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~mated to be from ten to twenty per cent., and
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To all whom it may concern:

Be 1t known that I, Jor~N LiviNGSTONE, a
citizen of the Dominion of Canada, residing at
Montreal, 1n the county of Hochelaga and
Province of Quebec, Canada, have invented a
new and useful Improvement in Furnaces for
Steam - Boilers, of which the following is a
specification.

My invention is in the nature of a new fur-
nace for steam-boilers, whether used for loco-
motives, marine engines, or stationary en-
gines. It belongs to that class of furnaces
known as ‘‘smoke-consumers,” whose object
18 to consume and utilize the portions of the
fuel which are ordinarily lost in smoke,
combustible gases, and particles of carbon
escaping with the draft as cinders. The
loss in fuel from the above-named causes is
known to be great. The loss from the escap-
img solid particles of carbon has been esti-

when the greater loss of carbonic oxid and
other unconsumed but combustible gases is
taken 1mnto account the aggregate loss in fuel
18 believed to approximate fifty per cent. of
the combustible elements. In addition to
the money loss, the fouling of the air has been
a serious objection, discriminated against by
many munlcipalities, while the risk of fire to
barns, grain fields, &e., is also to be taken
into consideration.
been made to conserve this waste and utilize
the lost elements. The introduction of both
alr and steam Into the fire-box by special
methods of distribution has long been the
chief agency for overcoming the difficulty,
but no entirely satisfactory means have been
devised which sufliciently commend them-
selves to secure general adoption. My in-
vention 1s designed to provide such a means.
In principle it comprehends the disassocia-
tion of the oxygen and hydrogen of steam in
the fire-box and their union with the fuel to
produce a water-gas, and in construction it
provides novel means by which the steam is
so superheated and its contact with the heat-
ing-surfaces so prolonged as to insure the dis-

ruption of the elements, which elementary

gases by their tenuous and expansive charac-
ter pursue, overtake, and combine with the
carbon particles while yet in the fire-box and
by quickly forming a water-gas and imme-
diately burning it by the oxygen present
reaches the very desirable result aimed at, as
heremafter more fully described. '

Various attempts have

. .

Fig. 2,a side elevation, partly in section, and
Fig. 3 an end view, partFy in section, of one of
the superheaters of my system by which the
steam 1s superheated and its elementary
gases disrupted. Fig. 4 is a plan view of one
of the surface-plates of one of the units of the
superheater.
the steam-pipe connector for the several
groups of plates forming the units. Fig. 6 is
a side view in detail of a hollow connecting-
bolt for connecting the plates shown in Fig.
4 into groups forming laminated units. Fig.
71s a detail of a baffle-plate.
larged cross-sectional view taken on line 8 8
of Figs. 1 and 2. Fig. 91is a vertical longitu-

dinal section, and Fig. 10 a vertical trans-

verse section, through the fire-box of a loco-

motive, showing my superheater and its ac-

cessories in position. Fig. 11 is a horizontal

section of the same, and Fig. 12 is an outside
end elevation of the boiler and fire-box look-

ing 1nto the fire-door. .

In the drawings, Figs. 1, 2, 3, X represents
one of my superheaters. This consists of a
number of units B B’ B? B3 B¢, which are ar-
ranged parallel to each other and are bolted
together by long hollow tie-bolts F I, screw-
threaded, but open at their upper and lower

| ends and provided with nuts by which the

units are clamped together with air-spaces «
¢ ¢ Intervening. Kach unit consists of a
group of parallel iron plates & laid flat to-
gether so as to form a laminated structure.
Kach of these plates (except the top one of
each unit) is scored with a series of fine par-
allel grooves adjacent to and communicating
with each other, which grooves or scorings ¥’
cover the entire surface except at the ends
and on one side, where the metal is unscored
and smooth and fits steam-tight to the face of

the adjacent plate. Each unit has its group

Fig. 51s a side view in detail of |

Fig. 8 1s an en- |
70

Kigure 11s a plan view, partly broken away,
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of plates clamped together independently of

the others by hollow bolts D, whose ends are
exteriorly screw-threaded and provided with
clamping-nuts d* d*. The spaces left be-
tween the plates of each unit by the scorings
form shallow superheating spaces into which

steam 1s admitted and in which the steam is

superheated to the point of disruption or dis-
assoclation of its oxygen and hydrogen and
which gases escape laterally from the side
stits 1nto the fire-box, the scorings in the
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plates extending out to the edge of the plates -

| on the sides next to the fire-box and at no

110



65 inner row of bolts next to the

other point, as shown by arrows in Ifig. 8.
To admit steam to these scored and exceed-
ingly flat or shallow chambers between the
plates of the laminated units all of the plates
are formed with coinciding holes 6*, and
through these holes two (more or less) steam-
connectors C, Fig. 5, are extended and se-
cured in transverse relation to the plates by
nuts ¢¢. These connectors are pipes of thick
walls, and the tubular chamber of the con-
nector at the bottom is closed either by mak-
ing the screw-nut ¢* as a cap or by a separate
plug or stopper, as shown n If1g. 5.

The outer surfaces of the steam-connectors
C are turned down to form annular recesses ¢
whose vertical length 1s a little less than the
vertical thickness of one of the laminated
units B, and each recess lies in the plane of a
unit or group of plates. A hole ¢ estab-
lishes communication between the interior of
the connector-pipe C and the annular space
¢, lying in the plane of the group of plates, and
this annular space isin direct communication
with the little shallow chambers formed by
the scorings in the plates, as seen m Hig. 8.
The tops of the connectors C communicate
with and receive steam from a horizontal
steam-pipe A through suitable couplings, so
that steam from this pipe may pass down the
connectors C and through the holes ¢’ into
the annular recesses ¢ and thence mnto the
flat and scored-out spaces between the plates
of each unit or group of plates. The hollow
individual clamping-bolts D of each unit are
also turned down exteriorly to form annular
recesses d, and this recess by means of holed’
communicates with the interior of the hollow
bolt. The upper end of the hollow bolts D
of the upper unit and the lower end of the
hollow bolt of the lowest unit are closed, but
“where these hollow bolts terminate between
the groups of plates the ends are open, and
between the nuts d* and the adjacent face of
the adjacent unit the plates are scored for a
small space, as seen at x, I'ig. 8, so that the
steam or gases may issue from the center of
the bolt and into the spaces between the face
of the nut and the abutting face of the next
unit, the purpose of which will be explained
further along.

Tt will be remembered that steam 18 ad-

mitted to the scored chamhers between the

plates from the connector C, and the steam
after being superheated and disrupted es-
capes laterally into the fire-box. As these
scored chambers are, however, 1n open com-
munication with the annular spaces of the
hollow bolts D, a part of the steam or gases
will pass from these scorings mmto the-hollow

bolts D and will issue through the inner ends |

of the bolt between the nuts and the adja-
cent faces of the next unit at the points .
This is to blow out the grit and ash between
the units, and it 1s especially desirable at the

1re-box; as seen

' thin sheets of gas into the five-box.

820 671

in Fig. 8, so as to keep the air-spaces « be-
tween the units clean and free from obstruc-
tion. Thesuperheaters X, as thus described,
are arranged one on each side of the fire-box,
as seen in Figs. 9,10, and 11. A shallow ver-
tical space N is left between the superheaters
and the water-legs of the boiler, as seen 1n
Fig. 10, and this space is in open communica-
tion with the air from below the grate. This
air-space is closed at the top of each super-
heater by a baflle-plate . (Shown in detail
in Fig. 7.) This baffle-plate & 1s provided
with holes ¢ ¢, which are caught and held by
»n extension of the top bolts D of the upper
unit and is held firmly by its nuts ¢*. "L'he
steam-pipe A of each superheater connects
by a coupling T with an.external branched
pipe ¢/, which at S is tapped mto the steam-
space of the boiler. The couplings T also
connect these steam-pipes with branched
pipe H, which at W, Fig. 9, is tapped into the
water-space of the boiler and is provided with
a cut-off valve and discharge-cock (, as seen
in Iig. 12. .

In commencing the act of firing up to
make steam there is danger that the 1won oz
steel of the superheater will burn il not pro-
tected with water or steam behind the metal.
The connection with the water-space of the
boiler is accordingly opened to allow an up-
flow by the pipe H to pass the connection T
into pipe A and connector C, where as 1t re-
ceives the heat 1t diffuses as vapor tnrough
holes ¢/, recesses ¢, and scorings . A small
part of the vapor finds the shallow scorings at
, partly protecting the edges of theflat plates,
exposed to the radiant heat of tane fire and
the steam preventing the lodgment of grit mn
spaces @ between the groups of plates. The
water connection alone may be continued m
service and the impurities in the water be ex-
pelled at G when desired; but after a pressure
1s seen at the gage the steam connection 1s
the better one to have in service in the appl-
ance, as an inflow of water may hinder the at-
tainment of the highest quality of super-
heated steam which has a temperature above
the constant for vaporous steam. 'There-
fore, with the water connection shut ofl, the
steam passes thence down pipe ¢’ to A and
thence enters C, and passes through holes ¢’
and fills the turned-down annular spaces ¢,
then unable to get out other-ways, the lower
end of C being plugged, the steam forces 1ts
way through scorings 0, issuing laterally mn
A small
portion surrounds the bolts D and passes mnto
the hollow center at d’, then out at the base
below the nuts d?, and mmto the shallow scor-
ings 2, where it blows away particles or grit,
which might otherwise lodge m the spaces q,

and incidentally it aids the other channels m

protecting the iron or steel from burning.
The main portion of the steam passes in the

| scorings b’ into the fire-box and with the ap-
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pliance in the furnace set back, but in con-
venient position to obtam for the metal a
dark-red heat, the steam 1s converted from
the vaporous quality of steam to the super-
heated steam, which has the properties of a
oas, and as such it passes through the minute
outletsin close contact with thered-hot metal,
where 1t becomes decomposed 1 part, the
constituent gases, hydrogen and oxygen, of
tne steam and the superheated steam going

out of the minute outlets to the fire-bed, con- |

verting the fuel into water-gas with free oxy-
oen from the air-spaces N and a to perfect its
combustion. At this sfage under the me-
chanical and physical action of the super-
heated steam and the physical influences of
the disassociated constituents of the steam
the fire 1s In condition for perfect combustion
by natural union with the proper combining
welghts of oxygen. Experience under ordi-
nary conditions has shown that the combin-
ing welghts cannot be assured through the
orate alone for the volatile matter in the coal
passes to the chimney or smoke-stack before
the volatile hydrocarbons receive the required
oxygen at the required temperature for their
union, and carbonic oxid 1s 'at all stages of
burning in process of formation with Toss of
heat. An excess or msufficiency of air pro-
duces these conditions of imperfect combus-
tion, and no one can measure the required
combining weights of oxygen for the varying
conditions of the fire. The fire only 1s the
true judee of the weight of oxygen 1t needs,
and as burning progresses the fire tends to
create a vacuum, and the vacuum induces
the required flow of air from convenient con-

tiouous sources, but not in excess volume. |-

With, therefore, the fire in the essential con-
dition for the perfect union of the combusti-
bles with oxygen the mnduction of the air up
through space N is divertéed by the bafile-
plate E from being dissipated m the upper
part of the furnace, but 1s mduced by the
vacuum created by the burning on the grate
to pass through the spaces a between the
units of the superheater and over the fire-bed,
as required, but not in cooling volumes.
oxyegen unites with the forming carbonic
oxid, converting the carbonic oxid mnto car-
bonic acid, and the two-thirds of the heat
lost in formation of the carbonic oxid 1s re-
covered to the furnace in the formation of the
carbonic acid.

In firing, the volatile portions of the coal, in
ordinary conditions, as soon as they touch the
red coal fly away to the chimney, and 1n the
process of burning the solid fuel, sparks and
cinders, for the most part coked coal, are in
motion in the upper part of the furnace and
on the way to the chimney unburned, the
passing cinders in a locomotive becoming en-
trapped in the smoke-box to the extent of a
large percentage of the coal put into the fire-

The

L 3

the soot formed by the disassociation of the
hydrocarbons passes out of the stack or
chimney in clouds of smoke. It is to insure
the burning of the volatile matter and the
soot, cinders, and sparks in the furnace that
the steam i1s decomposed in the scorings of
the laminated superheaters so as to obtain
the hydrogen from the steam. Its other
constituent, oxygen, may at first be taken up
by the iron until the surfaces take on a coat-
ing of black oxid of iron, after which it will

&
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pass into the furnace and recomhines with

the carbon or hydrogen.
forms an important service, as it is a gas of
the highest diffusiveness and has a strong
aflinity for both oxygen and carbon. In its
diffusiveness it pursues and overtakes the vol-
atile portion of the fuel and also the soot, cin-
ders, and sparks. The air passing up N and
through spaces a, ivcreased by the air
through the hollow tie-bolts I, together with
the soot, cinders, and sparks as they rush on
their way to the chimney, all meet the hydro-

Hydrogen per-

30

oen from the minute lateral outlets, and the -

hydrogen, soot, cinders, and sparks are all

go

consumed in the fire-box without escaping to -

the chimney.

Having thus described my invention, what
I claim as new, and desire to secure by Let-
ters Patent, 1s—

1. A steam-boiler furnace having a fire-box
provided with one or more superheating units,
each composed of parallel plates arranged in
laminated relation to form shallow steam-
spaces between them and one or more steam
connector-pipes extending through said
plates and opening into said shallow spaces.
2. A steam-boiler furnace having a fire-box
provided with one ormore superheating units,
each composed of parallel plates arranged in
laminated relation to form shallow steam-

95

100

105

spaces between them opening along one edge

and closed around the other three edges and
one or more steam connector-pipes extend-

ing through said plates and opening into said

shallow spaces.

3. A steam-boiler furnace having a fire-box
provided with one ormore superheating units,
each composed of parallel plates with scor-

ings or grooves and arranged in laminated

relation and forming shallow steam-spaces
extending out to one side and opening nto
the fire-box but stopping short of the other
side and the two ends, and one or more steam
connector-pipes extending through said
plates and opening into said shallow spaces.

4. A steam-boiler furnace having a fire-box
provided with one or more steam-superheat-
ers, each composed of parallel plates arranged
in laminated relation and connected together
in groups with air-spaces between the oroups.
the parallel plates of the groups being formed
with shallow steam-spaces between them ex-
tending out to one edge of the plates and

65 box, while in the upper part of the furnace | opening into the fire-box and one or more
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steam connector-pipes ehtendmo through | the fire-box, hollow bolts for connecting the

salid plates and opening into said shallow
spaces.

5. A steam-boiler furnace having a fire-box
provided with stmm-—:;uperheatels arranced
on each side of the fire-box, but set a little
distance away from the walls of the fir e-hox,
said superheaters being formed ol parall el
nlates connected tog ether in groups with air-
spaces between the oroups opening into the
space behind the superheaters, the parallel
plates of each group being formed with shal-

low steam-spaces betweul them extending

out to one side and opening into the fire- box
and closed on the other side, and one or more
steam connector-pipes e‘xtendmﬂ through
said plates and Opening into said shailow
spaces.

6. A steam-boiler furnace having a fire-box
provided with steanl—su]j)erheaters arranged
on each side of the fire-box but at a little dis-
tance away {rom the walls of the fire-box;, a
baffle-plate closing the opening between the
top of each s,uperheatel and the wall of the
fire-box, said superheaters being formed ot
parallel p]atus connected tomether In groups
with air-spaces between the oroups opening
into the air-space behind the superheaters,
the parallel plates of each group being formed
with shallow steam—spaccs between them eX-
tending out to the side next to the fire-box
and opening into the same and dobe( on the
other side, and one or more steam connector-

pipes cxmmlmo threugh said plates and open- |

mﬂ into said shallow spaces.

A steam-boiler furnace having a fire-bex

prowded with one or more steam - super-
heaters formed of parallel plates with shatlow
steam-spaces between them opening 1nto the
fire-box, one or more steam connector-pipes
emtendmn through the plates and opening
into said shallow s spaces and an external pipe
connecting said steam-pipe to the boiler at a
point in the ste eam-space of the boiler and
also at a point in the water-space and a valve
for controlling the flow of water or steam to
the 511perhmter

8. A steam-superheater for the fire-box of
a steam-boiler consisting of parallel plates ar-
ranged 1n laminated relation with shallow
stgam-—spac,e% between the plates opening into
the fire-box, bolts for connecting the plates
together In groups, tie-bolts for coanegtmn
the oroups of plates together with alternating
alr-spaces between the groups, and one o1
nore steam connector-pipes extending
through the groups of plates and openin
into the shallow steam-spaces between th
plates.

9. A sgteam—superheater for the fire-box of

a steam-boiler consisting of parallel plates ar-
mnmd in laminated relation with shallow
stmm-—spacbs between the plates opening ;

C‘DCTCEU

- Lo 1

plates toeethu in groups, hollow tie-| bolts for

comlectmo the groups of plates together with
alter 11313111':- air-spaces between the groups,

‘and one or more steam @01111601301“—1:)1])@5 eX-

tending through the groups of plates and
opening into the shallow ste eam-spaces be-
tween the plates. | |

10. A steam-superheater comprising a se-
ries of connected parallel metal plates ar-
ranged in laminated relation with shaliow m-
tervening spaces opening on one side and a
steam—plpc pPassing thouc'h said plates ancl
formed with an annular recess in the plane ol
the plates, said recess having an open com-
munication with the interior of the pipe and
also with the shallow spaces between the
plates.

11. A steam-superheater comprising a se-
ries of
ranged in laminated relation with shallow -
tervening spaces opening on one side, a
steam-pipe passing through said plates, and
formed with an annular recess 1n the plaine of
the plates, said recess having an open COT~
munication with the interior “of the pipe and
also with the shallow spaces between the
plates, hollow bolts connecting the plates to-
gether in groups, said hollow b()ltb also being
Formed with an annular recess in the plane of
the plates in open communication with the
interior of the bolt and also the spaces be-
tween the plates.

12. A steam-superheater comprising a se-
ries of connecteil parallel metal plates ar-
ranged 1n laminated relation with Slmllow 111-
tervening spaces opening on one side and pro-
vided with a steam-inlet to the shallow
spaces, a hollow bolt having an annular re-
cess in the plane of the plates 111 open com-
munication with the interior of the bolt and
the shallow spaces, nuts on the ends of the
bolt clamping the plates in groups, the aja-
cent face of the plate of the next group being
scored opposite the abutting nuts of the first-
named group to permit steam from the inte-
rior of the hollow bolts to blow out orit from
th(, qpcwm between the groups of pl“xteq

. A boiler-furnace having a fire-box with
sup rheater device constructed of parallel
plates arranged 1n laminated relation with
shallow spaces between them opening into
the fire-box to form a water-gas apparatus

| located directly in and oper ated by the heat

of the furnace charge and a steam-pipe con-

necting the same to “the boiler as set forth.
In testlmmw whereof I have signed my

name in the presence of two subsombmg vitb-

NEesses.
JOHN LIVINGSTON L.
Witnesses:
HueH RUSSEL,
CHas. K. STANLEY.

70

75

30

connected parallel metal plates ar-

Q0

95

10Q

105

110

L20



	Drawings
	Front Page
	Specification
	Claims

