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7o all whom it maz Y conce?’n

Be it known that I, WILLIAM B. SMITH, 2

~ citizen of the Umted otates, residing in 0h1

IO
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cago, county of Cook, and State of Illmms |

have in vented certain new and useful Improve-
ments in Hydrocarbon- Fumaees of which the

following is a specification.
- This mventlon relates to improvements in

hydrocarbon-furnaces in which a combined jet
of hydrocarbon, steam, and air is Injected
into the fire- ehfmmber of a furnace and in con-
tact withfire-brick or other heat absorbing and

radiating materials to the exclusion of coal or

other fuel in the furnace.

In all furnaces in which hydmcmbons are
sought to be used for generating heat to the
es’:clusion of other fuel praectice has demon-
strated the absolute necessity of combining
with the hydrocarbons, before their dlscharge
into the furnace, both steam and air, and that

a perfect combustion and successful utﬂlmtlon

of hydrocarbons for farnace purposes is de-
pendent upon the relative volumes of each of
these three elements, the thoroughness with

which they are combmed and the tempel atare

they must have before their escape 1nto and
ignition in the fire-chamber. In some in-
stances efforts have been made to unite the

three elements at the same moment and just

prior to their escape into the fire-chamber; but
in practice this has been a failure, because the
hydrocarbons are unavoidably carried in a

- liquid state into the fire-chamber, in which con-
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dition only the lighter portmus are ignited,

while the -heavier portions drip tthllﬂ‘h the_

grate-bars and are wasted, or at best are not

_ful]y utilized, by reason of an 1nsufficient |

volume'of oxx, gen and the hydrogen of steam.

In other structures the air has first been super-
heated before comingin contact with the steam

and hydrocarbons, and as a result the airis so

~expanded that 1t 1s utterly impossible to sup-

ply the requisite volume of oxygen for suec-
cessfully producing a combustion of the hy-
drocarbons. In this connection it 18 proper
to state that hydrocarbons cannot be suceess-

fully used in a furnace unless vaporized before

" their admission to the fire- chamber, and that,

50 vaporlze hydrocarbons, it is impraecticable to . dw1ded eond1t10n and supplied tthllC"‘h the 100

owing to the high degree of heat requlred 60

| combine with them prior to then discharge
into the injector from which it escapes into

the furnace sufficient air to promote a sinccess-

ful combustion of the hydrocarbous, because
of the expansion of the air reducing the vol-
ume of oxygen to such an extent that it is in-

sufficient for the volume of hydroecarbon va-
pors with which the air is so-combined.
Practice aud experiment have demonstrated
that steam in a superheated condition may
successtully be combined with and at the same
time utilized for vaporizing the hydrocarbons,

and that a sufficient volume of oxygen can

only be obtained by admitting air at the nor-

mal temperature to the 1nJeet01 and not su-
perheated until it shall have passed or met
the steam-jet and hydrocarbons immediately
before their escape from the injector into the
furnace, and it is to the attainment of these
ends my invention is directed.

JFuarther objects of thisinvention are to have

the hydrocarbon-reservoirentir elysurrounded

by a steam-jacket in which there is a free and
continuous circulation of superheated steam,
whereby the hydrocarbons are vaporized, and
in a vaporous condition are combined and
thoroughly mixed with superheated steam
prior to its introduction into the injector.
These objects are obtained by the devices and
arrangement of devices shown in the accom-
panylng drawings, in which—

Figure 1 illustrates a longitudinal sectional
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view of a furnace, hydromlbon -reservoir, and

injector embodying my invention; Fig. 2 an
enlarged det'ul lonﬂ*ltudmal seetlon of tho in-
Jector

Similar letters of referenceindicate thie same

parts in both figures of the drawings.

The boiler A and its dome B are of the ordi-
nary construction of tubular steam -boilers
and set 'in the setting or furnace C in the usual
manner.
H, and combustion-chamber F may be of any

ordinary construction; but in practice I prefer.

to mount on the @ra,te bars G, or other suit-

able bottom of the ﬁre-chamber, a semicircular

or arched structure, H, composed of fire-brick
or otherguitable material, provided with a se-
ries of perforations, H' nhlough which air in a

The fire-chamber D, the bridge-wall

90

95



10

- bridge-wall. -

&

“ash-pit I may be distributed in the fire-chani-

- Dber,which said arch preferably rises in a plane

~above the injector, hereinafter deseribed, but | smroundmg steam-jacket, 4, for the reservoir, 7o -
whereby the eontents of the reservoir may be

~ may beinaplane below the same, and in either

5 case iswhollyor partially covered with broken
pieces of fire-brick (not shown) or other heftt

~absorbing and radiating material. -
~ The face of the budne wall is piefembly in-
“clined, as shown at J a8 18 also the combus-
tion-chamber I, for med to a V shape in cross-
o rsectwn but ﬂhlle the' detai]s of constl uLtiDn
'qbsolmely neceqsaly for the pulposes of my
invention, for I may use any ordinary form of-
coustruction of furnaces so far as my inven-.
tion relates to the special construction, opera-

' ;scrlbed-

. eclosed, and inits upper side is tapped a flar-

40

45

air may pass to: the shell, which tube or air-

~ ply passage forthe mJector

end of the IDJECtOP -shell 1s a steam-pipe, d,
which opens in the shell a short distance from
the inner and rear end of the shell, or at such
a point from the escape-orifice thereof that
there is an unoccupied chamber, ¢, between
the openiug of the steam-pipe and the escape-
orifice of the injector, in which steam, air, and
oil may be combined before being discharged
into the furnace. |

Opening into the shell of the injector at a
right angle to the steam pipe or nozzle d, and
slightly in the rear thereof, is a pipe, f, which,
as hereinafter described, supplies to the in-
jector steam and o1l or other hydrocarbon
to combined, the opening of the steam-pipe and

steam and oil pipe being so arranged relative
to each other that the escaping steam from the
pipe d will pass across the opening of the pipe

J in escaping to the furnace, and thereby not
55 only raise the temperature of the combined
hydrocarbon and steam jet, but have an ex-
haust effect thereon, promoting its discharge
into the mixing-chamber ¢, and thence into the
fire-chamber of the furnace.

The supply of oil or other hydrocarbon for
the injector may be contained In some suit-
able tank, (not shown,) and conducted thence
by pipe ¢ to a reservoir, L, preferably cylin-
drical in form and entirelyinclosed on all sides
65 by and suspended in a shell or cylinder, M,

by brackets 7, so that an enlarged chamber
formed by the walls of the reservoir and the

50

tion, and combination of the steam, 311 and |
il sunply plpes and passqges herelnafter de- |

in a horizontal plane below the top of the
The forward end of this shell 15|
| dlscharges the combmed hydrocmbon ‘md 9-1' .
- ing- mouthed and short tube, ¢, through which |

inlet and so much of the shell forward of the
+  open ends of the steam and o1l supply plpes
~ hereinafter deseribed, constltute an air- sup |
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| shell M entirely surrounds the reservoir and.

constitutes, as will 1)1esently be described, a . '

raised to a high degree of temperature before -
‘their escape thelefmm | |

- Openingintothe steamn- J‘lcket and mba pomt: RN
Jllsb below the upper end of the reservoir,1sa 75
‘pipe,: &, connected with the dome B of the =~

| boiler, and having in:it a superheater, N, pro- -~ =

Jectmg through the front walls of the ful nace
“into the fire-chamber. Thesteam supplied by

the pipe & to the steam-jacket first circulates. 80: o
‘around and heats the reservoir, and then es-
capes from the steam-jacket thmun*h the bot-

tom theleof through the steam- plpe d, to the- o ;

; IHJthOI‘

The 011‘ ca;m]ot' escape W1Lh0ut 118111*‘3‘ in 83. .

| through the ahell M and steam - chkeb and
p1 eiel ably m a h011zontal plane, isan mjector,

5 :K the shell a of which has its rear end pro-

tapped 1into the reservolr, which pipe { 18 :

~coupled with a steam-pipe, m, blanchmﬂ‘ﬂom

.the stemn mr '111(1 011 comblned escape; 1mto |
the ﬁre-%cha-mberof the furnace, and preterably

ich | the steam-pipe k, before descubed and con- go
taining ;superheated steam, and ;bzo;th- the ;oil.-f SR

-escape pipe or passage and steam-pipe m are
in tmn coul)led with cmd dischmge bheir con-

‘and across the path of the steam -escaping . =
from  the pipe d.
| proper: to observethatthe circulationof steam - |
around the reservoir not only serves to elevate 100

“the temperature of and vaporize the coutents
Projecting through the forwmd and closedf 9

steam in the mixing-chamber ¢ of the injector

In this connection it is

of the reservoir, but by discharging the sa-
perheated steam as it enters the jacket agamsb
the upper end of the reservoir the effect of the
steam on the hydrocarbons is best utilized for 105
the steam at its highest degree of temperature
therein and at a much higher degree of heat
than they are toward the bottom of the reser-
voir. As a result of heating the contents of

the reservoir in this manner,the best efiects of 110
thesuperheated steam 1nthe pipem are utilized
for further elevating the temperature of the
hydrocarbons and of promoting the thorough
mixing of steam with the hydrocarbons while
both are at a high degree of temperature and
of discharging these elements 1n this condition
to and combining them with steam and air In
the mixing-chamber of the injector.

In operation the steam and hydrocarbons
discharge into the mixing-chamber of the in-
jector, and during their discharge haveixed

with them an additional supply of steam from
the pipe d, which increases the volume of hy-
drogen and insures the desired degree of heat
of the hydrogen and hydrocar bons | before their
escape into the fire-chamber, and at the same
time causes a supply of air to rush in through
the air-passage C, so that a combination of air
and an additional volume of steam is effected
at the same moment with the hydrocarbons.
Before its combination with “the steam and
hydrocarbons the air in passing through its
passage to the mixing-chamber is heated suffi-

(15

120

130

| ciently by the steam-pipe d to prevent the air
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- from reducing the temperature of steam and

hydrocarbons below the degree at which they

- best combine and ignite, while at the same time

the air is not so expanded that it lacks the
necessary volume or density of oxygen to pro-

~ mote the best results and supply the hydrocar-

10

bons and hydrogen of steam with all the oxy-
gen necessary to promote perfect combustion.
~-In this connection it should be stated that by
uniting the three elements in a chamber just

before their discharge therefrom into the fire-

- chamber a more perfeet combination is ef-

- fected than is possible by any other known
means, and the more perfeet the combination
of these three elements, is

15

- correspondingly promoted. =

For the purpose of cleansing the oil-reser- |

- voir i and removing the sediment therefrom
@ pipe, 0, is provided, opening into the bottom

20

of said reservoir and projecting throngh the
~ lower end of the shell or eylinder M, and hav- |

~ ing a valve or petcock, o, secured to the end

25

~ thereof, through which pipe the sediment from

~the said reservoir will be forcibly ejected
when the valves p and ¢ are closed and the
valves o and » are opened, thus. directing the

~ entire force of the superheated steam from the

o

L boiler-domedirectly through thereservoir,dur-
ing which operation thevalve s inthe oil-sup-
ply pipe ¢ should remain closed.

naces—such, for instance, as superheated air,

steam, and hydrocarbon simultaneously dis-

charged info an injector, or a combined stream
of steam and hydrocarbon fed into the injector

- Simultaneously with air,superheated or not, or

40

else a single stream of combined steam, hydro-
carbon, and atmospheric air fed into the mix-

ing-chamberofan injector prior toits discharge

into thefurnace; but I am not aware that prior

to myinvention these elements have been com-

bined after the manner, in the proportions,
and at the times hereinshown and described—
namely, in three several and separate bodies,

‘as follows: a ecombined stream of vaporized

hydrocarbon and steam, pure live steam, and
atmospheric air, all of which are discharged
into the injector in separate and distinet jets

II s 1=1m

-

just prior.to-their delivery to and ignition in

the furnace.

T R T e it
-

18— . |
1. The combination, with a farnace and

- with an oil-reservoir connected with the boiler

perfect combustion

- l'amaware that prior to my invention vari-
- ous combinations of hydrocarbon, steam, and
- air have been employed in the effort to pro-
- duce perfect combustion in hydroearbon-fur-
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| and with the injector, and provided at its up-

per end only with a discharge-opening for the

“hydrocarbon, into the steam-passage connect-
“ing the boiler with the injector, a steam-jacket
~entirely surrounding said reservoir, and a pas-
Sage or passages connecting said jacket with
~the boiler and with the injector, of an injector

3
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consisting of a shell provided with an air-inlet

in the upperside thereof and an opening into
‘the furnace, a steam-pipe projecting in said
| shell, a combined oil and steam pipe opening
into the shell in the path of the steam of the
‘steam-pipe, and a mixing-chamber in said
‘shellatapoint between the discharge-openings
of said pipesand the discharge-opening of the
-shell, substantially as deseribed. =~
2. The combination, with a furnace, of an

Injector opening into the fire-chamber, an oil-

- reservolir connected with the boiler and with
‘the injector and provided at its upper end

only with a discharge-opening for the hydro-
~carbons Into the steam-passage connecting the
‘boiler with theinjector, asteam-jacket entirely
surrounding said reservoir, and a passage or
- passages connecting said jacket with the boiler
-and with the injector, substantially as de-

scribed.

3. A furnace and an injector therefor, in

- combination with a reservoir provided with a

|

I

| discharge-opening at its upper end, a steam-
‘passage opening into said discharge-opening

and connecting the boiler and injector there: go

with, a steam-jacket entirely surrounding said ~

reservoir, a steam-passage connecting said

| jacket with the boiler and opening into said

jacket at a point opposing the upper portion

of the reservoir, and a steam-passage connect-
ing the lower end of the reservoir with the

‘1njector, substantially as and for the purpose

specified.

4. The herein-described method of utilizing

hydrocarbon as a fuel in furnaces, the same
consisting in first fully vaporizing the hydro-
carbon in a chamber isolated from steam and
alr, then combining said vapors with live
steam to the exclusion of air, and afterward
discharging the same into a mixing-chamber

1CO
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into which are simultaneously introduced sep-

arate bodies of live steam and air not super-
heated, which steam and air are mixed with
the hydrocarbon vapors and steam immedi-
ately before being discharged into the fire-

| chamber, substantially as and for the purpose

described. |
" WILLIAM B. SMITH,

Witnesses:

WILL R. OMOHUNDRO,
W. W. ELLIOTT.
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