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The invention although applicable to boil 
ers in general is especially designed to enable 
the cheapest grade of fuel to be employed in 
boilers used for heating purposes, wherein the 

5 undue amount of smoke produced by the 
cheaper grades of bituminous coal, and the 
tendency of this coal to burn irregularly with 
zones of high temperature which produce 
many clinkers, heretofore have compelled the 

10 use of more expensive fuels, especially in 
' small boilers. ' ‘ 

The invention aims to enable the combus 
tion of fuels to be carried on under such con 
ditions as will avoid the necessity of introduc 

15 ing air in quantities much in excess of those 
which are 'proper to complete combustion, 
avoid non-uniform conditions of combustion 
within the ?re bed, such as are caused by non 
uniform fuel distribution, non-uniform dis 

20 tribution of the blast over the di?erent- parts 
' of the ?re bed, non-uniform ash removal 
from different parts of the ash bed, blow holes, 
etc., to the end that the cheaper grades of 
bituminous coal may be satisfactorily em 
ployed. ' ' ' ' 

‘According to the present invention the boil 
er is heated by means of a deep ?re bed which 
generates producer gas, the ?rebed being sev 
eral feet in thickness as contrasted to ordi 
nary practice‘of seldom more than one foot, 
the ?re bed being conditioned by means of an 
agitating member which rotates around slow 
ly in the bottom‘ of the ?re bed so as to spread 
the fuel out evenly over the ?re bed and pack 

’ it against the walls, eliminate blow holes, 
grind up clinkers and eject the ash; this agi 
tating member being employed in conjunction 
with a continuous fuel‘ feed, preferably of the 
underfeed type, whereby the fuel may be fed 
to the ?re bed at the proper rate, the ?re bed 
properly conditioned and the ash removed 
at a rate corres onding to its rate of produc 
tion, thus enab ing gas to be produced which 
will be uniform asto quality and quantity. 
The gas thuv'sgprodueed is then collected and 
mixed with secondary air and completely 
burned within the boiler, the uniform produc 
tion of gas as above mentioned making it pos 
sible to feed inthe proper amount of second 
ary air which will be required to complete 
combustion. 
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F urthen objects and advantages of the in 
VQIItlOIl will be in part obvious and in part 
speci?cally pointed out in the description 
hereinafter contained which taken in conjunc 
tion with the accompanying drawings','dis 
closes a boiler adapted to operate in accord 
ance with the invention; such disclosure, how 
ever, should be considered merely illustrative 
of its principles. In the drawings: ' 

Fig. 1 is a central vertical sectional view of 
a boiler constructed in accordance with the 
invention. ' 

Fig. 1a is a detail view showing a device for 
automatically regulating the amount of sec 
ondary air. ' 

Fig. 2 is a horizontal section ‘taken on line 
2——2 of Fig. 1. 

Fig.- 3 is a horizontal section taken on line 
3—-.-3 of Fig. 1. ' 

Fig. 4 is a. deta1l section taken on line 4-4 
of Fig. 2. - 
_ ‘ Figs. _5 and '6 are diagrammatic views 
illustrating the shape of certain blades used 
to assist in feeding the fuel. . 
In the illustrated embodiment of the inven 

tion I have shown a boiler having inner and 
outer cylindrical shells 1 and 2' which enclose 
the chamber 3, which contains the ?re bed, 
and also a secondary upper combustion cham 
ber or zone 4“, the shells 1 and 2 being pro 
vided with upper domes 5 and 6 respectively 
th'ereby affording heating surfaces both above 
and around the burning gases. _ 
As shown the ?re bed is supported upon a 

grate denoted generally by numeral 7. rl‘he 
' ?re bed is conditioned by means of an agitat 
ing member 8 which is illustrated as extend 
ing substantially diametrically across the 
bottom of the ?re bed and which rotates with 
regard to the ?re bed. The agitator is both up 
and out stroking in its action whereby the 
rotary. motion above mentioned causes an 
upward undulatory motion substantially 
throughout the ?re bed, the agitator being 
shown as provided with an incllned forward 
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surface 9 (Fig. 4) to facilitate its upstroking ' 
action. The outstroking action of the a itat 
ing beam tends to crowd outwardly any arge 
clinkers which may form and the inner shell 
1 of the boiler preferably is provided with 
an annular wear ring 10 opposite the ends of 
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the agitator, whereby clinkers may be ground 
- up between the ends of the agitator and such 
wear ring. This wear ring 10 furthermore is 
provided with inclined ridges 10a (Fig. 2) 
which prevent the ?rebed from’ turning 
around bodily with the agitator. 4 
In the illustrated form of the invention, 

the fuel is fed from underneath into the ?re 
bed through a hollow column-11, passing up 
centrally through, grate 7 and ?xedly con 
nected to the agitating member so as to turn 
the latter.' The hollow column 11 is shown 
as supported and rotated by the ratchet gear 
12 which in turn is rotatably supported upon 
the hub 13 of a large gear 14 which latter 
runs on a ball-bearing raceway 15. 
The fuel is fed in fromone or more spouts 

16 which deliver it to a pan 17 carried by the 
large gear 14,.and underlyinglthe open lower 
end of hollow'column 11. _ The pan 17 also 
?xedly supports a screw 18 which is enclosed 
by hollow column .11 and rotates relative 
‘thereto whereby fuel fed into the lower end 
of column 11 is raised through the column and‘ 
into the ?re bed by this screw. vThe hollbw 
column 11 preferably is provided with a 
spiral ledge 19 to assist inelevating the fuel 
therethrough. ' . 

Suitable devices are provided for crowding 
the fuel into the lower end of column 11 in 
position to be operated‘ on by the screw. As 
shown the pan 17 carries a set of blades 20 
having instroking curved inner ends 21 there 
on which tend to crowd the fuel into the open 
ings 22 (Fig. 1) in the bottom of column 11, 
and the lower end of column 11 carries op 
positely curved blades 23 which cooperate 
with the blades above mentioned to accen 

' ‘mate the crowding action upon the fuel and 
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thereby assure that the latter is properly en— 
' gaged‘by the lower end of screw 18. 

As shown-the pan 17 its blades 20 and screw 
18 are rotated faster than column 11 and an 
intermittent driving mechanism is provided 
for column 11 which derives its motion from 
gear 14.‘ In the' present embodiment, an en 
gaging and releasing bar 24 is slidably car 
'ried by lugs 25 and 26 on gear 14, the inner 
end of the bar engaging the ratchet teeth on 
gear 12, and the outer end of the bar being 
provided with a lug 27 (Fig. 1) adapted to 
engage ?xed cam members‘28 to throw the 
bar 24 into and out of ‘engagement with 
ratchet gear 12. Thus the cam members 28 
may be suitably spaced around the periphery 
of gear 14 to cause the column 11 to be driven 
through the medium of bar 24 during the 
desired fraction of each revolution of gear 14. 
After being fed up into the ?re bed through ' 

column 11 as above described the fuel tends 
to form a mound‘in the central zone of the 
?re bed leaving the peripheral zone too shal 
low. The upper delivery end of column 11, 
or the central opening in the agitator, fur 
thermore, is preferably of restricted area as 
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compared to the passageway ‘in column v11 as 
a whole, in order to compress the fuel passing 
upwardl into the ?rebed into a compact col 
umn su ciently solid to pierce the compara 
tively dee ?rebed required for making gas of 
good qua ity, and reach the surface of the 
?rebed instead ‘of becoming dissipated in the‘ 
lower portion of the ?rebed where it would 
become entrained with they partially or al 
most completely consumed outer ‘mass of fuel 
which is traveling downwardly to pass out‘ 
through the grate as ash. The outstroking 
action of the agitating member, however, 
which extends substantiallyto'the top of the 
?re bed, spreads the fuel out evenly over the 
?re bed and crowds it against the walls thus 

’ preventing the air for combustion from pass 
ing up through any localized concentrated 
paths in the ?re bed. 
In operation gear 14 will be rotated at the 

speed necessary to feed fuelinto the ?re bed 
at the .proper rate, and cam members 28 will 
be so spaced that the agitating member 8 is 
rotated intermittently at such rate as may be 
necessary to maintain uniform conditions of 
gas production in the ?re bed. 
I also prefer to employ in connection with 

the agitating member a grate which is made 
adjustable in some suitable manner, so as to 
permit the effective area of the grate open 
ings as regards ash removal to be altered 
without substantially affecting the flow of the 
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air for combustion upwardly through the - 
grate. ,As shown the grate is made up of two 
relatively movable sections, the upper section 
29 being ?xed .and being provided with 'con~ 
centric series of arcuate grate openings 30 
which ?are outwardly at their bottoms as 
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‘shown in Fig. 1,,and lower grate sections 31 - 
are provided in the form of rings which re 
spectively underlie the series of grate open 
ings 80. In the illustrated form of the in» 
vention the rings 31 rest upon eccentrics 32 
(Fig. 1) carried-by a suitable number of 
shafts 33. extending radially under the grate 
whereby by turning the shafts 33 as by oper 
ating handles 34, the elevation of the lower 
grate sections 31 may be adjusted to obstruct 
to a greater or less extent the downward ?ow 
of ash through grate openings 30. ' 

'As the agitating member 8 revolves ‘it. 
grinds up the ash into sizes sufficiently small 
to pass through openings 30 and the rate of 
ashdischarge thus will depend union the ad 
justment of lower grate sections 31. In this 
way by adjustment of the effective size of the 
ash openings in the grate as regards ash re 

‘ moval, the operation of removing the ash may ~ 
be regulated to coordinate it properly with 
the operations above described with feeding 
the fuel and conditioning the ?re bed. The 
openings 30, however, at all times are su?i 
ciently unobstructed to permit the air for 
combustion to ?ow upwardly therethrough. 
In the illustrated form of the invention ash 
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drops down from the grate on to a rotary 
table 85 carried by hollow column'll, the 
ash being con?ned to the table by an annular 
wall_36 until it is carried around against a 
?xed sweep 37 which pushes it into a water 
sealed chamber 38 from which the ash may 
be removed in any suitable manner. , 

Since the space in the neighborhood in the 
axis of rotation of the’agitating- member 
through which water-cooling connections to 
the latter most feasibly can be made, is pre 
empted by the fuel feeding mechanism, I pre 
fer to cool the agitator by causing‘ wet ash to 
travel‘over-its face. As shown the upper 
grate section 29 is provided'with a series of 
~annular troughs 39 which are in communi 
cation with each-other through the gaps 40 
between grate openings 30, and have suitable 
water inlet and outlet connections 41 and 42‘ 
(Fig. 1) leading thereto whereby the'ash 

. within, the troughs is constantly saturated 
with water. The agitating member 8 fur 
thermore is provided with tongues 43 (Figs._ 
1 and 4) which extend down into the troughs 

' 39 and thus cause the wet ash to pass upward ~ 
ly over. the inclined forward surfaces 9 of the 
‘agitator arms and over its top. As shown 
the agitating member is open on the under 
side and also provided with openings 44 
(Figs. 1 and'4) in the rear walls of its arms 
whereby a portion of the air for combustion 
may pass through these openings up through 
the hollow beam and. out thus assisting in 
cooling the'agitator. -' 
In the operation of the apparatus thus far 

described the fuel will be fed in, spread out 
evenly over the ?re bed, the ?re bed agitated 
to promote uniform conditions of combustion 
therein, and the ash ground up and dis 
charged, all in proper coordination to con 
form to the rate of fuel consumption, the ?re" 
bed being maintained at substantially uni 
‘form depth whereby the producer gas gener 
ated will be substantially constant as regards 
quality and quantity.“ The hot producer gas ‘7 
is then collected ‘and mixed with secondary 

. air in a restricted. throat to promote uniform~ 
ity in the mixture. _ As shown, a refractory 
arch 45 overlies chamber 3 and is provided‘ 
with a central opening or mixing throat 46 
through which the hot producer gas collected 
under said arch passes'from chamber 3 intd 
chamber 4 and is properly mixed with sec 
ondary air from a suitable number of air 
feed passageways 47 leading tangentially into 
the opening 46 through arch 45. (It will be 
understood that one or more of these mixing 
throats or openings 47 may be employed, ac 
cordin ‘to the size of the ‘a paratus. This 
metho of introducin the air both preheats 
the air and prevents t e arch 45 from becom 
ing overheated.‘ It also produces a whirl 
which aids in the proper mixing of the air and 

‘ gas. The fact that the quality and quantity 
of producer gas passing through the mixing 

3 

throat 46 may be maintained substantially ‘ 
uniform as above described, makes it possible 
.to so control the amountlof secondary air fed 
in so that approximately the exact amount of 
air to complete the combustion of the producer 
gas will be supplied. As shown disks 48 hav 
1ng different sized openings 49 therein, over 
lie the inlet ends of the air passageways 47, 
whereby the amount of' air fed in may be ad- I 
justed by turning the disks 48 until larger 
or smaller sized openings 49 are .in register 
therewith. In passing through the hot arch 
45 'thesecondary air becomes preheated to a 
substantial degree and, if desired, any other 
or further suitable preheating device could 
be employed to preheat the secondary air. 

. I prefer to cause the hot gases of combus 
t1on to pass ?rst upwardly past the boiler 
heating surfaces, and then downwardly to~ 
ward the point of exit, whereby only cooler 
gases will be exhausted. Asshown the burn 
ing gases pass upwardly through throat 46 - 
to the top of combustion chamber 4 and then 
turn to pass ‘downwardly through an annu 
lar series of ?re tubes 50 to an annular gather 
ing chamber 51 at the bottom of the boiler‘ 
heating surfaces, from whence the spent gases 
may be led off through a suitable exhaust ?ue 
52 SlFig: 2). . - 
vT e re bed may be operated either by air 

' under pressure supplied undereneath the 
grate and through the secondary air feed pas 
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sageways 47 or by suction through the ex- _ 
haust ?ue 52 ;~ in the latter event no pressure 
for the secondary air feed passageways will 
be required as the suction will automatically 
draw in the required amount of secondary air 
through these passageways as well as draw 
the primary air up t rough the ?re bed. 

‘ Preferably. the heating surfaces of the 
boiler enclose the ?re bed, as shown, thus im-' 
proving the ef?cienc of the heatinterchange 
as well as keeping t 1e enclosing walls of the 
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?re‘ bed su?iciently cool to prevent the undue ' 
building up of slag or‘ solidi?ed ‘clinkers 
thereon. - 

, A boiler of the above type may be operated 
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with the cheapest grades of bituminous coal ' 
without producing undue amounts of smoke 
and dust since the fuel, being fed in from 
underneath does not cause ?neun'consumed 
coal particles to pass off with the gases of 
combustion, and the agitation of the ?re 
bed ‘maintains uniform conditions of gas 
production such that the proper amounts of 
secondary air may be fed in to complete comf 
bustion. If-the fuelbed were non-uniform 
in thickness at different times, or in different 
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zones thereof, or non-uniform as regards pas» . 
sage of air upwardly therethrough, it would 
be impossible to supply secondary air in quan 
tities conforming to the varying quality and 
quantity of the producer gas passing through 
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throat 46, and thus the features of the uni- - 
form fuel feed and distribution, uniform ?re 
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bed agitation and ash removal are all vital 
in enabling the boiler to operate successfully. 
While a speci?c apparatus has been de 

scribed for carrying out the invention, it will 
be obvious that the invention is applicable 
to other forms of boilers than the one shown 
and that many changes may be made therein 
without departing from the principles of the 
invention as set forth in the (appended claims. 

I claim: _ I 

1. A boiler having heat exchange surfaces 
disposed contiguous to a combustion cham; 
ber, means for feeding fuel up from under 
neath into a fuel bed located in the lower por 
tion of said chamber, means for insuring-the 
formation of producer gas of substantially 
uniform quality in said ?rebed, and-means for 
supplying secondary air within said cham 
ber to the producer gas so formed, to burn the 
latter in said chamber. 

2. The ‘method of heating boilers which 
I comprises feedingj fuel up from underneath 
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into a chamber having heat exchange sur 
faces disposed contiguous thereto, maintain 
ing substantially uniform producer gas mak 
ing conditions in the fuel bed thus formed 
in the lower part of said chamber, admitting 
air to the fuel bed and thereby forming pro— 
ducer gas of substantially uniform quality 
and mixing secondary air with said producer 
gas in said chamber to complete the combus 
tion thereof. _ v 

3. A boiler having heat exchange surfaces 
disposed contiguous to a combustion chamber, 
means for feeding fuel u from underneath 
into a fuel bed located in t e lower portion of 
said chamber, means for insuring the forma 
tion of producer gas of substantially uniform 
quality in said ?rebed, comprising an up 
stroking agitating member working in the 
bottom portion of the ?rebed, and adapted 
to cause a vertical undulating movement 
therein, and means for supplying secondary 
air within said chamber to the producer gas 
so formed to burn the latter in said chamber. 

4. A boiler having heat exchange'surfaces 
disposed contiguous to a combustion cham 
ber, a grate beneath said chamber adapted‘ to 
support a ?rebed, means for feeding fuel up 
wardly through the central part of said grate, 
means for insuring the formation of pro 
ducer gas of substantially uniform quality in 
said ?rebed, comprising an upstroking agi 
tating member disposed over said grate and 
adapted to cause a vertical undulating move 
ment in the ?rebed and means for supplying 
secondary air within said chamber to the pro 
ducer gas so formed to burn the latter in said 
chamber. ' 

5. The method of heating boilers which 
comprises uniformly feeding fuel up from 
underneath into a chamber having heat ex 
‘change surfaces contiguous thereto, produc 
ing a vertical undulating movement in the 
?rebed and uniformly withdrawing ash 
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from the ?rebed to level the fuel out over 
the chamber and admitting air thereto, all 
to form producer gas of substantially uni 
form quality, and mixing secondary air with 
said producer gas in said chamber in sub 
stantially proper quantity to complete the 
combustion thereo . ' 

6. The method of heating boilers which 
comprises feeding fuel up from underneath 
into the central portion of a chamber having 
heat exchange surfaces contiguous thereto, 
to the top portion of a ?rebed located in said 
chamber, agitating the lower part of the ?re 
bed to produce a vertical undulating motion 
therein, withdrawing ash from the lower 
portion of the ?rebed to cause partially con 
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sumed fuel to travel gradually downward _ 
around the central upwardly traveling fresh 
fuel all to form producer gas of substan 
tially uniform quality and'mixing secondary 
air with said producer gas in said chamber 
to complete the combustion thereof. 

7. A boiler comprising heat exchange sur 
faces and a combustion chamber disposed 
symmetrically about a common vertical axis, 
means for feeding fuel up from underneath 
into the lower portion of said chamber, said 
means feeding the fuel symmetrically with 
regard to said axis, a rotary agitating mem 
ber sweeping through substantially the en 
tire lower portion of said chamber and. also 
turning substantially about the aforesaid 
common axis, means also act-ing substantially 
symmetrically with regard to said axis for 
supplying secondary air to said chamber. 

8. A boiler comprising heat exchange sur 
faces and a combustion chamber, both dis-‘ 
posed substantially symmetrically about a 
common vertical axis, said chamber having 
at it vbottom, cylindrical ?rebed enclosing 
walls and a ‘rotary ?re bed agitating member 
sweeping substantially the entire cross sec 
tional area within said ?rebed~ enclosing 
walls and turning about said axis, means act 
ing substantially symmetrically with regard 
to said axis for supplying secondary air to 
said chamber, and for feeding‘ fuel upwardly 
into the ?rebed. I - 

9. A boiler having heat exchange surfaces 
disposed contiguous to a combustion cham 
ber, means for feeding fuel into a ?rebed 
located in the lower portion of said cham— 
ber, means for insuring the formation of 
producer gas of substantially uniform quali 
ty 1n said ?rebed, and a partition divlding 
said chamber into a; lower producer gas gath 
ermg chamber and an upper burning cham~ 
her, said partition having a central opening 
therethrough and means associated with said 
opening forunixing secondary. air with pro 
ducer gas rising through the opening, said 
chamber having exit passageways periph— 
erally disposed With regard to said central 
opening. ' ' . 

10. A boiler comprising heat exchange sur 
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faces and a combustion chamber disposed stantially the entire lower portion of said 
symmetrically about a common vertical axis, chamber and also turning substantially 
means for feeding fuel up from underneath about the aforesaid common axis. 10 7 
into the lower portion of said chamber, said _ In testimony that I claim the foregoing, I _ 

5 means feeding the fuel symmetrically with have hereunto set my hand this 24 day of 
regard to said axis, a rotary up and outstrok- July, 1926. ' 
ing agitating member sweeping through sub- ' WILLIAM B. CHAPMAN. 
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It is hereby certified that error appears in the printed‘specification of the 
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