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@ Auxiliary flue for furnaces.

@ The present invention refers to a furnace wuth a
burner (112, 113) heating a furnace chamber (11)
having an operational discharge and the operation of
the furnace occasionally including a secondary op-
eration producing physical contaminants harmful to
part of the operational discharge, an improvement
comprising an auxiliary vent (14) and means to se-
lectively operate said auxiliary vent to allow the
physical contaminants from the secondary operation
to depart the furnace chamber independently of the
part of the operational-discharge of the furnace that
would be harmed by the physical contaminants.
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AUXILIARY FLUE FOR FURNACES

Background of the Invention

This present invention relates to an auxiliary
flue to vent harmful pollutants and contaminants
during secondary operations in furnaces. The in-
vention is described in the preferred atmosphere of
furnace with bi-directional regenerative burners.

Furnaces have been utilized for centuries for
heating objects. The stereotype furnace is an en-
closure directly heated by the products of combus-
tion from a burner before discharge of such pro-
ducts through a stack. This furnace serviceably
heats anything in the enclosure. This type of fur-
nace is acceptable to persons who do not particu-
larly concern themselves with economies of opera-
tion, temperature stabilities or with governmental
poliution regulations. However, persons with con-
cerns in these areas cannot tolerate the operating
characteristics of stereotype furnaces. With in-
creasing foreign competition it is important that
furnaces operate efficiently - and this calls for
regenerative or recuperative burners. With ever
tightening manufacturing tolerances it is important
that the temperature of the furnaces be tightly
controlled - and this calls for burners performing as
designed. With governmental pollution reguiations
it is important that furnaces operate reliably and
consistently - and this calls for furnaces uniformly
meseting of all operating paramsters. The stereo-
type furnace is unable to always meet these re-
quirements due to many factors - one of which is
the build-up of pollution and contaminants within
the burners, furnace, pollution control equipment
and stacks due to secondary treatment manufactur-
ing operations on the material within the furnace.
These contaminants also limit the in-service life of
furnaces by plugging up the regenerative beds and
other parts of the furnace.

Summary of the Invention

The invention of this present application is di-
rected towards alleviating the build-up of pollution
and contaminants from secondary manufacturing
operations by venting them separately of the or-
dinary production discharge of the products of
combustion of the furnace burner.

It is an object of this invention to avoid the
problems associated with contaminants from sec-
ondary operations on furnace parts.

It is an object of this invention to increase the
service life of regenerative burners by reducing the
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plugging of the regenerative beds of such burners.
it is an object of this invention {o increase the
usability and reliability of regenerative furnaces.

It is an object of this invention to increase the
efficiency of regenerative burners.

Other objects and a more complete under-
standing of the invention may be had by referring
to the following specification and drawings in
which:

Brief Description of the Drawings

FIGURE 1 is a block diagram representation
of the flow chart operation of a regenerative fur-
nace incorporating the alternate flue of the inven-
tion.

FIGURE 2 is a conceptual block diagram of
a regenerative furnace incorporating the alternate
flue of the invention.

FIGURES 3 - 5 are representations of the
conceptual block diagram of FIGURE 2 showing
the furnace under varying operating conditions.

FIGURE 6 is a block diagram representation
of a typical regenerative furnace, and

FIGURE 7 is a graph of the operational char-
acteristics of the alternate flue furnace of FIGURE 2
in contrast with the operational characteristics of a
typical regenerative furnace.

Detailed Description

The regenserative furnace 10 of the figures in-
cludes a furnace chamber 11, two regenerative
burners 12, 13 and an auxiliary flue 14.

The furnace chamber 11 is designed to hold
the material to be heated. The furnace chamber 11
shown in the preferred embodiment is designed to
process aluminum and as such is a refractory
chamber approximately fourteen feet long, nine
feet wide and seven feet high having a volume of
about 900 cubic feet. The melt rate for the furnace
is some twenty-thousand pounds an hour with a
charge rate (for aluminum) of some one-hundred
and sixty-thousand pounds for every twenty-four
hour period.

in a typical installation this furnace chamber
may be heated by a pair of regenerative burners
112, 113 such as shown in FIGURE 6. These two
regenerative burners 112, 113 are selectively alter-
natively connected to an air blower 115 and ex-
haust fan 116 through the four way vaive 117. The
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burner 112, 113 connected to the air blower 115 is
fired with the products of combustion thereof as
well as any poliution and contaminants produced
during the particular manufacturing operation dis-
charging through the inactive opposing burner 112,
113, the exhaust fan 116 and the stack 118. This
type of operation - 100% of everything discharged
at all times through the opp&sing inactive burner
112, 113 and stack 118 - is plagued with problems
such as plugging (due to the coniaminants from
secondary operations building up during dis-
charge), inefficient operation (due to the use of a
single sized discharge passage) and shortened ser-
vice life (due to heat mal-distribution attributable to
contaminant buildup). These problems are un-
desirable. The invention of this present application
is directed towards alleviating these problems.

The preferred embodiment of the invention of
this present application is described in the at-
mosphere of a furnace for melting aluminum. If all
an aluminum furnace did was melt scrap, the typi-
cal regenerative furnace of FIGURE 6 would be
satisfactory; it is possible to optimize a furnace for
a particular single operation, especially when that
operation is providing heat (i.e. avoid the problems
from secondary operation's contaminants by never
doing the secondary operations in the first place).
However, unfortunately for the typical furnace,
there are multiple operations involved in most fur-
naces including the example aluminum furnace.
One operation (in an aluminum furnace), fluxing, is
particularly damaging to regenerative furnaces. In
this fluxing operation the operator adds a sub-
stance to the melt to facilitate the fusing of the
metals in the furnace. In our example aluminum
furnace some eleven-thousand  two-hundred
pounds of flux is used in two periods over the
twenty-four hour furnace cycle. The flux itself con-
sists of five-thousand three-hundred seventy-six
pounds of sodium chloride, an equal amount of
potash and four-hundred forty-eight pounds of alu-
minum fluoride. This fluxing operation produces
contaminants that quickly plug up the beds of the
regenerative burners in the furnace. (The sodium
chloride makes magnesium chloride, sodium chlo-
ride and aluminum chlioride. The aluminum fluoride
removes magnesium from aluminum and makes
magnesium chloride.) With this fluxing operation, a
typical furnace could be operated for only a few
charging cycles before the regenerative beds
would plug up from the contaminants produced
during this secondary operation. The graph of FIG-
URE 7 plots the increase in pressure across a
particular bed against the number of charging cy-
cles. In this furnace the pressure increases from an
initial six inches of water to twelve inches in only
two or three charging cycles (line 140). As twelve
inches is the plugging limit 41 for the particular bed
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charted, the beds have to be removed for cleaning
after this same number of cycles (at 142). Removai
entails shutting down the furnace for a cool-down
and start-up period in addition for the actual time of
cleaning. This time, about two hours per removal,
is forever lost to manufacture - compromising the
efficiency of a typical furnace severely. This ineffi-
ciency is directly related to the contaminant build-
up in the beds that occurs during the secondary
operation. Industry puts up with this inefficiency
due to the lack of alternatives.

The alternate flue of this present invention pro-
vides a preferable alternative to this typical installa-
tion.

The furnace chamber 11 of the present inven-
tion is provided with an auxiliary vent 14. This vent
14 allows the pollution and contaminants from sec-
ondary operations to be vented from the furnace
chamber 11 otherwise than through the regenera-
tive burners 12, 13 and association components.
This venting is selectively operated to optimize the
operation of the furnace. (FIGURE 1)

Sometime during the normal operation of a
furnace an operator conducts a secondary opera-
tion on a material in a furnace chamber 11 (50). At
the time of the secondary operation, the operator
should have a pretty good idea of whether or not
the secondary operation should or should not pro-
duce contaminants (based upon past experiencs,
manufacturing guidelines and other sources). The
operator should therefor know whether contamin-
ants are likely or unlikely from the secondary op-
eration.

If contaminants are likely (51) (as for example
in the fluxing operation in the example aluminum
furnace), the operator opens the auxiliary vent 14
(52) and operates the burner controls to fire both
burners 12, 13 simultaneously (53). (The firing of
both burners is preferred due to its optimization of
burn-ofi of the contaminants and in the inherent
elimination of the need to valve or otherwise pro-
tect the inactive burner and its regenerative bed
from the contaminants. The same effect, albeit at a
slower rate, would also occur if only one burner
was used with the vent 14.) If the secondary opera-
tion produces contaminants (as expected in a flux-
ing operation - 54) the operator continues firing the
burners 12, 13 until the auxiliary flue 14 vents all
contaminants from the secondary operation (55). At
this point, or if the firing of both burners produces
an unexpected result of no contaminants (56)
(totally unexpected in a fluxing operation but possi-
ble with other secondary operations), the operator
closes the auxiliary vent 14 (57) and operates the
burner controls again in the normal production
manner (60) - (in this instance alternating single
burner operation).

If contaminants are unlikely (61) (as for exam-
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ple in a purging of an aluminum furnace), the
operator insures that the vent 14 is closed (62) and
continues the normal operation of the furnace (63).
If the continued normal operation of the furnace
produces an unacceptable (and unexpected) level
of contaminants (64) (i.e. a pocket of flux arises to
the surface of the melt of aluminum) the operation
immediately opens the auxiliary vent 14 (52) and
proceeds as if contaminants were originally ex-
pected. If the firing of the burner produces no
contaminants (65), the operator continues the nor-
mal furnace operation (60).

During the normal operation of the furnace it is
possible that a fluxing or other secondary operation
will again take place in the furnace. If so the
operator treats the furnace immediaiely after this
new secondary operation as if it was the first,
making again the decision of whether or not con-
taminants are likely (from the new secondary op-
eration) and proceeding accordingly (i.e. returning
to choice 51, 61).

With a furnace operation including the auxiliary
venting of contaminants from secondary oper-
ations, the pressure drop across the regenerative
burners 12, 13 remains relatively constant even
through repeated charging cycles (line 40 in FIG-
URE 7). In a furnace equivalent to that of our
previous example but utilizing the auxiliary flue 14
of the invention for venting contaminants from a
secondary fluxing operation, the furnace can be
operated for many times the number of charging
cycles (14 instead of 2 in the graph) before the
piugging limit of twelve inches of water is realized
and the regenerative bed must be removed for
cleaning (at 42). This increase in number of charg-
ing cycles is directly reflected in the overall operat-
ing efficiency of the furnace.

The operation of this furnace leaves a large
measure of discretion with and responsibility on the
operator of the furpnace. However even the most
conscious operator cannot produce a perfect op-
eration, if only because some contaminants from
secondary operations are invisible to human
senses. The operation of the furnace can be facili-
tated to virtual perfection by the use of sensors to
measure the various levels of contaminants and by
the use of automatic controls dependent on such
sensors to operate the furnace. In this regard the
only decision the operator would have to make
would be whether or not contaminants are likely
(51, 61) from the secondary operation (and even
this decision can be made by a carefully pro-
grammed computer). A preferred system designed
with this in mind is shown in FIGURE 2. The
preferred furnace is fourteen feet long, nine feet
wide and seven feet deep (900 cubic feet total).
The furnace is made of refractory brick. The bur-
ners for this furnace are 13.5 million BTU (at 6 wC)
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regenerative burners. The burner intake blower is a
20 horsepower 12 ounce per square inch guage
(0.S.1.G.) blower while the exhaust blower is a
slightly large 25 horsepower 20 O.S.1.G. blower.
The automatic control system of FIGURE 2

" incorporates a microprocessor control 20 with the

preferred furnace 10. In this automatic system, the
operator's main control over the furnace is via the
operational parameters and the sensor limits the
programs into the microprocessor (via the key-
board 21).

In the preferred embodiment the operator's pri-

‘mary input would be to program in the limits for the

contaminant sensors 22, 23 and 24.

After initiation of the secondary operation and
upon contaminant sensors 22, 23 at the openings
of the regenerative burners 12, 13 sensing con-
taminants at or above this programmed level, the
microprocessor 20 would automaticaily manipulate
the intake 30-31, discharge 32-33, vent 34 and
burner operation valves 35-36 to vent the con-
taminants from the secondary operation otherwise
than through the regenerative burners 12, 13. Or-
dinarily this would mean closing the exhaust valves
32-33, opening the intake 30-31 and burner valves
35-36 and opening the vent valve 34 (as shown in
FIGURE 2). Both burners 12, 13 would then op-
erate with all products of combustion and con-
taminants being discharged through the vent 14.
Note that since the biower 15 is preferably sized to
maich normal production operating parameters -
i.e. meeting 100% of the operating needs of a
single burner at one time and then with the exhaust
blower 16 also in operation - this simultaneous
burner 12-13 operation may tax the capabilities of
the blower 15: the burners 12, 13 would have a
restricted and inefficient operation. As our concern
is more with damage due to contaminants from a
secondary operation than efficient production-type
operation, this restricted operation is acceptable
during the limited period of the secondary opera-
tion. If appropriate this restricted operation could
be avoided by reducing the level of burner opera-
tion, through the use of an auxiliary supplementary
means such as a high speed capability to the
blower 15, via the use of but a single burner (still
venting via vent 14) or otherwise adapting the sys-
tem to meet the needs of the sysiem during the
venting opseration. The venting of contaminants
from the secondary operation would continue until
the level of contaminants being discharged through
the vent 14 is at an acceptable level (as deter-
mined by the sensor 24 later described). During
this period of discharge through the vent 14, the
contaminants are preferably treated by a pollution
conirol system (electrostatic participator for exam-
ple) before discharge into the air. A separate pollu-
tion control system 18 is preferred in that it can be
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designed especially for the vented contaminants
from the secondary operation (instead of the nor-
mally different range of operational poliutants). (The
existing pollution system 17 for the furnace couid
also be used instead of/in addition to the separate
system 18).

The vent 14 remains open and the furnace 10
in its venting mode until the venting sensor 24
determines that the level of contaminants being
vented from the secondary operation has reached
the level the operator has programmed as accept-
able. At this time the microprocessor 20 would
automatically manipulate the intake 30-31, dis-
charge 32-33, vent 34 and burner operation valves
35-36 to control the operation of the furnace 10 in
its typical manner (i.e. alternating operation of the
regenerative burners 12, 13 with the inactive burner
12, 13 used as a discharge as shown in FIGURES
3 and 4).

The microprocessor 20 is quick enough to alter
the settings of the controls of the furnace 10 virtu-
ally immediately in response to the sensors 22, 23,
24, This type of immediate operation could disturb
the functional efficiency of the furnace during the
secondary operation (by changing its mode on
even fransitory contaminant levels within the fur-
nace) and its longevity (by operating the controls
repeatedly at frequent intervals). To avoid the prob-
lems that may be associated with the instantaneous
response of the microprocessor 20, it is preferred
that some sort of a delay be incorporated, ideaily
limiting the operation of the controls until the level
of contaminants has been above (or below) the
programmed level for a certain period of time or
until the expected contaminants from the secon-
dary operations have had a sufficient opportunity to
appear. The period of time would be chosen as a
compromise between the physical damage caused
by the contaminants vs. the potential loss of the
operational production efficiency of the furnace (i.e.
damage to the discharge passage through the bur-
ners 12, 13 against the cost of the loss of effi-
ciency regeneration). Therefor, although the inven-
tion has been described in its preferred form with a
certain degree of particularity, it is to be under-
stood that numerous changes may be made with-
out deviating from the invention as hereinafter
claimed:

Claims

1. In a furnace with a burner heating a furnace
chamber having an operational discharge and the
operation of the furnace occasionally including a
secondary operation producing physical contamin-
ants harmful to part of the operational discharge,
an improvement comprising an auxiliary vent and
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means to selectively operate said auxiliary vent o
allow the physical contaminants from the secon-
dary operation to depart the furnace chamber in-
dependently of the part of the operational dis-
charge of the furnace that would be harmed by the
physical contaminants.

2. The improved furnace of claim 1 wherein the
furnace utilizes regenerative burners and the part
of the operational discharge is through an inactive
regenerative burner.

3. The improved furnace of claim 1 wherein the
contaminants are customarily produced in an exter-
nally conirolled secondary operation in the furnace
and characterized in that said auxiliary vent is open
on initiation of the externally controlled secondary
operation in the furnace.

4. The improved furnace of claim 3 wherein
there are two regenerative burners heating a fur-
nace chamber with the burner alternatively firing
into and discharging products of combustion from
the furnace chamber and characterized in that the
two burners are both fired during the period of

'open operation of said auxiliary vent.

5. In a furnace with two regenerative burners
alternately heating a furnace chamber with pro-
ducts of combustion discharged thereinto, the pro-
ducts of combustion operationally discharged form
the furnace chamber through an inactive burner,
and the secondary operation in the furnace produc-
ing physical contaminants harmful to the operation-
al products of combustion discharge through the
inactive burner, the improvement of an auxiliary
vent, means to selectively operate said auxiliary
vent to allow the physical contaminants from the
secondary operation to depart the furnace chamber
independently of the inactive burner and means to
selectively limit the operational discharge of the
products of combustion through the inactive burner
such that the contaminants from the secondary
operation and products of combustion are dis-
charged fro the furnace chamber through said aux-
iliary vent during the period of the secondary op-
eration. ’

6. The improved furnace of claim 5 character-
ized in that said means to selectively limit the
operational discharge of the products of combus-
tion through the inactive burner comprises the fir-
ing of such inactive burner.

7. The improved furnace of claim 5 wherein the
contaminants are customarily produced in an exter-
nally controlled secondary operation in the furnace
and characterized in that said auxiliary vent is open
on initiation of the externally controlled secondary
operation in the furnace.

8. The improved furnace of claim 5 character-
ized by the addition of a sensor means to sense
the level of contaminants in the furnace chamber
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during the secondary operation and said means to
selectively operate said auxiliary vent is responsive
to said sensor means.

9. The improved furnace of claim 5 wherein the
operational discharge from the furnace chamber
through an inactive burner includes an exhaust
blower and characterized by the addition of means
to deactivate the exhaust blower during the opera-
tion of said auxiliary vent.

10. An improved method for operating a fur-
nace having a burner and an operational discharge,
the operation of the furnace occasionally including
a secondary operation producing physical con-
taminants, the method comprising the steps of fir-
ing the burner with the operational discharge limit-
ed and an auxiliary flue open during the period of
production of the physical contaminants in the sec-
ondary operation.

11. The improved method of claim 10 wherein
the operational discharge is through an inactive
burner and characterized in that the operational
discharge is limited by the firing of the burner the
operational discharge is through.

12. The improved method of claim 10 wherein
there is an exhaust blower that pulls air through
operational discharge and characterized in that said
exhaust blower does not puli air through the oper-
ational discharge substantially during the time the
auxiliary flue is open.

13. An improved method of operating a furnace
having two regenerative burners alternately firing
into and discharging products of combustion from a
furnace chamber, the operation of the furnace oc-
casionally including a secondary operation produc-
ing physical contaminants harmful to the discharge
passage through the inactive burner, the method
comprising the step of firing one burner while limit-
ing the discharge through the other burner and
opening an auxiliary flue during the period of pro-
duction of the physical contaminants in the secon-
dary operation with the result that the harmful
physical contaminants from the secondary opera-
tion are discharged from the furnace chamber
through the auxiliary flue instead of the inactive
burner.

14. The method of claim 13 characterized in
that the discharge through the inactive burner is
limited by the firing of such burner.

15. The improved method of claim 13 wherein
there is an exhaust blower that pulls air through
operational discharge and characterized in that said
exhaust blower does not pull air through the oper-
ational discharge substantially during the time the
auxiliary flue is open.
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16. The method of claim 13 characterized in
that the operation of the auxiliary vent is under the
control of a sensor that determines the level of
physical contaminants in the furnace chamber dur-
ing the secondary operation.
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