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Lo all whom it may concermn.:

- Be it known that I, THOMAS G. KIRKPAT-
RICK, of Leechburg, in the county of Arm-
strong and State of Pennsylvania, have in-

ventedanew and useful Improvement in Re-

generator-Furnaces for Use of Natural Gas;
and 1 do hereby declare the following to be a

full, clear, and exact description thereof.

I0

‘lhave discovered a method whereby natural
gas, by which.I mean the ecarbureted-hydro-

gen gas obtained from the earth, may be used

- with safety and with great advantage in steel-

making furnaces and other furnaces employ-

- 1ng gaseous fuel.
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The great obstacle to the use of natural gasin
gas-furnaces arises from the fact that a mixture
of hydrogen with half its volume of oxygen is
highly explosive when heated to the required
temperature tor their combination;but I have
discovered that by mixing with.the natural
gas a small proportion—say about one per
cent.—of atmospheric air, the mixture may be
safely ignited within the furnace without pro-
ducing explosion, and may then be conducted

1n 2 condition of slow combustion to the work-

ing-chamber of the furnace, where it is united
with a current of highly-heated air, a vivid

combustion and intense heat being produced.-
This discovery formsthe subject of another ap-

plication for Letters Patent of even date here-
with, Serial No. 115,435, my present invention
consisting in a modified construction of the
gas-furnace known as the ‘‘Siemens: Regen-
erator-Furnace,”” by which natural gas may be
used with great advantage. This modifica-
tlon congsists, mainly, in substituting a gas-
chamber for the usual gas-regenerator, and
providing said gas-chamber with a valved air-
port, to permit a small per cent. of air to enter

the gas-chamber to support low combustion in

sald chamber prior to the complete combus-
tion which takes place onthe hearth, where the
preheated alr from the air-regenerator meets
the gas issuing from the gas-chamber. A sec-
ondary feature consists in combining with the
air and gas reversing-valves a reversing-valve
for controlling the steamways. There are

also other details,which will hereinafter more
full appear. - - o |
~ In the accompanying drawings, Figure 1 is |

| @ transverse vertical section of a regenerator-

furnace for manufacture of steel constructed
with my improvements.
tal section through = # of Fig.1. Figs. 3 and
4 are representations of nozzles for steam-
tuyeres. -

The drawings represent a Siemens open-
hearth regenerator-tfurnace of ordinary con-
struction, excepting in the particulars pointed
out 1n this specification. -

A 18 the hearth or working-chamber of the
furnace. « are the hot-air passages from the
regenerator to the working-chamber at one

- end of the furnace, and ¢’ at the other end. b

and 0" are the gas-passages to the working-
chamber at opposite ends of the furnace. B
B’ are a pair of air-regenerators of ordinary

construction,communicating with the air-pas-

sages ¢ and «', respectively. The air and gas
. 4 ’ .

passages ¢ and o-and a’ and ' are placed side

by side, as shown in Fig. 2, the air-passages

opening into the working:-chamber preferably

ata higher level than the gas-passages. There

are no gas-regenerators used, and in case of

altering an existing Siemens furnace to use my
Improvement the gas-regenerators are cov-
ered over by a slab or tile of fire-brick, ¢, so
as to leave the gas-chambers C(Y. Into these
gas-chambers C C’ openings d d’ are made for
the admission of air into the chambers C .
These openings d d’ are furnished with a slide
or register, ¢ ¢, by which the amount of air
admitted may be regulated with exactness.
Air 13 admitted through the pipes 7 7/ into the

Fig. 2 18 a horizon- -
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bottom of the regenerators B B', with%he up- 85

per ends of which the air-passages « ¢ com-
municate. Natural gas is introduced through
the pipes g ¢" into the chambers C €, which
communicate directly with the gas-passages b

0. Tuyeres j j', for admission of steam and

alr,are introduced through the openings in the
side walls of the furnace, so that the mouth of
the tuyeres opens into the passages 2 /4/,through
which the air enters into the working-cham-

QO

ber. Tuyeres 7% are also inserted into the gg

crown of the working-chamber, which tuyeres
point downward and inward, as shown in Kig.
1. These tuyeres are made of pipe about one
and one-half inch in diameter, with a piece

of steam-pipe inserted concentrically through 100




the first-named pipe, so as to leave an annu-

lar space for the passage of an induced cuar-

rent of air.

inch diameter, as shown in Fig. 3, oris perfo-

- rated with a series of fine ]mles as shown 1n

IO
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Fig. 4. Thesge tuyeres all communicate with

the steam -pipe k from a steam -generator
(Shown in Fig. 2.)
In like manner the.gﬂS-PiPeS g gr cormmunieate

through a valve-chest, #.

with the valve-chest m, and the air-pipes f 1/
with the valve-chest /. Air enters the valve-

‘chest I through openings 97, or one end of the
valve-chest may be leit open.
chest m communicates with a pipe leading the
Thethree

gasfrom the gas-well or gas-holder.

~valve-chests [, m, and » may be placed side

by side, as shown in Ifig.

-~ valves may be opened on one side and closed
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the lever ¢, Fig. 1

other valve 18 c¢losed.

on the other side simultaneously by means of
The valves ¢ " inthe gas
- andsteam chestsm and nare mushroom-valves

seating into valve-seats at the ends of the pipes

- g ¢ and I I, which open into the valve-chests.
25

Each pair of valves 1s placed on one stem, So

that when one valve of the pair 1s open the
| - The valve 1in the alr-
chest [ 1s a bufterfly reversing-valve, ¢, such
as is ordinarily used in connection with re-
cenerators, so that turned in: one direction it
'opens the communication between the outside
“air and the regencrator B, and at the same time
-opens the connnummtlon between the other
regenerator, B, and the flue leading to the

chimney. The butterfly-valve ¢ 1s pivoted to
o horizontal shaft, %, which shaft 1s operated
to reverse the valve 7 by means of the levers
qq'; and thehorizontal shatt  is also connected
by short links v to the stem of each of the
mushroom-valves s s, &e., so that they are
opened or closed as and when the butterfly-
valve ¢ isshifted. By thisarrangement,when
the butterfiy-valve ¢ is shifted so as to.con-
nect the regenerator I with the air-flue, and

open the communieation between the regen-

erator B’ and the chimney, valves s s open
communication between the gas-chest m and
the chamber U, and between the steam-chest »
and thesteam- 1311)81@'L€111]0 to the tuyer es g (md
i, and shut the corresponding valves, s’ and s,

| thereby closing the connection between the
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gas-chamber C and the gas-chest, and between
the steam - pipes which supply steam to the
tuyeres 4/ and ¢ and the steam-chest.

The operation of this furnace is as follows:
When the valvesare in the position juststated,
air enters the regenerator B, and, being highly
heated in traversing it, passes up the air-pas-
sage «, (which 18 %1011051(1@ of the passage b,)
'md to a point near the roof of the fur nace, at
a, where it meets a stream of alr and ste‘Lm
(01‘ superheated steam, if preferred, ) and ente IS
the working-chamber therewith. At the same
time the natural oas flowing through the pipe
¢ enters the gas-chamber , where 1t 1s mixed
with small (3111‘1 ents of air entering through

the openm s d, and, being there wmted (by | ing-chamber adjacent to the g gas: discharge of

The steam-pipe is drawn down at -
the inner extremity to an orifice of one-eighth-

The wvalve-

2, 80 that all the.

means of a taper introduced into the chamber
C, or by means of a small gas-jet inside the
chamber C, which 18 alwayssupplied with gas
and kept burning ¢,) the burning gas ascends -
the gas-passage Z) and enters the working-
ichehmber below the inflowing currents of ]1013_ |
air, causing a vivid combusbmn and Intense

heat. Strea,mb of mingled steam and air also
enter through thetuyeres, (placed on opposite

chamber.

When it 18 rlesued to chftrge the furnace,

7O .

sides of the furnace, as shown in Fig. 2,) and
ald the combustion and produce a sw1r11110.
‘motion of the ﬂame Wlbhm the WOI’]CH]D--

the regenerator B having been cooled by the -

inflowing air and the othet' regenerator heated

by the Outﬂowm products of combustlon from

the working- ch.-;nmbel‘ the lever ¢ 1s shifted,

~which shlfts the butter 3?-“?‘%11:6?5 and closes |

the valves s s, opening the valves s’ &', and thus

causes the air to pass through regenerator B',
and the gas through chamber C’, and the pro-

~duets oi combustlon through regenerator b,
~thus reversing the dlrectlon of &11 the cur-

rents

" T do not desire to confine my invention to
the use of the particular kind of reversing-

valves for gas and steam in combination with

the pair of regenerators and of gas-chambers, .
as the ordmaw kind of reversing-valves may

be employed.
Having thus (lescrlbed my 11n131*0vement
what L claam as my invention, and desire 1o

secure by Letters Pmtent 18—

1. In afurnace for burning gaseous fuel the
combination, with a ‘WOl‘kiDﬂ -chamber, of two
gas- clmmbels, each having an air- 1:}0113 for ad-
mlttmo alr thereto, and a port or passage de-
lwermﬂ" into the woﬂunﬂ*-c,h%mber two ailr-
regener cttors each having a port or passage
delivering into the workin o-chamber adjacent
to the gas-discharge of the corresponding gas-
chamber, and reversing-valves, substantially
as and for the purposes specified.

2. In a furnace for burning gaseous fuel, the
combination, with a working-chamber, of W0
oas- chambels, each having an air- 1)0113 for ad-
mlttmo air thereto, and a 1)0113 or passage de-
hvermn into the working-chamber, two air-re-
genemtors, cach having a Port or passage de-
livering into the working-chamber adjacent
to the gas-discharge of the corresponding gas-
chamber, steam-jet pipes arranged to deliver
into the hot-air passages leading from the air-
regenerators, and three sets of reversing-
valves, arranged to control the air, gas, and
steam supplies, substantially as and for the
purposes specified.

3. In a furnace for burning gaseous fucel, the
combination, with a working-chamber having
air-ports, and steam-jets arranged in sald air-

ports, of two gas-chambers, each having an

air-port for admitting air to the gas-chamber,

“and a port or passage delivering into the work-

ing-chamber, two air-regenerators, each hav-
ing ports or passaﬂ es dehverlnﬂ* into the work-
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the corresponding gas - chamber, and revers-

Valve substalltlally as and for the purposes 1o

ing-valves for controlling the air, gas, and spemﬁed

steam supplies, substantially as and for the
purposes specified.

4. In areversing-valve for reﬂ'enerators the
combination of a butterﬂy-valve for control-

- ling the air-passages, and two mushroom-

valves arranged on opposite ends of a single
stem, said stem actuated from the butterfly-

I

—

In testimony wher eof I have hereunto set my
hand this 17th day of December, A. D. 1383.

THOMAS G. KIRKPATRICK.

Witnesses: --
W. BAKEWELL,
VW. B. CORWIN.
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