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4 Claims. (C). 110-28) 
My present invention is concerned with a meth 

od of and apparatus for effecting the combus 
tion of fuels in suspension and it is more par 
ticularly concerned with an improved method of 
burning comminuted fuel, such as pulverized coke, 
coal or other pulverulent fuel as well as atomized 
liquid fuels. 
An object of the invention is to effect im 

proved conditions of combustion designed to pro 
mote not only substantially complete and perfect 
combustion but a high intensity of combustion 
and a high rate of heat transmission by radia 
tion from the flame. In other words with my 
apparatus and method there is effected an in 
creased release of heat per unit volume of the 
furnace or combustion chamber and a large por 
tion of the total energy liberated is transmitted 
by radiation from the flame. 
Another object is to provide a method and 

apparatus of this character which insures rapid 
ignition and stable combustion. 
Other objects are to provide an apparatus of 

simple, practical construction, dependable in 
Operation, rugged and durable in use and capable 
of effecting substantial fuel economy due to efi 
ciency of operation, and to provide an apparatus 
of this character which is of compact, inexpen 
sive construction. 

Broadly considered the method involves the 
formation of a free vortex of air, moving circum 
ferentially with a tangential velocity component 
and progressing with both radial and axial veloc 
ity components and the delivery of fuel to the core 
of the vortex the surface of which is the most 
rapidly rotating part of the vortex, thereby effect 
ing the mixing of the gaseous components of the 
fuel With the oxygen of the air by diffusion and 
causing suspension of the finely divided solid com 
ponents of the fuel in the spirally progressing air 
stream, in such a fashion that the solid particles 
are moved continuously through fresh portions of 
the air. The result is that substantially complete 
and perfect combustion may be effected in a 
combustion chamber of relatively small volume, 
the burning fuel taking the form of a luminous 
flame having a comparatively high radiating 
power. 
The method is carried out in a combustion 

chamber or furnace which may be considered as 
a paSSage for air and products of combustion 
having Walls which are surfaces of revolution and 
containing a continuous body of fluid passing 
through it in a form of a free vortex. In a free 
vortex motion, the fluid moves with velocities such 
that the Velocity of whirl or tangential (circum 

ferential) component of absolute velocity varies 
inversely as the radial distance from the axis. By 
free vortex is meant any rotating body of fluid 
in which the tangential velocity varies inversely 
as the distance from the axis of rotation. Fur 
ther discussion of vortices, which support this 
definition, may be found in “Hydraulics' by A. E. 
Gibson, page 103, published by Wan Nostrand, 
1925, and A. S. M. E. Transactions, 1921, paper 
1824: “Present Trend of Turbine Development' 
by L. F. Moody. 

If a fluid while moving as a free vortex moves 
in an axial direction it is a free spiral vortex. 
By a free spiral vortex is meant that species of a 
free vortex in which the moving fluid has an 
axial velocity component. Inasmuch as the ab 
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solute velocity of each portion of a free spiral 
vortex is the same, each concentric portion 
thereof will pursue a different spiral course. The 
Spiral currents nearer the axis possess a larger 
tangential velocity component and a smaller axial 
Velocity component, and the spiral air currents 

20 

near the outside of the vortex possess a smaller 
tangential velocity component and a larger axial 
Velocity component. 
A core is formed along the axis of the vortex, in 

which core the fluid is rotating with a constant 
angular velocity and with substantially no axial 
Velocity. In the core, therefore, the tangential 
Velocity component is directly proportional to the 
radial distance from the axis. - . 
When the combustion chamber has walls which 

are surfaces of revolution, it will be obvious that 
the air current in the core will be rotating with a 
tangential velocity which increases as the dis 
tance from the axis of the core but without a 
substantial axial movement through the combus 
tion chamber. This tangential velocity of the 
core reaches a maximum at its periphery. The 
inner layer of the free vortex will have the same 
movement as the Outer layer of the core and Will 
in effect be the same. However, each succeeding 
Outer layer of the free vortex will be moving with 
a slower tangential velocity component and 
greater axial velocity component. 
The fuel to be burned is delivered preferably 

into the core of the vortex. The fuel particles 
will travel radially outward through the core and 
into and through the air streams of the free 
Spiral vortex. The centrifugal force will act con 
tinuously to move the particles into new regions 
of the Spirally progressing air streams of the . 
WOrtex. 

It is evident that with luminous combustion, 
the Speed of combustion is controlled by the rate 
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of oxidation of the carbon particles to be burned. 
When small particles such as pulverized coal or 
globules of atomized oil are injected into any 
stream of air in motion, the particles very quickly 
acquire almost the same velocity as the air and 
therefore in practice their combustion is allow. 
Formation of a blanketing layer of products of 
combustion around the particle is synonymous 
With rapid decrease of oxygen concentration, and 
is the main reason for combustion time being 
prolonged. Therefore, the most effective means 
for accelerating the reaction consists in a violent 
destruction of the separating layers of products of 
combustion and the equalization of the oxygen 
concentration near the particles by most rapid. 
relative motion between the solid particles and 
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cases. 
While the particles rapidly acquire the velocity 

of any air stream in which they find themselves, 
they, however may be diverted from the carrying 
stream by centrifugal force developed when the 
carrying air is moving in a curved path. 
The fuel particles introduced into the core will 

move outwardly due to the centrifugal force 
until they reach the outer layer of the core and 
will then move into the air currents of the free 
vortex. Inasmuch as these currents have an 
axial velocity component the particles will begin 
their travel through the length of the combustion 
chamber. The centrifugal force acting on the 
fuel particles will move them outwardly through 
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the layers of the combustion supporting air of 
the free vortex, and away from the surrounding 
products of combustion, the latter remaining in 
an inner layer. 
The accompanying drawing is a diagrammatic 

illustration of some of the forms of the furnaces 
or combustion chambers for carrying out the 
method. The preferable form of the combustion 
chamber is such that the confining walls of the 
same are surfaces of revolution. But it is un 
derstood that a combustion chamber of polygonal 
Cross-section, may be used because the main air 
stream lines will move in substantially spiral 
paths, 
The invention may be more fully understood 

from the following description in connection with 
the accompanying drawing wherein:- 

Fig. 1 is a fragmentary longitudinal sectional 
view through a fuel mixing and combustion 
chamber embodying the invention, the view being 
somewhat diagrammatic in its showing of the 
means for forming the vortex in air and means 
for injecting fuel, 

Figs, 2 and 3 are transverse sectional views on 
the lines 2-2 and 8-8 respectively of Pig. 1, 

Fig. 4 is a view similar to Fig. 1 but showing the 
application of the invention to a boiler, 

Fig. 5 is a transverse sectional view on the line 
-S of Fig. 4, and 
Fig. 6 is a transverse sectional view on the line 
- of Fig. 4. 
Referring first to the form of invention illus 

trated in Figs. 1 to 3 of the drawing, I have used 
the reference numeral to designate a volute 
casing having a tangential air inlet if through 
which the air is introduced into the casing. In 
wardly curving wanes 2 in the casing serve to : 
direct the air toward the center of the casing 
and to create a free vortex of air which pro 
gresses axially through the furnace or fuel 
due to the pressure of air entering the inlet . 
The volute casing to communicates at its top 
with the fuel and at its bottom in axial align 
ment with the flue there is provided an inlet 

float it into the combustion chamber. 

8,000,765 
for fuel. The fuel is introduced through a volute 
casing having a tangential fuel inlet . . the 
opening 4 through which the fuel discharges into 
the combustion supporting air is formed at the 
end of a generally frusto-conical upwai, 4 ex 
tension of the casing f. 
The volute casing U will impart to fuel part 

cles entering the inlet the motion of a free 
vortex as they exit from the opening 4. . 

or the sake of clarity have omitted any 
showing of the apparatus for forcing liquid, gas 
eous or pulverulent fuel through the casing. U 
and likewise have not shown the usual mechanism 
for producing a powerful blast of air through the 
inlet f of the casing . 

It will be apparent that as the fuel is introduced 
it tends to partake of the movement of the air in 
the core. If fuel is introduced through the cas 
ing is and ignited, the combustion proceeds from 
the contacting boundary of the core and the 
annular air stream of the free vortex, and, as 
illustrated diagrammatically by the showing of 
the flame in Figures 1 and 4, the combustion 
takes place in an annular portion around the 
core, w 

The progressive heat of combustion will heat 
the non-burning fuel to a sufficiently high ten 
perature to ignite the same. Stable combustible 
gases make contact with the oxygen of the air 
and are burned. Due to the rotation of the core, 
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the fuel particles will pass through the contacting 
boundary of the streams of the core and the free 
spiral vortex, and into the combustion-support 
ing air of the free vortex. The thorough com 
bustion of these particles is supported as they 
progress radially, and axially in their course 
through the free spiral vortex. Combustion is 
completed within the furnace by the time the 
particles reach the periphery of the free spiral 
vortex and the ash remaining is removed with 
the products of combustion. . 
Where pulverized coal is used it is introduced 

with only a sufficient amount of carrying air to 
Thus the 

thermal capacity of the fuel cloud is reduced to a 
minimum and its ignition is accelerated. Under 
such conditions the pulverized coal is rapidly 
ignited as it reaches the burning Zone and the 
burning coal particles move continuously into 
zones of fresh air as they whirl in a spiral path 
toward the outside of the vortex and up the fue. 

in the firing of bituminous coal powder the 
Combustion process is such that the powder is 
gasified just before it reaches the combustion 
2Ole. 

In the structure illustrated, in Pigs, 4 to 8 
inclusive, the combustion occurs wholly within 
the chamber 20 which in this instance is shown 
encircled by a jacket 2 containing water to be 
converted into steam. Here the fuel is intro 
duced through a straight nozzle 22 coaxial with 
the cylindrical air inlet chamber 20 and project 
ing axially through this chamber into casing 2. 
The air inlet casing in this instance is found with 
a circular series of spaced tangential vanes 24. 
A volute casing 2 at the top of the furnace is 
connected to an exhaust fan (not shown) to in 
duce the entry of air into chamber 2, as well as 
to increase the absolute velocity of rotation. 
The vane arrangement causes the induced draft 
to form a free vortex within the core of which the 
fuel indector nozzle 22 is disposed. 
The fuel may be injected through the no le 

22 by any suitable means. Liquid fuel may be 
injected by an air atomizer or a mechanical 
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atomizer. Pulverized coal may be carried 
through in a stream of air. Ignition takes place 
in the Core and the combustion of the particles 
begins at the contacting boundary of the core 
and the annular air stream of the free vortex and 
the fuel particles actuated both by centrifugal 
force and by the drag of the free vortex move 
through the combustion-supporting air in radi 
ally and axially progressing spirals until they are 
completely burned. 

It Will thus be seen that there is herein de 
scribed apparatus in which the several features 
Of this invention are embodied, and which appa 
ratus in its action attains the various objects of 
the invention and is well Suited to meet the 
requirements of practical use. 
AS many changes could be made in the details 

of the apparatus, and many apparently widely 
different embodiments of this invention could be 
made without departing from the scope thereof, 
it is intended that the forms shown in the accom 
panying drawing shall be interpreted as illus 
trative and not in a limiting sense. 

Having thus described my invention, what I 
claim as new and desire to secure by Letters 
Patent is:- 

1. An apparatus for burning solid powdered 
fuel in suspension comprising in combination a 
combustion chamber having an interior Surface 
of a transverse cross Sectional shape to maintain 
a free spiral Vortex therein and having an air 
inlet at One end thereof, means at said air inlet 
end of the combustion chamber for introducing 
air in the form of a free spiral vortex into the 
combustion chamber, the proportions of the com 
bustion chamber in respect to said means for 
producing the vortex being such that the air is 

tion from said chamber. 

maintained in a free spiral vortex within the 
combustion chamber, and a fuel inlet at one end 
of the combustion chamber for introducing the 
Solid powdered fuel into the core of the vortex. 

2. An apparatus for burning Solid powdered 
fuel in Suspension comprising in combination a 
substantially cylindrical combustion chamber 
having an air inlet at one end thereof, means at 
the air inlet end of the combustion chamber for 
introducing air in the form of a free spiral vortex 
into the combustion chamber, the proportions of 
the combustion chamber in respect to said means 
for producing the vortex being such that the air 
is maintained in a free spiral vortex within the 
Combustion chamber, and a fuel inlet at one end 
of the combustion chamber for introducing the 
Solid powdered fuel into the core of the vortex. 

3. A method of effecting combustion of com 
minuted fuel in suspension, which includes the 
steps of creating and maintaining a free spiral 
vortex of combustion-supporting air, introduc 
ing the fuel into the core of the free spiral vortex 
of air, whereby ignition occurs at the common 
boundary of the core and the combustion-sup 
porting air and burning continues as the fuel 
particles move in expanding spirals through the 
free vortex. 

4. The combination with a cylindric combus 
tion chamber having flaring ends, of means at 
one end of said chamber for admitting air tan 
gentially thereto, means at said end for deliver 

3. 
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ing solid powdered fuel axially into said chamber, 
and a volute casing at the opposite end of said 
chamber for delivering the products of combus 

AATO P. SAHA. 


