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UNITED STATES PATENT OFFICE.

HENRY E. WALLIS, OF TERRE HAUTE, INDIANA.

FURNACE,

985,480.

"o _all whom it may concern:
Be it known that I, Henry E. Warwis, of
Terre Haute, in the county of Vigo and
State of Indiana, have invented certain new
and useful Improvements in Furnaces, of
which the following is a specification,

This invention relates to furnaces and the
fuel-feeding means thereof and has for its
important objects to provide improved and
efficient .means for supplying solid fuel to
furnaces in an automatic manner by the aid
of a blast of steam or other suitable fluid fuel
element under pressure which scatters fuel
properly over a rotating grate; and adapt-
Ing the device for use in connection with
furnaces of ordinary construction without
material change. Owing to the blast fuel
feed, the rotation of the grate, and their

relative location, the fuel is automatically

deposited at different points on the grate

~surface, whereby over-stoking' at any one

point is avoided and the fuel throughout
the éntire grate surface is maintained in an
incandescent state.

A furnace embodying the present im-
provements is illustrated-in the accompany-
ing drawings, in which :—

Figure 1, is a front elevation of the fur-
nace, partly in section to illustrate some of
Fig. 2, is a detail of devices
for controlling the blast. Fig. 3, is a detail
sectional view showing one bearing for the
ash-conveyer. Fig. 4,1is a detail of the cor-

respending end of the screw conveyer-shaft.:

Fig. 5, is a longitudinal vertical section of
the furnace. Fig. 6, is a detail of the bull-
ring and ash-ring. Fig. 7, is a horizontal
section of the furnace. Fig. 8, is a detail
view of the solid fuel feeder. F ig. 9, is a
detail view of a portion of the driving mech-
anism for the rotating grate. Fig. 10, is a
vertical section through the feed hopper.
Fig. 11, is a detail view of the connection
between the grate-supporting truss-bars.
Fig. 12 is a diagram illustrating, in plan, the
relation between the grate and the feeder.
The improvements are shown in connec-
tion with a stean boiler furnace, for which
they have special and characteristic advan-
tages, but they are applicable to furnaces for
other purposes; it being, however, necessary

for the purposes of the invention to have at

hand some suitable source of fluid under
pressure such as steam, air or gas for pro-
ducing the blast which injects the fuel into
the furnace. In the example shown in the
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drawings this blast is produced by steam

drawn from the boiler A, through pipe a,
which, as shown, may be provided with a
valve b, which is automatically actuated to
periodically or intermittently permit the
steam from pipe a, to enter a perforgted
blast pipe B. This blast pipe B, is ar-
ranged, as shown in Fig. 5, directly above a
throat C, fitting in one of the usual stoking
apertures at one side of the furnace (Fig. 1)
and communicating at its inner end with the
fire-box or combustion chamber D, of the
furnace and at its outer end having com-
munication. with the side outlet of a feed

hopper E, in the rounded bottom of which is

fitted a screw conveyer or feeder F, which,
when rotated, causes the solid fuel in the
hopper to move inwardly and over the
throat C, beneath and in front of the blast
pipe B, which when supplied with a blast of
steam by the valve b, will inject the solid
fuel in front of it into the furnace and scat-
ter the same upon the grate G. The fuel is
u}pi)ported in front of the blast pipe B, or in
ther words, between the blast pipe and the
fire preparatory to its injection, by the bot-
tom of the throat C. The solid fuel rests
momentarily in front of the blast-pipe with-
in the fire-box before being scattered upon
the grate, and hence is subjected to a suffi-
cient degree of heat to evaporate any mois-
ture remaining therein and to partially
evolve the gases of the fuel, a result greatly
beneficial to combustion.

It is desirable that the solid fuel used be
more or less comminuted in order not only
that it may be more easily acted upon by the
steam blast, but that its combustion in this
state will more readily take place and it may
be more evenly distributed over the surface
of the grate. L
the hopper E, may be reduced to the desired
degree of fineness in any suitable way, but
in order that large lumps may be automati-
cally broken up after introduction into the
hopper and reduced to a sufficient degree of
fineness to be blown into the fire by the blast,
special means, hereafter specified, are em-
ployed.

As the fuel is injected into the furnace the
grate (, is gradually rotated” to present
fresh surfaces of its incandescent fuel bed
for receiving the successively deposited solid
fuel and thus by simultaneously rotating the
grate and injecting the fuel, the fresh fuel
18 injected onto live coals and the fuel

The fuel deposited for use in -

60

65

70

75

80-

85

90

95

100

105

110



~maintained in an incandescent condition -

10

>

throughout the entire grate surface is thus

and state of perfect combustion. Special
means for rotating the grate are hereinafter

 deseribed.

Owing to the characteristics of the grate-
rotating means, the portion of the grate

which is on the same side of the longitudi--

nal vertical plane of the furnace passing
through the center of the grate as the fuel
feeder, moves toward or approaches the

_throat of the solid fuel feeder and the finid
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. coming stream of solid fuel.

fuel blast pipe. The mechanical feeder for
the ‘solid fuel and the fluid fuel blast pipe,
which together constitute a blast fuel feed,
being at one side of the center of the grate
and in front thereof, project the fuel tan-
gentially with respect to the grate and not
radially toward the center thereof. As the
result of this arrangement the solid fuel is
projected by the fluid fuel blast upon the
traveling and advancing live fuel bed upon
The solid fuel is thus deposited
in a fine stream upon successively fresh por-
tions of the live fuel bed which are m a
highly heated incandescent state, and as
fast as the fresh solid fuel falls upon the
live fuel bed the rotation of the grate car-
ries the fresh fuel beyond range of the in-
The combus-
tion of the solid fuel in the side of the fire-
box remote from the blast fuel feed causes
the presentation of an incandescent or live
fuel bed to receive the deposit of the stream
of fresh fuel. There is therefore present
the most effective conditions for the com-
plete combustion of the sclid fuel.

Owing to the fact that the solid fuel is
deposited upon a grate, which has passages
between the grate bars for the downward
passage of ashes and the upward passage
of air, provision is thereby made for the

" discharge of the ashes and the admission
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- of air to support combustion. The air in

i[;assmg through the grate and the live fuel
ed is thereby preheated to proper tempera-
ture to promote complete combustion, The
fluid fuel (preferably steam, particularly
with steam-boiler furnaces) not only pro-
jects the stream of solid fuel upon the grate
but also is a fuel element and it is ejected
into the fire chamber above the live fuel
bed where it is heated to the required tem-
perature and mixes with gases rising from
the freshly delivered solid fuel and facili-
tates combustion. : :

The result of this combination of a blast
fuel feed and a rotary grate is high effi-
ciency and the substantial elimination of
smoke. o T

The mechanically operated feeder for the

solid fuel and the rotating grate are ac-
tuated by connected mechanisms, thus se-
curing a proper- relation between the feed
of the fuel and the travel of the fuel bed

985,480

on the grate so that the fresh fuel is fed-

in proper quantity with respect to the con-
dition of the live fuel on the grate.

As an example of proper practice, the
grate should be about five feet in diameter
for a furnace for a one-hundred horse power
steam boiler. Such a grate should be ro-

tated once i about six or seven minutes;

and should be supplied with fuel at the
rate of five or six charges a minute, in case
the intermittent blast is used. In case low
grade bituminous slack coal is used, each
charge should Le about one and a half
pounds in weight. It will be found efficient
to use steam at a pressure of from fifteen
to twenty pounds per square inch at the
blast pipe B.

"The power
of the mechanism may be received from
any suitable source, and a main drive shaft
is shown at 10. This main shaft has a worm
11 (shown in Figs. 1, and 5), which engages
a worm-wheel 12, on the shaft of the solid
‘fuel feeder F. This feeder F, extends hori-
zontally through the hopper E, toward the
throat C. It is ib the form of a spiral con-
veyer. In order to reduce to proper degree
of fineness any lumps of fuel which may be
deposited into the hopper, the edges of the
conveyer are provided with teeth &, which
engage such lumps and force them against
ribs ¢, arranged above the bottom of the
hopper E. (see Fig. 8) and intermeshing

for.actuating the various parts.
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with the flights of the conveyer, the purpose .

of the said ribs being to hold the Iumps
aloof from the bottom of the hopper while
they are impinged at an intermediate point
between the ribs by the teeth &, and thus
broken inte two or more pieces. A tooth d,
is formed at each turn of the spiral rib of
the feeder F, and each tooth has a substan-
tially radial face which faces forward in
the direction of rotation of the feeder. The
bottom of the hopper constitutes a channel
in which the rotary conveyer or feeder turns.
The. discharge throat C, extends from the
inner end of the hopper beyond the con-
veyer or feeder F, -so as to provide a sup-
port for a charge of fuel preparatory to its
Injection into the combustion chamber. To
facilitate aceess to the spiral solid fuel
feeder F, the mouth f, of the hopper is ar-
ranged to swing upiwardly as indicated in
“dotted lines in Fig. 5.

The fluid fuel element (such as steam)
may be a continuous blast; but, preferably,
it 1s intermittent.
valve &, is employed between the feed pipe
a, and the blast pipe B. Any suitable form

of valve may be employed, and there is,in-

dicated in Fig. 1, an-ordinary puppet valve.
A vertical stem 13, of this valve (see Fig.
1) has a cam surface 14, cobperating with
a fixed lifting cam 15.  The valve 1s held
normally closed by spring 16. The driving
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worm 11, codperates with a horizontally ar-
ranged work wheel 17, (see Fig. 5) on the
shaft of which is a wheel 18. This wheel
18, as shown in Fig. 2, has a laterally ex-
tending bunter 19, which, at each revolu-
tion of the wheel 18, is adapted to strike
a laterally projecting arm 20 on the stem

- 13, of the puppet valve ». This partly ro-
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tates the stem 13, and hence the valve is
lifted through the co-action of the cams 14,
and 15. - As soon as the bunter 19, releases
the arm 20, the spring 16, closes the valve,
In this manner an intermittent blast of fluid
fuel is furnished.

The rotary grate is composed of grate sec-
tions ¢, each of sector shape, and each hav-
ing a plurality of separate grate bars fur-
nishing air spaces for the upward passage
of air from the ash-pit T, beneath through
the fuel on the grate to the combustion
chamber D, above, and also providing for
the downward passage of the ashes. The
outer margins of the grate sections are sup-
ported upon an annular bull-ring I. This
bull-ring has integral loops %, with which
lugs on the grate sections codperate, as
shown in Fig. 5. The inner ends of the
grate sections are supported upon a truss-
spider consisting of truss-bars J, which meet
at the center and each of which has at its
outer end a bent end to engage an integral
loop I, on the bull-ring. This construction
of rotating grate involves the minimum ob-
struction on the underside of the grate.
The lower edge of the bull-ring is stiffened
by a ratchet-ring K, bolted thereto having
ratchet-teeth on its outer periphery. This
ratchet-ring cobperates with a driving
spring-controlled pawl L, which is pivotally
mounted upon a swinging sway-bar M, piv-
oted at its middle at 21, as shown in Figs. 5,
and 7. The outer end of the sway-bar has
a longitudinal slot 22 (see Fig. 7), in which
enters a bowl 23 (see Fig. 9), carried on the
underside of the wheel 18, as shown in Fig.

2. Consequently, the rotary grate is ad-

vanced one step at each rotation of the
wheel 18,

It is important that the grate should
always rotate freely and easily and in such
a way as not to be affected by accumulating
ashes.. To this end the construction illus-
trated is employed. The bull-ring I, is
located wholly beneath a fixed dead-plate N,
and the dead-plate is as close to the bull-
ring as free rotation will permit. The bull-
ring is rotatively located upon a fixed ash-
ring O, and the construction of ash-ring and
bull-ring is such as to provide a race-way
for anti-friction balls P. As the result of
this construction the bull-ring turns on ball
bearings and hence is readily and easily ro-
tated. The ball race is provided by the co-
operative constructions of the bull-ring and
ash-ring respectively, as best shown in Fig.

2

6. The bull-ring has a horizontal flange m,
an inner vertical wall n, and outer vertical
wall p. Similarly, the ash-ring O, has a
bottom 7, inner vertical wall s, and outer
vertical wall £, The balls rest on the bottom
7, of the ash-ring and the flange m, of the
bull-ring rests on the, balls. "As shown in
Fig. 6, the outer wall #, of the ash-ring ex-
tends above the center of the balls; while
the inner wall of the bull-ring extends be-
low the center of the balls. This is an im-
portant feature, taken in connection with
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the vertical character of these walls, since -

it prevents the climbing up of the balls, due
to their outward thrust, which would cause
the bull-ring to bind and hence fail to ro-
tate. With the construction shown the
grate always rotates freely and attention is
reduced to the minimum.

The bridge wall Q, as shown in Fig. 5, ex-
tends above the throat C, and above the noz-
zle of the blast pipe and the axis of the me-
chanical feeder, thus minimizing the danger
of any portion of the solid fuel being blown
over the bridge wall. To aid in avoiding
this blowing over of solid fuel, the blast is
downward as well as inward. In order to
prevent destruction of the throat by the
force of the blast and the presence of the
comminuted fuel, a hardened steel plate u,
is placed in the throat as shown in Fig. 5.
It is important that the ashes should be re-
moved as fast as they accumulate in the ash-
pit H, in order to maintain a uniform air
supply beneath the grate. Accordingly a
depressed channel R, 1s provided below the
bottom of the ash-pit into which the ashes
are swept by means of the ash sweep S.
which 1s carried by the rotary grate and
which travels just above the floor of the ash-
pit. The ashes are continuously discharged
from the depressed channel R, into a re-
ceiver T, at the front of the furnace (from
which- place they can be conveniently re-

moved from time to time) by a screw ash- 1

conveyer U. This ash-conveyer consists of
spiral flights w, mounted upon a rotary
shaft V. This shaft is rotated by sprocket
wheels 24 and sprocket chain 25, connecting
it with the worm wheel 12. To facilitate
the turning of this ash-conveyer, its rear end
is supported by ball bearings formed in a
sectional casing W, at the rear (see Fig. 3),
the sectional construction of which enables

the balls 2z, to be located in the grooves 7. 1

The sectional casing partly incloses the spi-
ral flights of the ash-conveyer so that the
ash-conveyer continuously keeps ashes away
from the ball bearing. :

Fig. 10, illustrates a convenient and pre-
ferred construction and location of the ribs
¢, which codperate with the spiral feeder F,
to break lumps. Preferably, there are as
many of these ribs as there are turns to the
spiral feeder; and they are spaced apart to
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correspond to the pitch of the flights of the
conveyer. Preferably, also, the flight of the
conveyer F, which is nearest the discharge
mouth of the hopper, is of slightly greater
pitch than the other flights so as to prevent
choking.

Fig. 11, illustrates the preferred plan for
connecting the truss-bars J, at the middle
of the grate. As here shown, there are four
radial truss-bars which meet at the middle
of the grate, and are bolted together.

The grate mounting herein illustrated and
described constitutes the subject matter of a
divisional application filed September 26,
1907, Serial No. 394,696. .

I claim :

1. A steam - boiler smoke - consuming fur-
nace for burning solid fuel having, in com-
bination, a horizontal rotating grate hav-
g spaces” for the passage of ashes from
above and of air from Dbelow, a feeder for
solid fuel arranged at one side of the fur-
nace and in front of the grate for feeding
solid fuel to one side of the center of the
grate and toward an approaching portion of
the grate, and a steam blast-pipe which di-
rects a blast of steam into contact with the

solid fuel in the discharge throat of the.

feeder and thence across the approaching
portion of the grate and at one side of the
center thereof, said steam-blast projecting
the soljd fuel with it and upon the advanec-
ing live fuel-bed on the grafe.

2. A steam-boiler furnace having, in com-
bination, a horizontal rotating grate, a
feeder for solid fuel feeding the solid fuel

985,480

to one side of the center of the grate and to-
ward an approaching portion of the grate,
and-a steam blast-pipe which directs a blast
of steam into contact with the solid fuel in
the discharge throat of the feeder and thence
across the approaching portion of the grate
and at one side of -the center thereof, said
blast projecting the solid fuel with it and
upon the advancing live fuel-bed on the
grate,

3. A steam-boiler furnace having, in com-
bination, a horizontal rotating grate, and a~
steam-blast - fuel-feed which delivers solid
fuel to one side of the center of the grate
and upon a live fuel-bed on the grate.

4. A steam-boiler furnace having, in com-
bination. a horizontal rotating grate, and
a steam-blast fuel-feed which delivers solid
fuel upon a live fuel-bed on the grate.

5. A steam-boiler furnace having, in com-
bination, a horizontal rotating grate, a
mechanical feeder for solid fuel, connected
mechanisms for rotating the grate and driv-
ing the feeder, and a steam blast-pipe which
directs a blast of steam into confact with
the solid fuel in the discharge throat of the
feeder, thereby projecting the solid fuel onto
the grate.

In witness whereof, I have hereunto signed
my nanie in the presence of two subscribing
witnesses.

) HENRY E. WALLIS.
Witnesses:

Ora D. Davis,
A. L. MiLLEr.
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