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2,861,526 
FUEL BURNINGAPPARATUS 

Karl-Heinz Küppers, Gberhausen, Germany, assignor to 
The Babcock & Wilcox Company, New York, N. Y., 
a corporation of New Jersey 
Application November 19, 1952, Serial No. 321,383 

9 Claims. (Cl. 110-28) 

The present invention relates to an improved method 
of and means for burning ash containing solid fuels and 
more particularly to the construction and operation of a 
fuel burning furnace adapted for use as the firing means 
of an associated vapor generating unit. The furnace 
provides a combustion chamber within which pulverized 
fuel and air are caused to follow a curvilinear path of 
generally U-shaped formation throughout the width of 
the chamber, in contact with the walls of the cham 
ber, with provision for effecting recirculation of fuel 
and air within the return bend portion of the path. 
Combusticn of the fuel is effected under conditions which 
result in furnace chamber temperatures above the ash 
fusing temperature whereby the residual ash is rendered 
available for removal from the furnace as molten slag. 
As the combustion proceeds, the slag is discharged from 
the chamber in liquid form in a downward direction while 
the hot gaseous products of combustion are discharged 
from the chamber in an upward direction. The dis 
charging gases are caused to pass through a narrow open 
ing which extends substantially throughout the width of : 
the chamber and then, Substantially without change in 
direction, are caused to flow through a transition passage 
of progressively increasing cross section directly into the 
radiant heat absorption chamber of the associated unit. 

In pulverized fuel-fired furnaces heretofore known, 
provision has been made for causing the burning fuel to 
follow a generally U-shaped path through the combus 
tion space. With Such furnaces, the combustion chamber 
has been arranged either to open directly into the radia 
tion space of an associated vapor generator, or else there 
has been provided a slag screen formed of tubes between 
which the gases would reverse their direction of flow be 
Y continuing into the radiation space. However, in 
the operation of such furnaces, the U-shaped flame of the 
bpurning fuel-air stream remains slightly spaced from the 
furnace boundaries because it seeks to enter the com 
bustion chamber outlet over the shortest path. Accord 
ing to the present invention, this is prevented in that the 
combustion chamber gas outlet is formed as a narrow slot 
which extends substantially throughout the total width of 
the combustion chamber. The provision of an outlet of 
such form and dimensions results in a higher pressure 
?lrop into the Succeeding radiation chamber than is cus 
tomary and causes the Stream offlaming gases to spread 
throughout the interior combustion chamber space and 
thus fill the total cross sectional area of the gas outlet 
slot. In order to regain the energy expended in effecting 
a restriction of the discharging gas stream, the body of 
gases is conducted without Substantial change in direction 
through a widening transition passage into a radiation 
space. Thus, with a furnace incorporating these fea 
tures, the combustion chamber may be made as large as 
may be desired and further a plurality of combustion 
chambers may be arranged to discharge into a common 
radiation chamber. » 

" - The various features of novelty which characterize my 
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2 
invention are pointed out with particularity in the claims 
annexed to and forming a part of this specification. For 
a better understanding of the invention, its operating ad 
vantages and Specific objects attained by its use, reference 
should be had to the accompanying drawings and de 
scriptive matter in which I have illustrated and described 
a preferred embodiment of my invention. 
Of thedrawings: 
Fig. 1 is a secitonal elevational view of a furnace em 

bodying my invention and arranged as the firing means 
of a vapor generating unit; » 

Fig. 2 is a Sectional plan view of the furnace shown in 
Fig. 1, taken along line 2–2; 

Fig. 3 is a sectional elevational view of a modified 
Vapor generator furnace; and 

Fig. 4 is a sectional elevational view of Fig. 3, taken 
along line 4–4. 

In more detail, as shown in Figs. 1 and 2, a combus 
tion chamber A of Substantially circular cross section is 
provided within a furnace 2 of generally circular cylin 
drical form about a horizontally extending central axis. 
The circumferentialfurnace wall 3 and transverse parallel 
end Walls 4, 4 are formed in known manner with fluid 
conducting tubes 5 which are extended upwardly along 
adjoining Walls of the associated vapor generating section 
which is located directly above. The tubes 5 may suit 
ably be provided at the furnace side with studs welded 
thereto, and with a covering layer of heatrefractory ma 
terial, while at the outer side of the tubes a covering layer 
of heat insulating material may be provided, together 
With an air tight sheet metal jacket, the details of which 
known wall components are not illustrated. A fluent 
mixture of pulverized coal and air is directed into cham 
ber A through nozzles 6, and secondary air through 
nozzles 7, all of which enter through wall 3 adjacent the 
uppermost part of the chamber, and furthermore are 
pointed in such a direction that they produce within the 
Cylindrical chamber A a rotating flame as diagrammati 
cally indicated. AS shown herein, each fuel-air nozzle 6 
is positioned between two secondary air nozzles 7 in a 
common transverse vertical plane, with each fuel air 
nozzle 6 discharging downwardly and vertically, whereas 
the Secondary air nozzles 7 at opposite sides discharge 
downwardly in converging relation to nozzle 6. The 
nozzles 6 and 7 are further arranged in longitudinally 
spaced groups, as seen in Fig. 2. 

Tertiary airis directed into chamber Athrough nozzles 
8 which are distributed throughout the width of the cham 
ber in two horizontal rows adjacent the bottom of the 
chamber, the nozzles 8 extending horizontally and open 
ing into the chamber at an angle of about 90° to the 
direction in which the primary air-fuel mixture is ad 
mited through nozzles 6. Other nozzles 9 are positioned 
in the opposite side wall of chamber A so as to provide 
quaternary air as may be required, the nozzles 9 opening 
into the chamber at approximately the same elevation S 
nozzles 6 and discharging in an inclined downward direc 

So as to conform to the rotational movement of the 
aIIlé. 

The furnace is dimensioned in such a Way that at full 
load, and at the permissible partial loads, the slag in the 
combustion space A is liquid. Accordingly, at the lower 
most part of chamber A, portions 12, 13 of wall 3 at 
opposite Sides of the chamber are spaced apart so as to 
provide a slag Outletopening or slot 14 extending longi 
tudinally of the chamber, Suitably throughout the width 
thereof between planarend walls 4, 4. The wall portion 
12, including portions of tubes 5, conforms to the cir 
cular curvature of the chamber wall 3, whereas the wall 
portion 13 is extended downwardly in tangential relation 
to the curved portion of Wall 3 so as to be oyerlapped. by 
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the wall portion 12 in the direction of flame rotation, 
thereby permitting the molten slag to discharge through 
the opening 14 while the fine fuel particles remained en 
trained in the whirling fuel-air mixture. The slag outlet 
slot 14 opens intoº ashaft 15 through which the slag is 
discharged below the level of liquid in a trough, not 
shown, whereby a gas-Seal is provided. x 
| At the top of chamber A, toward the side opposite the 
location of fuel-air nozzles 6, there is formed an upper 
gas outlet 16. which at this particular location, in relation 
to nozzles 6, permits a portion of the combustion gases 
to return into the circuit of the whirlingbody of fuel and 
air and thereby contribute to the ignition of the fuel. 
The gas outlet 16, which: extends throughout the width 
of the chamber, is relatively narrow so as to provide Suf 
ficient restriction teo the discharge of gases therethrough 
to cause the combustion gases to continuously fill the 
total interior chamber space A. The gaSeous products 
of combustion pass upwardly through the outlet slot 16 
into a transition passage 17 of progressively increasing 
cross section parallel to end walls 4, 4 whence the gases 
are directed into the adjoining radiation space 18 from 
which the gases are further directed into contact with 
convection heating surfaces, not shown. The walls 3 
and 4 of chamber A, together with the tubes therein, 
are extended upwardly as indicated to form the corre 
sponding fluid cooled walls of the transition passage 17, 
and the radiation chamber 18, with tubes of the respec 
tive walls having lower ends connected to fluid Supply 
headers as shown. 

In the modification illustrated in Figs. 3 and 4, the 
furnace 20 is formed in general as a hollow right prism 
of substantially equilateral formation providing a com 
bustion chamber B, the furnace having opposing upright 
side walls 21, 23 arranged at right angles to upright end 
walls 24, 24, all of which walls include fluid conducting 
tubes as indicated. The upper furnace wall 25 is in 
clined upwardy toward the front wall 21 for a distance 
greater than one-half of the distance between side walls 
21, 23 where it is formed with a rounded arch nose por 
tion 26 which, with the front wall 21, defines a relatively 
narrow rectangular slot 27 through which gases are dis 
charged from the combustion chamber B into a progres 
sively widening transition passage 28, and thence into a 
radiation chamber 29 of increased rectangular horizontal 
cross section. The front wall 21 is formed with a reen 
trant upper portion 31 arranged parallel to the inclined 
upper rear wall portion 32. The bottom wallis formed 
with oppositely inclined floor portions 34, 34 converging 
downwardly in symmetrical arrangement toward a central 
area in which a slag outlet 35 is formed, spaced from all 
lateral walls of the chamber. The primary air-fuel 
streams are directed horizontally past the gas outlet. 27 
into an upper portion of chamber B through noZzies 36 
which are positioned in front wall 21 Subjacent the gas 
outlet. Secondary air is introduced through nozzles 37 
which, in the same wall, are arranged at opposite in 
clinations to the horizontal, above and below nozzles 36, 
so as to provide air streams directed in converging rela 
tion to the primary air-fuel streams. Tertiary air is in 
troduced downwardly through a row of nozzles 41, adja 
cent the opposite side wall 23, and quaternary air through 
a row of nozzles 42, all arranged to discharge in the 
direction of rotational movement of the fuel-air mixture 
within the chamber, as in the embodiment hereinbefore 
described. As a means contributing to the maintenance 
of such rotational movement, the gas outlet slot 27 is 
traversed at intervals by bridges or tube panels 45 which 
are formed by groups of alternate wall cooling tubes 5 
of opposing wall portions 21 and 32, with refractory ma 
terial covering the tubes and filling the Spaces therebe 
tween. The bridges 45 are desirably inclined across the 
slot 27 as indicated in Fig. 3 and furthermore are posi 
tioned over the respective groups offuel and air ports 36 
and 37 asshown in Fig. 4. » 
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While in accordance with the provisions of the statutes 
I have illustrated and described herein the best form of 
the invention now known to me, those skilled in the art 
will understand that changes may be made in the form 
of the apparatus disclosed without departing from the 
spirit of the invention covered by my claims, and that 
certain features of the invention may sometimes be used 
to advantage without a corresponding use of other fea 
fUreS. 

I claim: 
1. Apparatus for burning particle-form solid fuel.com 

prising wall means forming an elongated combustion 
chamber of generally symmetrical transverse CrOSS-Sec 
tion arranged with its longitudinal axis substantially hori 
zontal, said wall means having an inner exposed refrac 
tory surface and fluid heating tubes proportioned for the 
maintenance of said refractory Surface under a normal 
mean temperature in said combustion chamber above 
the fuel ash fusion temperature, means forming a longi 
tudinally extending greatly restricted slot-like gas Cutlet 
in the upper portion of said combustion chamber, Said 
gas outlet being proportioned So that a predominant 
portion of the radiant heat energy emitted within Said 
combustion chamber will be absorbed therein and that 
the pressure drop of the gases flowing through Said outlet 
will be sufficient to assure uniform distribution of the 
gases along the walls of the combustion chamber, means 
forming a restricted slag outlet in the lower portion of 
said combustion chamber for the continuous discharge of 
molten slag, and means for introducing combustion air 
and particle-form solid fuel in suspension into said com 
bustion chamber tangentially to an imaginary horizon 
tally disposed cylinder in said combustion chamber and 
effecting a whirling path of fuel-air travel therein along 
and in sweeping relation with substantially the entire 
inner surfaces of the walls of said combustion chamber 
and the slag outlet thereof to cause continuous discharge 
of some of the gases through the gas outlet and recircu 
lation of some of the gases in the whirling path to en 
hance the ignition of the incoming fuel. 

2. Apparatus for burning particle-form solid fuel 
comprising wail means forming an elongated combustion 

| chamber of generally symmetrical transverse Cross 
section arranged with its longitudinal axis Substantially 
horizontal, said wall means having an inner exposed 
refractory surface and fluid heating tubes proportioned 
for the maintenance of said refractory Surface under a 
normal mean temperature in said combustion chamber 

s above the fuel ash fusion temperature, means forming 
a longitudinally extending greatly restricted slot-like gas 
-outlet in the upper portion of said combustion f 

t said gas outlet being proportioned so that a predominan 
portion of the radiant heat energy emitted with Said 
combustion chamber will be absorbed therein and thät 
the pressure drop of the gases flowing through said out 
let will be sufficient to assure uniform distribution of 
the gases along the walls of the combustion chambel, 
means forming a restricted slag outlet in the lower po 
tion of said combustion chamber for the continuous diS 
charge of molten slag, and means for introducing coël 
bustion air and particle-form solid fuel in suspensicn 
into the upper portion of said combustion chambºr 
tangentially to an imaginary horizontally disposed cyl 
inder in said combustion chamber and effecting a whirlig 
path of fuel-air travel therein along and in Sweeping 
relation with substantially the entire inner Surfaces öf 
the walls of said combustion chamber and the slag out 
let thereof to cause continuous discharge of Some of the 
gases through the gas outlet and recirculation of some of 
the gases in the whirling path to enhance the ignition of 
the incoming fuel, said last named means including a 
series of longitudinally spaced fuel inlets disposed at 
one side of and adjacent to said gas outlet, and addi 
tional air inlets arranged to direct air streams into said 

| combustion chamber tangent to said imaginary Cylinder 






