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To all whom 1t may concern:

Be it known that we, HErRMaAN A. POPPEN-
HUSEN and JosEPH HARRINGTON, citizens of
the United States, and residents of Kvanston
and Chicago, respectively, in the county of
Cook and State of Illinois, have invented
certain new and useful Improvements in
Processes of Burning Coal; and we do hereby
declare that the following is a full, clear, and
exact- description thereof, reference being
had to the accompanying drawings, and to

the letters of reference marked thereon, !

which form a part of this specification.
This inventionrelates to animproved proc-
ess or method of burning fuel mn boilp
like furnaces of that kind in which fuel fed
to the furnace is continuously advanced or
moved in a horizontally disposed layer along
or through the combustion chamber of the
furnace during the progress of combustion.
The process or method constituting our
invention consists generally in subjecting

the coal or like fuel to a coking operation,

without aeration or the supply of air thereto
for combustion, while such fuel 1s being ad-

vanced in a continuous layer, subjecting the |

advancing layer during the coking operation

to a mechanical agitation to prevent caking
or solidification of the layer during such

coking operation and after the completion
of the coking operation continuing the ad-
vanced movement of the layer, without any
mixing of the fuel constituting the layer and
in such manner as to maintain the upper
art or surface portion of the layer and the
ower part or bottom of the layer in the
same relation that they occupied during the
coking operation, and during such continu-
ous advance of the layer after completion of
the coking operation, admitting air to the
layer for effecting combustion of the fuel
during the remainder of its travel or ad-
vance movement. Qur process or method
also includes the deflecting or divecting of
all of the products of combustion arising
from the burning of the fuel during the
second or combustion period, mmto contact
with ‘or ‘over the portion of the moving
layer which is being subjected to the coking
operation, for the purpose of effecting the
coking thereof. '

Our process or method may be better un-

derstood by reference to the accompanying

er or

|

‘being substantially horizontal.

drawings in which is illustrated, n two
different forms, apparatus adapted for car-
rying out our said process or method.

In said drawings:—Figure 1 is a view 1n
central vertical section of a form of furnace
adapted for carrying out our invention.
Fig. 2 is a detail elevation of the transverse
fuel supporting plates at the forward end of
the furnace, as seen from the front of the
furnace. Fig. 3 is a sectional view similar
to Fig. 1 showing a modified form of construc-
tion of the furnace. Fig. 4 is a detail eleva-
tion of a portion of the inclined fuel support-
ing bars shown in Fig. 3, as.seen from the
front of the furnace.
view showing three-of the inclined fuel sup-
porting bats of Fig. 3 and the actuating de-
vices therefor. Fig. 6 is a detail plan sec-
tion, taken on line 6—6 of Fig 3.
~ As shown in the accompanying drawings,
A designates the front wall of the furnace,
and B the bridge wall thereof. '

C indicates a fuel hopper located on the

front wall of the furnace in connection with
the fuel inlet or feed opening a thereof. '

D indicates an endless traveling or chain
rate of that class which is moved or driven
y suitable actuating devices in such manner

that the upper lap of the grate moves 1n-
wardly or from the feed opening towards the
bridge wall of the furnace; said upper lap

*

E indicates a boiler; shown in sald figures

as a water tube boiler, having a front header
E! and a plurality of water tubes e which ex-

tend downwardly and rearwardly from said

header. ) |
F indicates a deflecting arch or partition
which extends from the bridge wall B for-
wardly over the grate to a point near the
front wall A of the furnace, a space being lett
between the forward edge of said partition
and the front wall, which space constitutes
the outlet opening for the upward or outward
Ea,ssa,ge of the products of combufstion. Said
ridge wall B 1s extended upwardly past the
top surface of the grate and joins the rear
margin of said deflecting arch or partition.
G 1s a wall, of fire brick or like refractory
material, which is built against the front wall
A of the furnace above the feed opening, to
protect said front wall, and H 1s an arch

. which extends rearwardly from the top of the

Fig. 5 is a detail
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wall G and forms a Frotection for the front | of which are connected with upright rods 4'

header E! of the boi
ranged to afford space for the passage of
products of combustion around the forward
edge of the said deflecting partition K on their
way to the stack or exit flue of the furnace.
As shown 1n Figs. 1 and 3, the said arch or

partition E 1s inclined upwardly and for-

wardly from its rear end at which 1t is joined
to the bridge wall, but 1t need not necessarily
be so inclined. At the forward end of and
above the chain grate D, in position to re-
cerve the fuel discharged from the feed hop-
per C, 1s an Inclined fuel support arranged at
an angle corresponding substantially with
the angle which will be assumed by the upper
surface of a layer of coal resting thercon un-
der the action of gravity. Said inclined fuel
support 1s provided with means for agitating
the ]l&yer of coal resting thereon in such man-
ner as to aild the downward movement there-

~of and to prevent the same from caking or
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becoming solidifled during the coking opera- .

tion, which takes place when the coal is pass-
ing over sald support, without stirring the
fuel or disturbing the relation between the
surface portion and the under portion of the

coal 1n the layer, which relation remains the

same throughout the operation or during the
entire movement of the layer through the
furnace. -

In the construction shown in Figs. 1 and 2,
sald inclined support is formed by means of
three transversely extending, inclined and
overlapped metal plates I I* I*. Said plates
are arranged with the upper edge of the up-

permost plate I adjacent to the lower edge of

the bottom wall Ctof the feed hopper C, and
with the lower edges of said upper plate I and
the intermediate plate I' overlapping the ad-
jacent plates below them. The lower mar-

- gins of saxd plates I I' I? are shown as deflect-

45

ed downwardly so as to form a series of trans-
versely extending ledges or shoulders in the
supporting surface formed by the said plates.

- Said ledges or shoulders constitute means to

50
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ald in agitating or breaking up the layer of
fuel resting on the plate becoming baked in%o
a solid mass by the action of the coking heat

- to which 1t 1s subjected. The said plates 1 It

I* are movably supported in such manner
that their lower edges may be oscillated or vi-
brated for the purpose of aiding in the down-
ward movement of the layer of coal and to
prevent the caking of said layer. As shown
in said Figs. 1 and 2, the said plates are at-
tached to and supported upon horizontal
rock-shafts J J' J? which are mounted in
bearings at their ends and afford oscillatory
supports for the individual plates. Devices
are provided for giving oscillatory movement
to said rock-shafts which, as shown in Figs. 1
and 2, 1s constructed as follows: The interme-
diate rock-shaft J' is provided with forwardly

er; sald parts being ar-.

which are attached at their lower ends to ec-

centric straps 9® engaging eccentrics k£ k

mounted on a transversely arranged horizon-
tal rotative shaft K. By the turning of said
shaft K the eccentrics £ & act through the
rods 7! 7' to give oscillatory movement to the
arms j 7, which oscillatory movement is trans-
mitted to the rock-shaft J* and the fuel sup-
porting plate I' attached to said rock-shaft.
Oscillatory movement is given to the lower-
most rock-shaft J* and the lowermost sup-
porting plate I? by connections between the
rock-shafts J' and J?, consisting, in the in-
stance shown, of rigid, radial arms 7* 4* on
sald rock-shafts, which arms are connected
with each other by means of connecting rods
or Iinks 7® 75.
the drawing, the uppermost rock-shaft J and
the supporting plate I are not directly moved

or actuated but a certain amount of oscilla-

In the construction shown in
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tory movement is given thereto by means of

contact of the lower edge of said plate I with
the upper portionof theoscillating plate I' on
which it rests. | --

From the construction described in the
plates I I' I*, it will be seen that the lower
margins of said plates are given a vibratory

or shaking movement tending to aid or fa-
95

cihtate the downward movement of the
layer of coal resting thereon. It will also be
observed that the presence of the transfer
ledges or shoulders formed by the lower mar-
omnal ﬂarts of said plates in connection with
the vibratory movement given to said lower-
most margins of the plates will have the ef-
fect of agitating the downwardly moving
layer of fuel resting on said plates in such

manner as to break up the same or prevent

1t becoming solidified into a continuous mass
by the action of the coking heat to which
1t 1s subjected and that the breaking up or
disintegration of the mass takes place with-
out disturbing the layer to such extent as to
result m the turning over, mixing up or the
imparting of a rolling motion to tﬁe frag-
ments constituting the mass. -

In the operation of the fuel supporting
means consisting of the supporting plates 1
I' and I” and the horizontal traveling grate D,
tuel will be fed from the feed hopper C in a

layer of uniform thickness and the layer of

fuel thus discharged upon the inclined sup-
porting surface formed by said plates will
rest thereon with its surface inclined sub-
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stantially at the angle at which the coal will

naturally rest under the action of gravity;
the mass-or layer on said supporting surface
being sustained thercon by the contact of the
lower part of said layer with the traveling
grate which, in its rearward movement, car-
ries rearwardly the coal from the lower part
of sald inchned layer, thereby permitting the
latter to descend or slide downwardly along

125

extending horizontal arms j j, the outer ends | or over said inclined surface at a rate of speed 130
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depending upon the rate of traveling of the 1 clined supporting surface illustrated in Figs.

chain grate. The layer of fuel passes from
the inclined surface to the traveling grate
without having the upper and lower por-
tions of the layver mixed with each other. In
other words, the top portion of the layer on
the inclined surface continues as the top por-
tion of the layer on the grate, while the lower
part of the layer, which is subjected to a less
degree to the coking heat, remains at the bot-
tom of the layer and rests in contact with the
orate as the layer passes to and is carried for-
ward on said grate. |

The gaseous products of combustion aris-
ing from the burning of the fuel upon the
chain grate rise into contact with the detlect-
ing wall or partition F and by the latter are
deflected forward toward the front of the
furnace and against the surface of the layer
of coal resting upon the sald supporting
plates I I* I* and thereafter pass upwardly

around the forward edge of said arch or par-

tition. The products of combustion being
highly heated operate by their contact with
the layer of coal resting on said inclined sup-
portingsurface toeffect a preliminary heating
or coking operation by which the volatile con-
stituents of coal are driven off, and the coal
is prepared for burning off its less volatile
constituents as soon as it reaches the chain
orate, through which air is supplied to efiect
combustion. The gaseous products of com-
bustion distilled from the coal on said 1n-
clined surface will be mixed with and ignited
by the highly heated produets of combustion
arising from the burning fuel on the grate,
and with said highly heated products of com-
bustion will be deflected forwardly and pass
upwardly around the front end of the deflect-
ing arch or partition. In the case of bitu-
minous or seni-bituminous coal the prelimi-
nary heating or coking operation will result
in a tendency to solidify the mass or layer
resting upon -and traveling downwardly over
the plates I It T2, while the volatile constitu-
ents are being distilled therefrom, or, in other
words, tends to effect a caking of the coal by
the melting and running together of some of
The caking
of the coal or the cohesion of its particles to
form a solid mass is, however, prevented
through the disturbance or agitation thereot
resul:ing from the movement downwardly
over the {ransverse shoulders or ledges here-
inbefore referred to and also by the shaking
or vibratory movement given to the lower
edees of said plates T I* I?) so that when the
layer of coal reaches and is deposited upon
the chain grate it is broken into fragments
and is therefore prepared for the rapid com-
bustion thereof as soon as it reaches the chain
orate; its fragmentary condition permitting
the free passage therethrough of air for sup-

In the modified

3 to 7, said surface is formed by a plurahty
of parallel, downwardly and rearwardly 1n-
clined, narrow plates or bars L L L sup-
ported at their upper ends upon a transverse
horizontal pivot rod L?, and having thelr
lower ends terminating adjacent to and
above the top surface of the chain grate D.

The bars L are fixed or stationary, being

supported in position by rigid arms ¢ thereon
which bear against a horizontal, transverse
girder L* extending across the front of the
furnace below the feed hopper. The bars L!
and 12 which are arranged in alternation
with the fixed bars L, are adapted to swing
or oscillate at their lower ends. The bars L
have movement upwardly from the plane of
the fixed bars L, while the bars L? have
movement downwardly from said plane.
Provision is made for giving vibratory move-
ment to the lower ends of said bars L' and L?
consisting of a horizontal rock-shaft M pro-
vided with oppositely extending, rigid arms
m m', one for each of the bars L' and L~

Each arm @ is connected with one of the bars.

L' by means of a connecting rod M* and each
of the arms m' is connected with one of the
bars L? by a connecting rod M?.  With this
construction, when the rock-shaft M 1is
rocked, alternate oscillatory movement 1s
siven to the two sets of bars I L* in such
manner that the bars L! rise above the bars

I, and the bars L2 descend below said bars L,

with the result of agitating the layer of fuel

resting on the inclined surface formed by the
several bars and thereby preventing the cak-
ing of the same, without otherwise disturb-
ing said layer, as before described, in the case
of the construction shown in Kigs. 1 and 2.
The rock-shaft M may be given oscillatory
movement from a rotative shaft N by means
of an eccentric N! on said shaft, and an ec-
centric rod N?-which is pivotally connected
with a block n, mounted on a rigid arm M?
allixed to one end of the rock-shaft M; said
block n being adjustably mounted on said
arm M? so as to provide for adjustment of the
extent of rocking movement in the rock-
shaft.

TIn the performance of our novel process
by the use of the furnace constructed as here-
inhefore set forth, the layer of coal resting
upon the inclined supporting surface at the
forward end of the furnace is subjected to a
distilling or coking operation by which the
volatile constituents of the coal are driven
oft, and said volatile constituents, being 1m-
mediately brought into contact or mixed
with the highly heated products of combus-
tion which are deflected forwardly over the
layer of coal on said inclined supporting sur-
face by the deflecting arch or partition, are
entirely burned or consumed. The agita-
tion to which said layer of coal resting upon

construction of the in- | the said inclined supporting surface 1s sub-
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jected, continuously breaks up the said layer

- during the process of Idistillation, so that it
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reaches the surface of the traveling chain
condition, thereby |

grate m a fragmentary _
permitting the free passage of the air there-
through to effect rapid and complete com-
bustion thereof. After the lower layer of
coal reaches the chain grate it moves rear-
wardly thereon without further disturbance
of agitation until completely consumed.

One important advantage arising from our
novel process is that of the avoidance of for- |

mation of clinkers during the progress of
combustion of the layer of fuel passing
through the furnace. This result arises
from the fact that there is no disturbance or
agitation of the layer of fuel, when upon the
inclined supporting surface or upon the

chain grate, such as would result in the

lower part of the layer being brought to the

- top of such layer and subjected to the hi%h
t

29
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39

heat within the interior of the furnace.

will be understood in this connection that
the formation of clinkers usually arises from
the lower parts of the layer of fuel resting on
a grate being brought to the top of said
layer when nearly consumed or reduced to
ashes, with the result that the incombustible
constituents of the ashes are fused and clink-
ers are produced. In the process herein-
before described, ¢he layer of fresh fuel is
broken up while being subjected to the pre-
liminary coking operation and before such
layer of the fuel reaches the part of its path
in which combustion takes place, so that
during the combustion period no further
disturbance or agitation of the layer is re-

quired 1n order to permit the free passage of

~air therethrough. Moreover, there is no

40

mixing up or rolling over of the coal during
the coking period, such as would tend to the

- production of clinkers, it being manifest that

45
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5 1t8

if, during such coking period, the layer be
not stirred up, but only broken or fractured,
the surface portion thereof, which is first
coked or prepared for combustion, will re-
main at the top of the layer during the com-
bustion
layer, which is less nearly prepared for com-
bustion, will first receive the action of the
air at the beginning of such combustion pe-
riod. The coking action will have extended
through the entire thickness of the layer by
the time the said layer reaches the point in
path when combustion begins and such
layer will then be thoroughly prepared for
combustion without the formation of clink-
ers, because its lower portion, which has
been least subjected to the coking operation,
will be more directly acted upon by the in-

coming air to effect combustion thereof,

while the upper part of the layer, having
been more thoroughly coked, will be in
readiness for burning with the relatively

sialler supply of oxygen which will reach |

E_eriod, while the lower part of said.

898,134

| said upper part of the layer as the air passes

through the same from below.

Another important advantage gained by
our process is that of the increase of igniting
effect arising from the better preparation of
the fuel for ignition and complete combus-

70

tion. Thisis due to the fact that the heated

gaseous products df combustion from the
entire layer of fuel' are deflected forwardly
against the fresh incoming layer of coal to
effect the coking thereof, thereby giving in-
creased coking effect according to the in-

75

crease of the quantity of fuel fed into the fur-

nace.
use of an igniting arch located over the for-
ward end of a traveling chain grate, there
has been no increase of coking effect upon an
increase of the amount of fuel fed to the fur-
nace, because the ignition arch is heated
only by the heat radiated from the forward

In prior processes, carried out by the

&0

85

part of the layer of burning fuel on the grate -

and there 1s therefore no more heat trans-
mitted from the ignition arch to the greater

amount of mcoming fresh fuel when the feed

| '1s rapid.than to the lesser amount of incom-

ing fresh coal when the feed is slow. Mani-

festly, in our process the increase in the rate

of feed will result in a larger quantity of fuel
being burned upon the chain grate and the
heat resulting from the combustion of such
larger quantity of fuel will produce an in-
creased heating effect upon the incoming
fuel substantially corresponding to the in-
crease 1n the rate of feed. S
We claim as our invention:—

‘1. The process of burning coal which con-

sists in advancing the coal continuously into
and through & furnace when spread in a
layer, first applying coking heat to the top

surface of the layer without aeration thereof,

to etlect the coking of the coal, and immedi-
ately after the completion of the coking op-
eration admitting air to the bottom of the
layer to effect combustion, agitating the part

of the layer undergoing the coking operation
| to break up the layer and prevent caking or

sohdification of the coal; the agitation of the
layer during the coking operation and its

subsequent advance movement during com-

bustion heing effected without stirring or
mixing the coal constituting the layer.

2. The process of burning coal which con-
sists in advancing the coal continuously into

and through a furnace when spread in a
layer, first coking the coal without aeration

and after the completion of the coking opera-

tion admitting air to the bottom of the layer

to eflect combustion, the coking being ef-
fected by directing the heated products of
combustion arising from the portion of the

layer undergoing combustion into contact

with the top surface of the portion of the
layer undergoing the coking operation, and
agitating the part of the layer undergoing the
coking operation to break up the layer and
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prevent caking or solidification of the coal, | the presence of two witnesses, this 2nd day of
the a,git‘a.tiondof thebla,yer duriﬁg the coking | July A. D. 1907.
operation and its subsequent advance move- .
n?ent during combustio% being effected with- | ?(%%%NH%R%%I&%EP%%USEN

¢ out stirring or mixing the coal constituting )
the layer. Witnesses:

In testimony, that we claim the foregoing A. M. Buny,

as our invention we affix our signatures in T. H. ALFREDS.
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