W. E. HAGAN.

METHOD OF BURNING FUEL FOR GENERATING HEAT, PREVENTING SMOKE,
AND DESULFURIZING THE PRODUCTS OF COMBUSTION.

No. 41,897. Patented Mar. 8, 1864,
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UNITED STATES

PATENT OFFICE,

WILLIAM . HAGAN, OF TROY NEW YORK ASSIGTOR TO J OHN B GALE

IMPROVEMENT 'INSTOVES.

Specification forming part of Letters Patent No. 41,897, dated March 8, 1864,

To ali whom it may concermn :
Be it known that I, WirLiam E. HAGA_N

of Troy, Rensselaer eeunty, and State of New

York, have invented a new and improved
method of burning fuel for generating heat,
preventing smoke, “and desulphurizing the pro-
ducts of cembustmn and I do hereby declare

that the following is a full, clear, and exact

description thereof, reference bemg had to the
accompanying drawings, making part of - this
specification, in which—

Figure 1 is a cross vertical section of the

lower part of a heating-stove for burning fuel
2, a

acecording to my improved method; Fig.
vertical section thereof, taken at the line A a
of Fig.
at the llne B b of Flg 1. Fig. 4 is a vertical
and Fig. b a horizontal seetlon of a modified
form of the fire-chamber, Fig. 6 is a longi-
tudinal vertical and Fig. 7 "a cross vertical

section of a cooking- stove for burning fuel ac-

cording to my said 1mprmred method. Fig. 8
is a longitudinal vertical section of a heetmo'-
furnace for metallurgical purposes, with the
fire-chamber adapted to my improved method
of burning fuel. Fig. 9isa horizontal seetlen
of the same, taken at the line C ¢ of Fig. 8

and Fig.

sectlion of a eupele -furnace for reducing ores,
and Fig. 12 a like view of a blast- furnace

both adapted to my 11npr0ved method of burn-,

ing fuel.
In Figs. 1, 2, 3, 4, and 5 of the accompany-

ing dr&wmgs the same letters indicate like
parts, and in the said figures ¢ represents a

ﬁre-chamber with a grate, b, at bottom, on
which the fuel to be burned i is placed. There

is an ash-pan, ¢, below, of the usual or any

suitable construction, so that atmospheric air
can have access through it and between the

grate-bars to the fuel, not only toignite it, but |

afterward during the process of combustlon.

The fire-chamber is formed by an inner sur-
rounding wall, d, and between the inner and

the outer wa,ll e there are two steam-cham-
bers, 1 f; or, if preferred a single steam-cham-
ber may extend all around. The steam-cham-

bers are provided each with a steam-pipe, g,

extending to any suitable steam -generator,
whether so placed as to have the steam gener-
ated by the fire in the fire-chamber a or by
any other fire.

1; and Fig. 3, a homzontal section taken

10 a cross vertical section taken at :
the line D d of Fig. 9. Fig. 11 is a vertical

The . steam supplied to the

heat radiated ﬁem the inner wall, d, and es-
capesin numerous fine jets, through a series of
apertures, #, made for that purpose through
the. 1nner 1well d. The inner surface of the
inner wall, d, is grooved, as represented at i
in Figs. 1 and 2, the bottom of the grooves be-

Ing in line Wlth the series of holes to reduce
the thickness of the wall at the perforations,
through which the steam is supplied to the
mcandescent coals to prevent the too rapid
destruction of the wall by oxidation. Instead
of making these grooves on the inner surface
next to the fire, they may be made on the other

or steam side, and they may run in any diree-

tion, although I prefer the direetion repre-

sented or, instead of orooves, the thickness. -

of the wall may be reduced ab the several per-

forations, in the manner repr esented in Figs.
4 and 5, by conical recesses or countersinks,
as at j.:- The fire-chamber should be ﬁlled |
with the fuel, so as to be in contact with the-

‘inner wall and extend up to or above the
‘upper range of perforations.

The fuel 18 ig-
nited in the nusual manner by a draft of atmos-
pheric air from the ash-pau, and after the coals
are in an incandescent state steam-is to be ad-
mitted to the chamber or chambers f, where
1t will be superhea,ted and escape through the
apertures h,and impinge in numerous small
jets. agalnst the ignited coals. The supply of
steam thus 1ntroched will check the draft -of

‘air through the fuel, although a sufficient

quantity will continue to pass to maintain the
fuel in ‘an incandescent state. The super-
heated steam thus supplied and impinging in
numerous fine jets against the incandescent

‘coals will be instantly decomposed, and the re-

sulting gases in the nascent state will combine
with the gaseous products of the coal in the
naseent state, and thus generate more heat for
a given. quantity of fuel than by any other
known method. - A’ larger volume of flame
will be produced, so that the heat evolved ean

‘be diffused to great advantage; the union of

the gases in the nascent state will etffectually
prevent the evolution of smoke; no oxidizing
gases will be evolved,so that the fire-chamber
can be safely constructed of materials which
would otherwise be readily destroyed by oxid-
ation, and the heated products of the com-
bustmn for the same reason, will be admir-

| ably adapted to metallurgical operatlone and

sulphur, if any be contained in the fuel, will

chamber or chambers f is supérheated by the | be omdmed or 50 much dlluted that flame fits o

e 83—



- .which are to be supplied with steam by two

. C
R
A

ted for metallulglcal 0pela.t10us may be ob-
tained from pyritons fuels. :

in Figs. 6 and 7 of the ¢ qccompanymn dram -
Ings, w hich epresent my said method of burn-
ing fuel as applied to cooking-stoves, ¢ is an

oblong fire-chamber, and b the grate on which

the fuel is placed, and ¢ and d the front and
back fire-walls,grooved and pierced with num-
erous smaill lmles for the escape of superheated
steam, to impinge on the incandescent coals,as
above deseribed, from the steam-chambers I/,

. pipes, g g, leading from a suitable generator.

Suitable boiler- holes, & h, are to be formed in
the top plate above the hre chamber.

~ and-other appurtenances are to be provided,as
~ 1nothercooking stoves andranges. If des1red

~ tom, where the metals to be worked are heat-

steam-chambers and. per forated wall may be
‘made at the -ends of the fire- chambel a8 well I
- ag in front and at the baclk.

In. Figs. §, 9, and 10 of the accompanymg

| dmwmgs, which represent my said invention.
- as applied to aheating-furnace for metallurgi-

cal operations, a represents the wor king-bot-

ed; b the fire-bridge, and ¢ the. flue leading

to the chimney.

Each side of the fire- cha,m-
ber d there is a steam- chamber, ¢, the inner

walls, f. 7, of the chambers formmg the side
-walls of the fire-chamber.
~grooved and pierced with nuamerous  small

These walls are

| holes as i the other examples, for the escape

.of suPerheated steam to impinge on the in-.

- candescent fuel. The steam-chambers are pro-

~vided with steam-pipes g g,t0 supply steam to
. the chambers ¢ from some suitable generator.
- The steam- -pipes ¢ g may be coiled in any suit-
‘able mannerin close proximity with the heated
part of the furnace, the better to superheat

- the steam, as the pipes are arranged to heat

- the blast in furnaces working with hot-blast.

I contemplate in some instances. placing a

,,',stefmm -generator, /, midway between the two

.side chambers, e ¢, the walls of: which are to
~be grooved and. pelforated in like manner;
- and. to be supplied with steam in the same
- ..way.. lhavealso contemplated prov:l;dmfr the

. steam-chambers with a pipe or pipes for the

.escape of steam, in addition to the pipe.or.
Sueh an -
. arrangement isrepr esented in connection with
the central steam-chamber, 2, which isprovided
. with a central wall, ¢, ‘Detween the. two perfo-
~rated wallg.

- pipes for the introduction of steam.

 the cock or mlw, 13 open, the steam will
- -mamly escape from this pipe, and but little

___w:lll escape. through the perforations to im-
Ppinge on the cml::, and it will result from this

Ovens

‘ating
-will be enabled to apply my said invention to
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[}].lilt SIMOoKe 'mll be evolved fmm the fire in

| greater or less quantity, depending on the

size of Gpenmcr of the valve.
- For many purposes in metallur frlcal ol)ela- -
_tlons it 1s desirable at times to cause smoke

to-be evolved with the flames, and by the
‘means above desceribed this can be effected.

In Figs. 11 and 12 my said invention is rep-
resented as applied to a blast and to a cupola
furnace. In both of the said fizures, ¢ repre-

Sents the chamber or chambers for 'mperhemtt,d

steam, with the inner grooved and perforated

‘plate, b and with the steam-pipes ¢ ¢, for sup- -

Pplying Steam from some sultable generator.
The said furnaces are to be. pmmded below
with tuyeres d in the usual manner f01 the

| blast of air. -
* From the fmefromg any one skllled in the

construction of stoves and-furnaces for gener-
‘heat for various purposes in the arts

the various purposes.which may be desired,
as my invention relates entirely to the method
of managing the combustion of the fuel..

My discovery relates fo the effects produced
by the application of- superheated steam in
numerous jets so-as to impinge, without ad-

‘mixture of atmospherie air, against the incan-

descent coals, so that the gases resulting from
the decomp051t10n of the superheated steam
shall mingle and c¢ombine with the gases
evolved from the coal while these_ latter are
also in the nascent state.

- 1 believe the true theory or mtmnale of my
said new mefhod to be as follows, viz: The
combustion of coal by means of a small ; amount
of air ‘and ‘a considerable volume of siiper-
heated steam (HO,) takes place with two dis-
tinet reactions, although connected. When
superheated steam impinges on ignited coal
or flaming fuel, it becomes decomposed into
hydrogen and carbonic-acid gases. The in-
tense 1gnition of the coal is somewhat reduced
by the heat absorbed in the act of decomposi-
tion, and the highly-heated gases convey it
away to the point where they burn., When
the fael is such as would produce smoke,
through its volatile constituents burning i im-

‘perfectly im air, the highly-heated steam seizes
pon these and suffers decomposition.

The
mixtures of hydrogen and carbonic acid are

‘present momentwrlly as In the case of the
- #.steam Impinging on ignited coal, the more
The bteam 1s admitted on one
~ side of the central wall i, from a suitable gen-
. erator, by the steani- plpc 7, and on the other
- side of the central wall there is an escape-
- steam pipe provided with a valve or cock, .

- YWhen this valve is. closed, the- Supelheated_

‘steam will escape irom the chamber thwug]l_
- the perforations.and impinge on the incan-
descent coals, as betfore described; but when

combustible parts of the coal or fuel having
been first taken up to form these gases. The
second reaction is the combustion of the hy-
drogen by the carbonic acid (Ca0,) present at

an elevated temperature, developing a great

additional heat with the formation of carbonic
oxide, (CaQ,) which consumes aftel ward in
“presence of air.

As steam has herctofore Leen d.pplled we
]J'we had steam thrown on coal under condi-
tions favoring the production of hydrogen, car-
bureted hydrogen, and carbonic oxide, which
were burned f’LI‘thel on by contact: mth airand.
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produced heat; but the robbing of the fuel of
its heat of combustion to form carbonic oxide
left little gain in economical results, and only
in case of special application weresuch modes
important. By my diseovery, however, the
heated vapor of water forming at once carbonic
acid maintains the heat of combustion nearly

as well as air does, while at a more distant -

part of their Jow theintense heatfollowing the
-combustion of hydrogen by carbonic acid 18
obtained,the carbonic oxideresulting burning
as it comes in contact withair. The essential
difference between this and the well-known
plans rests on the modifications of combustion

‘brought about by the limited amount of air |

supplied to the burning fuel, and the substi-
tution of heated vapor (HO,) for air in part.
Economically the result obtained has a high
value, asit prevents the accumulation of heat
in.masses of fuel, and destruction thereby of
furnace-walls. 1t carries theheatinavolumi-
nous flame to the place of application. This
combustion oxidizes sulphur and dilutes the

products so much that a flame fitted for metal-

lurgical operations may be obtained from py-
ritous fuel. | '
Although I believe this to be the true ex-
~ planation of the chemical changeswhich take
place in working my said method, I do not
wish to be understood as resting my claim on
the soundness of the theory as herein stated,
my claim resting on the discovery of the better
results due to the application of superheated
steam, 50 as to impinge directly against thein-
candescent coais without admixture of atmos-
pheric air, but in connection with atmospheric
air applied by draft or blast in the usual way.
I am aware that prior to my said discovery
steam was applied to aid in the combustion of
fuel; but in such cases it was either applied
with atmospheric air below the grate or ap-

| for the purpose specified.

3

plied separately above the fuel, and with the
blast or draft of atmospheric air from below;
but neither of these methods will produce re-
sults like my discovery or invention.

| What I claim as my discovery or invention
in the management of combustion in fire-
‘chambers 18— |

1. The application, substantially as herein
described, of superheated steam in jets so as
| to impinge, without admixture with atmos-

pheric air, directly against the incandescent

coals, in addition to or in combination with

the supply separately of atmospheric air,
| either by draft or blast in the usual manner,
as set forth, and for the purpose specified.

2. In the construction of fire-chambers for
the combustion of fuel, and provided with
apertures at or near the bottom for the ad-
mission of atmospheric air, combining there-
with a steam chamber or chambers for saper-
| heated steam, the inner wall of thesteam cham-
ber or chambers having numerous small aper-
tures next to the fuel for the escape of the su-
perheated steam to impinge, without admix-
ture of atmospheric air, against the incandes-
cent coals, substantially as and for the purpose
specified. - -

3. In the construction of fire-chambers com-
bined, substantially as herein described, with
| a chamber or chambers for superheated steam,

and with numerous apertures for the escape ot
jets of superheated steam to impinge against
‘the incandescent coals, making the perforated
wall of the fire-chamber grooved ortheequiva-

| lent thereof, to reduce the thickness of the

wall at the perforations, substantially as and

W. E. HAGAN.
Witnesses:

JOHN L. FLAGG,

RicEARD F. HALL,
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