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This invention relates to a method of burning solid
fuel which makes it possible to attain greater rates of
combustion per unit area of grate than have hitherto
been usual, and also to apparatus for use in burning fuel
by this method. Besides giving a higher fuel consump-
tion the method dispenses with preliminary reduction
of the fue] to coal dust, and makes it possible to utilise
the heat of the flue gases for heating air, which the use
of grate furnaces with regenerative pre-heating of the
feed water excludes. Through good utilisation of the
grate space and fire space the method is suitable for use
in very high duty boilers, and they can be made sub-
stantially smaller.

The invention makes use in part of known features
and in part of features newly devised, from which either.

alone, or in combination with each other or with other
elements new results are obtained.

Thus use is made of the known method of allowing en-
tering fuel to fall freely upon a grate to promote dry-
ing and ignition of the coal, as well as of what is known
as “fue] fluidisation,” the maintenance of the fuel par-
ticles upon the grate in hovering movement by a power-
ful under-grate blast. o

Use is made also of combustion of fuel in a state of
suspension,. as has been proposed for gas suspension
combustion and as occurs in suspension gas producers.

For this purpose use is made of highly heated air in
manner in part already known, but so as to attain new
effects. i

The new method also makes use of under-grate blast
increasing towards the fire bridge end, such as is known
in zoned travelling grates, but in a2 more powerful form
to attain a new effect.

Use is also made of the returning of gas-borne coke
to the grate, but again with a new effect.

Such new effects also result from the employment of
higher air temperatures, different steps of air tempera-
ture, and substantially greater under-grate air pressures
than were hitherto usual in the burning of fuel on grates
or as dust. ) _

The burning of fuel according to thé new method is
grate-burning combined with burning in suspension. It
is preferable to use travelling grates or other. grates
which forward the fuel. Hitherto only a small part of
such grates has been effectively utilised. The front
third of the length of the grate has served more for dry-
ing the fuel and gradually igniting it throughout, and as
a rule the rear third is but lightly loaded in order that
combustion may be complete. These two sections are

missing in grates operating on the method of this inven-.

tion; the grates are intensively utilised throughout their
length, even more intensively than is the middle third of
existing grates. B

The basis of the new method is the production of a
mixture of fresh fuel entering the fire box with already
burning particles of fuel. To bring this about the amount
of pressure of the under-grate blast beneath a travelling
grate or other grate which forwards the fuel is so much
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2
increased towards the end of the grate that burning par-
ticles- of coal are lifted from the grate .and flung into
the combustion space. . They are then projected toward
the front into the incoming fuel to fall simultaneously
with the freely falling pre-dried fresh fuel which is
strewed over the whole width of the front end of the
grate, and interspersed with flame, so charging the grate
that vigorous combustion at once ensues. ‘

According to the invention combustion in suspension
is accelerated by the use of air at a high temperature.
The grate, on:the othei hand, may be fed with a cold
under blast. This has two advantages; the grate is well
cooled even when most intensively utilised, and the part
of the total air for combustion to be supplied above the
grate can be heated to a far higher temperature than
would be possible if the whole of the air were pre-heated.

Combustion in suspension results in a great enrich-
ment of the furnace fumes with fume-borne coke and
ash, which are separated in the boiler flues and in a
fume filter following the furnace. In the method of the
invention fume-borne coke and ash are separated and
blown by hot air.over the travelling grate towards the
front end of the grate. The consequence of using -air
at high temperature is that the combustible constituents
begin to be gasified while still within the conduit through
which they are blown forward; so quite different, and
much better, conditions of combustion are obtained than
by simple return of fume-borne coke as hitherto known,
which leads to a large part of the separated coke blown
in falling upon the grate still unburnt, and generally to
a still larger part having to be repeatedly circulated with
the fumes.- In the new method only the coarsest con-
stituents of the separated coke are flung into the fresh
fuel falling upon the grate, where they contribute t6
increase the flame. Also the return of fume-borne com-
bustible, which may also be effected in known manner
with furnace fumes as the carrier, gives rise to an ini-
tial turbulence in the furnace gases, which brings about
complete combustion.

Therefore this invention has for a principal object to
provide a method and apparatus for burning solid fuel
in a vertically extending combustion zone having an up-
per outlet and a fire bed travelling from front to rear
of the zone at the bottom thereof. The fire bed em-
bodies plural aligned portions including at least front,
middle and rear portions. All fuel to be burned is con-
tinuously dropped solely by gravity upon the front por-
tion of the fire bed from an inlet in the front of the
zone at a height substantially midway of the height of
the zone. A primary oxidizing medium is introduced
under pressure from beneath the bed under all portions
thereof to flow upwardly therethrough with ‘the pressure
increasing toward the rear of the grate. An additional
oxidizing medium is supplied above the rear portion of
the bed in the form of a substantially horizontal blank-
eting stream of medium directed toward the front of the
zone and extending throughout substantially the width
of the zone at a level beneath the fuel inlet and under
pressure sufficient to entrain and project the fuel and
incandescent particles elevated from the bed across the
bed to the front of the zone to intermingle the same

~with the incoming curtain of fuel.

Further modifications of the method bring about a
great diminution in the amount of particles in suspen-
sion carried off to the flues by the fumes, notwithstand-
ing that there is a great increase in the amount of com-
bustion occurring in suspension. To this end air sup-

- plied above the grate is directed from various points

upon a point over the middle of the grate, or is directed
tangentially to a circle of greater or less radius about
a point over the middle of the grate. 'The air nozzles

. or tuyeres are preferably mounted. to swing, so that they
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can be adjusted to direct the air in the best possible way
from time to time.
" The air is blown in at a comparatively high speed and
at z high temperature. For good distributien it may. be
blown in in several planes one dbove: the other. . When it
is: blown in- tangenually a whirl is set up in the furnace
‘gases.such as is known id coal dust burning, and this
greatly prolongs: the path of the suspended particles in
the traversmg of which they may be completely burnt.
By arranging the nozzles: in successive planes spaced one
above the other to impart whirl in opposite directions the
turbulence may be intensified and the total combustion
‘ greatly increased.-

It is preferable to provide for blowing in some air
above the grate, in a direction opposite to that of grate
travel, into the return flame zone beneath the fuel entry,
while further air is supplied above the grate for prcducmg
turbulence directed centrally or . tangentially as’ above

. described; for thus a comparatively short zone of com-

plete combustion is produced which makes it possﬂ)le to
build a hlgh duty boeiler of small height.”
Fuel is fed in at about mid height of the fire box, in

known manner over the whole width of the grate by a

Redler belt, a chain conveyor or the like. The entry is
screened by a wall of cooling or heat abserbing tubes to
minimize radiation effects. To further protect the convey-
or from radiation from the fire box and to prevent back
firing, an. additional -supply of warm air is provided to
flow downwardly from above and past the end of the
conveyor, and iis tempelature is ad]usted according to
the rate of fuel dehvery by. mixing. cold air with it. This
additional warm air also promotes drying of the fuel and
ignition and combustion of the volatiles which are set free
. in quantity in the front zone of combustion.

This additional air supply, acting chiefly to afford pro-

tection; is controlled according to a further feature of
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the invention by the fuel feeding conveyor drive, the ar- -

‘rangement being such that a decrease in the speed of the
conveyor, such as occurs when the boiler is lightly loaded,
increases the admixture of cold air; while when the con-
veyor stops the supply of hot-air is cut off and the current
of cold air throttled down to what is necessary for the
protection of the fuel supply apparatus. .

1In this method of burning, the whole of the residue’ from
the combustion, save for the trifling amount in the clean
fumes from the filter, is carried away by the grate. On
account of the great rise of temperature in the fire-box
due to combustion with a small excess of air, the ash is
to a large extent molten, and on the rear part of the grate
is more or less granulated, while the coke-like unburnt
particles are lifted by the air blast and flung into the fire
space. The consequence is an automatic sifting, in known
manner, of the combustible from. the incembustible par-
ticles. To ensure complete comhustion under all circum-
stances the residue on the grate may be led over a doctor
or stripper into a complete combustion shaft behind the
grate.

With many fuels it may be of advantage if the slope of
the grate increases towards the rear in known manner.

The new method of burning solid fuel and-the appa-
ratus by which it may be carried out are further explained
below with reference to the accompanying illustration of
a construction -of such apparatus. ~The grate. chosen for
" illustration in this example of construction is a zoned
travelling grate.

Flgure 1.1is a view partly in lonmtudmal sectlon and
partly in elevation of a boiler installation embodying the
invention.

Flgure 2isa fragrrent:lry view partly in perspective and
partly. in section diagrammatically illustrating the control
of the valves that govern the ﬁow of .air past the fuel for-
warding conveyor.
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views on a reduced scale taken along lines 4—4 and 5—5
respectively of Figure 1 and at different Ievels in the com-
bustion zone.

As shown in Figure 1, the boiler for burning solid fuel
is constructed of suitably formed wall means that define
a combustion zone and include a front wall. 1 and a rear
wall 2. The combustion Zone-is vertically extended ‘and
includes an upper -outlet through which fumes and prod-
ucts of combustion flow past the boiler tubes, thence over
a baflz 3. and downwardly through a conduit: 4 from
whence they change their direction. and -are drawn out
through the stack 5 by a fan 6 after passing through a
fume filter means 7. At the bottom of the combustion
zone is a travelling grate 8. The grate includes. plural
ahgned portions including a front portion- or zone » on
which is initiated intensive combustion, a middle portion
or zone ¢ that has greater longitudinal extent than the
front. portion and upen which main combustion occurs
and a comparatively short rear and separating portion or
zone d from which: unburned fuel} particles are separated

from slag and flung upwardly into. the lower portion of -
_ the combustion zone. Through omission of the hitherto -

usual front drying and igniting zone and of the rear com-
plete combiistion zone the grate is made substantially
shorter; hence there is no need to gulde its returnlength,

and since the return length or run of the grate hangs freely,

grate-tensioning means are not required. This makes the
grate more reliable in working.

tates the enclosure -of the -grate and directs slag to a
combustion completing “or slag-shaft 18. - This shaft is
of advantage when burning fuels of high ash content, for
‘it may then happen that particles of coke adhere to burnt-
out slag and might pass out unconstimed with the slag.
- The vertically exténding combustion zone extends from
the top of the grate to the point above the uppermost bank
of tuyeres. referred to. hereinafter.
is. provided with a fuel feed opening 11 at a height
substantially midway of the height of the combustion
zone. This opening extends substantially coextensive in
width with the width of the zone. = Operatively associated
with ‘this opening are fuel feed means including a bunker

12 which supplies fuel to an endless conveyor 13 and

inclides a delivery end which ferwards all fuel to drop
down through the opening 11 in the form of a falling cur-

“tain of fuel of narrow extent in relaticn-to the length of

the fire bed or travelling upon the front portion of the
grate. Between the delivery end of the conveyor and the
~adjacent portion of the front wall 1 of the fire box is
a wall-of relatively cold tubes 14. These tubes constitute
heat absorbing means for minimizing radiation effects on
the conveyor. Above this delivery end of the conveyor
are nozzle means 15 which direct air downwardly past the
delivery end of the conveyor and through the opening

11 with the fuel. This downwardly direcied current of

air, s"il_pp'ilied ‘and controlled as hereinafter set. forth, also
midimizes radiation effect or damage, prevents backfire of
fuel through the opening and constitutes a further supply

" of oxidizing miedium.

60

70

Figure 3 is a fragmentary cross sectional view of the ..

fire. box on a reduced scale and taken along lines 3—3of
Figure 1.
Figures 4 and 5 are further ﬁavmvniary ‘cross sectional
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-

The inner walls of the fire box or combustion. chamber
aré clad with the cold fube systern of the boiler.

Mears are’ provided for. establishing an under-grate
blast beneath the. grate mch.dmo a fan 16 which draws in
what can be termed ambient or relatively cold air, and

directs it_through. a corduit 17 to a plurality of damper

controlled outlet means 18, 19 and 20. = The supply of
under-grate air which flows upwardly through the grate
is-such that the under-grate pressure increases toward. the
rear of the grate with the greatest pressure existing be-
néath 'the rear pdttion of the grate. Pressure conditions
are such that the air supplied beneath the middle portion
c of the grate is sufficient to fluidize fuel upen the grate

and to elevate fine incandéscent particles therefrom and -
- thie pressure of the air supplied beneath the rear portion d

of thie grate is still higher than that pressure required for
ﬂuxdxzatxon s0 as o pick up and fling larger mcandescent

‘At the end of the grate -
_there may be a doctor blade or scraper 9 which facili-

The front wall 1-

A

i s il .
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particles upwardly from the grate. The under-grate supply
of air constitutes the supply of the primary oxidizing
means. The fan 16 also delivers through a conduit 21
which extends up to an air heater 22 mounted in the down-
wardly extending portion 4 of the flue or stack. This air
heater is of conventional construction and the air after
passing through the air heater enters the conduit 25 from
which it is discharged through the superposed banks of
tuyeres or nozzles 26, 27 and 28 referred to hereinafter.
Hot air from the air heater is also directed through condnit
29 that feeds the nozzle means 15. - A conduit 30 com-
municates between the conduit means 17 and the conduit
29 so that the air supplied to the nozzle means 15 is a
mixture of the cold aid flowing through the conduit 30
and the hot air flowing through conduit 29. The hot air
conduit 25 further communicates with a bank of nozzles
31 which as shown in Figure 3, are arranged in the rear
wall 2 of the fire box portion of the boiler and directed
toward the front wall. The nozzles 31 project a hori-
zontal stream of hot oxidizing medium across the grate at
a level below the fuel inlet opening 11. As indicated in
Figure 3, the nozzles extend across the back wall 2 of the
fire box so that the horizontal blanketing stream of oxi-
dizing medium extends throughout substantially the width
of the combustion zone. This medium is supplied under
pressure so that it impinges upon the particles of fuel and
incandescent particles that have been lifted upwardly from
the fire bed by the under-grate blast particularly at the rear
portion of the combustion zone and projects these particles
toward and into the curtain of incoming fuel.

Beneath the bank of nozzies 31 is another bank of
nozzles 32 and these nozzles are fed by an elongated con-
duit means 33 suitably communicating with the discharge
side of a fan 34. A conduit 35 communicates with the
inlet side of the fan at one end and with the lower por-
tion of downwardly extending hot air conduit 25 at its
other end. Thus hot air is drawn through conduit 35
and forced by the fan through the elongated conduit
means 33. The fume-borne coke and ash that deposits in
the boiler flues and are entrained in the fume filter means
7, settle into the lower portion of the fume filter means
as at 36 and pass through nozzles 37 which provide com-
munication between the fume filter means and the conduit
means 33. The hot carrier air stream delivered by the
fan 34 picks up separated coke and ash since the nozzles
37 work injector fashion and project the same through
the nozzle means 32 in the lower part of the rear wall 2
of the fire box and thus blow gas-borne coke and ash to-
ward the inlet end of the grate. Since conduit means 33
is elongated and is fed by a hot air stream, the coke en-
trained therein is at least partially gasified before it is
discharged into the combustion zone so as to produce an
initial turbulence in the gases within the combustion zone
to enhance complete combustion. Thus the gas-borne
coke and ash return nozzle means are arranged in the
rear wall of the tube below the nozzle means 31 which
constitute the secondary air supply nozzle means. Al of
these nozzle means are supplied with air at high tempera-
ture and are directed toward the front end of the grate
and thus toward the incoming curtain of fuel.

Higher up, above this secondary air supply is a group,
or a plurality of groups ome above the other, of nozzles
s1, 82, 83, s+ (Figure 4) n, 7, £3, t4, (Figure 5) and
a simiiar group of nozzles embodied in the bank of tuyeres
or nozzies 28. These nozzles and those iilustrated in
Figures 4 and 5 constitute a third air supply. The jets
from these nozzles are directed from different sides—pref-
erably from the corners of the fire box—towards a single
point, namely the point at which the vertical axis of
the fire box intersects the plane of the jets. The noz-
zles for the third air supply, which are also fed with air
at high temperatures, are preferably mounted on pivot
means indicated diagrammatically at 38 and 39, Figures
4 and 5, so that they can swing in a horizontal plane.
This makes it possible to adjust the jets to directions tan-

geatial to a circle of greater or less radius having its
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centre on the axis of the fire box, and thus produce the
known whirl in the furnace gases. The. setting of the
nozzles may be such that the direction of whirl produced
by one group is opposite to that produced by the next
above it. ’ '

As stated, to shield the fuel supply apparatus from radi-
ation from the fire box and to prevent back firing of the
fuel towards the bunker, a’ downwardly directed stream
of air is produced by nozzles 15 behind the wall of heat
absorbing tubes 14. This air may be preheated though
not to the highest temperature. Its temperature may be
the higher the poorer the fuel is in volatiles. The tem-
perature of this air stream is adjusted by mixing cold air
with hot air coming from the air heater. So long as the
conveyor or fuel forwarding device is running; the highest
temperature permissible for the fuel may be maintained
without damage to the structure. But when the fuel sup-
ply is much reduced the temperature of the protecting
stream of air should be reduced in dependence on the
speed of the conveyor. This can be arranged in simple
fashion by using a thermostat to operate throttle valves
in the hot and cold air pipes.

Upon the supply of fuel being wholly interrupted the
hot air supply is automatically shut off altogether and at
the same time the amount of air supplied is reduced to
a minimum. The conveyor 13 is driven by an electric
motor M. This motor M also drives a tachometer de-
vice T which controls valves 29’ and 39’ in the respec-
tive hot and cold air pipes 29 and 30. Such valve con-
trol means are known and operate in accordance with
the speed of movement of the conveyor and so control
the valves that when the conveyor slows down the valve
3§’ is opened wider to increase the amount of cold air
that is fed to the nozzles 15 while when the conveyor
stops, the control impulse in the tachometer device is
such that the valve 29’ is closed to shut off the hot air
and the valve 39’ is turned to a position where a reduced
supply of cold air enters and flows through the nozzle
means 15. The details of the controls for the valves 29’
and 30’ form no part of the present invention. The speed
of the motor that drives the conveyor and thus the speed
of the conveyor movement and rate of fuel delivery as
stated previously, can be controlled in accordance with
the load on the boiler by conventional motor controls.

The arrangement shown diagrammatically in Figure 2
iliustrates valve 29’ closed, or crosswise of duct 29, to
shut off the hot air completely; valve 30’ is also crosswise
of its duct 39, but as shown is truncated to allow a certain
minimum cold air flow. When coil W is energized, its
armature is drawn in against a coil spring to open valve
29". The other coil W’ has an armature formed with
rack teeth engaging a toothed sector on the shaft of valve
30’, and when energized pulls down the armature to open
this valve (from its most nearly closed condition) also
against a coil spring. The degree of opening will be
governed by the current strength in this coil.

In Figure 2 the conveyor is presumed to be stationary,
and needle N of tachometer T in its zero position, so
neither coil is energized, and the valves have the positions
shown. At low conveyor speeds needle N will move
clockwise and complete a circuit from battery B to a
sector-shaped contact C and needle N to coil W, opening
valve 29’.  Also, from contact C and needle N a circuit
is completed to. the sector resistor R and coil W’ to open
valve 3¢’. The faster the conveyor moves, the more of
resistance R is included in this circuit, so that the current
in coil W’ falls off to allow valve 30’ to close more and
more, resulting in less and less cold air being admitted
via duct 30. As the conveyor slows down, the effective
resistance of R drops, coil W’ becomes stronger, and
valve 30’ opens to admit more cold air and lower the
temperature of the mixture. When the conveyor stops
needle N is out of contact with bar C and resistance R,
so valve 29" is closed to shut off the hot air completely
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and valve 3¢ is as fully closed as possible to-allow only
the minimum of cold air to enter.

The operanon and working of the boiler and furnace
installation above described .are as follows:

To sét the boiler going the grate is charged with fire-
lighting material, or gas or oil burners provided for fire
lightirig are lit. By these means the - fuel delivered by
the forwarding device to the front end of the grate is ig-
nited “so that upon the grate being started up its two
front sections are soon charged with a burning body -of
coal. The undergrate blast in the middle section is now
so much strengthened that
siirring of fuel bsgins. As soon as the rear’section of
the grate is charged the air pressure upon this section is
slowly increased beyond the level for fluidisation of the

fuel, and at the samé time the separated coke and ash’

retura and the secondary air supply are set going, and
soon after that the third and fomth air suppliss are
turned on.

"Because of the increase i air supply and pressure from
front to back in the three sections.of the grate a ilight of
sparks or incandescent granules sets in from the back to
the front of the grate. This back flow effect is known,
but-in the conditions of operation according to the inven-
tion -it is much increased. The effect is further greatly
increased by the action of the gas-borne dust return, and
the -similarly direcied secondary air -supply. So from
this time on-incandescent particles will be flung on the
front énd of the grate together with the fresh fuel and
the grate will be charged with a mixture of fréesh coal
and incandescent material. - This mixture is so fanned
by the blast from beneath the grate that it at once begins
to burn in vigorous fashion; so there is vigorous combus-

tion even at the front end of the grate, of the bed of coal.

festing on the first section of the grate.

Under the action of the highly heated air, at a tempera-
fiire. of about 350 to 450° C., extremely vigorous cem-
buisticn occurs in the lower zone of suspension burning
both ‘on the grate and in the suspension The lighter
particles of fuel which are carried into the upper com-
plete-combustion zcne of suspension burning are burnt
to & very large extent by the third supply of air in the

“fluidisation” ©r pneumatic -
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colirse of traversing the long path along which the in- -

coming air drives them. Becduse the grate is fed with
¢old air, and at much higher pressures than  hitherto, it
suffers hardly any wear.
sible for anything to fall through the grate.

The fresh fuél is already dried and in part freed of
volatiles by radiation from the very high temperature of

the fire box while it is falling freely. The volatiles are ¢

burat by the fourth air supply led in from above through
nozzle means 15 to protect the fuel forwarding device.
But this fourth air supply has vyet another effect; it
hinders: particles of fuel dust. from being driven upward
immediately they enter the fire box by the lively uprush
of gas, and reaching the upper zone of the fire box where
they -cannot contribute to combustion on the grate.. The
fourth air supply completes this “dust burning”
diately above the front end-of the gratz and cicse to the
body of fresh and incandescent fuel.upon the grate. -Thus
it helps further to raise the capacity of the grate.

The capacity of a boiler
described and’ operated acccrding to the method of the
inventicn -is considerably greater than that of known
boilers employing grate -burning or coal dust burning.
The fire box can be of much less height, so the boiler has
niot to be so high, and the total cost of a boiler installa-
tion, including a boiler house of reduced height, is greatly
Iessened.  MNotwithstaading the use of considerably higher
air pressures and higher speeds of flue gases, which cause
greatloss of draught the operation on the whole is much
fore economical. There is no great expenditure of en-
ergy in grinding fuel as in coal dust burning, nor any
wear ‘of grinding mills. Only very large coal need be

“broken up beforehand; save for this fuels may be burnt

Also it is practically impos-

1mme- -

and furnace built as above

60

8
as they-are, moist or-dry. Tt is not necessary to damp
too dry-coal as usually requxred in grate burning, so there
is mo-loss of heat in vapourising of the added water.

Neither the water-tube-clad fire box nor the grate operat-

ing under the most favourable conditions -is subject to
wear.

result in high ‘efficiency. Complete combustion at the
highest temperature makeés. an advantageous change in
the fume-borne ash, and this together with the return of
fume-borne ash and the ‘high ‘gas speeds prevenis: the
much feared sooting-up of after heating surfaces and
makes it possible to operate tne boiler- for - very long
perxods

It s therefore clear that the present invention pro-r'

vides an association with a vertically - extending ‘wall
means that defiines a combustion zone, a_travelling grate
movable from front to rear, a fuel feed means compris-
mg a conveyor operatively associated with the front wall
of ‘the combustion zone for delivering fuel through an
opening substantially midway of the height of the zone to
fall upon the front portion of the travelling grate. A pri-
mary oxidizing supply means are provided for introduc-

ing prererably cold air under pressure from beneath the -

grate to flow upwardly therethrough, the area beneath the

grate ‘being divided into at least front, middle and- rear"

portions with the air supphed to these respective portions
being of progressively increasing pressure from front to
rear. The pressire. beneath the middle portion of the

grate fluidizing or stirring the fuel upon the grate while a" -

greater pressure is suppled from beneath the rear portion
of the grate, elevates incandescent particles of fuel above
the fire bed. A secondary oxidizing medium in the form
of hot-air is supplied through a bank of nozzles associ-
ated with the rear wall and directed toward the front wall
at a level below the fuel inlet opening.
nozzle means are located below the last mentioned noz-

zle means for returning separated ccke and ash through”

the combustion zone. Thus the secondary air supply
means provides a horizontal blanketing stream that im-

pinges -upon and flings elevated incandescent partlcles :

into the falling fuel. .Above.the level of the feed opening
are superposed banks of tuyeres or nozzies which prefer-
ably are directed info the combustion zone tangentially
of a circle about a common point lying above the middle
of the fire bed.  These banks or nozzles clongate the
flame path to ensure complete combustion. . The oxidiz-
ing medium supphed through ‘these -1ast mentioned banks
of nozzles is hot since it is air commg from an air heater
located in the flue. - A fourth air supply includes nozzle
means located above the delivery end of the conveyor and
directed downwardly to project a current of air past the
delivery end -and through the
the fuel. This current of air constitutes warm .air sup-
plied from 2 hot air. conduit into which a'cold air conduit
communicates. -~ The respective conduits are valve con-
trolled with the control means for the valve coordinated
with  the drive for the conveyor so that when the con-
veyor slows down-and thus the rate of fuel delivery de-
creases, the amount of cold air-is increased, whereas upon
cessation ‘of movement of the couveyor the valve in the
hot-air conduit is closed and the valve in the cold air ¢on-
duit moves to a position where only a reducéd gquantity
of cold air is forced through the nozzle means above- the

 conveyor.
1t is clear therefore that the arrangement plowdes for.

the constiruction of -a highly efficient boiler for burning
solid fuel which ' can: be of reduced vertical dimen-
sions compared with known constructions which includes
nlural exidizing medium “supply means so ceordinated
and ‘arranged relative to ‘the introduction-of medium into
the combustion zone ‘as to facilitate combustion.

Tclaim:

1. A boiler for burning solid fuel comprising wall
méans including front and rear walls defining a vertically

Good combustion ‘of the gases with small excess”
of air and Tower loss of combustible matter in the ash- .

Additionally,

fuel opering togcth\,r with .

C
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extending combustion zone, a travelling grate moving
from -front to rear within the confines of said zone, fuel
feed means consisting of a conveyor above the level of
said grate and disposed subsiantially midway the height
of said zone, said front wall having an opening adjacent
said conveyor, said conveyor including a delivery end
forwarding 2l fuel through said opening to fall freely
into said zone and upon said grate at the front portion
thereof in a falling curtain of fuel of narrow extent with
relation to the direction of grate travel, heat absorbing
means between the delivery end of said conveyor and the
adjacent portion of the front wall for minimizing radia-
tion effects on the conveyor, means for supplying oxidiz-
ing medium under pressure to flow from beneath said
grate upwardly therethrough at a pressure increasing
toward the rear of said grate with the greatest pressure
existing beneath the rear of the grate so as to lift fuel
particles above the rear of the grate and means for sup-
plying oxidizing medium under pressure to flow through
the rear wall in a direction toward the front wall to pro-
ject lifted fuel particles into the falling curtain of fuel,
said last named means being below the level of the grate
and beneath the level of the opening in the front wall.

2. A boiler for burning solid fuel including walls defin-
ing a vertically extending combustion zone, and incorp-
orating front and rear walls, a travelling grate moving
from front to rear within the confines of said zone, fuel
feed means consisting of a conveyor .above the level of
said grate, operatively associated with the front wall sub-
stantially midway the height of said zone and extending
substantially across the widih of said zone, said front wall
having an opening adjacent and coextensive in width with
the width of said conveyor, said conveyor including a
delivery end for forwarding all fuel to fall freely into
said zone throughout substantially the width of the zone
and upon said grate at the front portion thereof in a fall-
ing curtain of fuel of narrow extent with relation to the
direction of grate travel, means for supplying oxidizing
medium under pressure to flow from beneath said grate up-
wardly therethrough at a pressure increasing toward the
rear of said grate with the greatest pressure existing be-
neath the rear of the grate to lift fuel particles above the
rear of the grate, means for supplying oxidizing medium
under pressure to flow through the rear wall in a direction
toward the front wall to project lifted fuel particles into
the falling curtain of fuel; said last named means being
above the level of the grate and beneath the level of the
opening in the front wall, and means for supplying down-
wardly directed air from above the conveyor and through
said opening past the delivery end of the conveyor and
thus adjacent the zone at which said conveyor delivers
fuel to the combustion zone so that the air enters the
combustion zone with the fuel and in substantially the
same direction of flow so as to minimize radiation effects
on the conveyor, prevent backfiring of fuel through the
opening in the front wall and to constitute a further
supply of oxidizing medium.

3. A boiler for burning solid fuel including walls de-
fining a vertically extending combustion zone, and in-
corporating front and rear walls, a travelling grate mov-
ing from front to rear within the confines of said zone,
fuel feed means consisting of a conveyor above the level
of said grate, operatively associated with the front wall
substantially midway the height of said zone and extend-
ing substantially across the width of said zone, said front
wall having an opening adjacent and coextensive in width
with the width of said conveyor, said conveyor including
a delivery end for forwarding all fuel to fall freely into
said zone throughout substantially the width of the zone
and upon said grate at the front portion thereof in a fall-
ing curtain of fuel of narrow extent with relation to the
direction of grate travel, means for supplying oxidizing
medium under pressure from beneath said grate to move
upwardly therethrough at a pressure increasing toward the
rear of said grate with the greatest pressure existing
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beneath the rear of the grate to lift fuel particles above
the rear of the grate, means for supplying oxidizing
medium under pressure to fizw through the rear wall in a
direction toward the front wall to project lifted fuel
particles into the falling curtain of fuel, said iast named
means being above the level of the grate and beneath the
level of the opening in the front wall, and means for
supplying dowawardly directed air from above the con-
veyor and through said opening past the delivery end of
the conveyor and thus adjacent the zone at which said
conveyor delivers fuel to the combustion zone so that the
air enters the combustion zone with the fuel and in sub-
stantially the same direction of fiow so as to minimize
radiation effects on the conveyor, prevent backfiring of
fuel through the opening in the front wall and to con-
stitute a further supply of oxidizing medium, said last
named air supply means including means for varying
the temperature of said dowanwardly -direcied supply
of air automatically in dependence upon the speed of the
CONvVeyor.

4. A boiler for burning solid fuel including walls de-
fining a vertically extending combustion zone, and in-
corporating front and rear walls, a travelling grate moving
from front to rear within the confines of said zone, fuel
feed means consisting of a conveyor above the level of said
grate, operatively associated with the front wall substan-
tially midway the height of said zone and extending sub-
stantially across the width of said zone, said front wall
having an opening adjacent and coextensive in width with
the width of said conveyor, said conveyor including a
delivery end for forwarding all fuel to fall freely into said
zone thronghout substantially the width of the zone and
upon said grate at the front portion thereof in a falling
curtain of fuel of narrow extent with relation to the direc-
tion of grate travel, means for supplying oxidizing medium
under pressure from beneath said grate to move upward-
ly therethrough at a pressure increasing toward the rear
of said grate with the greatest pressure exisiing beneath
the rear of the grate to lift fuel particles above the rear
of the grate, means for supplying oxidizing medium under
pressure to flow through the rear wall in a direction to-
ward the front wall to project lifted fuel particies into the
falling curtain of fuel, said last named means being above
the level of the grate and beneath the level of the open-
ing in the front wall, means for supplying downwardly
directed air from above the conveyor and throush said
cpening past the delivery ead of the conveyor and thus
adjacent the zone at which said conveyor delivers fuel
to the combustion zone so that the air snters the combus-
tion zone with the fuel and in substantially the same di-
rection of fiow so as to minimize radiation effects on the
conveyor, prevent backfiring of fuel through the open-
ing in the front wall and to constitute z further supply
of oxidizing medium and means for varying the tempera-
tare of said downwardly directed supply of air in de-
pendence upon the speed of the conveyor including means
responsive to cessation of movement of said cenveyer and
operative to direct a reduced supply of cold air past the
delivery end of the conveyor upon cessation of movement
of said conveyor.

5. A boiler for burning solid fuel including walls
defining a combustion zone and incorporating spaced
front and rear walls, a travelling grate for supporting a
fire bed at the bottom of said zone and moving from
front to rear therein, said front wail having an opening
substantially midway of the height of the zone and ex-
tending substantially coextensive in width with the zone,
fuel feed means consisting of an endless conveyor ad-
jacent said opening and subsiantially coextensive in width
with ‘said opening for forwarding all fuel regardless of
particle size to fall by gravity, with the falling fuel pro-
viding a downwardly flowing curtain of fuel extending
substantially coextensive in width with the zone so that
fuel falls upon the grate adjacent the front wall of the
zone in a restricted area of narrow extent with relation
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to the grate travel, means dividing the area beneath the
grate into at least a front portion subjacent said falling
fuel, a middle portion of greater longitudial extent than
said front poriion and a rear portion of less lox fudinal
extent than said middle portion and sald rear potiion be-
ing disposed adjacent the rear wail of said 11
for supplying air beneath said front portion, meauns for
supplying air beneath said middle portion at a pressure
greater then the pressure in said front portion and suf-
ficient to fluidize the fuel upon the grate at s2id middle
portion and tc elevate fine incan
from, means for supplying air beneath s2
a pressure greater than the pressure require
tion to pick up and fling larger incandescent particies v
wardly from the grate, pressurized means for supplying
additicnal and hot air through the rear wall of said
zore in a horizontal blanketing stream extendi
cit substantially the width of the zone and dis
substantially horizontal plan i
under such pressure that sai
i

projects said igcandescen
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fiow within the zenc in each j
irecied to provide a tangential air flo
16 the air fow from the jois i o s
6. A boiler for burning solid fuel including walls
defining & combustica zone and incorporating spaced
front and rear walls, a travelling -grate for supporting
a fire bed at the bottom and sald zone and moving from
front to rear therein, said front wall having an opening
substantially midway of the height of the zone and ex-
tending substantially coextensive in width-with th 70ne,
fuel feed means consisting of a conveyor including a
delivery end adjacent said opening and substantially- co-
extensive in width with said opening for forwarding all
fuel to fall by gravity, with the falling fuel providing
a downwardly flowing curtain of fuel extending sub-
stantially coextensive in width with the zone and the
fuel falling upon the grate adjacent the front wall of
the zone in a restricted area of narrow extent with re-
lation to the direction of grate travel, means dividing
the area beneath the grate into at least a front portion
subjacent said falling fuel, a middle portion of greater
jongitudinal extent than said front portion and a rear
portion of less longitudinal extent than said middle por-
- tion and said rear portion being disposed adjacent the
* rear wall of said zone, means for supplying air beneath
said front portion, means for supplying air beneath said 50
middle portion at a pressure greater than the pressure
in said front portion and sufficient to finidize the fuel
upon the grate superjacent said middle portion, ‘means
for supplying air beneath said rear portion at a pressure:
greater than the pressure required for fluidizaticn fo pick
up and fling incandescent particles upwardly from the
grate, means for supplying additional and hot air through
the rear wall of said zome in the form cof a bianketing
strearn  extending  throughout substantially the width
thereof in a substantially horizontal plane lying above
said conveyor so that said air impinges upon and pro-
jects sajd incandescent particles toward and into the
falling curtain of falling fuel, means for supplying addi-
tional air to said zone in vertically spaced planes above
-the opening in the front wall of said zone including a
plurality of air jets disposed for’ projecting -a tangential
air flow within the zone in each plane, the jets in one
plane being. directed to provide a tangential air flow
counter-current to. the air flow from the jets in the ad-
jacent plane, heat absorbing means disposed between 70
the delivery end of the conveyor and the adjacent por-
tion of ‘the front wall for minimizing radiaticn effects
cn. the conveyor, meaus for supplying air to flow in a
dowaward directicn from above the conveyor and past. .-
the delivery end and through the opening in the front 75
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wall adjacent the zone at which said conveyor delivers
the curtain of fuel, and fly ash return means including
at least one jet in the rear wall of the zone beneath
the means for supplying the additional and hot air and
said jet being above the fire bed at the rear portion of -
the grate for returning fly ash to the combustion zone.
7. A boiler for burning solid fuel including walls de-
fining a combustion zone and incorporating spaced front
and rear walls, a travelling grate for supporting a fire
bed at the bottom of said zone and moving from front
to rear therein, said front wall having an opening sub-
stantially midway of the height of the zone and extend-
ing substantially coextensive in width with the zone, fuel
feed means. consisting of a conveyor adjacent said open-
ing and substantially coextensive in width with said-open-
ing for forwarding all fuel to fall by gravity, with the
falling fuel providing a downwardly: flowing curtain of:
fuel extending substantially coextensive  in' width with
the zome and the fuel falling upon the: grate adjacent -
the front wall of the zone in a restricted area of narrow
extent with relation to the direction of grate travel, means.
dividing the area beneath the grate into at Jeast a front
portion subjacent said falling fuel, a middle portion of
greater lomgitudinal extent than said front portion and
a rear portion of less longitudinal extent than said mid-
dle portion and said rear portion being disposed ad-
jacent the rear wall of said zone, means for supplying
primary air beneath said front portion, means for sup-

.plying primary air beneath said middle portion at a

pressure greater than the pressure in said front portion
and sufficient to fluidize the fuel upon the grate of said
niiddle. portion, means for supplying primary air be-

"neath said rear -portion at a pressure greater than the

pressure required for fluidization to pick up and fling
incandescent particles upwardly from the grate,” means
for supplying a blanketing stream of 'secondary and hot
ajir through the rear wall of said zone said stream ex-
tending throughout substantially the width- thereof in
a substantially horizontal plane above-said conveyor so.
that said hot secondary air impinges upon’ and -projects
said incandescent particles toward and into ihe curtain

. of falling fuel, and means for supplying tertiary air

to said zone in vertically spaced substantially horizontal -
planes above the opening in the front wall of said zone

including a plurality of air jets disposed for projecting

a tangential air flow within the zone in each plane for

elongating the flame path and completing combustion, the .
jets in one plane being directed to provide a tangential

air flow counter-current to the air flow from the jets

in’ the adjacent plane, fume filter means for separating -
fume-borne coke and fly ash from the products dis-
charged from said combustion zone, elongated- air con-

duit means terminating in at least one nozzle in. the

rear wali of the zone, disposed beneath the means for

supplying - secondary hot air and directed- toward the

front wall, means providing communication between said

fume-filter means and the air conduit means, and means

for supplying- a stream of hot air through said conduit

means to pick up separated coke passing from the fume-

filter means to the conduit means and ash and carry the

coke and ash through the conduit means and discharge

the same into the combustion zone above-the rear por-

tion of the grate in a diréction toward the falling curtain.
of fuel, the combination of the last mentioned hot air

and the length of the conduit means at least partially

gasifying the coke before it is discharged into the zone

to. produce an initial turbulence in the gases within the .
zone to enhance complete combustion therein. '

8. A boiler for burning solid fuel including wails de-
fining a combustion.zone and incorporating spaced ifront
and rear walls, a fravelling grate for supporting a fire
bed at the bottom of said zone and moving from front
to rear therein, said front wall having an opening therein
substantially midway of the height of the zone and ex- - -
tending substantially coextensive in width with the zone,
fuel feed means consisting of an endless conveyor ad-
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jacent said opening and substantially. coextensive in width
with said opening for forwarding all fuel to fall by
gravity, with the falling fucl providing a downwardly
flowing curtain of fuel extending substantially coexten-
sive in width with the zone and the fuel falling only
upon the grate adjacent the front wall of the zone in
a restricted area of narrow extent with relation to the
grate travel, means dividing the area beneath the grate
into plural longitudinally aligned portions, means for sup-
plying primary air beneath all said portions at a pres-
sure increasing from front tc rear so that the increasing
air pressure first fluidizes the fuel upon the grate and
clevates incandescent and .other particles of fuel from
the bed with larger particles being elevated at the area
adjacent the rear wall of the zone, and means for sup-
plying a pressurized horizontal blanketing stream of
secondary oxidizing medium through the rear wall of
the zone, said stream extending throughout substantially
the width of the zone in a plane above said conveyor
and under such pressure that said secondary oxidizing
medium impinges upon and projects the elevated par-
ticles across the zone toward and into the curtain of
falling fuel.

9. A boiler for burning solid fuel including walls de-
fining a vertically extending combustion zone, and incor-
porating front and rear walls, a travelling grate moving
from front to rear within the confines of said zone, fuel
feed meéans consisting of a conveyor above the level of
said grate, operatively associated with the front wall sub-
stantially midway the height of said zone and extending
substantially ‘across the width of said zone, said front wall
having an opening adjacent and coextensive in width with
the width of said conveyor, said conveyor including a de-
livery end for forwarding all fuel to fall freely into said
zone throughout substantially the width of the zone and
upon said grate at the front portion thereof in a falling
curtain of fuel of narrow extent with relation to the direc-
tion of grate travel, means for supplying oxidizing medium
under pressure beneath said grate at a pressure increasing
toward the rear of said grate, means for supplying a
blanketing stream of secondary oxidizing medium ex-
tending substantially throughout the width of the zone
and through the rear wall in a substantially horizontal
plane at a level below the opening for projecting fuel and
incandescent particles elevated from the grate by the
medium introduced beneath the some toward and. into
the falling curtain of fuel, means for supplying a tertiary
supply of oxidizing medium in vertically spaced, substan-
tially horizontal planes above the opening including in
each plane a plurality of spaced jets directed tangentially
of a circle within the zone for facilitating completion of
combustion above the opening, and means for supplying
downwardly directed air to flow from above the con-
veyor and through said opening and past the delivery end
of the conveyor and thus adjacent the zone at which said
conveyor delivers fuel to said combustion zone so that
the air enters the zone with the fuel and in substantially
the same direction of flow.

10. A boiler for burning solid fuel including walls de-
fining a combustion zone and incorporating spaced front
and rear walls, a travelling grate for supporting a fire bed
at the bottom of said zone and moving from front to rear
therein, said front wall having an opening therein substan-
tially midway of the height of the zone and éxtending
substantially coextensive in width with the zone, fuel feed
means consisting of an endless conveyor adjacent said
opening and substantially coextensive in width with said
opening for forwarding all fuel to fall by gravity, with the
falling fuel providing a downwardly flowing curtain of
fuel extending substantially coextensive in width with the
zone and the fuel falling only upon the grate adjacent
the front wall of the zone in a restricted area of narrow
extent with relation to the grate travel, means dividing
the area beneath the grate into plural longitudinally
aligned portions, means for supplying primary air beneath
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all said portions at-a pressure -increasing from front fo
rear so that the increasing air pressure first fluidizes the
fuel upon the grate and elevates incandescent.and other
particles of fuel from the bed with the larger particles
being elevated at the area adjacent the rear wall of the
zone, means for supplying a pressurized horizontal
blanketing stream of secondary oxidizing medium through
the rear wall of the zone, said stream extending through-
out substantially the width of the zone in a plane beneath
said conveyor and under such pressure that said secondary
oxidizing medium impinges upon and projects the ele-
vated particles across the zone toward and into the cur-
tain of falling fuel, and means for supplying additional
oxidizing medium in at least one substantially horizontal
plane lying above the conveyor so that the flame path is
elongated and the blanketing stream of secondary oxidiz-
ing medium at least partially separating the combustion
zone into a coarse combustion zone portion beneath the
stream and a combustion completing portion above the
stream.

11. A boiler as defined in and by claim 10, in which
the means for supplying the additional oxidizing medium
includes at least one group of spaced jets directed tan-
gentially to a circle within the zone and lying in a hori-
zontal plane above the level of the opening. .

12.-A boiler as defined in and by claim 11, in which
the means for supplying additional oxidizing medium in-
clude plural groups of spaced jets with the jets of each
group directed tangentially to a circle within the zone and
lying in vertically spaced substantially horizontal planes
all above the level of the opening and with the jets of cne
group directed to provide a turbulent flow of medium
counter-current to the flow from the jets of an adjacent
group. .

13. A method of burning solid fuel in a vertically ex-
tending combustion zone having an upper outlet and a fire
bed travelling from front to rear thereof at the bottom
of the zone and which fire bed embodies plural aligned
portions including at least front, middle and rear portions,
said method comprising continuously dropping sclely by
gravity all fuel to be burnt, upon the front portion of the
fire bed from an inlet in the front of the zéne at a height
substantially midway of the height of the zone in the
form of a failling curtain of fuel of narrow extent with
relation to the direction of travel of the bed and of a
width substantially coextensive in width with the width
of the zone, introducing primary oxidizing medium under
pressure from beneath the bed under all portions thereof,
increasing the pressure of the medium introduced under
the middle portion of the bed to a pressure sufficient to
fluidize and stir the fuel thereon and to elevate fine in-
candescent particles therefrom, increasing the pressure of
the medium introduced under the rear portion of the bed
to a pressure higher than that required for fluidization
and sufficient to clevate and fling fuel particles and larger
incandescent particles upwardly from the bed, and sup-
plying additional oxidizing medium above the rear por-
tion of the bed in the form of a substantially horizontal
blanketing stream of medium directed toward the front
of the zone and extending throughout substantially the
width of the zone at a level beneath the fuel inlet and
under a pressure sufficient to entrain and project the fuel
and incandescent particles elevated from the bed across
the bed to the front of the zone to intermingle the same
with the incoming curtain of fuel.

14. A method of burning solid fuel in a vertically ex-
tending combustion zone having an upper outlet and a
fire bed travelling from front to rear thereof at the bottom
of the zone and which fire bed embedies plural aligned
portions including at least front, middle and rear portions,
said method comprising continuously dropping solely by
gravity all fuel to be burnt, upon the front portion of the
fire bed from an inlet in the front of the zone at a height
substantially midway of the height of the zome in the
form of a falling curtain of fuel of narrow extent with
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relation to the direction of travel of the bed and of a
width substantially coextensive in width with the width
of the zone, introducing cold primary oxidizing medium
under pressure from beneath the bed under all portions
- thereof, increasing the pressure of the medium introduced
under the middle portion of the bed to a pressure sufficient
to fluidize and stir the fuel thereon and to elevate fine
incandescent particles therefrom, increasing the pressure

- of the medium introduced under the rear portion of the

bed to pressure higher than that required for fluidization
and sufficient to elevate and fling fuel particles and larger
incandescent particles upwardly from the bed, and supply-
ing hot additional oxidizing medium above the rear por-
tion of the bed in the form of a substantially horizontal
blanketing stream. of medium directed toward the front
of the zone and extending throughout substantially the
width of the zone at a level beneath the fuel inlet and
under a pressure sufficient to entrain and project the fuel
and incandescent particles elevated from the bed across
the bed to the front of the zone to intermingle the same
with the incoming curtain of fuel.

15.° A method of burning sciid fuel in a vertically ex-
tending combustion zone having an upper outlet and a
fire bed travelling from front to rear thereof at the bottom
--of the zone and which fire bed embodies plural aligned
portions including at least front, middle and rear portions,
said method comprising continuously dropping solely by
gravity all fuel to be burnt, upon the front portion of the
fire bed from an inlet in the front of the zone at a height
substantially midway  of the height of the. zone in the
form. of a’falling curtain of fuel of narrow extent with
relation to the direction of travel of the bed and of a
" width substantially coextensive in width with the width
of the zone, introducing primary oxidizing medium under
pressure from beneath the bed under all portions. thereof,
increasing the pressure of the medium introduced under the
middle portion of the bed to. a pressure sufficient to

fluidize and stir the fuel thereon and to elevate fine in-

candescent . particles therefrom, increasing the pressure
of the medium introduced under the rear portion of the
bed ic a pressure higher than that required for fluidiza-
tion and sufficient to-elevate and fling fuel particles and
larger incandescent particles upwardly from the. bed,
supplying additicnal oxidizing medium above the rear por-
tion of the bed in the form of a substantially horizontal
blanketing stream of medium directed toward- the front
of the zone and extending ‘throughout substantially the

width of the zone at a level beneath the fuel inlet and under -

a pressure sufficient to entrain and project the fuel and
incandescent particles elevated from the bed across the
bed to the front of the zone to intermingle the same with
~ the incoming curtain of fuel, and to provide a horizontal
streamn substantially throughout the zone separating the
same into a coarse combustion zone portion beneath the
stream and a combustion completing portion above the
stream and supplying stiil additional hot oxidizing medium
above the bed and above the fuel inlet for completing
combustion of any fuel in suspension and for combustion
of evolved gases. '

16. A method as defined in and by claim 13, further
comprising separating fume-borne fuel particles and fly
ash particles from fumes leaving the combustion -zone,
entraining the separated particles in-an elongated stream
of hot oxidizing medium, projecting -the stream of hot
medium and entrained particles into the zone above the
rear portion of the bed and in a direction toward the
front of the zone at a level! beneath said horizoantal
blanketing stream of oxidizing medium  to initiate tur-
bulence above the bed and assist the projection of rising
fuel and incandescent Damcles into the incoming cu1t'\m
of fuel.

17. A method of burning solid fuel in a vemcaJy ex-
tending combustion zone having an upper outlet and a
fire bed travelling from front to rear thereof at the bottom
of the zone and which fire bed embodies plural aligned

15
portions mcludmg at least front, mlddle and rear portions,
said method comprising continuously dropping solely by.
gravity all fuel to bé burnt, upon the front portion of the
fire bed from an inlet in the front of the zone at a helght
substantially midway of the height of the zone in the
form of a falling curtain of fuel of narrow extent with
relation to the direction -of travel of the bed and.of a

- width substantially coextensive in width with the width
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of the zone, introducing primary oxidizing medium under

’ pressure from beneath the bed under all portions thereof,

increasing the pressure of the medium' introduced under
the middle portion of the bed to a pressure sufficient to
fluidize and stir the fuel therecn and to elevate fine in-
candescent particles therefrom, increasing -the pressure
of the medium introduced under the rear portion of the
bed to a. pressure higher than that requxred for fluidiza:
tion ‘and sufficient to elevate and fling fuel particles and
larger incandescent particles upwardly from the bed,

“supplying additional oxidizing medium above the rear por- -

tion of the bed in the form of a substantially horizontal

blanketing -stream of medium directed toward the front’

of the zone and extending throughout substantially the
width of the zone at a level béneath the fuel inlet and
under a pressure sufficient to entrain and project the fuel
and incandescent particles-elevated from the bed across
the bed to the front of the zone to intermingle the same
with the incoming ‘curtain- of fuel, and introducing still
additional oxidizing medium above the inlet and under

pressure and in the form of horizontally directed jets and -

directing the jets from -spaced points tangentially of a
circle about a point over the middle portion of the bed to
complete combustion of fuel, increase-turbulence in the
zone and thus provide an elongated flame path.’

18. A method of burning solid fuel in a vertically ex-.

tending combustion zone having an upper outlet and a
fire bed travelling from front to rear thereof at the bottom
of the zone and which fire bed embodies plural aligned
portions including at least front, middle and rear portions,
said method comprising continuously dropping solely by
gravity all fuel to be burnt, upon the front portion of the
fire bed from an inlet in the front of the zone at a height
substantially midway of the height of the zone.in the
form of a falling curtain of fuel of narrow extent with
relation to the direction of travel of the bed and of a
width substantially coextensive in width with the width
of the zone, introducing primary oxidizing medium under
pressure from beneath the bed ‘under all portions. thereof,

increasing the pressure of the medium introduced under -

the middle portion of the bed to a pressure sufficient to
fluidize and stir the fuel thereon and to elevate -fine in-
candescent particles therefrom, increasing the pressure of
the miedium introduced under the rear portion of the bed

to a pressure higher than -that required for fluidization

and sufficient to elevate and fling fuel particles and larger

incandescent particles upwardly from the bed; supply-

ing additional oxidizing medium above the rear portion.of
the bed in the form of a substantially horizontal blanketing
stream -of medivm directed toward the front of the zone
and extending throughout substantially the width of the

zone at a level beneath the fuel inlet and under a pressure

sufficient to entrain and project the fuel and incandescent
particles elevated .from the bed across the bed to the front
of the zone to intermingle the same with the incoming cur-
tain -of fuel, and introducing still additional ozxidizing

- medium above the inlet and under pressure in the form of

horizontally directed jets lying in a plurality of vertically
spaced planes and directing the jets in each plane from
spaced points tangentialiy of a vertical cylmder about-a
point above the middie of the bed.

19. A method of burning solid fuel as claimed in claim
18, and intreducing the still additional -oxidizing medium
under pressure through the jets of one plane in a-direction
counter-current to the supply issning from the jets in an
adjacent plane.
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