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This invention relates to combustion apparatus
and more particularly to stokers.

It is a principal obiect of the invention to pro-
vide a stoker of simple and effective construction
providing for the combustion of solid fuel under
predetermined conditions such that objectionable
coke or clinker formation is reduced or eliminated
and the ash is produced in the form of powder
or particles of small size in whmh it can be readily
handled and removed.

It is a further object to provide such a stoker
device in which there is a predetermined regula-
tion of the quantity of air supplied throughout
the combustion zone so as to properly control
the combustion and assure complete combustion
while avoiding excessive temperatures which
would otherwise result in the fusing of the ash
in large masses of clinker.

It is a further object to provide an underfeed
stoker in which the section of the body of burn-
ing fuel is of predetermined shape and depth and
in which combustion air is introduced through-
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out the burning fuel body in correlated relation _

with respect to the depth of the fuel body to ob-
tain substantially a uniform and complete com-
bustion at all rates of fuel supply.

It is also an object to provide an underfeed
retort in which the combustion chamber is zoned
around the periphery thereof as to air supply
and each zone is separately supplied from s
plenum chamber so that proper. air supply is
maintained throughout the body of burning fuel
notwithstanding locally occurring variations in
the thickness of the fuel bed.

It is a further object to provide a combustion
device of this character in which combustion air
is supplied at relatively low velocities and low
pressures in predetermined space distribution
over and into the body of burning fuel assuring
2 maintained distributed supply of combustion
air at low velocities and pressures to avoid high
temperature combustion and the resultant fusing
of the ash into large clinkers.

It is a further object.to provide a combustion
device of this character in which the ash as re-
ceived in finely divided particles is removed con-
tinuously from the combustion zone and deposited
in a suitable ash receptacle.

Other objects and advantages will be apparent
from the following description, the accompanying
drawings, and the appended claims.

In the drawings,

Fig. 1 is a plan view of a stoker installation
made in accordance with the present invention;
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Fig. 2 is a side elevational view of the same
mechanism;

Fig. 3 is a plan view locking down on the retort
of the present stoker construction with cerfain
of the parts being broken away to more clearly
disclose the construction;

Fig. 4 is a vertical sectional view through the
retort on the line 4—4 of Fig. 3;

Fig. b is a view partially in elevation and par-
tially in vertical section showing the ash worm
and the drive mechanism for effecting actuation
thereof;

Fig.6is a detaﬂ view showing the construction
which provides for the drive of the ash conveyor
ring;

Fig. 7 is a detail view in section on the line 7—1
of Fig. 3 showing the provision for discharging
the collected ash onto the ash conveyor;

Fig. 8 is a detail view showing the drive con-
nection for effecting the oscillatory movement of
the ash ring; and

Fig. 9 is a broken plan view of the ash convey01
ring.

In the field of stokers, particularly those for
the domestic or household heating system, it has
heretofore been proposed to provide a device em-
bodying a retort and an ash removal arrangement
for removing the ash to a place where it can be
properly received and disposed of. In the past
considerable difficulty has been experienced in the
actual operation of such devices in part by reason
of the failure of the retort fo properly burn the
fuel under the wide range of load conditions
necessarily encountered, and the resulting objec-
tionable formation of coke trees because of in-
complete combustion, or the formation of large
clinkers by reason of combustion taking place at
excessively high temperatures. In some cases it
has been proposed to introduce mechanism for
breaking or grinding up these formations, but in
most cases they have not proven entirely satis-
factory in operation since substantial power is
required to break or grind up clinkers to a small
enough size for handling in the usual conveyor,
and the heavy forces involved required corre-
spondingly heavy and expénsive constructions.

In accordance with the present invention, a
construction of stoker is provided in which the
combustion conditions are maintained under pre-~
determined control for all rates of combustion
and throughout the entire bhody of the fuel bed,
so that objectionable formation of coke trees or
clinkers does not take place. The body of fuel
in the retort is of predetermined shape such that
combustion air is introduced thereinto from all
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sides and under such circumstances that there is
practically no portion of the body of burning fuel
which is not properly and adequately supplied
with combustion air. The fuel bed is limited in
cross section and is readily accessible to the com-
bustion air throughout its section.

Where the combustion air is supplied to. the
fuel bed at% a relatively high pressure, a portion
of the fuel bed which becomes thin tends to cause
& lesser resistance to the flow of air, with the
result that it becomes cumulatively thinner, re-
sulting in a tendenecy to burn through locally
with the production of local. high temperature
combustion forming clinkers and at the expense
of complete over-all combustion.. In the present
construction, the combustion air is supplied to
the body of fuel from a plenum chamber in which
a substantially constant pressure is maintained,
and from that chamber the combustion air is in-

. troduced info the body of fuel through the tuyere
openings at a pluraliby of spaced zones or sec-
tions. Fach such supply is independent of the
others and the tuydres are separated into inde-
pendent sections by solid tuyére members pre-
venting air flow from one section to another. The
aggregate of the tuydrs openings in each section
is greater than the area of the opening from the
plenum chamber into that section, and, a pressure
drop occurs from the plenum chamber to each
of such sections, so that even in the event that
the fuel bed should burn through in one spot,
combustion air will continue to be supplied inde-
pendently into the body of fuel at each of the re-
maining sections. Thus the tendency for such
condition to become cumulatively worse is ef-
fectively overcome, and it is practically impos-
sible for a localized condition of this character
to occur to the extent that it will interfere with
the confinued supply of combustion air to the
entire body of burning fuel.

Being supplied at relatively low pressure and
limited velocity, the combustion takes place more
uniformly throughout the retort, with the sub-
stantial elimination of objectionable coke trees
resulting from incomplete combustion, and with
similar substantial elimination of such high tem-
perature combustion as to result in the produc-
tion of objectionable clinkers, The ash is formed
primarily as a powder, or in particles of relatively
small size, the ash remaining primarily in an
unfused condition, or if some fusing does occur,
it is limited in extent, and the resulting fused
particles are small in size and capable of being
handled by an ordinary screw conveyor. Simi-
larly as a result of the introduction of the air
under predetermined conditions of pressure and
space distribution, the production of fly ash is
limited, and cleaner and more efiicient combus-
tion conditions are maintained. While suitable
for the combustion of different types of solid fuel,
the present invention has been particularly de-
veloped for the burning of bituminous coal, and
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tube {3 which is open along its entire upper ex-
tent as shown so that fuel can pass thereinio
along the entire length of the bhin and be con-
veyed forwardly and into the closed conveyor
section 14 located exteriorly of the bin wall. The
construction of this bin feed portion of the con-
veyor is preferably as disclosed in applicant’s co-
pending application Serial No. 354,598, filed
August 28, 1940, now Patent No. 2,369,370, granted
on February 13, 1945, and assigned to the same
assignee as this application.

The feed worm for supplying the fuel into the

. retort is shown at 16, and located in non-axial

15

relation with respect to the bin worm {12. The

-adjacent ends of these worins are received within

a transfer chamber shown at {7 to which the

. fuel is delivered by the bin worm and from which

20

it is withdrawn by the feed worm (6.

Suitable drive mechanism for actuating the
worms is provided in the form of motor 2§ suit-
ably mounted abhove the transfer chamber and
directly belt connected to a blower 24 and through
the same shaft connected to a speed reducing

- mechanism indicated at 22. From this mechanism
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for purposes of illustration, will be described more

particularly in that relation.

Referring to the drawings which disclose a
preferred embodiment of the invention, a bin {8
is shown which is adapted to receive a quantity
of the sclid fuel to be burned. It will be under-
stood that the invention is equally suitable for
use with a hopper type stoker, and that the show-
ing of the bin feed type is merely illustrative.
Extending into the bin and suitably supported
upon brackets {{ from the bottom thereof is the
bin end of the feed worm 2. It is suitably sup-
ported, preferably in an open slotted conveyor

70
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drive shafts extend on opposite sides and carry
sprocket wheels 23 and 24 suitably connected as
by means of sprocket chains to driven pulleys 25
and 25, provided respectively for the drive of the
bin worm {2 and the feed worm 6. Further de-
tails of such drive and construction. of transfer
chamber are as shown in applicant’s copending
application Serial No. 297,247, filed September
30, 1939, now Patent No. 2,364,166, and assigned
to the same assignee as this application.

The feed worm 16 extends into the lower por-
tion of a retort 38 which has an upwardly curved
wall 31 to supply the fuel delivered by the worm
upwardly into the combustion zone. The wall
31 is completely closed and is preferably formed
integrally with the casing 32 to provide a plenum
chamber 33 into which the blower 2{ discharges
through the air supply conduit 34. .

The tuyéres 36 are positioned above the casing
section 31 and as shown are preferably arranged
to provide a combustion space 37 substantially
C-shaped in cross section. ‘The tuyéres 38 im-
mediately overlying the end of feed worm 16 and
the upwardly inclined supply passage extend in-
wardly 50 as to break up the ecircular section of
the combustion space, and to form it as an
arcuate space with means for introducing com-
bustion air into both the outer and inner portions
of such space. Preferably as shown projecting
or nose portions of tuyéres 38 do not extend up-
wardly as far as the tuyéres 36, but at their rear-
ward or outward portions 39 they do extend to
substantially the same level as the remaining
body of tuyéres. ’

It has been found that with this construction
because of the varying depth of the body of fuel

" angd its resistance to the passage of air thereto,

the greatest quantity of combustion air should be
introduced into the combustion space in that por-
tion immediately opposite tuyéres 38 or at the
exterior surface of the body of burning fuel, that
lesser quantities of air should be introduced into
‘the combustion space at either side of tuyéres 38,
and that the smallest quantity of air should be
introduced through tuyéres 38 themselves to be
supplied to the interior surface of the fuel body.
In this way, proper quantities of air are supplied
to the various sections of the fuel bed to effec-
tively complete combustion therein ai predeter-
mined and regulated rates of burning,

For the purpose of establishing a plurality of
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air sections from which air may be supplied at
proper bredetermined pressures, solid tuyére sec-
tions 48 are introduced at the boundary of each
of the sections. In the arrangement shown, four
such solid tuyére sections are provided, establish-
ing a front zone 4! into which aijr is introduced
at the highest pressure, two side zones 42 into
which air is introduced at an intermediate pres-
sure, and the single rear zone 43 into which air
is introduced at the lowest pressure.

Each of the tuyéres is arranged with a series
of vertically stepped air introducing apertures 45
on its inner portion, providing for introducing
alr into the main combustion space, and likewise
is provided with a vertically extending rib 46
separating the inner air apertures from an outer
series’ of apertures 47. These outer apertures
extend in similarly and reversely stepped rela-
tion at the outer periphery of the tuyéres, and
are preferably substantially smaller in their total
cross seéctional area of outlet than the openings
£5. Likewise, the total area of the outlet aper-
tures 47 is in excess of the ares of the apertures
48 through the partition wall 46 so that a pres-
sure differential will be maintained at all times
between the air gischarged from the two series
of openings.

" In order to provide for the independent control

- and regulation of the combustion air, each of the

plurality of sections 41, 42, and 43, is independ-
ently connected with plenum chamber 33. An
adequate supply of combustion air is maintained
in the plenum chamber by the blower, and thus

‘an assured supply of combustion air to each of

the plurality of sections is maintained, so that
even in the event of the resistance of the fuel bed
dropping down materially in one of those zZones,
the resistance afforded to the flow of air into that
zone Is such that it does not exhaust the pressure
of the plenum chamber, and a proper and sub-
stantially uniform supply of pressure air con-
tinues to be maintained into each of the remain-

ing zones.

In order to provide for the regulated intro-
duction of the combustion air into the several
zones, a bottom plate 50 is provided on which the
tuyéres are adapted to rest, and this plate is pro-
vided with a series of arcuate slots, indicated at
51, 52 and 53. Slot 51 is the largest in cross sec-
tion, and is located in that portion of the plate
within zone 41. The two slots 52 are of inter-~
mediate cross section and are located in the com-
bustion zones 42, respectively. Slot 53 is the
smallest in section ang is located in section 43
of the combustion zone.

In order to provide for regulation in the quan-
tity of air supplied from the plenum chamber,
an adjustable plate 5% is provided and received
within the casing 84 in position immediately be-
low plate 59. This movable plate 55 has a sim-
ilar series of apertures therein of the same corre-
sponding size and shape as apertures 51, 52 and
53, and adapted to register respectively there-
with. An adjusting rod 5§ extends through the
wall of the chamber 3! and is arranged to be
moved by the operator to rotate plate 55 and to
thus vary the degree of registration between cor-
responding apertures. As will be obvious, such
adjustment thus regulates, in a similar and cor-
responding manner, the total effective opening
into the several air zones, and thus provides for
regulating the pressure in the tuyére sections with
respect to the pressure existing in the plenum
chamber. Preferably the maximum degree of
opening possible is sufficiently limited with re-
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spect to the capacity of the plenum chamber and
of the blower that even in the event of a marked
reduction in the resistance of the fuel bed occur-
ring in any one section, the pressure in the plenum
chamber is not materially reduced, and conse-
quently combustion air continues to he supplied
substantially uniformly to the remaining portions
of the fuel bed. In actual operations, this ‘ar-
rangement has been found to be productive of
highly satisfactory results, substantially elimi-
nating the uneven combustion conditions result-
ing from changes in the air resistance of the fuel
bed, and providing for complete combustion tak-
ing place under regulated temperature conditions
such-as to avoid objectionable formation of either
coke trees or clinkers. As a gpecific example of
bressure conditions which have been found to
give highly satisfactory results, a pressure of .90
inch of water was provided in the plenum cham-
ber 33, .65 inch in section. 41, .55 inch in sections
42, .40 inch in section 43 and .15 inch in the space
beyond partitions 48 which supply combustion air
to the air apertures 41, It will be understood that
these figures are illustrative only and may be
varied with changes in the shape of the combus-
tion space, the depth of the fuel bed at each sec-
tion, ete. '
Combustion continues with the air being sup-

_ plied through air apertures 45, and after the fuel
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passes over the top of the tuyares, with the air in-
troduced, at lower pressures, through. air aper-
tures 41. By the time the fuel has travelled over
the tuyéres, its combustion at the desired con-
trolled rate has been substantially completed,
and only the ash, in a condition of relatively fine-
ly divided particles or powder remains. Such
ash is discharged upon the ash ring 69, which is
arranged in the form of a grating having a series
of apertures of predetermined limited size there-
in. The ash ring is suitably supported for move-
ment upon an upstanding flange 61, spaced from
and parallel with the outer wall portion §2. The
Space 83 between these walls 51 and 62 constitutes
an ash chamber into which the particles of ash
small enough to drop through the apertures in
the ash ring may fall and as shown is of limijted
vertical extent so that the entire ash space is
located above the level of the feed worm 8. If
any excessively large clinker formation does take
place, such clinkers are not permitted to drop
into the ash space, but are held on top of the ash
ring where they can be removed through the fur-
nace door. . :

“In order to provide for movement of ash ring
60 and the continuous removal of the collected
ash from the ash space 63, suitable drive and
conveyor mechanism is provided. As shown, a
drive socket 18 is provided at the end of the bin
worm {2, and extending from the opposite side of
the transfer chamber 7. An ash conveyor shaft
71 is suitably connected to this socket by a uni-
versal connection 12, and earries thereon g barrel
cam 73. A cam follower T4 is carried on 3 pivoted
lever arm 15 which extends upwardly and is pro-
vided with an operating pin 76 extending into an .
elongated slot 717 formed in a link member 78.
An adjustable bolt 78 is threaded in the link at
one end thereof and extends into the slot, being
adjustable to vary the effective length of the slot.

The pin 76 is adapted to bear against one end of

‘the slot in one direction of movement and against
the end of the bolt 19 in the other, the adjust-
ment of the bolt thus providing for an adjustable
clearance and a regulation of the extent of re-
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ciprocating movement of the link under the ac-
tion of the lever. o :

The link 18 is attached to a connecting rod 88
which extends into the retort, and which carries
at its inner end an operating shoe 81 formed with
opposed flanges 82. The ash ring 60 is provided
with a depending lug portion 83 adapted to be
freely received between flanges 82-so that upon
reciprocation of shaft 80 under the action of the
drive described immediately above, the ash ring
will be given an oscillatory movement. - Since
this drive is actuated from the reduced speed
worm construction as deseribed, it will be clear
that the cycles of operation of the ash ring take
place relatively slowly, and that the extent of
the oscillatory movement thereof will vary in ac-
cordance with the adjustment of the threaded
bolt 19.

Pivotally attached to the lower side of the ash
ring 60 is.a pivoted and weighted lever 83, such
lever being formed with a downwardly extend-
ing pawl 88. As shown in Fig. 3, such lever is
suitably shaped to conform generally to the arcu-

ate shape of the ash ring, and such as to be re-.

ceived within the casing wall 62.

Rotatably mounted upon the bottom wall 80
of the ash space 63 is an ash conveyor ring 9{.
The ring 9i is shaped generally similarly to the
bottom wall portion 90, that is, both sections are
dished to tend to work the collected ash material
radially inwardly toward inner wall 61, the pro-
vision of lower scraper surfaces 9ia facilitating
such action. The ash conveyor ring 91 carries
ratchet teeth 92 on its upper outer surface, these
teeth being located in the line of action of pawl
86. The teeth are inclined in one direction and
extend substantially vertically in the other, so
that in response to oscillatory movement of ash
ring 60, the pawl will engage the teeth to cause
concurrent movement of the ash conveyor ring
in response to one direction of movement of the
rihg 60 but will be lifted out of engagement and
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not cause return movement of the conveyor ring -

§{, in response to reverse movement of ring 60.
Thus by this means the oscillatory movement of

ring 60 is converted into a corresponding inter-.

mittent but unidirectional rotational movement
of ring 91. :

As the ash falls into the ash space 83, it 1s grad-

ually conveyed around through the space by
means of ring 91, to the point of discharge from
such space. As shown in Figs. 3 and 7, a station-
ary scraper blade 95 is mounted in the ash space
and is inclined with respect to the direction of
movement of the ash ring so as to fend to scrape
the ash thereon radially inwardly and toward the
discharge outlet 96, The inner wall portion &1 is
depressed as shown at 97, fo form this opening,
which leads downward and into ash conveyor
tube 98, located parallel with and in substantially
the same horizontal plane as the feed worm 186.

The ash conveyor worm is shown at 100, ex-
tending through the tube 98, comprising a for-
ward feeding Sight portion for the removal of the
ash from the discharge space 96. The worm is
actuated by the shaft 11, being located in prox-
imity thereto and preferably being formed as a
part thereof, and bhence is driven through the
speed reducing mechanism as described above
and at the same speed as the feed worm and in
correlated feed relation with respect to the drive
mechanism for operating the ash ring.

The ash is fed forwardly through the tube 88 fo
a discharge opening 102, beneath which a reverse
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flight portion 103 is provided for preventing con-~
tinued forward feeding of the ash. The combined
action of flichts 100 and 103 causes the lifting of
the ash upwardly through the discharge open-
ing, the ash being suitably received within a con-
tainer shown at [04. This container preferably
is of suitable size for receiving and retaining a
proper accumulation of ash, and is provided with
an inlet opening in one corner of its bottom wall,
in alisnment with the discharge opening 102.
Preferably a suitable bracket 105 is provided for
receiving the flanged edge 106 of the container
in operative position, providing for ready re-
moval thereof. Likewise an adjustable gate 101
is located above the bottom opening of the recep-
tacle and arranged to be closed by a manually
operable handle 108 extending above the recep-
tacle so that when it is desired to remove and
dump the receptacle, the gate can be closed with
the receptacle still in position, thus preventing
any undesired loss or dropping of the ashes dur-
ing removal.

The invention thus provides a highly satisfac-
tory and yet simple construction of stoker device
providing for the controlled introduction of com-
bustion air in predetermined space distribution
and under predetermined conditions of regulated
and maintained pressure. Such air is introduced

A

substantially uniformly into the entire section -

of the combustion zone and under such conditions
that it is not possible for locally occurring changes
in the air resistance of the fuel bed to affect ma-
terially the supply of combustion air to the re-
mainder of the fuel bed. As a resull, the com-
bustion air is supplied under relatively low pres~
sure, and with complefe combustion being as-
sured so as to avoid the formation of coke trees,
the avoidance of high temperature combustion is
likewise assured with resulting freedom from
clinker formation. It is thus possible to provide
for the simple and effective removal of the ash
in essentially the form of powder or small parti-
cles and without the necessity of grinding or re-
ducing large size clinkers to a form suitable for
handling. -

While the form of apparatus herein described
constitutes a preferred embodiment of the inven-
tion, it is to be understood that the invention is
not limited to-this precise form of apparatus, and
that changes may be made therein without de-
parting from the scope of the invention which is
defined in the appended claims.

What is claimed is:

1. Combustion apparatus of the character de-
seribed which comprises a generally circular re-
tort for the burning of solid fuel, means located
around the periphery of the retort for introduc-
ing air into the burning fuel at relatively low

velocity and in predetermined maintained dis-.

tribution around the periphery of the body of
burning fuel to avoid formation of clinkers and
leaving the ash in a finely divided form including
a plurality of tuydres for introducing combustion
air into the body of burning fuel, means for divid-
ing said tuyéres into a plurality of independent
seetions forming separate air introducing zones
spaced around the periphery of said body of fuel,
a plenum chamber, means for separately intro-
ducing air from said plenum chamber to each of
said air zones, said independent air supplies pro-
viding a plurality of maintained supplies of com-
bustion air spaced around the combustion zone
independently of locally cccurring variations in
the air resistance of the fuel bed.

9. Combustion apparatus of the character de-
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seribed which comprises a generally circular re-~
tort for the burning of solid fuel, means for in-
troducing air into the burning fuel at relatively
low velocity and in predetermined maintained

distribution around the periphery of the body of -

purning fuel to avoid formation of clinkers and
leaving the ash in & finely divided form including
a plurality of tuyéres located around the periph-
ery.of the body of fuel for introducing combus-
tion air into the body of burning fuel, means
for dividing the air passages of said tuyéres into
a plurality of independent sections forming sepa-

rate air infroducing zones spaced around the -

periphery of said body of fuel, a plenum cham-
ber, means for separately introducing air from
said plenum chamber to each of said air zZones,
means for separately regulating the quantity of
air introduced into each of said air zones and
providing a pressure drop between said plenum
_chamber and each of said air zones, said inde-
pendent air supplies providing a plurality of
maintained supplies of combustion air spaced
around - the combustion zone independently of
locally occurring variations in-the air resistance
of the fuel bed. . ’
3. Combustion apparatus of the character de-
seribed comprising a retort for the burning of
solid fuel, a feed worm for supplying fuel up-
wardly into said retort, a plurality of tuyéres for
introducing combustion air to the burning fuel,

means for dividing the air spaces of said tuyéres-

into a plurality of independent sections around
the periphery of the fuel bed, a plenura chamber
for supplying air into each of said sections, and
restricting means for effecting a pressure drop
from said plenum chamber into each of said
sections to assure continued supply of air from
said chamber into all of said sections notwith-~
standing the occurrence of variations in the fuel
bed resistance in any of said sections.
" 4, Combustion apparatus of the character
scribed comprising a retort for the burning of
solid fuel, a feed worm for supplying fuel up-
wardly into said retort, a plurality of tuyéres for
introducing combustion air to the burning fuel,
means for dividing the air spaces of said tuyéres
into a plurality of independent sections around
the periphery of the fuel bed, a plenum chamber
for supplying air into each of said sections, re-
stricting means for effecting a pressure drop from
said plenum chamber into each of said sections
to assure continued supply of air from said cham-
ber into all of said sections notwithstanding the
occurrence of variations in the fuel bed resistance
in any of said sections, and means for controlling
the pressure drop into each of said chambers.
5. Combustion apparatus of the character de-
scribed comprising a retort for the burning of
solid fuel, a feed worm for supplying fuel up-
wardly into said retort, a plurality of tuyéres for
introducing combustion air to the burning fuel,
means for dividing the air spaces of said tuyéres
into a plurality of independent sections around
the periphery of the fuel bed, a plenum chamber
for supplying air into each of said sections, re-
stricting means for effecting a pressure drop
from said plenum chamber into each of said sec-
tions to assure continued supply of air from
said chamber into all of said sections notwith-
standing the occurrence of variations in the fuel
bed resistance in any of said sections, and means
for causing a different pressure drop into said
sections in predetermined relation to the thick-
ness of the fuel bed upon said respective sections,
6. Combustion apparatus of the character de-

de- ’
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scribed comprising a generally circular retort for
the burning of solid fuel, a plurality of tuyéres ar-
ranged to form a combustion zone substantially
C-shaped in cross section, means for supplying
fuel to said vetort in the direction toward the open
end of said ¢-shaped comisustion zone, means for
dividing the tuyeres into a plurality of separate air
introducing sectiong around the periphery of said
combustion space, a plenum chamber, means for
supplying air from said plenuin chamier to each
of said sections independently of the - others,
means for regulating the quantity of combustion
air supplied into the several sections of said
tuyéres to provide -a greater air supply to the
exterior and -a lesser air supply to the interior
of said body of fuel in accordance with the thick-
ness of the tuel bed upon said sections, and means
for causing a pregsure drop in the pressure sup-
plied to all of said sections from. said “plenum
chamber to -assure continued supply to each sec-
tion notwithstanding the occurrence of pressure
variations-in any of said sections.

7. Combustion- apparatus of the character de-
scribed comprising a generally circular retort for
the burning of solid fuel, means for introducing
fuel into said retort for burning therein an arcu-
ate shaped fuel body, means for supplying fuel
to-said retort, a plurality of tuyéres arranged
to supply combustion air into the interior and
exterior of said arcuate shaped body of fuel,
means for dividing the tuyéres into a plurality
of separate air introducing sections around the
periphery of said combustion space, a plenum
chamber, means for supplying air from said ple-
num chamber to each of said sections independ-
ently of the others, means for regulating the
quantity of combustion air supplied into the sev-
eral sections of said tuyéres to provide a greater
air supply to the exterior and a lesser air supply
to the interior of said body of fuel in accordance
with'the thickness of the fuel bed upen said sec-
tions, and means for causing g pressure drop in
the pressure supplied to all of said sections from
said plenum chamber to assure continued sup-
ply to each section notwithstanding the occur-
rence of pressure variations in any one of said
sections. S S

8. Combustion .apparatus of the character de-
scribed comprising a generally circular retort for
the burning of solid fuel, a plurality of tuyéres
arranged to form. a combustion zone substan-
tially C-shaped in cross section, meang for sup-
plying fuel to said retort toward . .the opén side
of said combustion zone, means for dividing the
tuyéres .into a plurality of air introducing -sec- -
tions around the periphery of said combustion
space, a plenum .chamber, means for supplying
air from said plenum chamber to each of said
sections independently of the others, means for
regulating the quantity of combustion air sup- .
plied into the several sections of said tuyéres in
accordance with the thickness of the fuel bed
upon said sections, means for causing a pres-
sure drop in the pressure supplied to all of said
sections from said plenum chamber to assure
continued supply to each section notwithstand-
ing the occurrence of pressure variations in any
of said sections, and means for regulating the
pressure supplied to each of said pressure sec-
tions. ‘

9. Combustion apparatus of the character de-
scribed comprising a generally circular retort for
the burning of solid fuel, means for supplying
fuel to said retort, a plurality of tuyéres for in-
troducing combustion air info the combustion
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space, said tuyéres having both inner and outer
‘alr -introducing  apertures, means for dividing
said tuyéres into a plurality of separate air in-
trodueing sections spaced around the periphery
of said combustion space, a plenum chamber,
means for separately supplying air from said
chamber into each of said tuyére sections, means
for separately regulating the pressure in each
of-said sections to supply the proper quantity of
combustion air in accordance with the depth of
fuel bed upon each section, and means for addi-
tionally regulating the supply of combustion air
to said outer series of air sapertures, respectively,
to provide for air introduction therethrough at
lower pressures than through said inmer series
of apertures.

10. Combustion apparatus of the character de-
scribed comprising a generally circular retort,
a plurality of tuyéres arranged to form g sub-
stantially C-shaped combustion space, means for
supplying solid fuel to said retort toward the
open side of said combustion space, means for
dividing said tuyéres into a plurality of separate
air introducing sections for introducing combus-
tion air into both the exterior and the interior
surface of the body of fuel in said space, a ple-
num chamber, means for supplying air from said
plenum chamber separately into each of said
tuyere sections, means for regulating the air pres-
sure supplied to said sections to introduce the
highest pressure into the exterior portion of said
C-shaped space, an intermediate pressure into the
sections at either side of said exterior portion, and
the lowest pressure into said interior portion of
said space.

"11, Combustion apparatus of the character de-
scribed comprising a generdlly circular retort,
a plurality of tuyéres arranged to form g sub-
stantially C-shaped combustion space, means for
supplying solid fuel to said retort toward the
open side of said combustion space, means for
dividing said tuyeres into a plurality of separate
air introducing sections for introducing combus-
tion air into both the exterior and the interior
surface of the body of fuel in said space, a ple-
num chamber, means for supplying air from said
plenum chamber separately into each of said
tuyére sections, means for regulating the air of
said pressure supplied to said sections to introduce
the highest pressure into the exterior portion of 50
said C-shaped space, an intermediate pressure
into the sections at either side of said exterior
portion, and the lowest pressure into said interior
portion of said space, and control means for in-
creasing or decreasing the supply of combustion 55
air to all of said sections.
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12. Combustion apparatus for ‘the burning ‘of
solid fuel and for removing fhe ash by nigans of
a feed worm to which’the ash substantially free
of clinkers is supplied in substantially the con-
dition In which it is‘formed during combustion
and through which the ash 1§ transferred to a
point of delivery outside of said. apparatus, said
apparatus comprising a retort for the burning
of the solid fuel, 4 feed worm for supplying fuel
into said retort, a plurality of fuyéres for intro-
ducing combustion air to-the burning fuel, medans
for dividing the air spaces of said tuyéres ito s
blurality of independent sections around the pe-
riphery of the fuel bed, a plenum chamber, means
for separately introducing air from said plenum
chamber to each of said sections, said separate air
supplies providing & plurality of maintained sup-
plies of combustion air spaced around the com-
bustion zone independently of locally oectrring
variations in the air resistance of the fuel bed
to provide for combustion of said fuel under eon-
ditions controlled to produce the ash in finely
divided form and substantially free of large clink-
ers such that it is capable of being handled ‘di-
rectly by said ash feed worm. R

13. Combustion apparatus for the burning of
solid fuel and for removing the ash by means
of a feed worm operating in a -closed conveyor
tube fo which the ash substantially free of clink-
ers is supplied in substantially the condition in
which it is -formed - during combustion - and
through which the ash is transferred to g point
of delivery outside of said apparatus, said ap-
paratus comprising g retort for the burning of the
solid fuel, a feed worm for supplying fue] into
said retort, a plurality of tuyéres for introducing
combustion air to the burning fuel, means for
dividing the air spaces of said tuyéres into a plu-
rality of independent sections around the periph-
ery of the fuel bed, a plenum chamber, means for
separately introducing air from said plenum
chamber to each of said sections, said separate
air supplies providing a plurality of maintained
supplies of combustion air spaced around the
combustion zone independently of locally occur-
ring variations in the air resistance of the fuel
bed to provide for combustion of said fuel under
conditions controlled to produce the ash in finely
divided form and substantially free of large clink-
ers such that it is capable of being handled di-
rectly by said ash feed worm, and means for de«
livering said ash substantially in its originally
formed condition from said combustion Zone to
said ash worm to be removed therehy., =
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