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4 (Claims. 

The present invention relates to the construc 
tion and operation of furnaces adapted for the 
separate or simultaneous burning of a plurality 
of fuels in suspension therein. 

In furnaces heretofore built or proposed for 
burning pulverized coal and/or blast furnace gas, 
for example, combustible mixtures of fuel and 
air have been projected into different portions 
of the furnace chamber either from the Same Or 
opposite sides thereof, and in directions which 
create a substantial mixing of the fuels before 
or during combustion when simultaneously uti 
lized. Separate burner ports and fuel burners 
are provided for the different fuels. The loca 
tion of the burner ports for the different fuels in 
different portions of the furnace structure usually 
results in a substantial difference in the length. 
of flane travel in the furnace With a COrre 
sponding loss in combustion efficiency of One or 
both fuels. Where the burner ports for the dif 
ferent fuels are so located that the streams of 
fuel and air are Superposed in the furnace When 
the fuels are Simultaneously fired, a loSS in COn 
bustion efficiency results not only from the differ 
ence in lengths of flame travel in the furnace, 
but also because of flotation of fuel particles in 
the upper stream by the lower stream out of the 
furnace before combustion thereof is effected. 
Where the burner ports for the different fuels 
are Superposed in a vertical wall of the furnace, 
it has been found when only one set of burner 
ports is utilized, that the portions of the idle 
burners exposed to the radiant heat of the fur 
nace will deteriorate and be destroyed in a rela 
tively short time. 
The general object of my present invention is 

the provision of a high capacity furnace of the 
character described in which the burner ports 
and fuel burner means are constructed and ar 
ranged so as to fully utilize the available furnace 
Wolume When the fuels are burned either Sinnul 
taneously or separately. A further and more 
specific object is the provision of a fluid cooled 
furnace and fuel burner means adapted for the 
firing of a plurality of fuels at high ratings and 
efficiencies. 
The various features of novelty which chair 

acterize my invention are pointed Out With par 
ticularity in the claims annexed to and forming 
a part of this specification. For a better under 
standing of the invention, its operating advan 
tages and Specific objectS attained by its use, 
reference should be had to the accompanying 
drawings and descriptive matter in which I have 

(C, E-22) 
illustrated and described preferred embodiments 
of my invention. 
Of the drawings: 
Fig. 1 is a sectional elevation illustrating a pre 

ferred embodiment of my invention; 
Fig. 2 is a front elevation of the invention with 

parts omitted; 
Fig. 3 is a section on the line 3-3 of Fig. 2; 
Fig. 4 is a view similar to Fig. 1 illustrating a 

modification; and 
Fig. 5 is a Section on the line 5-5 of Fig. 4. 
In the drawings I have illustrated a Steam 

boiler unit comprising a furnace chamber 0 
formed by vertical walls lined with Spaced 
Water tubes 2 which in turn are covered by 
blocks 3 of heat resistant material. Above the 
furnace is positioned a steam boiler of the Stirling 
type into the circulation system of which the wall 
tubes 2 are preferably connected. The lower 
portions of the walls are inclined and arranged 
to form fluid cooled hopper surfaces 4 receiving 
ash or residue. 
The furnace illustrated is designed for the ef 

ficient burning of pulverized fuel and/or blast 
furnace gas at high capacities. The provisions 
for this purpose include a series of burner ports 
arranged Side-by-Side in the front Wall of the 
furnace, and at a level therein sufficiently above 
the ash hopper that the amount of heat to which 
the ash therein is Subjected is not excessive. As 
shown at Figs. 2 and 3, burner ports 58 are ar 
ranged for the discharge therethrough of a 
combustible mixture of pulverized fuel and air, 
While alternate burner ports 5b intermediate 
the ports 58 are adapted for the discharge of 
a combustible mixture of gaseous fuel and air. 
As indicated in Fig. 3, the series of burner ports 
extend Substantially across the front Wall of the 
furnace. 
The fuel burne' means associated With the 

burner ports 5 are similar to those illustrated 
in U. S. Patent No. 1,994,445, their specific con 
Struction forming no part of my present inven 
tion. AS shown in Fig. 1, two of the tubes 2 are 
bent OutWardly as indicated at 2a to facilitate 
installation of the burner. A vertically diverg 
ing and laterally tapering fuel burner nozzle 6 
is positioned With its discharge end between the 
tube portions 2. A casing 7, supplied with 
air for combustion, extends across the front fur 
nace Wall and is divided by partitions 7a into a 
number of supply chambers 7b, alternate ones 
of which Surround the nozzles 6. Dampers 7c 
permit independent regulation of the air supplies 
to the several chambers, The tube blocks 3 be 
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2 
tween the tube portions 28 and adjacent straight 
tubes are spaced so as to leave staggered open 
ings i8 at opposite sides of the tube portions 2, 
through which openings streams of air are dis 
charged from the chambers 7b. The blocks 
have extensions or lips 3a to direct the discharge 
Of the primary air and fuel from the end of the 
nozzle 6 in staggered streams in front of the 
block openings f8. The streams of secondary air 
impinge on the fuel streams and effect a thorough 
commingling of the fuel and air. Dampers 20 
may be advantageously used to regulate the effec 
tive area of the Secondary air discharge open 
ings in accordance with variations in the supply 
of secondary air for the purpose of maintaining 
an air velocity sufficient to effect the desired mix 
ing action. 
The gaseous fluid fuel burner means associated 

with the ports f5b, each comprises a supply con 
duit 30 connected to a burner nozzle 3 which 
terminates in a vertically diverging tip member 
32 shaped to divide the entering fuel into a plu 
rality of thin parallel streams and project then 
through corresponding spaces betwen the tubes 
2 into the furnace. An air chamber 7b, inter 
mediate the air chambers for the pulverized fuel 
burners, surrounds each nozzle tip member and 
OpenS to the Spaces between the discharge ends 
of the tip member and the Wall tubes, Whereby 
the streams of fuel issuing from the burne dis 
charge openings Scrub or are Scrubbed by the 
Surrounding streams of air, depending upon the 
relative velocities thereof, effecting the desired 
commingling of the fuel and air. AcceSS door'S 
34 permit inspection of any of the burners with 
Out interrupting the Operation of the remaining 
burners. Lighting portS 35 are arranged adja 
cent the access doors. 
In lieu of either or both of the fuel burner con 

Structions illustrated in Figs. 1-3, I may enaploy 
the fuel burner construction illustrated in FigS. 
4 and 5. The fuel burner construction therein 
illustrated is generally similar in construction to 
the fluid fuel burner previously described, dif 
fering mainly by the location of the nozzle tip 
discharge slots adjacent to and in longitudinal 
arrangement with fuel dispersal members 4 car 
ried on the outer sides of the tubes 2. In this 
construction, gaseous fuel is supplied through 
pipes 42, and pulverized fuel and primary air 
through conduits 43 arranged intermediate the 
pipes 42. Air for combustion is Supplied to the 
intertube spaces from a casing 44 divided into 
separate chambers 448 surrounding the nozzle tip 
members. In operation, the fueis are discharged 
through the slotted discharge openings of the tip 
members impacting on corresponding members 
4f and spilling over into the intertube Spaces, 
through which streams of air from the Corre 
sponding chambers 44 are continuously passed. 
An intimate mixture of fuel and air from each 
burner is thereby effected before entrance to the 
furnace chamber. The fuel burner construction 
illustrated in Fig. 5 is adapted for use in the lo 
cation shown in Fig. 1 or preferably in a vertical 
position in a horizontally inclined arched portion 
of the furnace as illustrated in Fig. 4. 
The various fuel burner constructions illus 

trated are substantially similar in their capacity 
for efficient operation at high ratings, for effect 
ing an intimate mixture of fuel and air in pro 
portions Suitable for short flame combustion, and 
for discharging a fuel and air mixture in a stream 
Concentrated in Substantially the same vertical 

2,064,366 
plane throughout its travel through the furnace 
chamber. 
In the operation of the steam boiler illustrated 

in Fig. 1 with pulverized fuel and blast furnace 
gas, for example, the proportions in Which the 
fuels are used will be primarily dependent upon 
their relative costs and availability. Ordinarily, 
the cheaper fuel Will be utilized for the produc 
tion of a major portion of the power require 
ments, and the more expensive fuel utilized when 
the Supply of the cheaper fuel is insufficient. 
fin this type of furnace, there may be considerable 
periods in which both fuels are simultaneously 
burned, and the present construction is particu 
larly adapted for the maintenance of efficient 
combustion and desirable furnace conditions dur 
ing such periods. The supplies of combustion air 
to the different burner air casingS are regulated 
to deliver the amount necessary to Secure a 
thorough mixing of the fuel and air before or 
adjacent the point of entry, and complete com 
bustion of the fuel in the furnace. The pull 
Verized fuel and air mixture will enter the fur 
nace in a series of horizontally Spaced substan 
tially parallel streams, while the fluid fuel and 
air mixture will enter the furnace in Streams in 
termediate the streams of the pulverized fuel and 
air mixture. Due to the construction and ar 
rangement of the fuel burner provisions, little 
or no interference Will occur in the furnace be 
tWeen adjacent streams, and each stream will 
undergo combustion Substantially independently 
of the combustion conditions occurring in the 
neighboring Streams. The air/fuel ratios and 
Velocities of discharge of the streams of fuel are 
preferably regulated to initiate combustion at 
substantially the same distance from the points 
of entry into the furnace, whereby mixing of the 
products of combustion from one stream with 
unburned particles of fuel in a neighboring stream 
Will be minimized. The side-by-side relation of 
the different fuel and air streams maintained in 
the furnace permits all of the streams to have 
the same length of travel in the furnace, pro 
Widing a maximum utilization of the furnace vol 
ume for any given size furnace, and a reduction 
in size aS compared to prior furnaces of this type 
and capacity. 
The described arrangement of the fuel burn 

erS and burner ports is particularly advantageous 
When a portion of the series is not being utilized. 
When, for example, only the fluid fuel ports 5th 
are in Operation, the pulverized fuel burner means 
positioned therebetween will be adequately pro 
tected from radiant heat due to their location in 
What will be then the coolest portion of the fur 
nace. Moreover, with the present arrangement, 
Substantially the same furnace conditions Will be 
present when the fuels are burned separately, ob 
viating the necessity of providing for different 
Conditions which occur when the burners are 
differently located as has been heretofore the 
practice, and minimizing Wall maintenance prob 
lens. 

I claim: 
1. In apparatus having walls enclosing a fur 

nace chamber, an elongated air box arranged ex 
ternally along one of said walls, partitions divid 
ing Said box into a Series of side-by-side compart 
ments each having an air inlet opening therein, 
a row of fuel burner ports formed in said Wall 
and providing communication between said com 
partments and said furnace chamber, means in 
Spaced compartments for projecting a combustible 
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ing burner ports in Separate streams traveling in 
substantially parallel flow paths throughout said 
furnace chamber, means in compartments inter 
mediate said spaced compartments for projecting 
a combustible mixture of a second fuel and air 
through the corresponding burner ports in sepa 
rate streams traveling in Substantially parallel 
flow paths throughout said furnace chamber and 
intermediate and parallel to the streams of said 
first fuel and air mixture, and means for con 
trolling the supply of air to each of Said com 
partments. 

2. In apparatus having walls enclosing a fur 
nace chamber, an elongated air box arranged ex 
ternally along one of said Walls, partitions di 
Viding said box into a series of side-by-side com 
partments each having an air inlet opening 
therein, a row of fuel burner ports formed in 
Said wall and providing communication between 
Said compartments and said furnace chamber, 
means in alternate compartments for projecting 
a combustible mixture of a fuel and air through 
alternate burner ports in separate streams travel 
ing in Substantially parallel flow paths through 
Out said furnace chamber, means in the inter 
mediate Compartments for projecting a com 
bustible mixture of a second fuel and air through 
alternate burner ports in separate streams trav 
eling in substantially parallel flow paths through 
Out Said furnace chamber and intermediate and 
parallel to the streams of said first fuel and air 
mixture, and means for controlling the supply 
of air to each of said compartments. 

3. In apparatus having walls enclosing a fur 
nace chamber, an elongated air box arranged 
externally along one of said walls, partitions 
dividing said box into a series of side-by-side 
Compartments each having an air inlet opening 
therein, a row of fuel burner ports formed in said 
Wall and providing communication between said 
compartments and said furnace chamber, means 

3 
in alternate compartments for projecting a com 
bustible mixture of pulverized fuel and air 
through alternate burner ports in Separate 
streams traveling in substantially parallel flow 
paths throughout Said furnace chamber, means 
in the intermediate compartments for projecting 
a combustible mixture of gaseous fuel and air 
through alternate burner ports in separate 
streams traveling in substantially parallel flow 
paths throughout Said furnace chamber and in 
termediate and parallel to the streams of said 
pulverized fuel and air mixture, spaced cooling 
fluid tubes extending across the burner ports com 
municating with said intermediate compart 
ments, and means for independently controlling 
the supply of air to each of said compartments. 

4. In apparatus having Walls enclosing a fur 
nace chamber, Spaced cooling fluid tubes lining 
said walls, an elongated air box externally 
mounted on One of said fluid cooled walls, par 
titions dividing said box into a series of side 
by-side compartments each having an air inlet 
opening therein, a row of fuel burner ports formed 
in said Wall and providing communication 
through the corresponding inter-tube spaces be 
tween said compartments and said furnace cham 
ber, means in alternate compartments for pro 
jecting a combustible mixture of pulverized fuel 
and air through alternate burner ports in sepa 
rate streams traveling in substantially parallel 
flow paths throughout said furnace chamber, 
means in the intermediate compartments for 
projecting a combustible mixture of gaseous fuel 
and air through alternate burner ports in sepa 
rate streams traveling in substantially parallel 
flow paths throughout Said furnace chamber and 
intermediate and parallel to the streams of said 
pulverized fuel and air mixture, and means for 
independently controlling the supply of air to 
each of Said compartments. 

ERWIN (i. BAILEY. 
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