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(54) METHOD AND SYSTEM FOR HEATING A FURNACE

(57) Method for operating a melting furnace (100) for
a metal material (110), which furnace (100) comprises a
heated space (101) being heated by at least one pair of
two alternatingly operated regenerative burners
(120,130).

The invention is characterised in that the method
comprises the steps
a) providing an additional burner (150) for heating the
melting furnace (100), which additional burner (150) is
arranged for heating the said space (101) by combusting

a fuel using an oxidant comprising at least 80% by weight
oxygen; and
b) controlling the additional burner (150) in a manner
which is time synchronized with the operation of the said
pair of regenerative burners (120,130), so that the addi-
tional burner (150) is operated with a higher power during
a transition period when none of the regenerative burners
(120,130) of said pair is fired, as compared to during a
firing period when one of the regenerative burners
(120,130) of said pair is fired but not the other.
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Description

[0001] The present invention relates to a method and
a system for heating an industrial furnace, in particular
for heating a furnace for melting of a metal material such
as aluminium.
[0002] Today, regenerative burners are used for heat-
ing melting furnaces. Such burners typically operate al-
ternatingly, such as in pairs. While a first burner is being
fired, hot combustion products leave through a different,
second burner, thereby heating material in the second
burner. Thereafter, the process is reversed, so that the
second burner is fired and delivers a fuel and/or oxidant
which is preheated by said heated material. At the same
time, the combustion products leave via the first burner,
which is thereby heated. Thereafter, the process is in-
versed again, hence creating a periodically repeated
process in which the thermal energy of the combustion
products is used to preheat combustion gases.
[0003] Herein, the term "combustion gases" denote a
fuel and/or an oxidant to be reacted in an exothermal
reaction. "Combustion products" denote the reaction
products of such exothermal reaction.
[0004] The use of such regenerative burners yields
good efficiency in general. However, there is also a prob-
lem in that the heating power is reduced during the re-
quired transition time, during a switch between the first
and the second burner, or vice versa. This leads to un-
even heating temperatures with resulting quality prob-
lems and deteriorated efficiency.
[0005] Also, during such a transition the furnace at-
mosphere turbulence decreases, which means that the
convective heat transfer to the metal material fluctuates,
which is not desired for similar reasons.
[0006] Especially for aluminium melting, there are fur-
ther specific circumstances to take into consideration.
For instance, the protective skim formed on the surface
of the melt typically contains drops of pure aluminium,
that risk oxidizing rapidly when subjected to too powerful
heating, in turn leading to material quality deterioration.
[0007] WO 2016/070977 A1 discloses a solution
based upon oxygen enrichment during the switch be-
tween different air burners in a similar setup.
[0008] US 2016/0348904 A1 discloses a method for
improving internal flows in a regenerative burner-heated
furnace, using an oxyfuel burner.
[0009] The present invention solves the above de-
scribed problems, for many different metal materials but
in particular for aluminium.
[0010] Hence, the invention relates to a method for op-
erating a melting furnace for a metal material, which fur-
nace comprises a heated space being heated by at least
one pair of two alternatingly operated regenerative burn-
ers, which method is characterised in that the method
comprises the steps a) providing an additional burner for
heating the melting furnace, which additional burner is
arranged for heating the said space by combusting a fuel
using an oxidant comprising at least 80% by weight ox-

ygen; and b) controlling the additional burner in a manner
which is time synchronized with the operation of the said
pair of regenerative burners, so that the additional burner
is operated with a higher power during a transition period
when none of the regenerative burners of said pair is
fired, as compared to during a firing period when one of
the regenerative burners of said pair is fired but not the
other.
[0011] Moreover, the invention relates to a system for
heating a melting furnace for a metal material, which fur-
nace comprises a heated space, which system compris-
es at least one pair of two regenerative burners, arranged
to be fired alternatingly, which system is characterised
in that the system further comprises an additional burner
for heating the melting furnace, which additional burner
is arranged for heating the said space by combusting a
fuel using an oxidant comprising at least 80% by weight
oxygen, and in that the system further comprises a control
device arranged to control the additional burner in a man-
ner which is time synchronized with the operation of the
said pair of regenerative burners, so that the additional
burner is operated with a higher power during a transition
period when none of the regenerative burners of said pair
is fired, as compared to during a firing period when one
of the regenerative burners of said pair is fired but not
the other.
[0012] In the following, the invention will be described
in detail, with reference to exemplifying embodiments of
the invention and to the enclosed drawings, wherein:

Figure 1 is a simplified top view of a furnace with a
system according to the present invention;
Figure 2 is a simplified side view, using the same
reference numerals, of the furnace and the system
of Figure 1;
Figure 3 is a time chart showing a first exemplifying
operation according to a method according to the
present invention; and
Figure 4 is a time chart showing a second exempli-
fying operation according to a method according to
the present invention.

[0013] Figures 1 and 2 show an industrial furnace 100,
in which a system according to the invention has been
installed. Preferably, such a system may be post-in-
stalled, in other words added to an existing furnace 100
with an existing regenerative burner-based heating sys-
tem, yielding the advantages described herein for such
an existing furnace. Such post-installation provides a
very cost-efficient way of obtaining such advantages.
[0014] The furnace 100 comprises a heated space
101, which is heated by at least one pair of regenerative
burners 120, 130 (see both Figure 1 and Figure 2). In the
Figures, only one such pair is shown. However, it is re-
alized that several such pairs can be used, working co-
operatively in an analogous manner. It is even possible
that more than two, such as three or more, regenerative
burners are operated cooperatively and interchangingly
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by taking turns being fired in various constellations.
Hence, in general installed regenerative burners are op-
erated alternatingly within one or several groups of burn-
ers, where the furnace 100 may comprise one or several
such groups. 124, 134 denote respective flames from
burners 120, 130.
[0015] In general, such regenerative burners operate
alternatingly, so that during a firing period at least one of
a group of regenerative burners is fired, providing a mix-
ture of combustion gases for combustion and heating the
space 101, while combustion products are evacuated
through the non-firing burner or burners of the same
and/or a different group. The evacuated combustion
products, being hot, heat a suitable material body in the
burner or burners through which they are evacuated.
[0016] Then, during a transition period, the fired burner
is switched off, and one or several burners through which
the combustion products were evacuated are started up
for firing. Since the evacuation and the firing involves a
certain kinetic energy in the flowing gas mass, this tran-
sition is not instantaneous, but typically takes a number
of seconds. Once finished, another firing period com-
mences, involving a different one or several of the group
of burners being fired, and combustion products are
evacuated through the burner or burners that were orig-
inally not firing. Then, another transition period is com-
menced, and the process iterates repeatedly as long as
heating of the space 101 is desired.
[0017] This way, the combustion gases are preheated
by their flow through the heated burner material body,
and thermal losses are kept to a minimum.
[0018] In the Figures, an exemplifying configuration is
illustrated, in which preheated combustion primary oxi-
dant is fed via lines 122, 132, which same line is used to
evacuate combustion products when the burner 120, 130
in question is not fired. A primary fuel is fed via lines 123,
133. A control device 140 is used to achieve the regen-
erative operation, via control lines 141.
[0019] The furnace 100 also comprises a flue 102, ar-
ranged to evacuate excess gases.
[0020] According to the invention, a method for oper-
ating the melting furnace 100 comprises the step of pro-
viding, in addition to the existing burners 120, 130, an
additional burner 150, also for heating the space 101 of
the furnace 101, which additional burner is arranged for
heating the said space 101 by combusting a fuel using
a secondary oxidant comprising at least 80% by weight
oxygen. More preferably, the secondary oxidant compris-
es at least 95% by weight oxygen, and is preferably in-
dustrially pure oxygen. The secondary oxidant is provid-
ed via a line 152, while the secondary fuel is provided
via a line 153.
[0021] Then, the said method comprises the step of
controlling the additional burner 150 in a manner which
is time synchronized with the operation of the pair of re-
generative burners 120, 130, so that the additional burner
150 is operated with a higher power during the above-
described transition period, when none of the regenera-

tive burners 120, 130 of said pair is fired, as compared
to during a firing period of the above-described type,
when one of the regenerative burners 120, 130 of said
pair is fired but not the other.
[0022] This way, the heating power of the furnace 100
space 101 as a whole can be made more even, which
leads to more even quality in terms of end products, as
well as to increased energy efficiency. Because of the
high oxygen content of the secondary oxidant, the vol-
ume of additional combustion products resulting from the
additional burner 150 is small, making it possible to evac-
uate the excess gases via the normal flue 102, which flue
is typically not of high capacity in relation to the total fur-
nace 100 capacity. This, in turn, makes it possible to in-
stall a system according to the invention with a minimum
of modifications to an existing furnace 100.
[0023] Preferably, the furnace 100 is a melting furnace
for a metal material 110, which preferably is selected
from the group comprising aluminium, copper, iron and
alloys thereof. However, according to a preferred em-
bodiment, the metal material is aluminium. In particular
for this material, the problem of excessive oxidation men-
tioned initially may be efficiently solved using the present
invention, in particular when using the below described
high secondary oxidant injection speeds.
[0024] In particular, the invention is useful for the melt-
ing of aluminium ingots and/or scraps, especially in a
reverbatory furnace.
[0025] Preferably, the pair of regenerative burners
120, 130 are air burners. In other words, the primary ox-
idant is preferably air. The primary oxidant may also be
oxygen-enriched air, or any other oxidant preferably com-
prising at the most 50% by weight oxygen. The primary
fuel is preferably a gaseous fuel, but may also be a pow-
der-form fuel, such as charcoal powder, or even a liquid
fuel such as oil.
[0026] The additional burner 150 is preferably fed with
a secondary fuel, such as a gaseous fuel, which is then
preferably injected in a jet located at a distance of at least
5 cm from a jet of secondary oxidant, so that the second-
ary fuel and secondary oxidant jets do not mix until they
have travelled some ways, such as at least 50 cm, out
into the space 101 from the additional burner 150. Pref-
erably, the said secondary fuel jet directed at an angle
parallel to or divergent from the closest secondary oxi-
dant. If there are several secondary fuel and/or oxidant
jets, the corresponding preferably applies to such jets
pairwise. This provides good results in terms of turbu-
lence, convection and temperature evenness during op-
eration of the additional burner 150.
[0027] This is particularly true in, although not neces-
sarily dependent upon, the preferred case in which the
secondary oxidant is injected in a jet of very high velocity,
such as preferably at least Mach 1, even more preferably
at least Mach 1.5. Such high injection velocities of the
secondary oxidant provide a very strong turbulence in
the space 101, and a heavy dilution of the combustion
gases and products therein, in effect providing a "flame-
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less" combustion, wherein the flame 154 of the additional
burner 150 substantially fills the entire space 101 above
the material 110. This way, a very good convective heat
transfer, as well as temperature homogeneity, is
achieved throughout the transition period. This is true
even with the small total volumes of added secondary
oxidant needed when the secondary oxidant is of the
above-described high-oxygen types.
[0028] Preferably, the said alternating operation of the
regenerative burners 120, 130 is periodic, with transition
periods of type described above between each regener-
ative burner 120, 130 switch. It is realized that there is
at least one transition period between the firing of the
first burner 120 and the firing of the second burner 130,
and another transition period between the firing of the
second burner 130 and the firing of the first burner 120,
before a full cycle comes to a close. Then, it is preferred
that the transition periods constitute between 5% and
20%, preferably about 10%, of the total time as seen over
a whole regenerative burner pair 120, 130 alternating
operation cycle.
[0029] In particular, it is preferred that each of the said
transition periods is between 1 and 5 seconds, preferably
about 2 seconds, of length. Similarly, it is preferred that
each firing period is between 10 and 40 seconds, pref-
erably between 15 and 30 seconds, preferably about 20
seconds, of length.
[0030] Even though a 2 second transition period does
not seem that long, it has a quite noticeable impact on
the thermal properties of the space 101, substantially not
receiving any, or only a limited, thermal impulse from the
burners 120, 130 during the transition period. In fact, it
has turned out that improved end results and thermal
efficiencies can be noted when using an additional burner
150 even for such short transition periods.
[0031] The maximum power of the one or several ad-
ditional burners 150 arranged to compensate a certain
set of regenerative burners 120, 130 is preferably be-
tween 10% and 50% of the total firing power of the com-
pensated regenerative burners 120, 130 in question.
[0032] According to a preferred embodiment, the said
synchronization is achieved by the control system 140,
which is operative for controlling the additional burner
150, being arranged to respond to a control signal direct-
ed to at least one of the regenerative burners 120, 130.
Hence, the present invention may be realized as a post-
installation by modifying an existing control system 140
for the existing regenerative burners 120, 130, by adding
a module controlling the additional burner 150, which
added module may read or depend upon an existing con-
trol signal emitted from the existing control system 140.
The added module may be installed by the existing con-
trol system 140, by the additional burner 150, or in any
other convenient logical or spacial location.
[0033] The additional burner 150 may start upon the
same signal that initiates the regenerative burner 120,
130 in question, and may end when the regenerative
burner 120, 130 in question has reached full firing power

or after a predetermined time period.
[0034] Even though the additional burner 150, in sim-
ple implementations, may be operated using a strict
on/off regulation, according to a very preferred embodi-
ment, during the firing period the additional burner 150
is instead operated at a power which is not zero. Rather,
during each firing period, the additional burner 150 power
is reduced to a value which is smaller than a global max-
imum power value for the additional burner 150 during a
transition period, preferably at least 10 times smaller than
such a maximum value. Since the additional burner 150
is already fired during the firing period, but at a substan-
tially lower power, it can be brought up to a desired tran-
sition period power very quickly, while still not adversely
affecting the process during the firing period.
[0035] Figure 3 shows a first preferred embodiment of
the control methodology of the additional burner 150, in
which the additional burner 150 is operated according to
a periodic regulation in which the additional burner 150
power is switched between a low P0 and a high P1 power,
where the high power is used during the transition periods
and the low power is used during the firing periods. Figure
3 also shows the firing patterns, as a function of the same
time axis as used for the additional burner 150, of the
regenerative burners 120, 130, as well as an exemplify-
ing transitional period T and an exemplifying firing period
F. As is clear from Figure 3, the additional burner 150
very rapidly, even substantially instantaneously (as com-
pared to the more slowly changing power of the burners
120, 130), goes from low P0 to high P1 power, and vice
versa. This provides for a simple yet efficient regulation
regime.
[0036] However, Figure 4, which is similar to Figure 3,
illustrates an alternative additional burner 150 regulation
implementation. According to this regulation regime, dur-
ing each transitional period, the additional burner 150 is
operated at a power which first increases relatively rap-
idly, such as from P0 to P1, and thereafter decreases
relatively slowly, such as from P1 back to P0, during one
and the same transitional period. This way, and as illus-
trated in Figure 4, the varying power of the additional
burner 150 can be designed to counteract the non-in-
stantaneous power variations of the regenerative burn-
ers 120, 130, leading to a very even temperature homo-
geneity in the space 101 across time.
[0037] In addition to improving the temperature homo-
geneity and providing the other advantages described
above, the additional burner 150 may also be used as a
range extender for the total furnace 100 power capacity.
Hence, according to a preferred embodiment, the method
of the invention further comprises the step of using the
additional burner 150, in addition to the regenerative
burners 120, 130, to temporarily increase the maximum
power of the furnace 100. This may, for instance, be the
case during startup of the furnace 100 or in connection
to charging of more metal material.
[0038] A system according to the invention comprises,
according to a first aspect, both the additional burner 150,
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the regenerative burners 120, 130 as well as the control
system.
[0039] According to an alternative aspect, a system
according to the invention comprises the additional burn-
er 150 and that part of the control system 140 which is
operative for controlling the additional burner 150. This
alternative aspect is particularly suitable for post-instal-
lations as described above.
[0040] Above, preferred embodiments have been de-
scribed. However, it is apparent to the skilled person that
many modifications can be made to the disclosed em-
bodiments without departing from the basic idea of the
invention.
[0041] For instance, there may be more additional
burners installed than the one additional burner 150
shown.
[0042] Also, the furnace 100 is shown in a very simpli-
fied way. It may comprise many different features that
are as such conventional, such as various baffles, con-
strictions or gas passages; additional heating arrange-
ments; doors; transport devices, and so forth.
[0043] In general, everything which is said above re-
garding the method according to the present invention is
equally applicable to the system according to the present
invention, and vice versa.
[0044] Hence, the invention is not limited to the de-
scribed embodiments, but can be varied within the scope
of the enclosed claims.

Claims

1. Method for operating a melting furnace (100) for a
metal material (110), which furnace (100) comprises
a heated space (101) being heated by at least one
pair of two alternatingly operated regenerative burn-
ers (120,130), characterised in that the method
comprises the steps

a) providing an additional burner (150) for heat-
ing the melting furnace (100), which additional
burner (150) is arranged for heating the said
space (101) by combusting a fuel using an oxi-
dant comprising at least 80% by weight oxygen;
and
b) controlling the additional burner (150) in a
manner which is time synchronized with the op-
eration of the said pair of regenerative burners
(120,130), so that the additional burner (150) is
operated with a higher power during a transition
period when none of the regenerative burners
(120,130) of said pair is fired, as compared to
during a firing period when one of the regener-
ative burners (120,130) of said pair is fired but
not the other.

2. Method according to claim 1, characterised in that
the metal material (110) is selected from the group

comprising aluminium, copper, iron and alloys there-
of, and is preferably aluminium.

3. Method according to claim 1 or 2, characterised in
that the pair of regenerative burners (120,130) are
air burners.

4. Method according to any one of the preceding
claims, characterised in that said alternating oper-
ation of the said regenerative burners (120,130) is
periodic, with transition periods of said type between
each regenerative burner (120,130) switch, and in
that said transition periods constitute between 5%
and 20% of the total time as seen over a whole re-
generative burner (120,130) pair alternating opera-
tion cycle.

5. Method according to claim 4, characterised in that
each of the said transition periods is between 1 and
5 seconds, preferably about 2 seconds.

6. Method according to claim 4 or 5, characterised in
that each firing period is between 10 and 40 sec-
onds, preferably between 15 and 30 seconds, pref-
erably about 20 seconds.

7. Method according to any one of the preceding
claims, characterised in that said synchronization
is achieved by a control system (140) for the addi-
tional burner (150) being arranged to respond to a
control signal directed to at least one of the regen-
erative burners (120,130).

8. Method according to any one of the preceding
claims, characterised in that, during the said firing
period, the additional burner (150) is operated at a
power which is not zero.

9. Method according to any one of the preceding
claims, characterised in that, during the said tran-
sitional period, the additional burner (150) is operat-
ed at a power which first increases relatively rapidly,
and thereafter decreases relatively slowly, during
one and the same transitional period.

10. Method according to any one of the preceding
claims, characterised in that said oxidant, during
the transitional period, is injected into the heated
space (101) at a velocity of at least Mach 1.

11. Method according to any one of the preceding
claims, characterised in that the method further
comprises the step of using the additional burner
(150), in addition to the regenerative burners
(120,130), to temporarily increase the maximum
power of the furnace.

12. System for heating a melting furnace (100) for a met-
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al material, which furnace (100) comprises a heated
space (101), which system comprises at least one
pair of two regenerative burners (120,130), arranged
to be fired alternatingly, characterised in that the
system further comprises an additional burner (150)
for heating the melting furnace (100), which addition-
al burner (150) is arranged for heating the said space
(101) by combusting a fuel using an oxidant com-
prising at least 80% by weight oxygen, and in that
the system further comprises a control device (140)
arranged to control the additional burner (150) in a
manner which is time synchronized with the opera-
tion of the said pair of regenerative burners
(120,130), so that the additional burner (150) is op-
erated with a higher power during a transition period
when none of the regenerative burners (120,130) of
said pair is fired, as compared to during a firing period
when one of the regenerative burners (120,130) of
said pair is fired but not the other.
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