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?UﬁmTEDSTATES

PATENT

JAMES HENDERSON, OF NEW YORK, N. Y., ASSIGNOR, BY MESNI ASSIGN-
MENTS, TO CHARLES G. FRANCKLYN, OF SAME PLACE.

METALLURGIC FURNACE.

SPECIFICATION forming part of Letters Patent No. 267,346, dated November 14, 1882,
| | Application filed March 21, 1878, | '

To all whom it may concern:

Be 1t known that 1, JAMES HENDERSON, of
the city, county, and State of New York, have
made an invention of certain new and useful

5 kmprovements In Furnaces, consisting gener-
ally of novel combinations of elements in ap-
paratus for metallurgical manipulations. At
the same fime my improvemernts are adapted
to other heating uses.

1o 1t 1s the ObJEGb of my invention to promote
oreater economy in the use of fuel by arrang-

| ing a furnace in such manner that complete

control of the quantity and of the intensity of
the heat, with perfect command of the chemi-

15 cal nature of the flame, are obtained without
waste of fnelorloss of heatother than that una-

vmdab]y radiated and carried oif by the nitro-
gen, carbonie acid, and watery mpor passing
away from the chimney.

>0 Thefirstpartofmyinventionrelatestothe pe-
culiar construction of gas-flues and air-tuyeres
at the neck of the turnace, whereby the gas
from the gas-producer and air to burn that gas
are mixed under greatly increased pressure

25 and introduced to the combustion-chamber;
and it consists of a gas-inlet neck divided by
walls into separate gas-clrannels of continuous
sectional area, and “fitted with diagonal air-
tuyeres whose outlet-orifices arearranged with-

30 inthe said gas-chaunels, whereby the air from
theadjoining “air passagesorgroovesisconduct- |
ed 1n to the gas-channels,which are of the same
sectional area on each side of the entrance of
the air-tuyeres, sothatthe commingled gasand

3z air have a velocity equal to the sum of the ve-
locity of the gas and of the air before they
come tOf’etth‘ which velocity is further in-
creased by the exp‘ansiou of the mixture of gas
and air in combustion, .

420 Another part of my invention relates to the
arrangement for the combustion of the gases
from a gas-producer in successive heating-
chambers, to the first of which the gas is sup-
plied in separate streams from the. gas-pro-

45 ducer, while the second heating-chamber re-
ceives the gas from the first; and it consists of
the combination of devices bv means of which

the combustible gas from a gas-producer 18 di-
vided into separate streams, and the supply of

- —

| which 18 supplied to the streams of gas .pass-

ing to the first heating-chamber, while another
portion is delivered to the gas for the iirst
chamber and another portion being delivered

to the gas proceeding from the first heating- 55
chamber to the second.

Another part of my invention relates to the
supply of air for combustion of the fuel and of
the resulting carbonic oxide, so as to produce
flames having different chemical qualities, as 6o -
desired, whether oxidizing, reducing, or neu-
tral; and it consists of the method of working
gas-furnaces by supplying the air for the pro-
duction of the combustible gas and the air for
the burning of the gas produced in measured 65
quantities, whlch are varied according to the
quality of flame required. |

The residue of my improvéments consists of
sundry combinations and constructions of de-
vices, and in a new mode of working the gas- %o

-producer for carrying out effectually the above-

stated 1m provements.

The various 1mprovements constituting my
invention ars set forth in detail at the cloae of
this specification; buat in order that the same 55

may be properly understood I will proceed to

set forth the system, mode, or manner in or an-
der which the same is or may he used or car-
ried out in practice, reference being had to the
accompanying sheets of drawings, and to the 3o
letters and figures marked thereon—that 1s to
say: a |

In the drawings, Iigure 1 is a longitudinal
section of the furnace in which my improve-
ments are used. Iig. 218 a perspeciive view 8g
of the gas-flues w1th the gas-passages, air-

channels, and tuyeres; and Fig. 3 represents

a borizontal section of the appdratus through
x x of Fig. 1.

A shows the gas-producer, from which the QC
flue B of the inlet-neck of the furnace is the
outlet for the resulting gases, as well as the in-
let into the heating- chamber O of a reverbera-
tory furnace, from which the gases escape by
the outlet-flue D of the outlet-neck of the fur- g5
nace to a second heating-chamber, L, and
thence by the chimney to the external air.
The interior of the gas-producer is formed of
two fuel-chambers, » #/, the former, 7, being

so airis divided into two portions, one portion of | beneath the gas-outlet 3, and being therefore 100
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designatedthe“lower” fuel-chamber, while the | angularblocks,asa preferable shape, and near-

other chamber, 77, is above the said outlet and
is therefore designated the “upper” fuel-cham-
ber. It 1s designed that the interior of the
cas-producer A shall at all times, when work-
ing, be charged to the top with fuel that will
fall antomatically as it burns away at the bot-
tom, thus supplying the fire, while the fuel be-
comes gradually heated, decreasing in temper-
ature to the top.

« shows a hinged cover at the top of the fuel-
hopper; b,a weighted lever-valve to close the
hopper air-tight when charging fuel at «.

¢ shows a port or opening at the bottom of
the gas-producer for removing the contents
and igniting the fuel.

In operating the apparatus Kindling 1s 1n-
serted at ¢ and the fuel at «. The kindling
beingignited, the fuel-blower 11s brought into
action. The air from it passes by a pipe con-
nected with the opening in the plating of the
furnace 1into the cavity d of the flue-bridge,
and thence under and along the reverberatory
hearth to the pipe If, leading into an annular
pipe, e, surrounding the lower fuel-chamber of
the gas-producer. I‘rom this annular pipe the
air enters the lower fuel-chamber, , through
the air passages or tuyeres f f, and acts upon
the fuel in the gas-producer A, decomposing
the fuel. The gases resulting from the de-
composition, rising up through the interstices
of the fuel, escape by the gas-flue I and gas-
channels G into the reverberatory chamber C.
The heat incident to the decomposition of fuel
in the lower fuel-chamber, », acts upon the
fuel in the upper fuel-chamber, 7/, effecting a
distillation of the fuel therein, and causing the
fuel to evolve gases, which pass 1nto the gas-
delivery flue B and serve as an admixing sup-
ply to the gas from the lower fuel-chamber.
The lower fuel-chamber, #, is contracted at its
bottom, so that a contracted bottom or hearth
1s formed, and the tuyeres are arranged to de-
liver air into this portion ot the gas-producer
only, so that the fuel in the wider portion of the
fuel-chamber-above the air-inlets projects hori-
zontally over the inlets for the entrance of air,
thus insuring the passage of the air upward
through the mass of the fuel.

I effect the combustion of the gases passing
through the outlet I3 by air supplied by a dis-
tinct blower, J, from which air passes through
an air-conduit system, as follows:

H represents an air-pipe from the blower J,
that measures the quantityof airdelivered into
the pipe H, as required. The pipe H has two
branches, one, g, of which passes horizontally
into a heating-chamber, ¢, which 1s applied to
the exterior of the lower fuel-chamber, #, and
1n this instance surrounds 1t and 1s extended
so as to form air-passages above and below the
flues (. This flue, which is the outlet (ora part
thereof) for the gas-producer and the inlet for
the heating-chamber, 18 divided into a series

of channels by means of walls of fire-clay or | to which the belts may be shifted.

Iy cubical, the centers of the blocks being open
through the blocks for the passage of the
oases, as shown in all the figures. Grooved
recesses are madein the sides of each block, so
that when thie blocks are connected together
these recesses form external air-passages, say
three inches deep and three inches wide. IKrom
thiese external air-passages tayere-orifices are
pierced horizontally and obliquely forward,
with thelr exit-orifices opening into the cen-
tral gas-channels, so that the jets of air may
be projected toward the reverberatory cham-
ber, as shown in Iig. 3, so as to impel the
gases toward said chamber, but are discharged
into the gas while the latter 1s within the gas-
channels. A second branch pipe, i, to the air-
pipe H, leads vertically and turns horizontally
along and over the furnace to a place near the

| fine 1), where it turns and crosses over to the

opposite side of the furnace.

The transverse portion of the pipe is pierced
for and receives at short intervals iron pipes
or tuyeres k, that are set diagonally forward
into and through the masonry to the outlet-
flue D, said tuyeres serving to supply air for
complete cornbustion of gases that may not be
burned at G.

A valve is placed in the pipe I at I to shut
off the blast from A& when required. m and »
are openings or muzzles, at one of which some
of the air may be allowed to escape for the
purpose of varying the character of the Hame
produced by the action of the residue, or at
one of which an additional quantity of heated
alr to that supplied by the blowers may be 1n-

jected for the purpose of varying the charac-
| ter of the ame produced by the air delivered

by the blowers previously described.

The blowers 1 J or blast-¢ylinders may be ot
any efficient and convenient constraction, and
should be of equal capacity when coke 1s used
for the fuel, one of the two, however, being
provided with means for driving 1t at variable
speeds, so that the volume or weight of air de-
livered may by 1t be varied as required.

When the fuel 1s bituminous coal, which
evolves hydrocarbon gases, 1t 1s preferred to
inerease the size of the blower or c¢ylinder J,
that supplies the air for the combustion of the

combustible gases, as compared with the size

of the blower I, that supplies the gas-producer,
the proportion of such increase being deter-
mined by the character of the gases produced
and the quantity of air required for their com-
bustion, and this blower or cylinder is pro-
vided with means for varying its speed, so
that the volume or welght of air delivered may
be varied, as required, to meet the varying
qualities of the fuel and gases and to produce
the quality of flame required.

The blowers here shown are arranged to
have thelr speeds varied by being driven by
belts applied to pulleys of different diameters,
The air

other refractorymaterial,formed of hollowrect- | supply may, however, be {urnished by one
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pipes, with a meter for each, caused or permit-

ted to move at the proper reldtwe speeds for

measuring the quantities of air.
In order to supply the proper relative quan-
tities of air, the chimney or outlet-lue may be

exhausted by jets of steam, thereby mduung

partial vacuums in the ﬂues so that the air
and gases will be driven in by the atmospheric
pressure, meters or measuaring-blowers being
provided to determine the relative quantities
of air supplied to the gas-producer and to the
tuyeres for burning the oas.

The temperature of the reverberatory heat-

ing-chamber C and the proporticns of reducing-

gases burned therein are regulated by the

valve {, which causes a portion of the air tobe
diverted from the pipe ¢ to the pipe & and the
tuyeres k of the second heating-chamber, E,
which may be used for heating scrap- steel 01
for melting cast-iron; or this hedt may be used

to geuemte steam, or-may be applied to other

purposes. A spout is shown from which the
metalorslag may be run from the hearth of the
reverberatory chamber through a tap-hole in
the side wall, provided for that purpose,

The drawings represent my improvements
as applied to reverbemtory furnaces; but the

system described of conducting the quautlty |

of combustible gas to a heating-chamber and
supplying air sufficient to burn only a portion
of such quantity, and of conducting the gas
from the first heating-chamber to a second,
and supplying air qufﬁclent to burn the I‘ebl-

due ot the combustible gas, or thereabout, for |

heating said second heating-chamber, will be
found of value for the heatmg of chambers for
other purposes.

When the system 1s applied to steam-boil-
ers and other uses where the great intensity
of heat obtained by combustion taking place
ander pressure is not required, I prefer that
the flues be arranged with the tuyeres at or

near the exit ends of the flues, so that the com-

bustion wiil take place beyond the flues and
in the heating-chamber.

The space in the gas-producer below the
tuyeres f'is the receptacle for ashes and slag,
which are withdrawan throngh an opening, ¢,

provided forsuch purpose. The opening shoald

be stopped up when working. A hearth is
shown inthe drawings, buf plam or step grates
may be used and the blast apphed through
them.

1t 1s preferable, when grafes are not em-
ployed, to charge limestone or some equivalent

1nto the gas-producer to flux the ashes or

earthy constituents of the fuel, thereby pro-
ducing a hiquid slag which can be permitted at
II]tF‘I'VdIb to flow Out of a tap-hole made in the
stopping of the opening c.

The hearth is composed of sand in the form
of a dish with a slight depression to the tap-
hole, the temperature of its exterior being
modified by the air from the blower I, which
cools it.

|

may be pierced through the tops and bottoms

of the blocks or sections, and may be supplied
by suitable air-channels, as well as through
the sides or division- Walls, as previously de-
scribed; bat I prefer the latter arrangement.

70

Heretofore in gas-furnaces the gas and air

have been introduced to one another in a coni-

bustion-chamber, or in a series of combustion-

chambers arranged at the neck of the gas-
furpace, but in every instanee that I know of
the sectional area of' the ehamber allowed for
the mixture of air and gas has been as great as

or greater than the sum of the sectional areas

of the gas-passage and the air passages or

tuyeres, whileinthismyinvention the sectional

75

8o

area of the passage or chamber for the mixture
of gas and air 1s of the same sectional area as
| that of the gas-channel, whereby the gas and

air are more intimately mmixed, and the blast
of the mixture is made equal to the sum of the
blast of the air and of the gas, which blast is
angmented and increased by the expansion in-

ctdent to the combustion within a, narrowly-

confined space. The gas being separated into
small volumes, the air supphed to each volume
in jets, and the mixture confined under press-

ure, make a more perfect combustion than can

be made 1 any other known way.

A gas-furnace is described in my English
Patent No. 1,267, dated April 13, 1874, andm
application 7 T , 117, made by me 11th of April,
1880, and applwatlon 52,777, made by me May

15, 1881 for Lietters Patent of the United States,

in Whlch the air supplied for generating tllb
combustible gases, and the air for burning the
sald gasesattertheir production, are sunultfme-
011%]3 measured by means of two blowing-eyl-
inders connected together; but there is noar-

rangement shown or dexcnbed in that patent
or either application-above mentioned for pro-
dacing an oxidizing-flame by use of an excess
of air, or a reducing-flame by using less air
than 1s required for perfe(,lz combustlon Noris
there any means described for varying the op-

eration of the apparatus when the fuel varies

in compo:ﬂtlon -

The improvement herein described, accord-
ing to which the blower or eylinder that sup-
plies air to the gas-produacer and the blower or

cylinder that supplies the air {or the combuns-
tion of the gases may be driven at variable

speeds, enables the operator to produce a nen-
tral lame with the highest temperature that
can be attained practically by the precise

9‘3‘
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amount of air for perfect combustion, with the

capacity of obtaining an oxidizing-flame by
supplying an excess of air, and also of obtain-
ing a reducing-flame by supplvmg less air
than 18 lequued for perfect combustion, and it
also permits the variation of the air- bupply
when the fuel varies in character.

The combination of the fuel-chamber in the
upper part of the gas-producer (which insures
a regular supply of gases of uniform composi-

“tion and tewmperature) with the gas-channels,
The diagonal tuyeres in the brldge G| with dl&“‘OIﬁlal alr-tuyeres ariranged to burn the

125

130'
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cases under pressure by means of air preheat-
ed by the side walls of the fuel-chamber, ana
supplied in exact and measured quantities for
the production of gas and for its combustion,
produces a greateconomy of fuel, accompanied
with great intensity of heat.

Having now described the nature of my in-
vention and the system, mode, or manner 1n
or under which the same is or may be used or
carried out in practice, I would observe, in con-
clusion, that I do not c¢laim merely the combi-
nation of a fuel-burning gas-generating cham-
ber with a reverberatory furnace, nor the use

of lues or spaces constructed within the walls

of a furnace to cool the wallsand to heattheair
forced into the apparatus for the conversion
of the fuel into combustible gases, and also to
burn these gases therefrom at a separate out-
let, nor the use of tuyeres for delivering air,
heated or otherwise, for consuming the gases
in their transit through an apparatus for met-
allargical or other heating uses, nor the use
of heated air or air under pressure for such
uses, nor the fuel-chamber in the upper part
of the gas-producer A above the gas-outlet I
for drying and preparing the fuel for conver-
sion into gas when tuyeres are employed asin-
lets for air, so as to burn the hydrogen by the
lieat developed in the lower fuel-chamber; nor
do T claim in this patent the simultaneous
measurement of the air supplied for generat-
ing the combustible gas, and for burning the
said gas after its production, when blowing or
measuring appliances capable of being oper-
ated at variable speeds are not used, nor the
use of perforated chambers placed upon the

fire-bridge or behind it, when combined with a

steam-boiler furnace for supplying air to con-
snme the smoke given off directly after fueling
when bituminous coal is charged 1in thin lay-
ers upon an ordinary grate upon which the
arbon of the fuel is directly consumed, such
combination differing from mine 1n the re-
spects that the smoke, under these circum-
stanees, cannot be perfectly consumed without
the employment of aboutfour times the proper
quantity of air, which should be admitted at
times when there is no evolution of the vola-
tile products of the fuel, whereas in the furnace
hereinbefore described there is no sudden or

unusual evolation of volatile products after

charging fuel, and no more air is required for
complete combustion at one time than at an-
other. |

In English Patent No. 1,267, A. D. 1874, a

description is given of the invention made by
me of the charging of ‘“caustic lime” with the
fuel in the gas-producer; but such lime requires
to be prepared by burning limestone previous
to use. The last part of the invention herein
specified is based upon the discovery that
limestone or its equivalent (such as blast-far-
nace cinder) can be advantageously employed
in-the gas-producer, thus obviating the neces-
sity of the previous burning required for caus-
tic lime.

I amn aware that wmetallargic furnaces have
been made in which the gas bas been intro-
duced by a series of gas-chanunels and the air
by a series of converging air-passages so ar-
ranged that the gas and air from the several
passages are mingled and consumed 1n a com-
bustion-chamber outside of the gas-passages.

What I claim, and desire to secure by Let-
ters Patent, 18— o

1. The heating-chbamber provided with a
neck divided into a series of gas-channels ot
continuoussectionalarea,and withair-passages
connected by diagonal air-tuyeres with the gas-
channels a short distance from the discharge
end of the gas-channels, whereby air from the
air-passages may be forced into the gas-chan-
nels, substantially as specified.

2. The hollow block having an 1nterior pas-
sage for gas of continuous sectional area and

' an external air-grvoove, and walls perforated.

from the external air-groove diagonally to the
cas-channel at a short distance from the dis-
charge end of the gas-channel,as specified and
set forth. |

3. The combination of the gas-producer, a
blower for supplying air to the producer, a sec-
ond blower for supplying air to burn the gas
produced, and a furnace and adjustable mech-
anism for driving the two blowers at variable
rates, substantially as specified.

4. The combination of gas-producer,a blower
for supplying a measured volume of air to the
producer, and a second blower for supplying
air to burn the gas produced, and a furnace
and adjustable mechanism for driving the two
blowers, and mechanism for separating the air
from the second blower into separate portions,
and supplying the separate portions to the gas
produced at successive stages of its combus-
tion, as specified and set forth.

JAMES HENDERSON.

Attest:

CHAS. (. HETSER,
J. B, HYDZE.
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