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This invention relates to the burning of pull 
Verulent, gaseous, or liquid fuels in boiler furnaces 
and similar combustion chambers and is con 
cerned more particularly with a novel burner for 
delivering fuel into Such a chamber and supplying 
air for combustion under regulated conditions, 
Such that ignition of the fuel as it enters the com 
bustion chamber is assured and the deflagrating 
fuel is thoroughly mixed with air so that it is 
completely consumed and a high combustion effi 
ciency results. The burner is constructed to de 
liver a plurality of different fuels, either one at a 
time or simultaneously. 
In the burning of pulverulent solid fuels, it is 

the practice to introduce the fuel into the com 
bustion chamber nixed with a quantity of 
primary air which is insufficient for combustion, 
and to supply additional or secondary air to the 
chamber at the same time. In order to deliver 
the fuel-air mixture into the furnace Satisfac 
torily, the stream has to be maintained at a 
velocity of 40 feet per second or more and this 
makes it difficult to obtain ignition of the Solid 
particles in the case of low volatile fuels, such as 
certain petroleum cokes, which have a flame prop 
agation velocity as low as 5 feet për second. 
When a mixture of such a fuel and primary air is 
introduced into the furnace chamber along a 
rectilinear path, it is apparent that the forward 
movement of the solid particles is greater than 
the speed of flame propagation and accordingly, 
the particles may pass through a considerable 
portion of their path through the chamber from 
the point of fuel admission tu the exhaust gas 
exit before ignition of the paricles occurs. To 
obtain best combustion results, the fuel should 
be ignited and begin burning as Soon after it 
enters the combustion chamber as possible, and 
this earily ignition is not obtained with the 
methods of supplying fuel now commonly in 
VOgule. 

Proper burning of low volatile fuels also re 
quires a more intimate mixing of the fuel and air 
within the combustion chamber than is required 
with fuels of high volatility, and an increased 
mixing action is likewise required for good com 
bustion as the furnace temperature decreases. 
The present invention is directed to the pro 

vision of a burner adapted to deliver fuel and air 
into a combustion chamber in such a way as to 
obtain early ignition of the particles and the 
proper mixing of the particles with air, these de 
sirable results being secured by controlling the 
manner in which the Secondary air is introduced 
into the chamber. In the operation of th? ?m 

(C. 110—22) 
proved burner of the present invention, the fuel 
to be consumed is admitted into the chamber in . 
a Stream and the secondary air is introduced in 
the form of an envelope which encloses the 
stream. Just before the envelope comes into con 
tact with the stream, it is given a rapid whirling 
movement and this causes the fuel particles to 
change direction so that their rate of forward 
advance into the combustion chamber is greatly 
reduced and a more intimate mixture of fuel and 
air is effected. By proper regulation of the rota 
tional velocity of the envelope, the fuel particles 
may be advanced so slowly that they are ignited 
shortly after they enter the furnace and the 
degree of mixing of the fuel and the air may also 
be varied as may be required for good combustion 
of fuels of different kinds. 
The principles of the invention may be prac 

ticed by means of burners of various forms, de 
pendent to some extent in their construction on 
the kinds of fuel to be burned. For purposes of 
illustration, a form of the new burner capable of 
supplying pulverulent, gaseous, and liquid fuels 
will be described in detail though it is to be under 
stood that the advantages from utilizing the new 
burner are not limited to the burning of two or 
more fuels simultaneously. 
A burner constructed in accordance with the 

invention for the purpose referred to includes a 
tube for delivery of the pulverulent solid fuel 
mixed with primary air and leading to an open 
ing in the furnace wall, a plurality of burner 
Openings for gas, these openings lying close to 
the end of the tube and preferably formed in a 
ring of greater diameter than the tube, and a 
nozzle for supplying atomized liquid fuel, which 
may be mounted on the end of an oil pipe which 
extends through the tube and terminates beyond 
the end of the latter. Secondary air for combus 
tion is Supplied by a wind box and is discharged 
through an annular outlet surrounding the fuel 
tube, the air from the box flowing through the 
gas ring and around the liquid fuel nozzle into 
the combustion chamber. The secondary air thus 
envelops the stream of pulverulent fuel and pri 
mary air and it is given a rapid whirling motion 
just before it contacts with the stream so that 
it entrains the solid particles therein and causes 
them to change direction and to advance into the 
furnace along a helical path. The particles thus 
enter the zone of combustion much more slowly 
than would otherwise be the case and the whirl 
ing movement of the secondary air produces a 
better mixing of the fuel and air which results 
in improved combustion conditions with ignition 
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member and the end of the tube, means includ 
ing a plurality of vanes positioned at the end of 
Said tube and pivotally mounted on axes lying 
in radial planes and disposed approximately per 

0. 
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pendicular to the axis of said tube and extending 
substantially across said annular discharge outlet 
for imparting spiral movement to said envelope, 
and means for adjusting said vanes rotatively 
about said axes. : ??? 

2. In a burner, the combination of a tube for 
delivering a stream of mixed pulverulent fuel and 
primary air, said tube having an open discharge 
end, a wind box having an annular discharge 
outlet surrounding said tube for delivering sec 
ondary air in the form of an envelope enclosing 
said stream, a hollow ring member having ports 

3 
in its inner side, said ports lying beyond the dis 
charge end of said tube, said secondary air pass 
ing through said ring member and between said 
ring member and the end of said tube, means for 
supplying gaseous fuel to said hollow ring mem 
ber, means for imparting spiral movement to said 
envelope including a plurality of vanes pivotally 
mounted on axes lying in radial planes and dis 
posed approximately perpendicular to the axis 
of said tube and extending substantially across 
said annular discharge outlet, said means being 
disposed close to the point where said secondary 
air contacts with said stream, and means for ad 
justing said vanes rotatively about said axes. 

OLIVER F. CAMPBELL. 
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