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UNITED STATES PATENT office 
2,293,736 

COMBUSTION APPARATUS 
Lewis W. Heller, New York, N. Y., assignor to The 
Babcock & Wilcox Company, Newark, N. J., a 
corporation of New Jersey 

Application August 25, 1934, Serial No. 41,387 
(C. 110-28) 19 Claims. 

This invention relates to combustion appara 
tus and more particularly to methods and ap 
paratus for burning pulverized fuel in suspension 
in furnace chambers. 

It is an object of the present invention to pro 
vide an improved method and an improved ap 
paratus for burning pulverized fuel in suspension 
in a furnace chamber, whereby ignition and the 
maintenance of a steady and stable flame is as 
Sured, and whereby a high degree of reliability 
of combustion is obtained over a wide range of 
combustion rates and of furnace temperatures. 
A further object of my invention is to provide 

an improved method and apparatus for burning 
pulverized-fuel whereby a relatively high degree 
of heat liberation may be obtained for the avail 
able furnace-chamber space. 
These and other objects will be apparent from 

an examination of the following description taken 
in connection with the accompanying drawings 
in which: 

Fig. 1 is a vertical sectional view illustrating 
ny improvements as applied to a boiler furnace, 
the approximate path of flow of the entering fuel 
streams being indicated in broken lines; 
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Fig. 2 is a vertical sectional view through a 
power-driven classifier or separator used in con 
nection with my invention; 

Fig. 3 is a vertical sectional view illustrating a 
modified form of my invention, the approximate 
path of flow of the entering fuel streams being 
indicated in broken lines; and 

Fig. 4 is a fragmentary plan view illustrating 
a further modified form of burner arrangement. 

In prior methods and apparatus for burning 
pulverized fuel in suspension in a furnace cham 
ber, the pulverized fuel is usually mixed with 
Sufficient air to effect the transportation of the 
fuel and the stream of fuel and air conducted to 
a burner, through which it is introduced into the 
furnace chamber. In direct-firing systems the 
fuel is transported directly from a pulverizing 
mill to the burner, by a stream of air passing 
through the mill. In other systems, the pulver 
ized fuel is stored in a bin or the like, and is 
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transmitted to the entering fuel in two Ways, 
viz: by radiation from the flame and other hot 
bodies such as the furnace walls, and by con 
duction between adjacent fuel particles from 
the flame back through the stream toward the 
point of introduction. The transmission of heat 
from the flame and other hot bodies to the en 
tering fuel is greater at high furnace ratings and 
when there is a relatively small air space be 
tween the fuel particles. The rate of flame prop 
agation is dependent upon the rate at which the 
heat is transmitted to the entering fuel par 
ticles. If the rate of flame propagation is high, 
a steady and stable flame can be maintained. If 
the flame propagating rate is low, the stream 
velocity Will tend to move the flame down-stream; 
and, if too low, will result in the flame being 
extinguished. 
As the rate of heat transmission up-stream is 

dependent upon the airspace between particles, 
a steady flame is hard to maintain in a furnace 
when the particles are too large or when excess 
air is present with the fuel, and this difficulty 
is more pronounced at low ratings when the flame 
is less intense and the surrounding furnace Walls 
are at a lower temperature. 
In accordance with my invention, I obviate the 

above difficulties and provide for the mainte 
nance of a steady and stable flame throughout 
the range of furnace ratings by classifying the 
stream of fuel and air coming from the pulver 
izer or bin into two streams, and introducing the 
two streams into the furnace in separate paths, 
which paths are in heat-influencing relation to 
one another. The classification is such that the 
air and fuel in one of the streams are so pro 
portioned as to provide for a rapid transmission . 
of heat from one particle of fuel to another, 
whereby the stream ignites and burns rapidly 
with a stable flame. The arrangement may be 
such that the fuel in the other stream enters the 

mixed with the carrying-air stream when it is 
to be introduced into the furnace. 

In all systems of this character, after fuel has 
been initially ignited by some auxiliary means, 
such as a torch, gas flame, or the like, and after 
the furnace has been operating for a Sufficient 
time, the entering fuel is brought to ignition tem 
perature and ignited by the heat reflected from 
the furnace walls and by the heat from the flame 

already ignited stream after ignition, and the 
combustion of all the fuel is then completed; or, 
if desired, the arrangement may be such that the 
heat of combustion of the already ignited stream 
will provide a high furnace temperature adja 
cent the point of entrance of the other stream 
and thereby promote the combustion of the fuel 
in such other stream. In some cases, both op 
erations may be desired. 

Referring now in detail to the construction 
illustrated, and particularly to Fig. 1, it will be 
observed that I have shown a fuel pulverizing mill 
10 of the conventional type, which may be driven 

of combustion of previously ignited fuel. Heat is 55 by any suitable means, for example, an electric 
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motor mounted at the side thereof and oper 
atively connected thereto by a flexible drive 2. 
The mill () is provided with a supply hopper 3 
containing the fuel to be pulverized and con 
nected at its lower end to the inlet of the mill, 
by a feeder 4. The hopper may be kept filled 
With fuel from any suitable source (not shown). 
The mill O is provided with an inlet for air 

under pressure, to which is connected a dis 
charge conduit 5 of a power-driven fan f6. Air 
under pressure from the fan 6 flows through 
the mill and through an outlet opening connect 
ed to the lower end of a conduit 8. As the air 
flows through the mill, the finer fuel particles 
are entrained therein and are carried aWa 
through the conduit 8. 
The structure and Operation thus far described 

is well known in the art and further detail show 
ing, and description thereof, is believed to be 
unnecessary, it being sufficient to say that this 
apparatus provides a supply of pulverized fuel in 
3uspension in air to the conduit 8. 
As stated, the lower end of the conduit 8 is 

connected to the mill outlet. The upper end of 
this conduit f8 is connected to an inlet 9 of 
R power-driven centrifugal classifier 20, wherein 
the mixture is divided into two streams, one 
stream being conducted by a pipe 2 to one burn 
er 22 located in the upper part of a furnace 
chamber 23, and the other stream being con 
ducted by a pipe 24 to a second burner 25 also in 
the upper part of the furnace chamber. 
The classifier 2) may be of any Suitable de 

sign of either a rotary type, as shown, or of a 
stationary type. I have shown the separator as 
comprising a casing 26 having the inlet 9 in 
the lower portion thereof, which as stated, is 
connected to the conduit 8, and two outlets, 27 
and 28 respectively, the outlet 27 being located 
adjacent the center of the casing 26 and the 
outlet 28 spaced radially from the outlet 27. A 
rotCr 29 is disposed within the casing 26 and is 
mounted on a vertical shaft connected at its up 
per end to a variable speed electric motor 30. In 
Operation, rotary motion is imparted to the rotor 
and as a result the fuel and air is moved in circul 
lar paths in the casing, thereby creating a cen 
trifugal effect and causing the heavier constitu 
ents of the mixture to collect adjacent the walls 
of the casing. The outlet 2 is connected to the 
pipe 2 leading to the burner 22 and the outlet 
28 to the pipe 24 leading to the burner 25. 
The burners 22 and 25 are arranged to direct 

their respective streams vertically downward and 
in approximately, parallel directions. The 
streams are turned by the bottom of the furnace 
and flow upward and into contact with the heat 
absorbing surfaces of the boiler located in the 
upper portion of the furnace. The reversal of 
direction of flow of the streams aids in mixing 
the streams and thereby promotes the final 
stages of combustion of the fuel. The furnace 
is of the conventional type and further descrip 
tion is, therefore, considered unnecessary. 

In the construction illustrated, the air which 
is mixed with the fuel in the mill 0 is prefer 
ably the air necessary to effect the transporta 
tion of the fuel in suspension therein to the fur 
nace, the amount representing in some cases 
between 25% and 35% of the total amount of air 
required for combustion. The remaining or sec 
ondary air for completing combustion may be 
supplied from any suitable source (not shown) 
by pipes 3 and 32 which are respectively con 
nected to compartments 33 and 34, and the lat 

O 

20 

25 

30 

40 

55 

60 

2,298,736 

ter are provided with openings 35 and 36, which 
Surround the discharge ends of the burners 22 
and 25, respectively. Valves 37 and 38 are dis 
posed in the pipes 3 and 32 respectively, for 
regulating the supply of Secondary air to each 
burner. The streams of secondary air flowing 
through the openings 35 and 36 join respectively 
the streams discharged from the burners 22 and 
25 and serve to Support the combustion of fuel 
therein. However, any form of burner design or 
method of supplying the air may be used with 
out departing from the spirit of my invention. 

It is noted that, the apparatus thus far de 
Scribed provides for the pulverizing of the fuel 
in the mill 0; for the mixing with the fuel of 
air in sufficient quantities to effect its transpor 
tation from the mill and through the conduit 8, 
classifier 20 and pipes 2 and 24; for the sepa 
ration of the mixture into two streams; and 
finally for the introduction of the two streams 
into the furnace chamber through separate 
burners. 
According to the broader aspects of my inven 

tion, the fuel and air in the conduit 8 may be 
classified by the classifier 20 in any one of a 
number of ways, depending upon the particular 
Conditions and the results desired. For example, 
if the fuel being used is bituminous coal which, 
of course, contains a substantial amount of con 
bustible volatile matter, I have found that by 
designing the classifier 20 so that only the rela 
tively heavier particles leave through the open 
ing 28 and enter the furnace through the burner 
25 and that the remaining lighter particles leave 
through the opening 27 and enter the furnace 
through the burner 22, easy ignition and rapid 
burning of the relatively fine particles intro 
duced through the burner 22 can be effected and 
the heat from this burning stream will Serve to 
promote the combustion of the heavy particles 
in the stream introduced through the burner 25. 
In the stream containing the finer particles there 
is less air space between particles and hence, the 
fuel therein ignites relatively easily and burns 
more rapidly to provide a steady and stable 
flame. With other factors being equal, the rate 
of flame propagation varies with the degree of 
fineness of the fuel. 
According to the broader aspects of my inven 

tion, the burners 22 and 25 may be arranged in 
a number of ways, depending upon the particu 
lar conditions. In the embodiment shown in Fig. 
1, the arrangement of the burners is such that 
the stream including the heavier particles, 
which is introduced through the burner 25, 
travels a greater distance than the stream Con 
taining the lighter particles introduced through 
the burner 22. By reason of this arrangement, 
ample time is provided for the gasification of the 
relatively heavier particles of fuel, and conse 
quently for the liberation therefrom of the solid 
non-combustible constituents, before the stream 
from the burner 25 contacts with the heat ab 
Sorbing surfaces of the boiler. If the solid non 
combustibles are not separated out of the stream 
prior to contact with the boiler tubes, slagging 
of the tubes will likely result. 

It is also within the intended scope of this in 
vention to vary the velocities at which the dif 
ferent streams enter the furnace. Walves 40 and 
4 disposed respectively in the pipes 2 and 24 
and the valves 37 and 38 disposed respectively 
in the pipes 3 and 32 provide for varying the 
velocity of either or both streams in any desired 
way. As an example of how the stream velocities 
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may be varied, the stream carrying the finer 
particles of fuel may be introduced at a rela 
tively low velocity so as to give a shorter path 
of flame travel. This is feasible because only a 
short path is necessary in order to complete 
Combustion of this type of fuel. The remaining 
portions of the furnace chamber can be used for 
the combustion of the heavier particles. 
the velocities of the streams may be varied to suit 
the flame propagating characteristics of the par 
ticular fuel and the desired fuel and air ratio of 
the fuel used. It is also to be noted that while 
I have shown the two burners as being in the 
same chamber, other arrangements may be re 
Sorted to; for example, the burners may be placed 
in Separate chambers with the walls of each 
chamber cooled in proportion to the amount of 
heat liberated therein, whereby efficient utiliza 
tion of the heat may be obtained and the proper 
temperature for combustion maintained in each 
chamber. 
The proportions of fuel and air in the respec 

tive streams entering the furnace through the 
burners 22 and 25 may be varied to suit different 
Conditions by changing the speed of the variable 
Speed motor 30, driving the classifier 20. For 
example, it may be found desirable in starting 
up, in Order to quickly heat up the furnace, to 
regulate the speed of the motor so that prac 
tically all of the fuel will enter the furnace 
through one of the burners. Or after starting up, 
the motor speed may be varied to change the 
flame characteristics of the two burners. The 
valves 48, 4, 37, and 38 also provide a means 
for varying the flame-characteristics in the fur 
nace. 
By the arrangement shown in the drawings, I 

provide for the burning of pulverized bituminous 
coal in an effective and flexible manner and at 
high rates of heat liberation in the furnace and 
at low rates without unsteadiness and unstability 
of flame. Furthermore, as the relatively fine 
particles are separated from the heavier particles, 
propagation of the flame is more rapid in the 
stream containing the fines for a given fuel air 
ratio and a resulting high temperature flame of 
great stability is produced close to the portion 
of the furnace where the fuel enters; and, as a 
consequence, ignition and completion of the com 
bustion of the heavier particles is assured. Also, 
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as the fines are separated from the heavier parti 
cles of fuel, the inert gases resulting from the 
combustion of the fines interfere to a minimum 
degree with the mixture of fresh oxygen-bearing 
air with the heavier particles. Therefore, the 
combustion of the relatively heavier particles is 
effected more quickly and with greater stability 
of the flame than would be the case if they were 
introduced into the furnace along with the rela 
tively finer particles. 

In some installations it may be found more 
desirable to provide an arrangement of burners, 
such as shown in Fig. 3. In this figure, a burner 
50, through which the relatively fine particles 
are introduced into the furnace, is arranged to 
direct its stream downwardly from the upper 
portion of the furnace; and the burner 5, 
through which the relatively heavier particles are 
introduced, is disposed in the lower part of the 
furnace and arranged to direct its stream of 
relatively heavier particles of fuel and air in a 
more or less horizontal direction along the bot 
tom of the furnace and on the outside of the 
stream carrying the relatively finer particles of 
fuel. By reason of this construction, a more 
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intimate mixture of the two streams is provided 
after their ignition has been effected, which in 
some instances will provide for more effective 
combustion. It is to be observed that, as was 
the case of the previously described modifica 
tions, heat from the more rapidly burning fine 
particle stream is transmitted to the heavy par 
ticle stream and thereby promotes ignition and 
Combustion in the latter stream. The modified 
structure also provides for the stream containing 
the relatively heavier particles traveling a great 
er distance than the stream carrying the rela 
tively lighter particles. Hence, the gasification 
Of the fuel and the separation of the non-com 
bustible solid constituents of the fuel is assured 
prior to contact with the heat absorbing surface 
of the boiler. o - . 

In Fig. 4, I have shown a further modified 
arrangement wherein burriers 60, 6, 62 and 63 
are disposed in side-by-side relation across the 
furnace instead of in the fore and aft relation 
shown in Fig. 1. Alternate burners 60 and 62 
direct streams of relatively fine fuel and air ver 
tically downward in a furnace, and the remain 
ing burners 6 and 63 direct streams of relatively 
heavy particles of fuel and air also vertically 
downward and in paths approximately parallel 
to one another and to the streams introduced 
through burners 60 and 62. This alternate ar 
rangement of streams of relatively fine and heavy 
fuel, provides for the effective transfer of heat 
from the rapidly burning fine particle streams 
to the heavy particle streams and hence pro 
motes ignition and combustion of the fuel in the 
latter 

It is to be observed that my invention, in its 
broader aspects, is not limited to a method and 
apparatus for burning bituminous coal or any 
particular kind of fuel, because the steps of 
separating the mixture of fuel and air from the 
pulverizer into two streams and of admitting 
these streams into the furnace in separate paths 
and through separate burners may be used to 
advantage with any type of pulverulent fuel, 
wherein the mixture of fuel and air is classified 
to produce a stream more readily ignitable than 
the original mixture of fuel and air for effecting 
its translation in Suspension therein. Further 
more, other arrangements and other degrees of 
Separation may be found useful to suit the par 
ticular characteristics of the fuel to be used. 
While I have shown my invention in a plus 

rality of forms, it will be obvious to those skilled . . 
in the art that it is not so limited but is sus 
ceptible of various other changes and modifica 
tions without departing from the spirit thereof 
and I desire, therefore, that only such limita 
tions shall be placed thereupon as are imposed 
by the prior art or as are specifically set forth 
in the appended claims. 1. 
What I claim is: 
1. A method of preparing and burning pulver 

ized fuel in suspension in a furnace chamber, 
which comprises pulverizing the fuel; mixing the 
pulverized fuel with air for effecting transporta 
tion of the fuel in suspension therein; classifying 
the mixture into two streams, one of which is 
composed of the relatively heavier fuel particles. 
and air, and the other of which is composed of 
the relatively lighter fuel particles and air; and 
introducing the two streams into the furnace in 
separate paths and in such directions that the 
stream including the heavier particles travels a 
greater distance in the furnace than the stream 
including the lighter particles while in position to 

  



4. 
receive sufficient heat radiation from combustion 
of the lighter fuel particle stream to promote 
combustion of the heavier fuel particles. 

2. In combustion apparatus, the combination 
of means defining a combustion chamber for the 
burning of pulverized fuel in suspension therein; 
means providing a mixture of pulverized fuel and 
carrier air; a centrifugal separating device in 
cluding means defining a separating chamber and 
means providing for the movement of fluid in 
Said separating chamber about a central axis 
thereof; said separating chamber having an in 
let, a first outlet adjacent the central axis there 
of, and a second outlet spaced radially from the 
first outlet; conduit means for conveying the mix 
ture of pulverized fuel and air from the means 
providing the mixture to the inlet of said separat 
ing chamber; first and second burners arranged 
to direct separate streams of fluid into the com 
bustion chamber; conduit means connecting the 
first outlet of the separating device with the first 
burner; and conduit means connecting the sec 
ond outlet With the Second burner. 

3. In combustion apparatus, the combination 
of means defining a combustion chamber for the 
burning of pulverized fuel in suspension therein; 
means providing a mixture of pulverized fuel and 
carrier air; a centrifugal separating device in 
cluding means defining a separating chamber, 
means providing for the movement of fluid in said 
separating chamber about a central axis ther( )f, 
and means for varying the rate at which the fluid 
in Said Separating chamber flows about said cen 
tral axis; said separating chamber having an in 
let, a first outlet adjacent the central axis there 
of, and a second outlet spaced radially from the 
first outlet; conduit means for conveying the 
mixture of pulverized fuel and air from the means 
providing the mixture to the inlet of the chamber; 
first and second burners arranged to direct sepa 
rate Streams of fluid into the combustion cham 
ber; conduit means connecting the first outlet of 
the separating device with the first burner; and 
conduit means connecting the second outlet with 
the Second burner. 

4. In combustion apparatus, the combination of 
means defining a combustion chamber for the 
burning of pulverized fuel in suspension therein; 
means providing a mixture of pulverized fuel and 
carrier air; a centrifugal separating device in 
cluding means defining a separating chamber and 
means providing for the movement of fluid in said 
separating chamber about a central axis thereof; 
said separating chamber having an inlet, a first 
outlet adjacent the central axis thereof, and a 
second outlet spaced radially from the first out 
let; conduit means for conveying the mixture of 
pulverized fuel and air from the means providing 
the mixture to the inlet of said separating cham 
ber; first and second burners arranged to direct 
Separate streams of fluid into the combustion 
chamber in paths which are separated for a given 
distance and then merge into one another; con 
duit means connecting the first outlet of the sep 
arating device with the first burner; and conduit 
means for connecting the second outlet with the 
Second burner. 

5. In combustion apparatus; the combination 
of means defining a combustion chamber for the 
burning of pulverized fuel in suspension therein; 
means providing a mixture of pulverized fuel and 
Carrier air; a Centrifugal separating device in 
cluding means defining a separating chamber and 
means providing for the movement of fluid in 
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thereof; said separating chamber having an in 
let, a first outlet adjacent the central axis there 
of, and a second outlet spaced radially from the 
first outlet; conduit means for conveying the mix 
ture of pulverized fuel and air from the means 
providing the mixture to the inlet of said separat 
ing chamber; first and second burners arranged 
to direct separate streams of fluid into the com 
bustion chamber in paths which are approxi 
mately parallel and adjacent to one another for 
a Substantial distance of the travel of the fluids; 
Conduit means connecting the first outlet of the 
separating device with the first burner; and con 
duit means connecting the second outlet with the 
Second burner. 

6. In combustion apparatus, the combination 
of means defining a combustion chamber for the 
burning of pulverized fuel in suspension therein; 
means providing a mixture of pulverized fuel and 
carrier air; a centrifugal separating device in 
cluding means defining a separating chamber and 
means providing for the movement of fluid in said 
separating chamber about a central axis thereof; 
Said separating chamber having an inlet, a first 
outlet adjacent the central axis thereof, and a 
Second outlet spaced radially from the first out 
let; conduit means for conveying the mixture of 
pulverized fuel and air from the means providing 
the mixture to the inlet of said separating cham 
ber; first and Second burners arranged to direct 
separate streams into the combustion chamber 
which are approximately parallel for a substan 
tial distance and then merge into one another; 
conduit means connecting the first outlet of the 
separating device with the first burner; and con 
duit means connecting the second outlet with the 
Second burner. 

7. The process of burning solid fuel which 
comprises pulverizing the fuel, classifying the 
purverized fuel while in suspension in an air 
stream into separate streams, one containing a 
readily ignitable fuel-air mixture and another a 
less ignitable fuel-air mixture, delivering the less 
ignitable fuel-air stream to a combustion zone, 
Separately delivering the readily ignitable fuel 
air stream to the combustion zone at a point 
providing a path therein shorter than the path 
of travel therein of the less ignitable fuel-air 
stream from its point of introduction to the com 
bustion Zone gas exit and in sufficient radiant 
heat transmitting relation to the path of travel 

: therein of the less ignitable fuel-air stream to 

5 5 

promote combustion of the fuel particles in the 
leSS ignitable fuel-air stream. 

8. The process of burning solid fuel which com 
prises pulverizing the fuel, classifying the pulver 
ized fuel into separate portions, one containing 
the heavier fuel particles and another the rela 
tively lighter fuel particles, delivering the por- . 
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tion containing the heavier fuel particles and 
combustion air to a combustion Zone, and sepa 
rately delivering the portion containing the 
lighter fuel particles and combustion air to the 
combustion Zone at a point providing a path 
therein shorter than the path of travel therein of 
the less ignitable fuel-air stream from its point of 
introduction to the combustion zone gas exit and 
in sufficient radiant heat transmitting relation to 
the path of travel therein of the heavier fuel 
particle stream to promote combustion of the 
heavier fuel particles. 

9. The process of burning solid fuel which com 
prises pulverizing the fuel, classifying the pulver 
ized fuel while in suspension in an air stream 

said separating chamber about a central axis 75 into separate streams, one containing a readily 
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ignitable mixture of the lighter fuel particles 
and air and another a leSS ignitable mixture of 
the relatively heavier fuel particles and air, 
delivering the less ignitable stream containing 
the heavier fuel particles to a combustion zone, 
and separately delivering the readily ignitable 
stream containing the lighter fuel particles to 
the combustion zone at a point providing a path 
therein shorter than the path of travel therein of 
the less ignitable fuel-air stream from its point of 
introduction to the combustion Zone gas exit and 
in sufficient radiant heat transmitting relation to 
the initial portion of the path of travel therein 
of the less ignitable heavier fuel particle. Stream 
to promote combustion of the heavier fuel par 
ticles. 

10. The process of burning solid fuel which 
comprises pulverizing the fuel, classifying the 
pulverized fuel into separate portions, One Con 
taining the heavier fuel particles and another 
the relatively lighter fuel particles, delivering the 
portion' containing the heavier fuel particles and 
combustion air to a combustion Zone, and Sepa 
rately delivering the portion containing the 
lighter fuel particles and combustion air to the 
combustion zone at a point providing a path 
therein shorter than the path of travel therein 
of the less ignitable fuel-air stream from its point 
of introduction to the combustion Zone gas exit 
and in sufficient radiant heat transmitting rela 
tion to the path of travel therein of the heavier 
fuel particle stream to promote combustion of 
the heavier fuel particles and at a lower velocity 
than the heavier fuel particle stream. 

11. The process of burning solid fuel which 
comprises pulverizing the fuel, classifying the 
pulverized fuel while in suspension in an air 
stream into two separate streams, one contain 
ing a readily ignitable mixture of the lighter fuel 
particles and air and the other a less ignitable 
mixture of relatively heavier fuel particles and 
air, delivering the less ignitable stream contain 
ing the heavier fuel particles to a combustion 
zone, and separately delivering the readily ignit 
able stream containing the lighter fuel particles 
to the combustion zone at a point providing an 
initially parallel path therein shorter than the 
path of travel therein of the less ignitable fuel 
air stream from its point of introduction to the 
combustion zone gas exit and in sufficient radiant 
heat transmitting relation to the initial portion 
of the path of travel therein of the less ignitable 
heavier fuel particle stream to promote combus 
tion of the heavier fuel particles and at a lower 
velocity than the less ignitable heavier fuel par 
ticle Stream. 

12. Pulverized fuel burning apparatus compris 
ing a fuel pulverizer of the air-SWept type, a 
furnace having a plurality of pulverized fuel 
burners arranged to discharge fuel into said 
furnace in initially separate paths, conduit 
means for delivering pulverized fuel-laden air 
from said pulverizer to said furnace including a 
variable speed rotary classifier for regulably 
classifying the fuel-laden air from said pulverizer 
into separate streams, one containing mainly the 
heavier fuel particles and the other containing 
mainly the relatively lighter fuel particles, and 
means for separately delivering the classified 
streams to Said fuel burnerS. 

13. Pulverized fuel burning apparatus compris 
ing a fuel pulverizer of the air swept type, a 
furnacehaving a horizontally-extending wall and 
a subjacent vertically-extending Wall, separate 
fuel burners arranged to discharge fuel laden 
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air into said furnace through said walls, conduit 
means for conducting fuel laden air from said 
pulverizer to said burners, said conduit means 
including a centrifugal classifier Constructed to 
classify the fuel laden air into separate streams 
for said separate burners, One of said streams 
consisting of a readily ignitable fuel-air mixture 
and the other consisting of a less ignitable fuel 
air mixture, and conduit means for delivering 
the readily ignitable fuel-air mixture to the 
burner discharging through said horizontally ex 
tending wall and the less ignitable fuel-air mix 
ture to the burner discharging through, said 
vertically extending wall. - 

14. Pulverized fuel burning apparatus compris 
ing a fuel pulverizer of the air-swept type, a 
furnace having a heating gas outlet, a pulverized 
fuel burner, a second pulverized fuel burner posi 
tioned intermediate said first fuel burner and 
said outlet, said fuel burners being directed rela 
tive to said outlet so as to discharge fuel into said 
furnace in initially separate paths having dif 
ferent lengths of travel in said furnace from said 
burners to said outlet, the discharge from said 
second fuel burner having a shorter length of 
travel than and in a path in substantial radiant 
heat transmitting relation with the discharge 
from said first fuel burner, conduit means for 
delivering pulverized fuel-laden air from Said 
pulverizer to said furnace including a separate 
classifier spaced above the level of said pulverizer 
and arranged to classify the fuel into separate 
streams, one consisting of a readily ignitable fuel 
air mixture and the other containing a less ignit 
able fuel-air mixture, means for delivering the 
stream containing the less ignitable fuel-air 
mixture to said first fuel burner, and means for 
delivering the stream containing the readily ignit 
able fuel-air mixture to said second fuel burner. 

15, Pulverized fuel burning apparatus com 
prising a furnace having a heating gas outlet, a 
pulverized fuel burner, a second pulverized fuel 
burner positioned intermediate said first fuel 
burner and said outlet, said fuel burners being 
directed relative to said outlet so as to discharge 
fuel into said furnace in initially separate paths 
having different lengths of travel in said furnace 
from said burners to said outlet, the discharge 
from said second fuel burner having a shorter 
length of travel than and in a path in Substantial 
radiant heat transmitting relation with the dis 
charge from said first fuel burner, conduit means 
for delivering pulverized fuel-laden air to said 
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furnace including a separate classifier arranged 
to classify the fuel into separate streams, one 
containing the heavier fuel particles and the 
other containing the relatively lighter fuel par 
ticles, means for delivering the stream containing 
the heavier fuel particles to said first fuel burn 
er, and means for delivering the stream contain 
ing the lighter fuel particles to said Second fuel 
burner. 

16. Pulverized fuel burning apparatus Com 
prising a fuel pulverizer of the air-swept type, 
a furnace having a heating gas outlet, a pulver 
ized fuel burner, a second pulverized fuel burn 
er positioned intermediate said first fuel burner 
and said outlet, said fuel burners being directed 
relative to said outlet so as to discharge fuel into 
said furnace in converging paths having different 
lengths of travel in said furnace from said burn 
ers to said outlet, the discharge from said Second 
fuel burner having a shorter length of travel than 
and in a path in substantial radiant heat trans 
mitting relation with the discharge from said 

  



6 
first fuel burner, conduit means for delivering 
pulverized fuel-laden air from said pulverizer 
to said furnace including a variable rotary clas 
sifier spaced above said pulverizer and arranged 
to classify the fuel into separate streams, one 
containing the heavier fuel particles and the 
other containing the relatively lighter fuel par 
ticles, means for delivering the stream containing 
the heavier fuel particles to Said first fuel burn 
er, and means for delivering the stream contain 
ing the lighter fuel particles to said second fuel 
burner. . 

17. The method of producing 'combustion of 
fuels which comprises entraining the fuel in a 
stream of air, delivering the fuel and air mixture 
to a separating Zone, separating the mixture into 
separate streams, one containing a readily ig 
nitable fuel-air mixture and another a less ig 
nitable fuel-air mixture, delivering the readily 
ignitable stream to the upper portion of the fur 
nace for combustion in an ignition Zone and de 
livering the less ignitable stream to a lower por 
tion of the furnace outside said ignition zone to 
rejoin the burning readily ignitable stream. 

18. The method of supplying pulverized fuel 
to a furnace for combustion which comprises en 
training the fuel in a stream of air, delivering 
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the fuel and air mixture to a separating. zone, 
separating the mixture into separate streais, 
one containing a readily ignitable fuel-ai . 
ture and another a less ignitable fuel-air 
ture, delivering the readily ignitable stream to 
the upper portion of the furnace through one wall 
thereof fpr combustion in an ignition Zone and 
delivering the less ignitable stream to the fur 
nace through another wall thereof outside of said 
ignition Zone and at a lower portion of the fur 
nace to rejoin the burning readily ignitable 
Stream. 

19. Apparatus for producing combustion of 
fuel in a furnace comprising means for entrain 
ing the fuel in a stream of air, a separator for 
separating the fuel-air mixture into separate 
streams, one containing a readily ignitable fuel 
air mixture and another a less ignitable fuel-air 
mixture, a burner nozzle disposed to deliver the 
readily ignitable stream to the upper portion of 
the furnace for combustion in an ignition section 
thereof, and means for delivering the less ignit 
able stream to a lower portion of the furnace 
outside said ignition section to rejoin the burn 
ing readily ignitable stream. 
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