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This invention relates to improvements in
furnaces for powdered, Iiquid or gaseous
tuels and has for its principal objects provi-
~sions of an improved furnace construction
5 which will more efficiently mix finely divided
tuel with the air for combustion to the gen-
eral end that a more homogeneous, complete
and better combustion may be secured.

Other objects of the present invention re-
side in the provision of a construction which
will permit free and independent exXpansion
of any parts of the apparatus which are sub-
_ Ject to high and variable heat. '

A _further object of the present invention

10

parts of the apparatus by the entering air
and for thereby raising the incoming air tem-
perature. | | S
resides in the provision of a furnace construc-
tion which will afford a relatively cool zone
or antechamber at certain points near the
point where the fuel enters whereby high and
5 eXcessive radiant heat effects in certain parts
of this zone or antechamber are considerably

-minimized and also in the provision of 1

further main combustion chamber in which
30 takes place. R |
- Other objects of the present inveéntion Te-
side in the provision of novel means for di-
recting the fuel and air into the ante and
main combustion chambers to the general end
that better operating
after. . _ |
Further and moré detailed objects of the
present 1nvention reside in the provision of a
10 construction which will protect the burner
- tips against excessive heat and which will
also keep these tips cool. o -
- A further object of the present invention
resides in the provision of a construction

and air so that combustion may be completed
. 'within a very small space. =~ |
- Provision is made for settin
' Ing or revolving action of the
50

up a whirl-
Urning mix-
ture so that all zones of the combustion space

Sy,

t"':

restides in the provision of a ‘construction. _
which will provide for cooling of various resides in the ‘provision of a construction

“which will be simple to assemble and disas-

A further object of the present invention

results are secured
which will be more fully pointed out herein-

which will secure an intimate mixture of fuel ( _
tion chamber.

'J ill act equally and whereby stratified com-

bustion is avoided, even if the introduction

of fuel and air is not initially such that an
equal loading over the coribustion space is
secured. S | =

A further object of the present invention
resides in the provision of means for setting
up further turbulance of the burning mixture
in order to make the mixture more intimate
and in order to prevent excessive rotary mo-
tion which might cause a throwing out of the
coarse or badly atomized fuel particles to-
wards the cooler walls of the combustion

60

chamber.

A further object of the present invention 65

semble and one which will afford ready ac-
cessibility to the various parts. o
Further objects and advantages will be
hereinafter more fully set forth in the accom.-
panying specification, defined in the claims
and shown in the accompanying drawings,
which show by way of illustration what T
now consider to be a perfect embodiment of

70

75

the invention. , | N
In the drawings Figure 1 is a transverse

. -sectional view of my improved furnace. '
the more intense and complete combustion -

B ' - on hine 2—2 of Fig. 1 and looking in the 80
direction of the arrows. A | o

Fig. 2 is a transverse sectional view taken

Fig. 3 is a sectional transverse view taken
on hine 3—3 of Fig. 1 and looking in the

direction of the arrows.

Fig. 4 is 'a diagrammatic view showing 85
the direction of the various fuel and air jets

- and the paths of flow of the fuel air which
by the resultant

_ combination afford the de- =
sired action. o v
- Fig. § is a diagrammatic view showing 90

L

the impinging action of the fuel streams.

~_According to the present invention, pro-
vision is made in an antechamber for intro.-
ducing the fuel in 1mpinging streams which
somewhat incline toward the main combus- 95
| | Air is also directed towards
the finely divided fuel in this zone in tan-
gential and inclined streams to set up an in-

‘1tial revolving. action and in this primary

zone further air is introduced centrally and 100



10

" radially or perpendicularly to the axis of .

=

axially which directsf'the mixture towards
the main combustion chamber and also sup-

plies air for combustion in the center of the
burning mass. The amount of this air pre-

viously referred to is insufficient to effect
complete combustion of the fuel.

As the
burning mixture passes towards the main
combustion chamber further air 1s intro-
duced tangentially with respect to the cham-
ber and other air is introduced substantially

the combustion chamber in order to provide

~ further combustion air about the outside of

15

- throughout the entire space. The effect ot

20

‘the burning mass and in order to introduce

air streams directly into the burning mass
to provide further turbulence and a com-
plete and  homogeneous  combustion

the co-acting air streams is such that while
the revolving action of the burning mass is
maintained, such action is not allowed to be-
come excessive or reach such a point that

badly atomized fuel will be thrown out of

25

‘rected to
of fresh air so that the burning fuel 1s con-.

the burning mass towards the relatively
cooler walls of the combustion chamber.
The construction is such that a cloud of
fuel particles is pierced by streams of air
and then the mixture of air and fuel 1s di-
pierce flowing streams or a sheet

- stantly being attacked by air as the com-

" in which combustion is secured will be first
45

bustion proceeds. |
The general construction-and the manner

explained and afterwards various- features

- of design will be set forth in further detail.

40

45
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§5

-generally designated 14 and

Broadly, the entering incoming air enters
the apparatus from an upper jacket space
generally designated 10 in Fig. 1. 11 and
12 are the fuel nozzles, two of these are
shown in the present embodiment, but 1t 1s
apparent that any desired number may be
used. These nozzles extend towards one an-
other and incline somewhat downwardly as
shown in Figs. 1 and 2. The antechamber
13 is defined by a refractory construction,

openings 15 for the burners 11 and 12, which
openings are suitably inclined. . Other open-
ings 16, Figs. 1 and 2 are provided, which
openings extend tangentially and down-
wardly to set up a whirling or revolving ac-
tion of the burning fuel and also provide air

for supporting combustion in part. The top
5 of the antechamber is provided with a cen-

tral opening 17 which directs air for sup-
porting combustion centrally into the burn-
Ing mass. ._
fuel streams are suitably ignited. They
impinge upon one another causing spreading

and deflection of the fuel. |

If two burners are employed the opening
17» is preferably oval in contour as shown in
Figs. 2and 5. If the burners were disposed
horizontally instead of being inclined a flat

‘combustion.

provided with

The pulverized finely divided.

1,777,411

*disc-liké body of fuel would result from the

impinging streams. The inclination of the
burners causes a parabolic dispersion of the

fuel particles spreading outwardly as indi-
cated by lines 25* on Fig. 4. 'The oval per-

mits a ready egress and development of this
desired diverted fuel flow. The impinging
center of this fuel mass is directly attacked
by the air stream 27 and prevents undesired
upward spreading of the fuel particles.

It is the intention that the combustion be
relatively slight in the primary antechamber
13 and that the more intense and more com-
plete combustion take place in the main com-
bustion chamber 18. As the burning fuel
mass passes downwardly from the antecham-
ber 13 into the main combustion chamber 18;
this burning mass is attacked by further air

for supporting combustion, which enters
‘through tangentially disposed openings 19 1n |

a. lower refractory construction, generally
designated 20. This air supply sets up a fur-
ther and more intense whirling action of the
burning mass, and creates a more Intense
The air for supporting com-
bustion is further augmented by additional
air streams whichr are introduced 1n a sub-
stantially radial direction into the burning

75

80

00

mass through ports 21. The effect of the lat-

ter two alr streams, viz the tangential
streams and the radial streams is to cause an
intense and complete combustion 1n a .com-

paratively short space in the combustion

chamber 18 and the radial streams serve the

further purpose of breaking up any stratifi-

cation of combustion which might have oc-
curred on account of unequal supplies of fuel
from the burners or unequal supplies of air

100 .

for combustion. . The combustion in the main

combustion chamberis homogeneous through-
out and furthermore excessive whirling ac-
tion is obviated which might cause throw-
ing out of coarse or badly atomized fuel par-
ticles towards the walls 22 of the combustion
chamber. | | -

Fig. 4 shows in somewhat diagrammatic
manner the stream action.
also Fig. 5) represent the entering fuel
streams which impinge and form. a cloud.
Lines 26 represent the first or upper tangen-
tial air streams and lines 27 represent the cen-
tral air streams. '

1 +*

103

110

The lines 25 (see

115

- In practice, approximately twenty per cent

of the air may enter at 26 and say forty per
cent on the paths 27. Lower down, the lower
tangential air jets are represented by the lines

28 and the radial jets are represented by lines

29. Combustion 1s extremely intenseat point

The disposition of the burners 11 and 12 in
the openings 15 is such that the burner tips are
protected from intense radiant heat. Such
protection is secured by the flanged portion
1'7® which acts to shadow the ends of the burn-

ers from the intense radiant heat zone. Fur-
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thermbre, these burners are cooled by a small

- . quantity of cool fresh air which is drawn in

10

around the burners. o .
According to the present invention, it is not -
ntended the ighition or intense combustion

directly from the outside of the apparatus

should occur in the antechamber.

Ignition
and initial combustion

the ante and main chambers and accordingly

 the antechamber is comparatively cool. * The

Incoming air.from casing 10 even though it

- may be initially somewhat preheated serves

15

20

25

to cool the refractory constructions 14 and 20.
- Uonstruction details

Provision is made for supporting llllfefr:ic-
tory constructions 14 and 20 independently

~ of each other from the top of the furnace.
As shown, the top

0p part of the casing 10 com-
prises sheet metal plate structures 32, 33, 34
and 35. Plate 35 may be provided with an

- - opening 36 opposite opening 17 and closed by

a suitable heat resisting lid 87 which may be
removed to provide access to the interior of

~the furnace. The refractory construction 14

may be made in sectional form or as here

~ shown it can be in a single piece. It is

30

‘preferably supported by bolts 38 which are

spring supported by means such as 39 from
plate 35. Bolts 38 preferably are located in
flange portions 40 upon the outer and cooler

side of the refractory 14 so-as to be cooled by
- the incoming air. The refractory section 14
5 “may further be provided with exterior center-

ing and aligning flanges 41 best shown in
Fig. 2. o - o
The refractory construction 20 is support-

- ed independently of the refractory section 14

40

and is preferably spaced slightly ‘therefrom.
The lower refractory section 20 preferably

~ but not necessarily, is made in sections. In

49

Fig.
as %eing made up of four sections desi

3 this refractory construction is shown
gnated
207, 200, 20° and 209, but it will be understood
that any number of sections may be em-

~ ployed. Each section is provided with in-

tegral radial flange portions 43. In order

- to support the refractory assembly 20, a num-

60
~ Tree expansion of the various refractory parts
when highly

25

- ber of looped end spring hanger bolts 44 are
- provided which are carried by the plate sec-

tion 33 and which support a ring 45. The
ends of the flanges 43 project over and rest

‘upon this ring. Other spring hangers 46 are
5 provided which are resiliently supported by
the plate member 33 and which have bolts 47

carrying horizontally extending members 48

at their lower ends which project into aper-

tures in the flange portions 43. |
The foregoing construction provides for

heated. The springs in the
hangers are preferably of a material which
does not readily lose its resiliency under high

heat and these spring hangers hold the re-

A

preferably takes
place 1n the center adjacent the division of

“effected in the antechamber.

'fractoryp.arfs. yieldingly to the upper plate |

structure and allow freedom of movement a
expansion occurs under heat. o

The upper refractory 14 may be made of
‘any ordinary refractory material but on ac-

count of the high and intense radiant heat in
the main combustion chamber, the refractory

70

A

20 should be built of high heat resisting ma- -

terial, for instance, carborundum, nickel
chromium or the like. The highly heated re-
fractory 20 is cooled by the incoming air

which not only cools the ribs 43, but also cools

‘the main body in passing the admission chan-

nels. | o
It will be understood that the mixing of
some air and dispersion of fuel particles and

15

80

the s*étting up of an 1nitial whirling action is

The fuel air
mixture 1s directed toward the main combus-

tion chamber by the inclination of the fuel

streams and by the direction of the air streams
26'and 27. The stream 27 directly attacks the
point of impingement of the fuel streams and
supplies air at this point forming in effect an
alr core for the fuel air mixture. This mix-
ture also has an air envelope provided by
stream 26. | IR - |
Subsequently in the main combustion
chamber, the balance of the air is supplied for
efiecting the more complete and intense com-
bustion. The tangential streams 28 act to

supplement the whirling action and afford

an air envelope for the burning mass. Ulti-
mately the whirling action is broken up by the
radial streams 29 which cause extreme tur-
bulence and very rapid and intense burning.

- Intense radiation and high heat conditions
are maintained in the main combustion cham-
_ber and relatively cooler conditions are main-

tained in the antechamber.
- All parts subject to heat are adapted for
expansion independently of the other parts

and at the same time these parts are kept in

place by the hanger construction spacers and
like parts which are employed. The expan-

~ston.of the various parts furthermore does

not distort the supporting housing or casing
parts. | ' o
Iclaim: o . '
1. A combustion apparatus including in

-combination, a chamber, means for directing

thereinto fuel in impinging streams, and
means for directing air streams against said
fuel in tangential directions with respect to
the chamber to set up a revolving action of

the impinging fuel.

. 2. A combustion apparatus including a
‘chamber, means for directing fuel in imping-
-1ng streams therein, means for directing air
streams toward the point of
the fuel, and means for further directing air

Impingement of

tangentially with respect to the chamber and

action thereof.

upon the aforesaid fuel to cause a revolving

‘3. The invention set forth in claim 1, in

85
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troducing

4

which means is provided for inclining the

fuel streams which impinge in said chamber.

4." A combustion apparatus including in
combination, a mixing chamber and a com-
bustion chamber, means for directing a fuel
alr mixture in a diverging and rotatablv
whirling manner from the mixing chamber

into the combustion chamber, and means for
attacking the said mixture after its entry into

and while it burns in the combustion cham-
ber by additional air streams.

5. The 1nvention set forth in claim 4, 1n
which means 1s. provided for directing the
attacking air streams tangentially and radi-

ally with respect to the mixing chamber to

cause whirling and turbulence.

6. A combustion furnace including a com-
bustion chamber, means for mltlally mMiXing
fuel and air for supply to said clmmber, said
means comprising means for causing a re-
volving action of the fuel and air mixture
entering the chamber, and means comprisiug
parts Whlch are mdmlly disposed with re-
spect to the main axis of flame propagation
of the burning mixture for breaking up said
revolving action by further air supply

7. A combustion apparatus including a
chamber into which a fuel mass 1s introduced,
means for directing air centrally in said
chamber to provide an air core tor the fuel

mass, and means for directing air about the

outside of said fuel mass in a tangential di-

‘rection with respect to the combustion cham-

ber to set up a whirling action of the fuel

mass therein.

8. A combustion appar atus mcludlng a
main combustion chamber having enclosing
wall portions, means adjacent the combus-
tion chamber for directing fuel in imping-
ing streams and for 111011111110' the direction

of said streams toward the main combustion =

chamber, means for conducting an air stream
through the wall portions and at points ad-
jacent the aforesaid means to cool the wall
portions, and means for directing an air
stream toward the point of impingent and
toward the main combustion chamber.

9. The invention set forth in claim 2 1n
which the fuel introducing means is inclined
with respect to the axis of the chamber to

thereby direct the fuel in inclined as well asin

1mpinging streams in said chamber and to

also control the main direction of: dlspersmn |

of the fuel in said chamber.
10. A combustion furnace having 1
bination, a main combustion

place, fuel introducing means for introduc-
Ing fuel into said chamber, means disposed

in said chamber at a point beyond the point

1,777,411

point of mtroductmn of the fuel, and means
tor causing turbulence by mtroducmor sup-
plemental air streams thereinto.

11. A combustion furnace having in com-
bination, a combustion chamber in which fuel
mixture bur‘ns means for introducing air to
the combustion chamber in a direction which

15 substantially tangential to the mass of
burning mixture to cause a whirling action

of said mixture, and means for dlrectlng ad-
ditional air to support combustion into said
chamber, said means directing said last men-
tioned air in a direction generally perpen-
dicular to the tangential air streams and in
a direction co-axial with the main axis of
flame propagation of the burning mixture.

12. A combustion furnace havlng a cham-
ber means for forming therein a fuel air
mixture including air supplying means for
supplying air to the outside of a fuel cloud
inside the chamber and air supplying means
for supplying air to the center of said cloud,
means for supplying further -air to the mix-
ture after it has commenced to burn, said
means comprising air supplying means for

admitting air in a direction to create a whirl-

ing action of the burning mass and also in-
cluding air supplying means for admitting
additional air to break up the whirling ac-
tion.

13. A combustlon apparatus mcludmg a
chamber into which fuel is introduced, means
for directing air centrally into said chamber
to provide an air core for the fuel means, and
means for introducing air tangentially with
respect to and into said chamber to set up a
whirling action therein.

In testimony whereof I hereto aﬁx my

s1gnature
KARL A. MAYR.
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1In com-
chamber in
which combustion of burning mixture takes

where the fuel 1s introduced therein for in-

air  substantially tangentially
thereinto and with respect to the burning

mass of fuel to cause a revolwngeactlon of

the burning mixture at points beyond the
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