jet momentum and/or the total specific momentum is a limiting factor when heating

a melt in accordance with the present invention, one single burner might not have enough

power output for the heating requirements of in specific melt. As such, the present invention

|3
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contemplates the use of several burners producing several pairs of fuel and oxidant jets or

using burners which dissipate the oxygen momentum over short distances from the burner.



4 - | ayer. It, does however, inhibit gromh of the thickness of such
layer by not disturbing the top surface of the nelt.

In practice of the present invention, as the nelt heats. the oxidant jet
nnnentun1|s adjusted to be beIOM/the t hreshol d nonentum The fuel jet
‘nomentum i s adjusted so t hat 5 it draws the OX|dant jet towards the

;fuel and produces a "desired conbustible m xture" in the m Xi ng
layer. Such desired conbustible mxture is the m xture required for a
‘specific desired power output. Since the oxidant is being drawn
'tomards the fuel, it is being drawn away from the nelt to | ower the

-oxygen concentratl on over the nelt. The | ower oxygen concentration

also acts to inhibit the growth of the th?ckness of the nmelt. - 10

The threshol d nomentum can be JdepeESCRIREIDNERE YPRA by observing the
top oxi dation layer after the nelt has been heated. Initially, as the
nmelt heats, the oxidant jet nonmentumi s adjusted so that so that the

top surface of the e BRPERER ilvendR idides Withedims distinctypolidiBg tﬂé‘Eﬁbjdcﬁt
. Thereafter, while observing the top oxidation |ayer the nomentum of

oxidant jet is FREFSBRAPPlFAN reeardymsdiLIBt e its Beliesed b dbgsintengion t‘h‘éb? bﬁ&ter
L oxi dant | ayer OGfdststoodkéhen 1dkén weunﬁ&hsxd“ﬁp%eaccomsmmoe&mhga fwenid.on may be

‘practl ced by setting up the conbustion so hat the top oxidant |ayer

is not disrupted. Once set up, the set up condltl ons coul d be noted

and a burner sused | angelafs'ar@ctwﬂgl VIBY bf £ Rkade Q@orﬁ&%tﬁxgtaqgaﬁg &R ﬂl%‘é&r&%{?_he

operation and eration 1 n accordance wt pres I nvention
present invent i ¥ithghapresehicingamtion;i ced as outlined above. However,
order to have even further assurance that the top oxidation '

Fig. 2 is a front view of a burner operating in accordance with the present invention;

Fig. 3 is an elevation, cross-sectional view of a burner operating in accordance with

a method of the present invention;
10 Fig. 4 is a fragmentary, top plane view of Fig. 3.
T IP

With reference Figs. 1 and 2 a furnace 1 is illustrated for heating a melt 10 which

comprises an oxidizable substance, for instance, aluminum. Melt 10 has a top surface 12 and

a top oxidation layer 14 which in the case of aluminum is known as aluminum dross. The

15  thickness of top oxidation layer 14 is exaggerated for purposes of illustration. In reality, such

top oxidation layer would be a few millimeters thick.

Furnace 1 incorporates burner 16 set within a burner block 18. Burner 16 is designed.
to burn a fuel within an oxidant, either oxygen or oxvgen enriched air, to produce a projected

flame 20 which overlies melt 10. Heat is transferred from projected flame 20 to melt 10.

20 With additional reference to Figs. 3, burner 16 is provided with a central fuel nozzle -
22 that is specifically designed to discharge a fuel jet 2+ in an outwardly divergent, fan-

shaped configuration. With reference to Fig. 4, such outwardly divergent, fan-shaped



20- layer of the nelt were not disturbed, the total specific nomentum of
the fuel and oxidant jets coul d be calculated at the exit of the
burner and the fuel an oxidant jets could be adjusted to be at or
bel ow about 60 newt ons per negawatt of power devel oped by the burner. Since
t he oxi dant jet nonmentum and/or the total specific nomentumis a
limting factor when heating a nelt in accordance with the present

li nvention, one single burner m ght not have enough 25 power output for

t he heating requirenments of in specific nelt. As such, the present

I nvention contenpl ates the use of several burners producing several
pairs of fuel and oxidant jets or usi ng burners which dissipate the
oxygen nonentum over short di stances from'the burner.

DESCRI PTI ON OF  THE sRIRAWNGRully illustrated for projectedMdmeS20t hSituRie S&ehthi R @05AIOM s
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drawi ngs in whic I's a sectional view of a furnace
i ncorporating a presidéchis mepmldmgrp\abmomahqm@ which is dgsighed peproducs cant outwardly

I nvention; 5 divergent, fan-shaped overlying oxidant jet 32. It is to be noted that overlying oxidant nozzle
30 has a smaller cross-sectional area than underlying oxidant nozzle 26 so that overlying
oxidant jet 30 has less momentum than underlying oxidant jet 28 and functions to prevent

projected flame 20 from licking up toward the roof the furnace. Overlying oxidant nozzle 30

could be constructed with the same cross-sectional area as underlying oxidant nozzle 26.
10  Burner 16 is fully illustrated and described in U.S. 5,299,929, issued to the Assignee herein
and which is hereby incorporated by reference. However, it is to be stated that no particular
type of burner is preferred and the method is applicable to any burner in which an oxidant,
such as air, oxygen enriched air, or pure oxygen is introduced as a jet below a fuel jet and

over a melt.

15 As stated pre.viously, the momentum of the oxidant, in this case oxygen, is adjusted |
via a valve 34 to be below a threshold momentum, discussed hereinabove. Practically
speaking, adjustment of valve 34 adjusts the velocity of underlying oxidant jet 28. Thereafter,
a fuel valve 36 is adjusted to adjust the velocity of fuel jet 24 and therefore its momentum.
The momentum of fuel jet 24 is adjusted to be greater than the momentum of underlying

20  oxidant jet 28 so that the fuel jet 24 produces a fow pressure region that draws the oxidant
away from melt 10 and towards the fuel to form a desired combustible mixture in the mixing
layer of the fuel and the oxidant. Additionally, as mentioned above, the total specific
momentum of fuel and oxidant jets 24 and 28 could be calculated. In such case it might also
be necessary to scale back the total specific momentum of fuel and oxidant jets to about or

below about 60 newtons per megawatt of power developed by burner 16.

9
W

While the invention has been described with reference to a preferred embodiment. it
will occur to those skilled in the art that numerous changes. additions, and omissions may be

made without departing from the spirit and scope of the present invention.



Fig. 2 is a front view of a burner operati'ng in accordance with the present
I nvention; Fig. 3 is an elevation, cross-sectional view of
a burner operating in accordance with a nmethod of the present

i nvention; 10 Fig. 4 is a fragnentary, | ane view of Fig
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'Wth reference Figs. | and 2 a furnace | is illust a nelt
10 whi ch conpri ses an oxi di zabl e substance, for |nstance al um num
'Melt 10 has a top surface 12 and a top oxidation layer 14 which in
}the case of alum numis known as al um numdross. The 15 thickness of top
‘oxi dation layer 14 is exaggerated for purposes of illustration. In reality,
such top oxidation |ayer would be a?’few mllimeters thick

Furnace 1 incorppgahes burner 16 set within a burner block 18. Burner 16 is
desi gned to burn a fuel within an oxidant, either oxygen or oxygen
jenriched air, to produce a projected flame 20 which overlies nelt 10.
Heat st r ansf er .68 hduyd o 'BQJU@%E‘?:ER cbﬁ\ﬁ‘iﬁm Un b@aRhd su%gance sgfa method com rxsuw t h
radditional reference to Figs ur ner s provided wth a centrar

‘nozzl e 22 that is speC|f|caIIy de5|gned to di scharge a fuel jet 24 |n
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Fig. 4, such outwardfy divergent,
melt, said oxidant _]et bemg at least partially situated between said fuel jet and said melt;

said fuel and oxidant jets having a fuel jet momentum and an oxidant jet momentum,

(9]

respectively, and said oxidant jet producing a top oxidation layer located on said top surface

of said melt and having a thickness;

determining a threshold momentum at which said top oxidation layer is forced aside by said
oxidant jet to expose fresh melt that could potentially be oxidized and increase said thickness

of said top oxidation layer;
10 adjusting said oxidant jet momentum to be below said threshold momentum; and

adjusting said fuel jet momentum so that it is greater than said oxidant jet and said oxidant

and fuel form a desired combustible mixture in a mixing layer of the fuel and oxidant.
2. A method of heating a melt containing an oxidizable substance, said method comprising:

burning fuel with an oxidant by projecting at least one pair of fuel and oxidant jets over the

melt, said oxidant jet being at least partially situated between said fuel jet and said melt;

said fuel and oxidant jets having a fuel jet momentum and an oxidant jet momentum,
5 respectively, and said oxidant jet producing a top oxidation layer located on said top surface

of said melt and having a thickness;

said oxidant jet being projected so that said oxidant jet momentum is below a threshold .

momentum at which said top oxidation layer is forced aside by said oxidant jet to expose



configuration is fully illustrated for projected flanme 20. Situated beneath
fuel .nozzle 22 is an underlyi ng oxi dant nozzle 26 which 1§ designéd —
to produce an outwardly divergent. fan- shaped under | yj i j

28 which is positioned between nelt 10 and fuel jet 24. A sﬂ"l“”"l"“ﬂﬂmrcﬁ",
is an overlying oxidant nozzle 30 which is designed to produte %@n tout'wafdl ¥y

5 di vergent, fan-shaped overlying oxidant jet 32. It is to be noted that
overlying oxidant nozzle 30 has a snaller cross-sectional area than
under | yi ng oxi dant nozzle 26 so that overlying oxi dant jet 30 has

| ess monentum t han under|ying oxidant jet 28 and functions to prevent

projected flanme 20 fromlicking up toward the roof the furnace. Overlying
oxi dant nozzle 30 coul d be constructed with the sanme cross-secti onal

area as underlyi oxi,dant zzle. 26, 1Q. Burner 16 is .fully_illustrated
and descr i bed | nioreRERYsgNEBReSiaf? he dNtize I MieareaitDrsidpasop e 5
whi ch i s hdfeby lagepambrated by reference. However, it is to be stated that
no particul ar type of burner is preferred and the nethod is
japplicable to any burner in which an oxidant, such as air, oxygen
‘enriched ?i r, or1 sadlifuel RXyasproRciedtd BURROuaISettmdrRdnde [sQréater tHalsail RkidafiGer
‘over a nelt.

_ 5 As stated previously, the mpnentum of the
‘oxidant, in thi smRREUuPA sid 01*133“&3?06@%@“ 2 desi e@ic%f‘r’]l%{‘s\r}}g? Xty 1q & mpEng BN &

fa threshol d nonest hetuetbfiCoisdad her ei nabove. Practically speaki ng,
‘adj ustment of valve 34 adjusts the velocity of underlying oxidant jet 28.
. Thereafter, a fuel valve 36.is adjusted to adjust the velocity of

fuel jet 24 and $hgriduRSdfihbaingaFRR dfaining an oxiEREHITTUBRRCH Baid mdihRl cohplisifgh
"is adjusted to be greater than the nonentum of underlying 20. oxidant jet
:28 so that the fuel jet 24 produces a |ow pressure region that draws the

- oxi dant.  AVGlinibg AR ith by 0N By bR 13 ohb Bhir bOWI AL AR T GA: the

- conbustible mxture Tn the mxing | ayer of the fuel and the”oxidant.

~Additional ly, asmétseideonidantdeideiag at hesttpwaﬁ/y sityated between said fuakdetand said oeltf uel
and oxidant jets 24 and 28 could be calculated. In such case it mght also

- be necessary to scale back the total specific nmonmentum of fuel and oxi dant
jets to about orsagsfuel pad oxidanbdets hedngevienist pomentumandtan efidapbjee momentum,

devel oped by burr@ﬁ:‘éctijﬁ/@br, said fuel and oxidant jets having a total specific momentum defined by a sum
of said fuel and oxidant jet momentums divided by the power output of the burning of the
fuel, and said oxidant jet producing a top oxidation layer located on said top surface of said

melt and having a thickness;

said oxidant jet being projected so that said oxidant jet momentum is below a tﬁreshold
10 momentum at which said top oxidation layer is forced aside by said oxidant jet to expose
fresh melt that could potentially be oxidized and increase said thickness of said top oxidation

layer;

said fuel jet being projected so that said fuel jet momentum is greater than said oxidant jet
momentum and said oxidant and fuel form a desired combustible mixture in a mixing layer

_ 15 of the fuel and oxidant; an_d

said oxidant and fuel jets being projected so that their said total specific momentum will be
no greater than about 60 newtons per megawatt of power produced from said burning of said

fuel.



While the invention has been described with reference to -a—preferred——
enbodi nent, it W ll occur to those skilled in the art -
changes. additions, and oni ssions nay be made WthOUtmﬂmHmm"ﬁwﬂmll
the spirit and scope of the present invention. * ¢ L M s =
7 | claim - 1. A nmethod of heating a nelt containing an
loxi di zabl e subst ance, said nmethod conpri sing: burning fuel with
‘an oxidant by projecting at |east one pair of fuel and oxidant jets over
‘the melt, sai-d oxidant -jet being at |east partially situated -
,between said fuel jet and said nelt; said fuel and oxidant jets
lhaving a fuel jet nmonentum and an oxi dant jet nonentum 5

respectively, and said oxidant jet prgducing a top oxidation |ayer |ocated
on said top surface of said nelt and having a thickness;

determnin t

forced asi g4e ﬁe%&ﬁé}%tddmme& cﬁ’dﬂm?oﬁ@;}nﬁi{} talgérglﬁlﬁg@eﬁ reshklgg}}tt’&%l%c{l h§ouI d
potential | ya meexgmtﬁfaneﬁapaddomﬂgnrmﬁe sai d thickness

5. The method of claim 4, further comprising producing an overlying oxidant jet overlying

said fuel jet so that said fuel jet is sandwiched between said over and underlying oxidant jets.

6. The method of claim 1 or claim 2 or claim 3, wherein said melt comprises aluminum.



of - said top oxidation |ayer; 10 adj usting said oxidant jet nmomentum .
to he below said threshold nonentum and adjusting said fuel jet
nonentum so that it is greater than said oxidant jet and said oxi dant

and fuel forma desired conbustible mxture in a mxing |layer of the fuel
and oxi dant. 2. A nmethod of heating a nelt containing an
~oxi di zabl e substance, said nethod conprising: burning fuel with
~an oxidant by projecting at |east one pair of fuel and oxidant jets over

t he melt, said oxidant jet being at |east partially situated
between said fuel jet and said nelt; said fuel and oxidant jets
having a fuel jet nomentum and an oxidgpt jet nonentum 5 respectively,
and said oxidant jet producing a top oxidation |ayer |ocated on said top
surface of said nelt aMBLRHEARMING MBIHRDesSS: sai d oxi dant
jet being projected so that said oxidant jet nonentumis below a threshold
moment um at whi ch said top oxi dati onAB8YRAQTS forced aside by said oxidant
jet to expose '

A method of heating a melt containing an oxidizable substance in which a fuel is
burned with an oxidant by projecting fuel oxidant j ets over the melt. The fuel and the oxidant
jets have a fuel jet momentum and an oxidant jet momentum, respectively. The oxidant jet
produces a top oxidation layer on the top surface of the melt and such top oxidation layer has
a thickness. The oxidant jet momentum is adjusted to be below a threshold momentum at
which the top oxidation layer is forces aside by the oxidant jet to expose fresh melt that
potentially can be oxidized and can increase the thickness of the top oxidation layer. The
fuel-jet momentum is adjusted so that it is greater than the oxidant jet momentum to draw the
oxidant jet towards the fuel jet and thereby forms a desired combustible mixture in a mixing
layer. Additionally, the oxidan-t and fuel jet momentums could be adjusted so that their total
momentum (the sum of their individual momentums divided by the power output developed

by the burner of the fuel) were less than about 60 newtons'per megawatt.

Fig., 1
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sai d oxi dant ang fuel jets. bei.ng_projected.so that their said total

speci fic momentumwi |l be no greater than about 60 newtons per
megawat t° of power produced from said burning of said fuel.

9 ° 4. The nethod of cllaim1 or claim2 or claim3, wherein said fuel and
oxj dant jets each have a divergent, fan-shaped configuration. 5. The

, met hod of claim4, further conprising pgrguci ng an overlying oxi dant jet
‘overlying said fuel jet so that said fuel jet is sandw ched between said
over and underlying oxidant jets. 6. The nethod of claim1 or claim?2 or
claim3, wherein said nelt conprises alum num

FIG. 4



