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“¢ Claims.

My invention relates ‘to ia stoker. It relates,
more specifically, to a. combustion ‘apparatus or
stoker which is adapted to feed solid fuel to a
furnace, .ebtain :efficient -combustion «of ‘the fuel,

mnd ‘remove: the ashes, without: the -disadvan- -

tages :of ‘the. stokers now commonly-in ‘use. ;
‘Stokers. now ’in ‘use .commonly at the present
time.are all'of one:similar design. In these prior
art istokers,; the 'fuel is :fed upwardly ‘through a
“retorg -on- the inside of ‘which near the itop :is
" placed & tow or rows .of tuyéres through which
‘air. is supplied for the burning -of the- fuel. . All
bituminous.coals coke to :q ' greater or lesser ex-
tent inthe retort and:many coke so strongly that

the coke is slow burning ‘and may ultimately fill J:

the firebox." ‘Many «of ‘the bituminous coals -of
‘highest grade ‘and highest heating value ‘are un-
‘suited "to i$uch stokers because of 'the coke which
is-formed ‘therefrom -during combustion in ‘such
stokers. - Fuirthermore, because in-such’ stokers
theé ‘combustion oceurs - in anarrow ‘annular ring,
between the central coke formation and-an outer
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ring of ashwhere the fuel .cannot radiate:to'the

‘heating' surfaces -6f ‘the ‘beiler or ‘furnace, -ex-
rcessively high temperatures result which ‘fuse the

ash into a clinker that cannot ‘be removed auto-.

matically. - ‘Such stokers, therefore; require ‘fre-
quent marnual attention. " ‘Another difficulty with
prior art designs of 'stokers results from the heavy
smoke which is produced when the. stoker is
istopped. This s .caused by ‘the -codl ‘below ‘the
surface :of ‘the hot fuel bed continuing to give off
wolatile :gases, for burning of which no a1r is
\a,vaﬂable ‘through the tuyeres. -

"An iimportant object of myinvention 'is to pro-
wvide a- stokerithat will operate effectivély with a
wide variety of coals, moludmg ‘the strongly ‘cok~
ing-coals."
= Another obJect of my mventlon ig'to-provide ‘a
‘stoker‘which is:of 'such.a mature :as o distribute
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ithe combustion 'over a wide area where heatcan

radiate to low-temperature surfaces so as to
maintainisuch 2 low temperature in the fuel bed
‘that the Tormation ‘of ‘cliriker is' prevented and
automatic vemovaliof the ash'is'made possible.
A further ébject of my invention is ‘o provide
a stoker wherein the supply of air for combustion
is so'‘distributed that high- velocities ‘are avoided
and ‘the ‘carry-over .of fly ash: is prevented.-
+Still-another. object of ‘my invention is ‘to pro-
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v1de a stoker wherein: alr ‘for combustion is‘in-

troduced in:such @ way-that air ‘will ‘be available

for ithe:combustion ©of :volatile matter ‘even ‘after
the stoker:stops and, ‘thus, the rermssion of . den_se
shioke willibe:avolded. . :

. vent agglomeration

Another object. of my invention is o provide &
stoker which is ‘of such:a nature that the fuel
bed is maintained .in such:uniform condition at
all: times that efficient .combustion with a mini-
mum pfiexcess air is-obtained;

+To -accomplish the :objects.of my mventmn I
promde 19, stoker ‘wherein: the total air required
for combustion is divided into two parts. Af the.
puoint of entrance of the fuel to the furnace,
enough air is admitted do burn the volatile gases
released from the coal and the vesulting heat is
sufficient to -convert the .coal into coke. While
the.ceal-is being coked, it is .subjected to forces
which break ‘the -coal into small pieces and pre-
into 'large slew-burning
masses; The small-pieces of coke are then moved
across.a grate in 'a uniform layer, the remainder

‘of the air necessary for their combustion being

supplied through the grate. The uniformity: of
the pieces of coke and of -the. fuel bed :assures
cemplete -combustion with & minimum of excess
air,

In its preferred form, the. stoker of thls mven-
tmn consists -of a vertical, cylindrical fuel cham-
ber, to the bottom .of 'which secoalis supplied by a

-suitable means, such as a:screw: conveyer, from

& hopper:or bin. The coalis:lified in this c¢ylin-
drical chamber by imeans of :a centrally located

.screw, ‘the .core: or ‘supporting :shaft of ‘which 1is

hollow :and through which :air is passed from 2
plenum chamber, located below, 'to ‘ports or
fuyéres at the periphery of a head which is-dis-
posed on the upper end of .the lifting screw. and
irotates therewith. This head is spaced above the
upper-edge iof the cylindrical fuel .chamber. The
‘walls of the fuel chamber are hollow and.com-
‘municate with the same plenum chamber as the
central screw.so that air will be supplied to ports
-or--tuyéres at the top .of the fuel chamber, The
coal .will pass upwardly and .outwardly through
‘a ring -orifice, . formed between ‘the upper edge -of
the..fuel :chamber :and the head, ‘between ftwo

:streams-of mair issuing from 'the ports :or tuyéres

formed in the head and the wall of the fuel cham-
ber. - The air :supplied :at these two points is
fimited ito that required. to burn the volatile gases
and thus supply the heat required for coking.
Mhile it is coking, ‘the coal is in'a pldstic condi-
tion and, by the rotation of the head, is breken
up.into :small pieces that are moved outwardly
onte :a :grate which surrounds the fuel:chamber.

. Conthustion :of :the-small ‘pieces .of ‘coke ‘is com-

pleted on the:outer:grate by air that may be sup-
plied by either forced .or natural draft. Because

‘the burning is spread :over o large area, ‘provided



by the grate, which can radiate heat to the walls
of the boiler or furnace, the temperature of the
bed is relatively low and the ash remains in a
finely divided condition. I provide means for in-
termittently rotating the grate so as to shake the
ash from the burning coke and through the grate
into a receptacle having means associated there-
with for removing the ash automatically and dis-
charging it into a suitable container.

The central rotating head, which is one of the

important features of my invention, is always-

above the fuel bed. The ports formed therein
are, therefore, never restricted by particles of

coal or coke and, consequently, a considerable .

flow of air can occur through natural draft even
when the fan on the stoker is not operating. In
automatically controlled stokers, this is enough
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15 which is keyed on a horizontally disposed drive
shaft 16. The pinions 14 and 15 and the shaft 16
are disposed in g chamber 11 formed at the bottom
of the retort member f. The shaft 16 is rotatably
mounted in bearings formed in the wall of this
chamber. The shaft 16 extends through an open-
ing in the wall of this chamber and is driven in a
manner to be described Iater.u...’I‘_‘he lower end of
the main portion of the screw 10'is provided with
a bearing portion {8 which fits within a bearing

19 formed on the lower end of the inner shell 3 of
" ‘the retort 1.

These portions 18 and 18 cooperate
to close the lower end of the annular combustion

- chamber 20 formed within retort | and tuyére ring

to burn most of the volatile matter that continues: -
to be released from the coal just below the coke -

Iayer for some minutes after the stoker is stopped
by the room thermostat control, In operation of
my stoker, torch-like flames produced by air for
combustion. issuing from these ports into the
streams of rich gas can be seen after the stoker
is stopped. Because the air is distributed over
a wide area and enters the furnace at all points
at relatively low velocity, and because the ash is
continuously shaken from the coke through the
grate, with my stoker the fly ash is materially
reduced from that obtained with stokers of con-
ventional design. o

The preferred embodiment of my invention. is
illustrated in the accompanying drawings where-
in similar characters of reference designate cor-
responding parts and wherein: -

Figure 1 is a vertical sectional view taken sub-
stantially along line I—I of Figure 4 through a
stoker constructed according to my invention.

Figure 2 is a side elevation, partly broken away,
of the stoker illustrated in Figure 1.

Figure 3 is,a perspective view, partly broken
away, of my stoker. :

Figure 4 is a horizontal sectional view taken
substantially along line §—4 of Figure 1.

With reference to the drawings, I have illus-
trated the preferred form of my stoker as com-
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prising . a .cylindrical vertically disposed. retort

member 1. This retort member | rests on a bot-
tom: plate 2 which is. suitably secured thereto.
The retort member { has an integral inner shell
3 disposed within the upper end thereof to form
a vertically disposed annular air circulating space
4. ‘The retort member [ is capped by a tuyére ring
5 which has a substantially cylindrical outer shell
8 that interlocks with the outer wall of retort {
and an outwardly flared inner wall 7 which rests
on and interlocks with the upper edge of the inner
shell 3 of the retort. Thus, the ring 5 is pro-
vided with an annular space 8 which is a con-
finuation of the space 4. The walls 6 and T of
the ring 5 are integrally joined at their upper
edges. Adjacent the upper edge of the outer wall §
a plurality of tuyéres or ports 9 and formed a
circumferentially spaced intervals. ’

Disposed centrally within the retort 1 is a ver-
tical coal lifting screw 10. This screw 10 includes
a central shaft or support having flights of helical
form and fits within the inner shell 3. 'The shaft
part of the screw 18 is of hollow construction
forming an air passageway {l. On its lower end
‘this screw [0 has a driving extension 12 which
is rotatably mounted in a bearing carried at the
center of-a support 13. The lower end of this
extension has a bevel pinion 14 keyed thereon.
This pinion. (4 meshes with a similar bevel pinion
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5 5. Alir issupplied to the lower chamber 17 through

8 large inlet 21 formed in the wall thereof. This
inlet is connected to a tube 22 (Figure 4) which
has its outer end connected, as at 23, to the out-
let tube of a blower 24. As illustrated best in
Figure 1, the air will enter the chamber 17 and
will pass upwardly through openings 25 of support
13, into the annular chambers 4 and 8 and will
leave the chamber 8 through the tuyéres 9. Some
of the air will also pass upwardly through bear-
ing member #8 of the lifting screw 10 through
ports 26 into the interior of the screw. Preferably, .
though not necessarily, the screw flights termi-
nate at the lower edge of the tuydre ring 5. How-
ever, a tuyére head 27 is mounted on the upper
end of the hollow shaft of the screw.. This head
21 is'of hollow construction and its lower edge
interfits with the upper edge of the screw {0, as
indicated at 28, so that it will rotate therewith.
The head 27 has an outwardly flared lower por-
tion 29 and s cylindrical enlarged upper portion
30. - It is provided with a removable cap 31. At
the bottom of the portion 30, an integral annular
brojecting shoulder 32 is formed. The wall of
‘the head at this shoulder 32 has a plurality of cir-
cumferentially spaced tuyéres or ports 33 formed
therein. . These ports are downwardly directed,
as indicated best in Figure 1. - Thus, air will pass

from the hollow screw 10 upwardly into the head

21 and will be directed downwardly and outwardly-
by the ports 383. Furthermore, the head 21 will.
rotate with the screw. 10, :

For feeding coal into the base of the combus-
tion chamber 20, s tangentially disposed coal in-

let port 34 is provided in the wall of the retort
-at a point spaced above air inlet 21.- This inlet 34

is connected, as indlcated in Figure 4, to a coal
feed tube 35. This coal feed tube 35 has a coal-
feeding screw 36 rotatably mounted therein. The
tube 35 is located at the same side of the retort
as the air tube 22 but extends'in an opposite di-
rection and at a higher level. . It may extend to
a suitable bin or hopper. The tube 35 has its
inner end extending beyond the inlet 34 to form
a small cylindrical chamber 31.  'The end of the
screw “is rotatably mounted in the end wall of
this chamber, as at 38, and extends through this
wall. Dust will tend to collect in the. chamber
31 and, therefore, in this chamber the screw is
provided with a reversely threaded portion 39 to
force the dust rearwardly back into the opening
34. The screw 36 is driven in-a manner to be
explained later. L - .
Surrounding the tuyére ring 5 is a grate 40
which is made up of a plurality of segmental sec-
tions that interlock with each other, as indicated

at 41 in Figure 3. These grate sections are hori-

zontally disposed and each is provided at its in-
ner:end with a depending leg 42 which fits into
& socket 43 formed on a grate-supporting ring
44, The ring 44 surrounds the retort | and is
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supported by mesans of ball bearings 45 (Figures
1 and 3) on-an annular flange 46 formed on the
outer  wall of the retort i. Each of the.grate
sections is provided with an annular. groove 41
on. its lower surface at its inner end which co~
operates with an-annular integral ring 48 formed
on the tuyére ring 5 at the lower edge thereof.
However, due to the fact that the legs 42 of the
grate section contact with the bottom of the
sockets 48, the weight of the grate section will
not be sypported on the ring 48. This will per-
mit. free rotary movement of the grate seetion
relative-to the ring 48. Adjacent its outer pe-

riphery and on its lower surface, the ring 44 has .

ratchet teeth 48 formed thereon by means 'of
which it may be rotated,

The ashes which fall through the grate 46 will
fall onto an ash plate 50 which is horizontally
supported by the ring 44 for rotation-therewith.

An ash trough 54 of annular form is supported

at the periphery of the plate 50 by means of
radially extending arms 52 which haye their in-
ner ends secured, as at 53, to the stationary
flange 46. This ash trough 51 has an inner wall
54 which terminates just below the plate 59 -and
.an outer wall 55 which terminates at the level of
the grate.
members 56 which extend down into the trough
5{. These plow. members 56 serve to move the
ash throuegh the trough, upon rotation of ring 44,
until: they. drop through an ash outlet 57. . For
causing the ash to pass:{rom the plate 50 info
the trough 51, I provide plows. §8 which are dis-
posed direetly ‘above plate 50 but which are se-
cured to the outer wall 55 of the trough, as ab
59, These plows 58 will serve to sweep the ash
off plate 50 into the trough upon rotation of the
ring 44 and the plate 50 relative to the trough 54
and members b8.

The ash passes downwardly through the outlet
57 -into an ash removal tube §0. This tube 60
has an ash removal screw 81 disposed for rota-
tion therewithin. This screw 61 will feed the
ash through an outlet 62 into a suitable con-
tainer for receiving it. -

Power to drive all parts of the stoker 1s trans-
mitted from & motor -63." Blower 24 may be
driven from motor 63 in any suitable manner.
Motor 63 is connected to the outer end of the
ash removal screw B1 through the medium of
speed: reducing gear unit 64. ‘The inner end of
the screw 61 is rotatably carrled in"a bearing
housing 65 which is bolted, as at 68, to the outer
wall of the retort memper {. As shown best in
Figures 2 and 4, the inner end of screw 61 has
3 ‘sprocket 67 keyed thereon. -This sprocket
drives a sprocket chain 68. This chain 68 passes
around a.sprocket wheel 69 keyed on the outer
portion of shaft 16 which drives the coal-lifting
screw 10.  The chain 68 also. passes around a
sprocket wheel 10 which is keyed on the end of
the coal-feeding screw 36. - Also on the end of
the coal-feeding screw 36 is keyed a disk TI.
This disk 11 is provided with a plurality of open-
ings 12 any of which may receive & pin 13. The
_ pin 13 will extend ‘into. a slot 14, formed in the
outer end of a link.715. ‘The opposite end of this
link 15 is bifurcated and straddles the upper end
of the grate moving arm 76 to which it is piv-
_otally connected, as at 11. ‘The-arm 16 has its
lower end pivoted -on the extreme outer end-of

shaft 16, asat 18.

R w111 be apparent that rotatlon of the dlSk ‘ll
will swing the arm 16, - The extent of this swing-
ing movement may be changed by changing the

The plate 50 has a plurality of plow
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pin 18 from ‘dne opening 12 to0° another. The
arm: 16 has g ratchet member 719 pivoted to the
upper end thereof and which is normally in en-
gagement with the ratchet teeth 49 of grate sup-
porting ring 44.  “It will be apparent from Figure
2, that when the arm 78 is swung to the right,
the ring A4 will not be rotated. However, when
the arm 76 is swung to the left, the ring 44 will
be rotated to-a predetermined extent. Rotation

of ‘disk Ti will oscillate the arm 76. To prevent

stripping ‘of the teeth 48, in case the ring 44
fails to move, the pivot 11 is of special construc«
tion. ' A block 81 is supported for sliding move-
ment in a-guide member 82. A spring 84 sur-
rounds a pin. 83 -and normally forces the block
81 to the right hand end of member 82, as shown
in Pigure 2. -When the'link 75 pushes on arm
16 and it fails ‘to move to the left, the block 81
will. be moved to the left in member 82 against
the force of spring 84. ‘Thus, stripping of the
teeth -49 Is prevented.

In the operatmn of my apparatus, coal from &
bin or- hopper is moved through the coal feed

tube 85 into the bottom of the chamber 20. It

is lifted upwardly through tHis chamber by means
of the rotating screw (0. The coal is fed up-
wardly through the tuyére ring § and outwardly
over the upper edge of this ring between such
edge and the rotating head 21. The air supplied
by: blower 24 will issue through the tuyere ports
8 in ring 5 and tuyére ports 33 in head 21. This
will: burn the volatile matter-of the coal thus
supplying heat for the coking of the coal. In
this manner a fuel plasticizing temperature zone
is maintained within and immediately above the
tuyére ring 5 of the retort causing the fuel par-

ticles to coalesce or agglomerate. Thus the up--

per end of the fuel column emerging from the

ring 5 will be more or less self-sustaining so that

‘40 radial pressure internally exerted thereon by the

outwardly flaring - wall 28 of the head 21 will
pbreak up such agglomerations into particles-of
smaller size to be distributed outwardly over the
fuel bed in the intermitfent rotatlon of the
grate 40.

It will be noted that the upper end of the ring
or egress: section 5§ of the retort and the upper

end of the head wall 29 are of such relative diam-’

eters that the large pieces of plasticized fuel
forced outwardly: therebetween will be subjected
to a severe crushing force which very effectively
breaks down the plasticized fuel mass into com-

‘paratively small coke pieces of substantially uni-

form size. :

By termmatmg the feed screw fiights a the
upper end of the body section of the retort the
fuel is not agitated within the top section § so
that the individual fuel particles will readily plas-
ticize or agglomerate therein, while possiblé cok-
ing .of the fuel on the screw flights is aveided.
The small pieces of coke form a thin fuel bed
of . substantially uniform thickness which is
burned with. a minimum. excess of air which may
be supplied either by forced or natural draft
beneath. the grate 40. - A draft chamber (not
shown) will be provided with a' casing enclosing
the lower part of the stoker. Draft from this
chamber will reach the grate 40 through the
space ‘between plate 50 and the upper edge of
the inner wall 54 of trough 51.

. The large area of the fuel bed on the grate,
radiating to low-temperature heat-receiving sur-
faces, insures ‘that excessive temperatures are
not attained in the fuel bed. The ash is not
fused: together into clinker and removal through

’
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the perforated grate into a receiver below and
then by automatic' means outside the furnace, is
made possible. During operating periods of the
stoker the emission of high pressure air from
the tuyéres 33 produces a circularly moving flame
sheet directed downwardly from the rotating head
21, which constantly drives off the products of
combustion emanating from the fuel bed and
directs the same outwardly and upwardly into
contact with the walls or other heat transfer
“surfaces of the furnace. Thus the development
of high ash fusing temperatures in the thin fuel
bed is obviated while a substantially ‘uniformly
incandescent condition thereof is quickly estab-
lished and maintained. During “off” periods of
the stoker this flame sheet is subdued, the supply
of air to the tuyéres 33 by natural draft being
only sufficient to ignite the volatiles rising from
the fuel chamber of the retort. ‘

The features described make possible the use
of a wide variety of coals including heavily coking
coals without difficulty. Thin, uniform fuel beds
are formed on the grate and clinker formation
is prevented. Air is supplied by natural draft
at the point needed fo reduce or eliminate smoke
from the volatile gases released during the “off”
periods of intermittently operated stokers. The
division of the air supply into two parts insures
low velocities and elimination of difficulties from
fly ash. Other advantages in economy, flexi-
bility, and convenience of operation and main-
tenance may be secured by means of this inven-
tion. !

Various other advantages will be apparent from
the preceding description, the drawings and the
following claims. ‘

Having thus described my. invention, what I
claim is:

- 1. A coal-feeding and combustion device com-
prising a combustion chamber, a vertically dis-
posed retort associated therewith, 3 grate sur-
rounding said retort, said retort having a series
of outwardly -discharging air supply tuyéres
around the upper periphery thereof, coal feeding
means in the retort including a centrally dis-
posed vertical support spaced from the retort wall
to form therewith a vertical fuel passageway,
a tuyére head carried by the upper end of said
support, said head being flared upwardly and

outwardly to form an exit passageway above the 5

retort having an axis substantially at right an-
gles to the axis of the vertical passageway, said

head also having a series of outwardly and down--

wardly discharging air supply tuyéres for coop-
eration with the air supply tuyéres of the retort
to supply a portion of the air required for the
combustion of the fuel, and means for supplying
air to the tuyéres in said retort and said head.

2. A coal feeding and combustion device com-
prising a combustion chamber, a retort associ-
ated therewith, a grate surrounding said retort,
coal feeding means including a support disposed
in the retort cooperating with the retort wall to
form a vertical bassageway, said retort having
a series of outwardly discharging air supply tu-
yéres around the upper periphery thereof, a tu-
-yére head carried by the upper end of said sup-
port, said head being flared upwardly and out-
wardly in such a manner that said head extends
outwardly at least substantially vertically above
the upper edge of said retort, the vertical clear-
ance between said head and the upper edge of
said retort being substantially as small as the
horizontal dimension of said passageway at the
upper edge of said retort, said head also having
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a series of outwardly and downwardly discharg-
ing air supply tuyéres for cooperation with the
air supply tuyéres of the retort to supply a por-
tion of the air required for the combustion of
the fuel, and means for supplying air to the
tuyéres in said retort and said head.

3. A coal feeding and combustion device com-
prising in combination a combustion chamber,
a vertically disposed retort associated therewith
having a series of outwardly discharging air sup-
ply tuyéres around the upper periphery thereof,
a horizontal grate surrounding said retort adja-
cent to said air supply tuyéres, means for feeding
coal upwardly through said retort including a
rotatable part, a tuyére head supported by said
part and spaced a short distarnce above the upper
edge of said retort and being flared upwardly and
outwardly to deflect the coal outwardly over the
upper edge of said retort at substantially right
angles to the axis of the retort, said head also
having a series of outwardly and downwardly
discharging air supply tuyéres for cooperation
with the air supply tuyéres of the retort, and
means for supplying air to the tuyéres in said

‘retort and said head.

- 4. A coal feeding and combustion device com-
prising a combustion chamber, a vertically dis-
posed stationary retort of tubular form associated
therewith, means for feeding coal into the lower
end of said retort, an elevating screw rotatably
mounted in said retort for lifting the coal and
causing it to be dischgrged over the upper edge
of said retort, said elevating screw being cen-
trally disposed within the retort to form between
the shaft of the screw and the retort an annular
vertical passageway, said screw carrying a tuyeére

head on its upper end which is flared upwardly -

and outwardly in such a manner that said head

-extends outwardly at least substantially verti-

cally above the upper edge of said retort, the
vertical clearance between said head and the
upper edge of said retort being substantially as
small as the horizontal distance between the up-
per edge of said retort and said head, said head
having downwardly and outwardly directed air

- Supply tuyére openings formed in the periphery

thereof, said retort having outwardly directed

"..air supply tuyére openings formed in the periph-
- -ery thereof adjacent to the upper edge for coop-
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eration with the air supply tuyére openings of
the head, means for supplying air to said tuyére
openings, means for rotating said screw and
head, and a grate provided around the retort
adjacent. to the air supply tuyére openings
therein.

5. An under-feeding furnace stoker, compris-
ing, in combination with the furnace grate, a
vertical retort having an upper end section ex-
tending above the furnace grate and forming a
fuel plasticizing chamber, means for feeding fuel
into the lower end of the retort, a vertical feed
screw rotatably mounted in the retort and hav-
ing flights terminating at the lower end of said
upper section thereof to feed the fuel upwardly
into said plasticizing chamber, said feed screw
including a hollow central shaft, and a rotating
head on the upper end of said shaft having a
part spaced above the retort and provided with
a series of outwardly and downwardly discharg-
ing air supply tuyéres communicating with said
hollow shaft, said head, between said tuyéres and
the screw shaft, having an arcuately curved wall
cooperating with the upper end of the retort
wall to resist the passage of the plasticized fuel
therebetween under feeding pressure and subject
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the same to crushing forces dividing said plas-
ticized fuel into particles of substantially uni-
form size. .

6. The combination defined in claim 5, in which-
said upper end section of the retort is provided

with a series of outwardly discharging air supply
tuyeres to cooperate with the tuyéres of said ro-
tating head and maintain a fuel plasticizing tem-
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perature adjacent to the retort and above the
grate, and means’is provided for directing air
to the retort tuyéres. )

. 7. The combination defined in claim 5 in which
means is provided to detachably interlock said
rotating head with the upper end of the screw
shaft. :

RALPH A. SHERMAN.




