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UNITED STATES PATENT OFFICE.

GEORGE L. PRENTISS, OF MONTCLAIR, NEW JERSEY.

METHOD OF FIRING FURNACES.

No. 931,845.

To all whom it maey concern:

Be it known that I, Grores L. PrexTiss,
a citizen of the United States of America,
residing at Montelair, New Jersey, have in-
vented certain new and useful Improve-
ments in Methods of Firing IFurnaces, of
which the following is a specification.

My invention relates to an improved
method for firing blank and other furnaces,
with special reference to brick kilns, whereby
certain desivable conditions of combustion
may be obtained in the furnace, or in the
blank or heating chamber of the furnace.

More particularly, the invention relates to
the malntenance of these conditions of em-
ploying as the source of heat a gas producer
conducted and operated in a peculiar and
novel wanner.

In the burning of brick and other re-
fractory material for instance there appear
to be certain laws relating to combustion to
be observed it the best product is to be ob-
tained. A departure from these laws in-
volves an inferior product. It is desirable,
for instance, that the gases burning in a
brick kiln be under pressure and the same is
true of every heating furnace; otherwise,
they take the shortest path to the stack, and
the brick or other material is not uniformiy
allected by them. Suitable pressure, how-
ever, will cause the burning gases to engage
the brick or other material over all exposed
surfaces alike and in the most effective man-
ner, Again, certain kinds of brick for in-
stance, seem to Dbe peculiarly sensible to
changes of temperature and to need a care-
fully adjusted and uniformly progressive
temperature, and to be susceptible te injury
by an excess of improperly burned or heated
oxygen. It seemns desirable that a certain
cavefully graduated progression of tempera-
ture be had “in a brick kiln, and that the
temperature conditions be uniform, and that
there be no contact with the brick of un-
burned oxygen. These considerations apply
with equal force to the burning or heating
of other material than brick.

Afttempts to maintain in & kiln or heating
chamber, a proper pressure, a uniformity of
temperature, determined rise or progression
of temperature, and the other desivable condi-
tions of combustion have not been lacking.
Aftempts have also been made to obtain
these conditions by the employment of gas
producers and steam blasts in various man-
ners. For one reason or other, however, the
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desired conditions have not been satisfac-
torily obtained. - Particular difficulty seems
to have been experienced in the use of gas
producers and steam blasts. Bricks hereto-
fore produced by processes in which these
have been employed have been checked,
cracked or discolored or the cost of opera-
tion has been found too high. Other mate-
rial has been variously and injuriously af-
fected when treated by these processes.

Where a grate five of the usual kind, or
any other thin fire, has been heretofore em-
ployed, particularly when in connection with
a steam blast, the material being treated has
often Dbeen Injured. The most probable
reason for this seems to be that it is diffi-
cult with fires of such a nature to prevent
the burning or blowing of holes through the
fuel and the consequent admission into the
heating chamber through such holes of un-
burned oxygen or free air and steam, in excess.
The admission of cold air to the heating cham-
Ler is especially likely to occur In furnaces as
heretofore constructed when the door is
opened to supply fresh fuel, or when the
ash-pit door i1s opened to remove ash. The
adnission of cold air at sach times, besides
cooling the heating chamber and causing
undesirable  fuctuations of temperature
therein, results in a waste of heat and length-
ening of the time required for heating the
material.

I have discovered that a certain combina-
tion of gaseous elements so treated that,
after being emitted from the furnace and
intimately mixed and brought to a state of
uniform temperature, and then fed to the
kiln under pressure, will produce in the
heating chamber or kiln a condition of com-
bustion which has heretofore not been at-
tained, which is eminently satisfactory for
the burning of brick and other material.
More particularly, I have found that, by
construeting my furnace in connection with
a steam blast in such a way that no excess
of unburned oxygen, cold air, or steam can
be admitted to the heating chamber, the
proper conditions of uniformity of tempera-
ture, pressure and combustion may be ob-
tained.

In the embodiment of my invention here-
mafter to be described in detail, there is
employed a steam Dblower or blowers for
supplying steam to the five and for main-
talning a pressure in the kiln or other heat-
ing chamber, sufficient to cause the burning
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gases to engage the material uniformly. In-
terposed between the main or primary
blower of which there is at least one to each
furnace and the heating chamber is the fire,
which, in this instance, consists of a mass
of burning coal tamped or packed to con-
siderable depth in a comparatively narrow
passage forming the fire chamber, and open-
ing at one end into the heating chamber. At
the other end of the passage is the ash-pit
into which the blower ejects the steam and
air under pressure. At a point of the fire
chamber intermediate the ends of the fuel
column, I provide an opening through which
the fire may be fed and tamped or packed.
This opening may be provided with an ex-
terior sealing door which is closed except
when fuel is being fed or tamped through
the opening, and which when closed prevents
any passage of air, gases or other fluids
through the opening. The presence of such
a door is not always a necessity as the fuel
itself (in its unburned condition) frequently
forms an effective barrier to the passage of
air. The fuel column being fed or tamped
from an intermediate point of the same, the
portion of the fuel above the feed openings
serves to seal the heating chamber against
the admission of cold air at the time the
furnace door or hopper is open for feeding
or tamping. In the furnace shown I em-
ploy no grate. As the fuel burns, and the
ash and clinkers must be removed at the pit,
other fuel may be supplied through the pit
as necessary into the part of the fuel col-
umn previously occupied by the ash re-
moved. The opening to the ash-pit is also
normally closed by a sealing door to prevent
the passage of air, steam, or gases through
the same when the blower is in operation.
As the column of packed fuel drops or is
burned away, new fuel is packed in through
the intermediate and sometimes also the
ash-pit openings referred to in ovder that
the length and homogeneity of the column
may be maintained.

Owing to the depth and solidity of the
fuel column, no holes are burned or blown
through it, and no opportunity is offered for
unburned oxygen o1 excess steam to reach
the kiln or other heating champer from the
pit. All air and steam must pass from end
to end through the column of closely packed
fuel and be thoroughly and uniformly heat-
ed and mixed with the other gasecus con-
stitnents before being delivered to the heat-
ing chamber. The steam, when thus heated
and intimately mixed with the other gases,
in addition to providing the pressure for the
heating chamber, produces therein, by reason
of the hiydrogen forming one of its elements,
a condition of long, burning flames which
seem to be peculiarly beneficial to brick and
many other materials capable of being thus
treated. The closely packed column acts as
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a regulator to prevent any fluctuation of
temperature within the kiln or other chamber
such as might otherwise occur through the
burning of holes through the fuel, or upon
the opening of the furnace and doors. The
temperature in the heating chamber or kiln
is maintained substantially uniform through-
out its area and said temperature may be
progressively raised. Properly managed, it
can never drop so that the brick or other
material will be injured by the condensation
of steam thereon by the interruption to the
duly progressive rise or the uniformly main-
tained temperature which may be needed in
the particular case, or by the other incidents
of an uncertain or fluctuating temperature
accompanied by free air and improperly
burning gases. )

The progressive burning of a solid column
of fuel, as has been described, will with all
fuels bring about the progressive accretion
or deposition of ash or clinker, or both com-
bined at the base of said column. Some-
times this clinker becomes too hard or too
glutinous and “ropy” for satisfactory han-
dling, and it is necessary to adopt means for
its treatment of an extraordinary character.
One of such means is the placing in the ash-
pit upon the floor or hearth of the furnace
of fresh coal after the removal of sufficient
clinker to clear the furnace and enable it
to further consume fuel. The office of such
coal placed in the ash-pit is to there burn
as a vesult of its ignition by radiated heat,
and by giving off its own heat, melt or make
plastic clinker above it, which may have
hardened unduly. Another of such means
is the supplying of subsidiary blowers, the
location of which, with reference to the body
of the fuel, is determined by the stage of
combustion of the various parts of the fuel
column. One or more of such subsidiary
blowers may be so located as to drive air
and steam (by an injector blower) or air
alone (by the use of a fan or other propeller)
divectly upon the incandescent bed of coal
in a line substantially parallel with the line
at which ash forms in the furnace and di-
rectly above 1t. The result of this treatment
Is in many instances to prevent clinker,
where under any other method of treatment
clinker would form and to vaise the furnace
temperature where desirable. The reason for
this is that the hydrogen and air take heat
very rapidly from the fuel just forming into
ash and do it at such a time and in such a
manner that sufficient heat does not there
exist to cause the ash to run together into
clinkers. When the ash drops down and
away from the bed of fire, 1t becomes pro-
gressively cooler and thus never has an op-
portunity to vitrify and is ultimately re-
moved as ash.

Having set forth briefly the objects and
nature of my invention, I will now describe
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the same in connection with the accompany-
ing drawings in which—

I(loulc 1 represents the fuinace in con-
nection with a brick kiln or other blank
chamber, the fuel in the furnace belno shown
in an early stage of the process of combus-
tion. TFig. 2 represents a second or later
stage of a combustion in the same furnace.
Fig. 3 1'ep1'esents a still later and perhaps
the normal condition of combustion after
the ﬁT'e is fully under wayv. Ifig. 4 shows
the applicant’ 8 method of 1 vepres 1’ii‘1“ n
flos 1, 2 and 3 the fresh and burning fuel,
and ash and clinkers.

Referring to Figs. 1, 2 and 3 the
combustion chamber is illustrated at 1, ter-
minating at its lower e nd in the ash pit 2 and
at. its upper end opening through thb pas-
sage 3, into the blank or hea iing chamber 4
of a brick kiln or other furnace. The burn-
ing gases from the combustion chamber ave
divected to any desived part of the heating
c] amnber by means of the part ition or wall 5
the shape and position of which may be

ded at will, This means 5 of directing
the gases to a desired part of the chamber is
of importance as heretotore st Aiul In brick
kilns for example, T have found it extremely
desirable that the gases enter the chamber
above the brick and cirenlate over and down
through the same instead of entering below
the brick. The wall 5 is Au-(,rdnwly 5110“ n
ag earried well above the floor 57 of the
chamber, on which brick is stacked.

The furnace is shown as having an open-
ing 6 through the front wall into the com-
hustion (’haml){x 1 at a point intermediate
the ends of the latfer §'r‘o opm.ino 4 s
provif ed with a n(nmuh closed fhuid seal-
g door 7. The o‘wnulg 3 into the ash pit
is similarly plovu ‘(1 with a fluid sealing

oor 9. The doors T and 9 when closed pre-
xent passage to or from the fuanace throngh
the openings 6 and 8 of any ¢ AT, gz‘a, steam
or other "‘md. A Dblower is located at the
point 10 of the five-pit. Through this the
air and steam necessary to the combustion 1s

injected into the furnace. Steam is supplied
to the Hower by a pipe 11 from a boiler, the

pipe 11 being led thr ough the walls of the
h mnn chamber before termi: 1‘1‘L'ing at the
Dlower in ovder that the steam may be effect-
ively superheated before its injection into
the furnace. The blower is also in connec-
tion with an air supply passage, and this
passage also pa S"-O. through the furnace be-
fore te:'nnn‘ﬁnlg the blower. The super-
heating of the air :md steam is 0+ consider-
able importance to the process of this inven-
tion.

In carrying out the process of the inven-
tion the farnace is m'.s(, filled, say with wood,
and a fire started.  As the fire gets under-

way, coal 12 is supplied through the opening
6 -to a level 13 in the combustion dnmbu*

- onless such

furnace’

Dlower is again put in operation.

€
Loniy

above such opening, the door 7 being opened
for this purpose. As the coal burns ash and
clinker \"111 collect 11‘ the fire pit as illus-
trated at 14 in Fig. 1. After the coal 12 1s
burning well xhloughom its mass the door 7
Is again o pened and a fresh body of coal 15
fed 1n and tamped tmmm 1 the barning coal
19, DBecause of the level 13 at \\hlch the
coal 12 is maintained, no air can reach the
be umo chamber 4 when the door T is opened
for feeding and tamping in the fresh coal 15
aiv first passes through the bum-
ing coal 12, In pukmo through the burn-
ing coal 12, any ; such air will be burned, and
it cannot veach the brick or other material in
the chamber 4 in cold or uubwrned condi-
tons.  Air for combustion of gases formed
in this furnace may, of course, be supplied
in any sultable manner, anulogots to the proce-
' onn\h)ved in regener ative or rectipera-
“‘nbms or furnaces, or divectly to the
chanmber or solely throngh the five 1)011
the clvenmstances  may 1'equiw. The
iy now shut off, the ash pit door 9
. and the ash and elinker 12 removed
the ash pit. The solidity with which
el 13 15 packed together with ihe fuct
e elinker tends to forin a solid bridge
- the ash-pit (see Fig. 2) preveunts ihe
e frel colimm into the ash pit
hoand clinker 12 arve removed
n the same. Fresh fuel 17 (see now Kig.
is then fed into the ash pit as may be
ﬂ«\ﬂ through the opening 8 and packed
serein nnder the fuel eslnmn bu l'ning‘ ahove.
. 3 the clinker bridge or arch 16 as
shown is well developed at this stage of the
combustion.  While the door. 9 of the n_:~;h
is open any nir entering the same must p
through the burning column above, and l)e
;,molwl heated  or burned before it
reaches the <11uam)u' 4, so that here again the
bl'i(:}\ or othev mtmml 18 srotected from
cold or un hmn od air. The depth and solid-
itv of the column of bmx. ing fuel ehmm les
of course, thg pozsibillty « of the air emermo
at 8, blowing holes throug gh the fuel and
eseaping thrmn L such holes in a velatively
cold condition to the chamber 4. Such holes
could be blown threugh o thin five such as
the ordinary grate five, but nm'( r through
such five as is here emp‘ovoq After the fuel
16 is supplied and the door 9 closed the
As the
sitinues to burn the operations hereto-
1\\( ribed are repeated when necessary.
The fresh fuel 16 ander the clinker hridge
at ﬂw ash pit burns more rapidly than the
fresh lue mpn]wd through the door 6, and
mmst from time to tine be renewed, but be-
fore ezu/h venewal the ash and clinker must
be vemoved. As the fuel 12 above the
clinker bridee 16 burns away, new fuel is
tamped in {hlmwh the door 6. If clinker
Decomes so troublesome that the method just
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referred to is difficult, the placing of blower
or blowers intermediate between the ends of
the colummn of fuel and at about the point
where ash normally begins to form in the
colmmn is very beneficial,

Flaving thus fully described my invention,
what T claim as new, and desire to secure
by Letters Patent, is:—

1. The method ot firing furnaces consist-
g in packing with fuel the passage which
supplies the burning gases to the heating
chamber, in maintaining the fuel so packed
In active combustion by a draft through part
of the same, withdrawing the ash from the
ash pit end of the fuel column, feeding fresh
fuel to an intermediate point of the column
and tamping the same to maintain the
column compact and homogeneous.

2. The wicthod of fiving furnaces consist-
g in packing with fuel the passage which
supplies the burning gases to the heating
chamber, in maintaining the fuel so packed
in active combustion by a blast of air and
steam through part of the same, withdraw-
ing the ash from the ash pit end of the fuel
colunin, feeding fresh fuel to an intermedi-
ate point of the column and tamping the
same to matntain the column compaet and
Liomogeneous.

3. The method of firing furnaces consist-
ing in packing with fuel the passage which
supplies the burning gases to the heating
chamber, in maintaining the fuel so packed
in active combustion by superheated steam
and air through part of the same, withdraw-
mg the ash from the ash pit end of the
fuel column, feeding fresh fuel to an inter-
mediate point of the column and tamping
the same to maintain the colunmn compact
and homogencous.

+. The method of firing furnaces consist-
ing in packing with fuel the passage which
stipplies the burning gases to the heating
chamber, maintaining the fuel so packed in
active combustion by a draft therethrough,
withdrawing the ash from the ash-pit end
of the fuel column, feeding fresh fuel to an
intermediate point of the column and tamp-
ing the same to maintain the column com-
pact and homogeneous.

5. The method of firing furnaces consist-
ing in packing with fuel the passage which
supplies the burning gases to the heating
chamber, mairtaining the fuel so packed in
active combustion by a blast of steam and
air therethrough, withdrawing the ash from

the ash-pit end of the fuel column, feeding |
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fresh fuel to an intermediate point of the
column and tamping the same to maintain
the column compact and homogeneous.

6. The method of firing furnaces consist-
ing in packing with fuel the passage which
supplies the burning gases to the heating
chamber, maintaining the fuel so packed in
active combustion by a blast of superheated
steam and air therethrough, withdrawing
the ash from the ash-pit end of the fuel
column, feeding fresh fuel to an intermedi-

“ate point of the column, tamping the same

to maintain the column compact and homo-
geneous. '

7. The method of firing furnaces, consist-
ing in packing with fuel the passage which
supplies the burning gases to the heating
chamber, maintaining the fuel so packed in
active combustion by a draft therethrough,
withdrawing the ash from the ash-pit end
of the fuel column, substituting fuel at the
ash-pit end of the volumn for the ash re-
moved, feeding fresh fuel to an intermediate
point of the columu and tamping the same to
maintain the column compact and homo-
geneous.

8. The method of firing furnaces consist-
Ing in packing with fuel the passage which
supplies the burning gases to the heating
chamber, maintaining the fuel so packed in
active combustion by a blast of steam and
air therethrough, withdrawing the ash from
the ash-pit end of the fuel column, substitut-
g fuel at the ash-pit end of the column for
the ash removed, feeding fresh fuel to an

‘termediate point of the colutan and tamp-

Fa

ing the same to maintain t
pact and homogeneons.

9. The method of firing furnaces, consist-
ing in packing with fuel the passage which
supplies the burning gases to the heating
chamber, maintaining the fuel so packed in
active combustion by a blast of superheated
steam and air therethrough, withdrawing
the ash from the ash-pit end of the fuel
column, substituting fuel at the ash-pit end
of the column for the ash removed, feeding
fresh fuel to an intermediate point of the
column, tamping the same to maintain the
column compact and homogeneous.

Signed by me at MNew York city this 18th
day of September, 1907.

GEORGE L. PRENTISS.

he column com-

Witnesses:
Jacop 1. Brrenw,
Busste M. TTanrnis.
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