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COMBUSTION METHOD AND APPARATUS

Aldo Macchi, Schenectady, N. Y., assignor to Gen-~
eral Electnc Company, a corporation of New

York

Application December 31, 1930 Serial No. 505,867

18 Claims.

My invention relates to fuel burners and more
particularly - to improved methods of combustion
to be used therewith.

It is a principal object of my 1nventien to pro-
vide an improved method and apparatus for ob-
taining progressive and substantially complete

combustion of 11qu1d fuel, such for example as.

oil.
Another obiect of my 1nventien is to stabilize

the combusticn of the fuel symmetrically and

thereby materially decrease the noise usually

present during combustion within liquid fuel
burners.

A still further object of my i.nventlon is to in- '

crease the combustion efficiency of a liquid fuel

. burner.

20
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Other objects will appear heremafter .
Briefly, the preferred embodiment of my in-

vention consists of an oil burner provided with a

combustion chamber of symmetrical des1gn
While not necessarily limited thereto, the present
invention is particularly adapted for use in my

improved type of boiler furnace described and .

claimed in my divisional application, Serial No.
676,106, filed June 16, 1933. Mounted at the top
cf the combustion chamber and centrally thereof

ig an atomizing nozzle for spraying fuel and air
under pressure in a gradually expanding stream

vertically downward within the chamber along
the axis thereof. Surrounding the atomizing
nozzle is an air nozzle for directing a column of
air around the oil spray within the combustion
chamber. The oil spray is sufficiently atomized
to be ignited by means of an-electric spark. Due
to the fact that insufficient air is supplied through
the air nozzle for complete combustion the re-
sulting flame does not completely burn the gradu-

ally expanding stream of atomized oil but pro-

duces sufficient heat whereby the oil particles
sprayed from the nozzle are vaporized into a very
fine mist and then gasified. Mounted at the
bettom of the combustion chamber and coaXially
with the nozzle is an air box provided with radial-
ly cffset vanes and a nozzle at the top thereof for
directing a whirling column of preheated air up-
wardly to meet the downwardly directed flame in

a plane of impact adjacent the air box. The air
thus introduced is in sufficient quantity to pro-
duce complete combustion of the gasified oil va-

pors, it being possible to closely regulate the
amaount of air coming from the air box which
mixss with these gases and the air has the fur-

ther effect of spreading the flame laterally and.

outwardly to the sides of the combustion cham-

~ ber, the flame returning upwardly areund itself in

the heat transfer.

(Cl, 158—4)

all directions adjacent the sides of the combus-
tion chamber radiating heat to the refractory
walls of the chamber and further assisting in
gasifying the downwardly directed stream of
atomized oil. By this method as outlined pro- 8
gressive, symmetrical and complete combustion
is assured, testing showing no trace of CO in the

- flue gases, and the flame is stabihzed and there- |

fore substantially noiseless.

The products of combustion pass out at the 10
top of the combustion chamber and downwardly
through a heat extracting passage in which are
mounted a plurality of short water heating coils
having inlet and outlet:passages to the boiler.
This results in many small cycles of water circu- 15 -
lation, thus permitting better steam release.

 Placing the coils at an angle increases the turbu- .

lence of the products of combustion and hence
The increased path of travel .
for the products of combustion also results in a 20

~greater absorption of heat from the products of -
combustion, since instead of passing upwardly in

the combustion chamber and out the flue, the
products of combustion have a triple path to fol-
low, that is down, up, and down through the coil 26
drum before going to the flue. -

In the drawing Fig. 1 shows a cross secton of
an oil burning boiler furnace provided with the

- preferred embodiment of my invention; Fig. 2

shows a cross section taken on line 2—2 and shows 30
the coil drum in section, and Fig 3 is a cross sec-
tion taken on line 3—3 of Fig. 1 and shows the
scroll which introduces the secondary air into the
air box at the bottom of the combustion chamber.
Fig. 4 is a view of the air box cover and the fins 35
attached thereto.

In the drawing, the ca.smg Il! of the boiler fur-
nace is covered with a heat insulating material
Ii. A vertmally extending cylindrical combus-
tion chamber (2 is mounted within the boiler and 40
completely surrounded by water as shown, the
particular boiler shown being of the steam heat-
ing type. Around the inside of the combustion

- chamber and at the upper end thereof is placed

the bracket ring {3 for supporting the rods 14 4%

upon which is mounted the removable sectional-.

ized fire-brick refractory material 5. This fea-:
ture of the removable refractory material is de-

'seribed and claimed in a. copending application

of mine, Serial No. 505,866, filed December 31, 80
1930, and assigned to the same assignee as the
present invention. The purpose of this refrac-

tory is to form a high temperature zone in the

bottom portion of the combustion chamber to

| -assmt in promoting even combustmn of. the flame. 66
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The burner is provided with a safety door 10’
connected to the combustion chamber which per-
mits inspection of the interior of the combustion
chamber and has a further function of relieving
pressure within the furnace should an explosion
ever occur therewithin. A passage 12’ connected
to the top of the combustion chamber is for the

purpose of leading the products of combustion

to the secondary heating surfaces in the coil
drum 41 for abstracting further heat thereirom.

A riser pipe 49 and a return pipe 50 are provided
for the boiler.

Mounted at the top of the combustion cham-
ber and centrally thereof for discharging a spray
of liquid fuel downwardly along and around the
vertical axis of the combustion chamber is the
atomizing nozzle: 16 to which oil and atomizing
alr under suitable pressure are directed by
means of the conduits 17T and 18 for spraying
the fuel into the furnace in a steady stream with-
out pulsation. An electrically controlled valve
(not shown) is mounted within the nozzle and

. energy supplied thereto by means of the cable

30

18. The nozzle is controlled by apparatus not

shown and not forming a part of this invention.
Surrounding the atomizing nozzle is the casing
20 having at its lower end the combustion air
nozzle 21 provided with sloping sides terminat-

ing in the opening 21’ through which a-column
of low pressure combustion air is introduced

into the combustion chamber around the spray,
the column of combustion air thus introduced
being insufficient in quantity to support com-
plete combustion and assisting in directing the
stream of atomized oil into the combustion cham-
ber, in cooling the nozzle and maintaining the

electrodes 16’ clean. Connected to the casing 20

' is another casing 23 connected in turn to an

40

45

60

70

6

alr duct 24. The casing 20 is provided with a
series of ports or openings 22 around the nozzle
for admitting air into the casing 29 and thence
to the opening 21’ in the nozzle 21. Mounted
within the duct 24 is the butterfly valve 25 for
controlling the admission of low pressure com-
bustion air around the nozzie 16. The atomiz-

ing nozzle used is designed to furnish the proper

amount of oil and air under pressure for atomiz-
ing sufficient oil for the combustion chamber with

which it is used. The atomization of the oil, the

velocity ‘of the oil jet, the amount of secondary

alr, and the arrangement of the combustion

chamber are all factors entering into the proper
combustion of the fuel to obtain maximum effi-
ciency.

Placed at the bottom of the combustion cham-
ber and coaxially with the nozzle 16 is the air box
36 connected with the scroll 27 by means of the
opening 35. The air box 36 supports therein the
baffle member 37 the purpocse of which is to assist
in producing an even flow of air through the air
nozzle 38 of refractory material. Other refrac-
tory material 39 and 40 protects the air box
from the intense heat of the flame. Balls 28
of refractory material cover the bottom of the
combustion chamber for the same purpose.

The scroll 27 has a spiral shape as shown in '

Fig. 3 and air is introduced therein by means of
the duct 28 extending through the hot water com
partment thereby preheating the air and in which
1s mounted the bufterfly valve 30. A duct 28
connected to a suitable source of air furnished by
some blower not shown directs air into the ducts
24 and 28. The purpose of the scroll at the
bottom of the combustion chamber is to feed

secondary air at a uniform radial pressure

-usual oil burner.

ber.

- complete combustion

2,022,512

through the opening 3%9. It also permits deliv-
ery of air at the bottom of the boiler with a flat
air duct.

The air box 36 having the top 36’ provided
with a series of radially offset vanes 81’ is for the 5

- purpose of changing the radial pressure in the

opening 35 to a uniform air pressure through
the air nozzle 88. 'This air is swirling and after

passing .through the nozzle 38 in an upwardly
directed column expands in the combustion 10

chamber in all directions without the action of
the spray from the burner. The fins 3T’ attached
to the underside of the air box cover are placed
at the proper angle to cause the air coming from
the refractory ring or nozzle 38 to have the want- 15
ed swirl. Some of the air rolis down along the
side of the refractories 39 and 40 to the bottom
of the combustion chamber. The air velocity at
and above the air nozzle is preferably made
sufficient to balance the spray velocity and hence 20
prevents any of the o0il from entering the air
nozzle or orifice 38. By thus directing the whirl-
ing column of air upwardly and coaxially with
the downwardly directed stream of oil and air

from the nozzle 16 a zone of impact is produced 25

above the air nozzle 88 as indicated diagram-
matically by the line A—A in Fig. 1. By prop-
eriy controlling the air, this zone of impact is

~ brought as close to the air box as possible to

avoid a noisy flame which is so prevalent in the 30
By providing sufficient sec-
ondary air at this point to the gasified spray of
oil complete combustion takes place and noise is
eliminated. Very fine control of this air is pos-
sible so that excess air is not present in suffiicent 35
quantities to reduce the efficiency of combustion.
Adjacent the combustion chamber and con-
nected thereto by means of the duct (2’ is the
tube chamber 41 in which are mounted the wa-
ter coils 42 each having an inlet 43 and an out- 40
let 84 for providing many smsall cycles of water

_circulation. Stay rods 45, which may be in the

form of metal tubes, help to stay the tube cham-
The products of combustion on passing
down through the tube chamber will exhaust to 45
the flue by means of the duct 46. A cover 47 is

- provided on top of the tube chamber which may

be removed and after removing the layers of in-
sulation 48 a brush may be inserted into the tube
chamber for cleaning the water coils. - 50

The water coils have been slanted at an angle

as shown in Fig. 1 to increase the turbulence of

the products of combustion as they pass down
through the tube chamber. Small cycles of water
circulation are provided which increase the heat 55
transfer from the water coils, thereby providing
a quick steam release. There is no chilling of the
flame in the water tube chamber since complete
combustion has taken place in the combustion
chamber. Therefore, the coils operate at maxi- 60
mum efficiency since they merely absorb heat

- from the preducts of combustion without chill-

ing the flame which would cause incomplete com-
bustion and a waste of heat up the flue.

By providing the downwardly directed agradu- 65
ally expanding stream of atomized fuel in the
combustion chamber with the surrounding col-
umn of air insufficient to support comvlete com-

- bustion and the upwardly dirccted whirling col-

umn of air and heat inswlating them within the 70
combustion chamber by means of the refractory
lining, stabilized, progressive and substantially

takes place within the
chamber, the products of combustion passing up-

wardly along the sides of the refractory lining of %5
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to the nozzle 16 by means of the conduits 7 and"
I8 and are projected into the combustion cham-

aoaaue - 0
the eombustion chamber throush the openlng 12’

and then downwardly to the water tube chamber.

This increases the length of the path of the prod-

ucts of combustion, providing more surface for
contact of the products of combustion with the

waterback surfaces of the boiler and thereby in-

creasing the amount of heat transferred to the

water within the bhoiler. The result is an in-
creased efficiency in the heat absorbing qualities
of the boiler as well as quicker heating.. The ar-
rangement of the various parts of the burner per-

mits easy access to the mterlpr thereof for the

purpose of cleaning or repalr. - -
The operation of the device is as follows: Air

and oil are furnished under equalized pressures

ber to produce a fine spray or gradually expand-

- ing stream of atomized oil in a downward direc-

20

tion along and around the axis of the downwardly.-

 extending cylindrical combustion chambey. Air .
. seen that I have provided an improved method

 iIn insufficient quantity to support complete com-

30

40

o0

55

60

65

70
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bustion is led from the duct 29 to duct 24, cas-

ing 23 through the openings 22 in the casing 20
and projected in a column around and coaxial

with the stream of atomized oil and atomizing
~ air issuing from the nozzle 16 through the open-
- ing 21’ in the. combustion air nozzle 2{.

“amount of this air is properly adjusted by means
of the butterfly valve - 28. The rest of the low :
pressure combustion air coming through the duct -

28 passes into duct 28, being controlled by the
~claims all of the modifications. wlthin the true

o splrlt and scope of my invention.

- 'The

butterfly valve 30, and thence into the scroll 21
through the air box into the combustion cham-
ber. The oil spraying nozzle arrangement pro-
duces a mixture of atomized oil and air and the

air duct 24 and low pressure combustion air noz- -

zle 21 supplies a deficiency of air so that although
the spray of oil can be easily ignited by the elec-
trodes 16’ only incomplete combustion of the
spray at this point and for some distance into the
combustion chamber is obtained. The velocity of

" the atomized oil is greater for a distance of some

few inches than the rate of ‘propagation of the
fiame, the object being to keep the flame away

- from the tip of the oil burner nozzle so that it

will not heat up and break down the oil before it
is sprayed into the furnace. The electrodes 16’
are energized by suitable means (not shown). It

is, of course, understood that when the spray is.

properly ignited the ignition electrodes are de-

energized and the flame maintains itself.

" Due to the insufficient air column around the

atomized oil stream only partial combustion takes

place in the top part of the combustion chamber
the heat from this partial combustion vaporizing

the fuel and gasifying it with the assistance of

the heat from the flame coming up from the

‘bottom of the combustion chamber and radiated
from the refractory lining. The flame, as the

spray opens out. gradually loses velocity as it ap-

proaches the bottom of the combustion chamber

until the impact zone is reached as indicated dia-
grammatically at A—A. At this point the sec-
ondary air coming up from the air hbox. supplies
the deficient air to cause complete combustion,
this air causing a whirling motion of the flame

at the point of impact, part of the flame rolling
down along the sides of the refractory covering
the air box and returning with the rest of the

flame up the sides of the refractory material 5.
The flame changes from a semi-transparent

orange gradually to a colorless gas. . This condi-
 tion can be produced only with a very low excess

of air and the flue gas shows by analysis that sub-

3 3..
stantlally complete eomtmation has been obta.lned |
practically no CO being present. The ﬂame pro- ~

duced is noiseless and is stable.
By this method of combustion the maximum

‘heat is obtained from the fuel and in addition § -

thereto noise, which is a very undesirable feature

_in the usual oil burner, is absent. As was pointed

out above, complete combustion takes place in

the furnace the - refractory assisting to insure

complete: combustion by maintaining an intense: 1 0_- |

~heat in the combustion chamber. The longer
path for the products of combustion and the ar-.

rangement of the tube chamber in which are
mounted the water coils, which increase the tur-
bulence of the products of combustion, result in 15
a quicker heat transfer, a quicker steaming due

“to the small cycles of water circulation and to a
- greater efficiency in combustion and heat ab-

sorption than heretofore has been possible in an

“oil burner or gas burner to which the present 20

apparatus is readily adaptable. It will thus be

" of combustion for ligquid fyels, such as oil and

the like, and have pmvlded a burner haﬂng a8

very high efliciency.

The embodiment of the imrention 1llustrated

'  and- described herein has been selected for the
- purpose of clearly setting forth the principles in-
" volved. It will be apparent, however, that the in-

vention is susceptible of being modified to meet 30
the different conditions encountered in its use,
and I, therefore, aim to cover by the appended

What I claim as new and desire to se_cure by 35

Tetters Patent of the United States, is:

1. The method of burning liquid fuel which

comprises spraying a stream of atomized fuel

verically downwardly and igniting the same in the -
presence of air to provide a flame, adding com- 40
bustion air to said downwardly directed spray

- symmetrically around said spray in insufficient

quantities to support complete combustion, and
directing an upward whirling column of air into -
opposing relation with said downwardly directed 45

 flame to spread the flame laterally and return the
flame upwardly around itself to complete com-
~ bustion of said fuel.

2. In combination with cembustien chamber,

-an atomizing nozzle for projecting an expand- 50 _' ;
~ ing stream of atomized oil centrally into the
chamber, means for projecting a surrounding

column of air into the combustion chamber to mix
with said oil stream progressively in insufficient
quantity to support complete combustion thereof, 85

.means for igniting said atomized oil stream into

an expanding flame in the combustion chamber,

and means for projecting a whirling column of
air into the combustion chamber from the op-

posite direction to mix with progressively and 60
spread said expanding flame outwardly and re-
turn the expanding flame back around itself sym-

‘metrically and thereby complete combustlon of

sa.id atomized stream of oil.
3. In combination with a cembustlon ehamber

an air pressure atomizing nozzle for projecting

an expanding stream of atomized oil and atomiz-
ing air under pressure centrally and downward-
ly into the combustion chamber, means including

. 'an air nozzle concentric with said atomizing noz- 70
. zle for projecting a surrounding column of air

coaxially with said oil and atomizing air stream to
mix with progressively and support only incom-

plete combustion of the atomized oil stream,
-means adjacent said atomizing nozzle for ignit- 75
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cally and thereby stabilize the combustion of
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4 . _
ing said atomimd oil stream into an expanding
flame in the combustion chamber, and means in-
cluding a second air nozzle oppositely and co-
axially disposed with respect to said first air noz- .

zle for projecting into the combustion chamber
a whirling column of air of sufficient quantity to

complete combustion of the oll and turn said ex- ..

panding flame back around itself symmetrically
and thereby stabilize the combustion. ot sa.id at-
omized stream of oil.

4. In combination with a combustion chamber
means for spraying a stream of atomized oil cen-
trally into sald combustion chamber, means for
igniting said atomized oil stream, means for sup-
plying air around said ignited oil stream to mix
therewith progressively in insufficient quantity
to support complete combustion and means for
projecting a swirling column of air sufficient to
compiete combustion of said oil oppositely and
coaxially with respect to sald ignited oil stream
to spread oultwardly and turn the expanding ig-
nited oil stream back around itself symmetri-

sald atomized stream of oil.
9. The method of progressively burmng liquid

fuel comprising spraying the fuel in an atomized

stream having an initial veloeity greater than
the rate of propagation of flame, projecting air
symmetrically around said stream to mix there-
with In insufiicient quantity to support complete
combustion, Igniting said stream to produce a
semi-combustion flame, and projecting a whirl-
ing column of air agsainst said semi-combustion
flame from the direction opposite said stream
gradually {0 mix with and refurn said flame back
around itself ssrmmetrically to complete the com-
bustion of the fuel.

6. A furnace having a cylindrical combustion
chamber, 8 nozzle disposed at one end of said

chamberfor projecting a stream of fluid fuel along

the axis of said comubstion chamber, means as-
sociated with said nozzie for supplying combustion
alr with said stream of fuel in insufficient quan-
tities to support complete combustion of the fuel,
means for igniting said fuel stream, and means
including an air box provided with a series o?f
radially offset vanes and a nozzle for directing a

- swirling column of air from the opposite direc-

70

£

tion along the axis of said combustion chamber
to meet said ignited stream of fuel and mix there-
with and return the ignited stream of fuel back
around itself symmetrically to stabiljze combus-
tion of the fuel.

7. The method of progressively burning liquid
fuel I a stabjlized and substantially noiseless
flame which comprises spraying the fuel down-
wardly in an expanding stream, directing air
around said stream to mix therewith in insuf-
ficilent quantity to support complete combustion
thereof, igniting said stream, and projecting a
whirling column of air upwardly in opposed rela-
tionship to said ignited stream to complete com-
bustion thereof and cause said ignited stream to

“return back around itself symmetrically to sta- .

bilize the combustion of said fuel stream. .

8. A furnace having a symmetrical combustion
chamber with a vertical axis, a fuel projecting
nozzle extending centrally into the top of said
chamber for providing a downwardly directed
flame along the axis of said chamber, an air box
located at the bottom of said combustion cham-
ber and provided with radially offset vanes and a
nozzle for directing a column of swirling air up-
wardly and coaxially with respect to said down-
wardly directed flame, and means for supplying

2,022,612

air both to sald air box and downwardly around
-sald fuel projecting nozzle to support incomplete
combustion of the downwardly directed flame ad-
jacent sald fuel projecting nozzle and to coms

hox with the flame spread laterally outwardiy

-and returned back around itself symmetrically

‘adlacent the sides of sald combustion chamber.
9. The method of combustion consisting in
projecting fuel in a path extending along and 10
around an axis of combustion, igniting the fuel, .
projecting air along and into the border. of the
path of the fuel to mix therewith in insufficient

- quantity to complete combustion of the fuel, and

supplying the additional air required to complete 15
combustion from the opposite direction in a
whirling expanding column projected along and
around the same axis of combustion to mix with
and reverse the travel of the opposing fuel and
alr and complete the combustion symmetrically 20
in surrounding spaced apart relation with the

initial path of the fuel.

10. The method of combustion consisting in
projecting an expanding stream of finely divided
fuel in a path extending along and around an axis 25
of combustion, igniting the fuel, projecting air
symmetrically along the path of the fuel to mix
therewith in insufficient quantity to complete

- combustion of the fuel, and supplying the addi-
tional air required to complete combustion from 30

the opposite direction in & whirling expanding
column directed along and around the same axis
of combustion at a velocity sufficient to reverse
symmetrically the travel of the opposing fuel and -
alr and gradually complete the combustion sym- 356
metrically in surrounding spaced apart relation
with the initial path of the fuel.

11. The method of combustion consisting in
projecting finely divided fuel downwardly in an
expanding path extending along and around a 40
vertical axis of combustion, igniting the fuel, pro-
jecting an annular column of air along said axis
to enter the expanding path of said fuel and mix
therewith in insufficient quantity to complete
combustion of the fuel, and supplying the addi- 45

tlonal air required to complete combustion from

the opposite direction in a whirling expanding

column projected along and around the same axis

of combustion with a velocity sufficient to reverse
symmetrically the travel of the opposing fuel and §0
air and complete the combustion symmetrically
in surrounding spaced apart relation with the ini-
tial path of the fuel.

12. The method of combustion consisting in
projecting a stream of atomized fuel in an ex- 556
panding path extending along and around an axis
of combustion, projecting air symmetrically
around the same axis as the atomized fuel to
enter the path thereof and mix therewith in in-
sufficient quantity to complete combustion of the 60
atomized fuel, igniting the fuel and supplying a
whirling expanding column of air sufficient to
complete combustion from the opposite direction
along and around the same axis of combustion
and at a velocity sufficient to reverse symmetri- 65
cally the stream of atomized fuel and complete
the combustion thereof symmetrically in sur-
rounding spaced apart relation with the expand-
ing path of the atomized fuel.

13. The method of combustion consisting in 70
atomizing liquid fuel with high pressure air, pro-
Jecting a stream of the atomized liquid fuel down-
wardly in a path extending along and around a
vertical axis of combustion, projecting low pres-

sure air symmetrically along and around the bor- 76
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ders of the path of the atomized fuel in insufi-

cient quantity to complete combustion thereof,
igniting the fuel and supplying the additional
quantity of air required to complete combustion

in a whirling expanding column from the opposite

direction along and around the same aXxis of
combustion at a velocity sufficient to reverse sym-

metrically the stream of atomized fuel and com-

plete the combustion thereof symmelirically in
surrounding spaced apart relation with. the ini-
tial path of the atomized fuel.

14. The method of combustion consisting m'

atomizing liquid fuel with high pressure air, pro-
jecting an expanding stream of the atomized
liquid fuel in a path extending along and around
an axis of combustion, projecting a surrounding
column of air along said axis to enter the stream
of fuel and mix therewith in insufficient quantity
to complete combustion of the fuel, igniting the
fuel, projecting a whirling expanding column of
air from the oppocsite direction along and around
the same axis of combustion to complete com-

bustion of the fuel and return the products of

combustion back in surrounding spaced apart re-
lation with the initial path of the fuel to cause
the heat of said products of combustion to assist
in gasifying the atomized stream of fuel.

~ 15. The method of combustion consisting in
atomizing liquid fuel with high pressure air, pro-

jecting a stream of the atomized liquid fuel in a
path extending along and around an axis of com-
bustion, pre,]ectmg low pressure air symmetrical-
Iy along the samz axis as the fuel to enter the
stream of fuel and mix therewith in insufficient
quantity to complete combustion of the fuel, ig-
niting the fuel, projecting a whirling expanding
column of air to complete the combustion of the

fuel from the opposite direction along and around

the same axis of combustion at a velocity suffi-
cient to reverse symmetrically the ignited stream
of atomized fuel, and maintaining a high tem-
perature zone surrounding the reversed stream of
fuel to complete the combustion thereof.

16. A furnace having a combustion chamber,

refractory walls lining a portion. of said com-

bustion chamber and forming a symmetrical com-

bustion space therein, means for projecting a

stream of fuel into said combustion space in a
path extending along and around an axis there-
of, means for directing air symmetrically along
and into the border of the path . of the fuel in in-

sufficient quantity to complete combustion of the
fuel, and means for supplying the additional air
required to complete combustion from the oppo-
site direction along and around the same axis

5

of the combustion space in a whirling expanding

“column traveling at a velocity sufficient to re-

verse symmetrically the travel of the opposing
fuel and air, said refractory walls assisting in
guiding the reversed fuel and air and in main- §
taining a high combustion temperature zone to
complete combustion within that portion of the
combustion chamber provided with the refractory
wall.

17. -An oil burning furnace having a vertically 10
extending cylindrical combustion chamber, a re-
fractory lining surrounding the bottom portion of
said combustion chamber, an air pressure oil

-atomizing nozzle extending into the top of said

chamber for directing an atomized stream of 15
oil downwardly along the axis thereof, means for

-projecting combustion air around said atomized

oil stream in insufficient quantity to complete
combustion of the oil, and an air box in the bot-
tom of said combustion chamber having a series 20

- of radially offset vanes and 8 nozzle for directing
" a whirling column of air upwardly along the

axis of said chamber for spreading and reversing
the path of the atomized oil and for completing
combust.on of the atomized oil, said refractory 25

lining assisting in maintaining a high tempera-

ture zone in the bottom portion of said combus-
tion chamber to insure complete combustion of
the oil taking place substantially within sald
zZone, _ | - 80
18. An oil burning furnace having a vertically
extending cylindrical combustion chamber, a re-
fractory lining surrounding the bottom portion
of said combustion chamber for providing a high
temperature combustion zone therein, an air pres. 385
sure oil atomizing nozzle extending centrally into
the top of said combustion chamber for project-
ing a stream of atomized oil downwardly into
said high temperature combustion zone along and
around the axis of the combustion chamber, a 49
combustion air nozzle surrounding said atomiz-
ing nozzle for directing low pressure combustion
air symmetrically along and around the path of

the atomized oil stream in insufficient quantity

to complete combustion of the atomized oil, and 45
an air box having a series of radially offset vanes
and a nozzle extending upwardly into the bottom

of said combustion chamber for directing a whirl-

ing expanding column of air upwardly along and
around the axis of the combustion chamber pro- gg
gressively to mix with and reverse symmetrically

the travel of the atomized oil and air and com-

plete the combustion of the atomized oil sym-

metrically in said high temperature zone.
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