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PROCESS OF COMBUSTION. 

Application filed June 6, 1927. serial No. 198,690. 

My invention relates to a process of and 
apparatus for burning hydrocarbons, and has 
for its particular purpose the provision of a 
mechanism for and a method or process of 
burning hydrocarbons, preferably in liquid 
or gaseous form, with a minimum of crack 
ing of the fuel or deposit of carbon. An 
other object is the provision of means for 
so burning the fuel as to obtain a maximum 
heating effect and a minimum clogging or 
impairing of the mechanism in which the 
fuel is burned. Another purpose is the pro 
vision of such a balance of fuel and air as 
to produce an intermediate hydroxylated 
mixture which is not combustible except by 
the addition of a further supply of air, and 
may be burned without deposit of free car 
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bon. Another object is the regulation of the 
respective supplies of fuel and primary and 
secondary air in such fashion as to in 
sure the formation of an intermediate or hy 
droxylated incombustible or unburned mix 
ture and to prevent cracking of the fuel. 
Other objects will appear from time to 

time in the course of the specification and 
claims. 

I illustrate my invention more or less dia 
grammatically in the accompanying draw 
ings, wherein 

Figures 1 to 5 each indicate a form of 
mechanism which may be employed for the 
practice of my method; 
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Figure 6 indicates an enlarged sectional 
view of a portion of Figure. 5; 

Figure 7 indicates another form of device 
for the practice of my method, wherein 
means are illustrated for controlling the 
draft through the stove mechanism and for 
controlling or preventing down-drafts into 
the mixing chamber; - 
Figure 8 is a view on an enlarged scale of 

the draft control mechanism shown in Fig 
ure 7; 
Figure 9 is a transverse section of a 

tion of the draft-control; and 
Figure 10. is a section on the line 10-10 

of Figure 9. 
Like parts, are indicated by like symbols 

throughout the specification and drawings. 

por 

Referring to Figures 1 and 2, A indicates 

a generally cylindrical burner housing with 
a bottom A', a top A” and a flue A extend 
ing from the top. A' is any suitable fuel 
supply pipe wherein a fuel, for example, a 
liquid fuel, may be supplied to the bottom of 
the burner. 

Referring primarily to Figure 1, B indi 
cates an air inlet passage, the open top of 
which, B, extends through the top A of the 
burner. The bottom of the passage is closed 
as at B and the lower part thereof is pro 
vided with a plurality of relatively'small air 
inlets B. B. indicates an enlarged portion 
of the member B, in communication with the 
interior thereof, which is pierced by a plu 
rality of air inlet apertures B. - 

Referring primarily to Figure 2, C indi 
cates the air inlet passage which in this 
instance admits air through the bottom of 
the burner as at C. C. plurality of 
small air passages along the length of the 
chamber C. C is a laterally expanded por 
tion in communication with the passage 
member C, and C are a plurality of air inlet 
apertures, corresponding to the air inlet ap 
ertures B of Figure 1. 

Referring to Figures 3,4 and 5, D indi 
cates a burner housing of generally cylin 
drical cross section with the bottom D and 
the air inlet member D°. D° is the combus 
tion chamber proper, indicated as of gen 
erally cylindrical cross section with the gen 
erally flat bottom D and the open top D". 
D" is a fuel inlet pipe communicating, by the 
elbow D, with the bottom D of the combus 
tion chamber and D is any suitable control 
valve therefor. 

Referring specifically to Figure 3, the 
walls and bottom of the chamber D are 
closed except for the air inlet passage E 
through its bottom. E is an enlargement 
or mushroom associated therewith, provided 
with the air inlet openings E. E. is a flange 
upwardly and inwardly inclined from the 
cylindrical wall of the housing D and over 
changing the upper edge of the member D 
which may, if desired, be inwardly turned 
as at E' to provide an upwardly and in 
ward inclined air passage E. 

Referring to Figure 4 the structure is sub 
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bolts I with the nuts 1'. 

stantially the same as that shown in Figure 
3 except that the member E, correspond 
ing to the member E, extends to a point 
above the upper edges of the portions E 
and E. E. are a plurality of Smail air inlet, 
passages, E' is an enlargement similar to 
the enlargement, E and is penetrated by 
apertures E. corresponding to the apertures 

2 

Referring to Figures 5 and 6, the wall of 
the combustion chamber ID is pierced by a 
plurality of small and scattered air inlet 
apertures E0. The upper edges of the mem 
bers D and D are connected as at E'. 
E" indicates a more or less closely spaced 
row of upwardly and inwardly inclined aper 
tures. 

Referring to Figure (, Gindicates an outer 
drum mounted on legs G and having a 
closed bottom G with an air inlet G, waive 
G8 controlled for example by the rod G Through any suitable 
linkage it may control the valve stem G" 
for the valve 8. in a fuel line G extending 
from the tank G. to the concave bottom G 
of the mixing chamber G. G. indicates 
a bed of sand or similar finely divided ma 
terial in the bottom thereof. G' are the 
primary air apertures and G' are the sec 
ondary air apertures of the mixing cham 
ber corresponding to the apertures of the 
form of Figures 5 and 6. 

H. indicates a combustion and radiation 
member positioned above the mixing cham 
ber, it being provided for example with a 
cover H' and a fiue H. H. indicates a 
back draft regulating flap of any suitable 
light material which is adapted to be drawn 
normally against the inner abutment H'. 

Extending from the flue is a lateral pas 
Sage I. Surrounding the end of said lat 
eral passage or air inlet branch is a split 
ring I with the outwardly turned opposed 
terminal flanges through which pass any 
suitable securing means, for example the 

I are any suit 
able spacers. 

Secured within the split ring 1 is any 
suitable supporting ring J which preferably 
abuts against the outer end of the lateral 
inlet member. It may be held in position 
for example by the transverse pin J which 
passes through the lugs Jin such ring, the 
opposite ends of the pin J. extending out 
Wardly through the wall of the passage or 
through the split ring which continues it, 
for example through the relatively extended 
slots J therein, 3 is a limiting abutment. 
at one side of the ring, against which abuts 
one edge Js of the damper plate J pivoted 
for example by the pin J the ends of which 
terminate within the ring. J is a counter 
Weight nounted upon the damper piate J, 
and may be situated for exampie at the end 
of the arm or bolt, J. 
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it will be realized that whereas I have 
described and shown a practical and oper 
ative device and method, nevertheless many 
changes may be made in the size, shape, 
number and disposition of parts of the 
mechanism without departing from the 
spirit of my invention, and that my method 
may be practiced by a variety of different 
mechanisms not herein described. I there 
fore wish my drawings to be taken as in a 
broad sense illustrative and diagrammatic 
rather than as limiting me to the particular 
mechanism or steps therein described and 
shown. 
The use and operation of my invention 

are as follows: 
it is characteristic of my process that the 

hydrocarbon fuel, whether liquid or gaseous, 
is burned after the final addition o 
ondary supply of air to an intermediate 
mixture of a hydrocarbon which has been 
hydroxylated by the admission to it of pri 
maly air in quantities sufficient to effect 
complete or substantially complete hydroxy 
lation. It is important that the primay 
air so supplied be insufficient to support 
full combustion, and that the draft be so 
controlled as to prevent down eddies of air 
from above which would promote combus 
tion at levels where combustion is not de 
sired. In the devices above described ad 
mit a hydrocarbon, either in liquid form or 
as a gas, into the lower portion of a mixing 
or a mixing and combustion zone or mem 
ber. If a liquid is to be burned, it is gasi 
fied by the radiant heat of the combustion 
going on above it. The gas, or the gasified 
liquid, rises upwardly, for example through 
the cylinder A, of Figures 1 and 2, until 
it reaches the level of the inflowing second 
ary air. The primary air may be admitted 
from a central member, as in Figures 1 to 
4, or it may be admitted through the wall 
-of a mixing chamber, as in Figures 5. and 6. 
in either case the cross-sectional area of 
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the holes is determined by the volume of air 
necessary to effect the hydroxylation of the 
hydrocarbon, and sufficient air should be 
supplied to effect the complete or virtually 
complete hydroxylation, without at the same 
time supplying sufficient additional air to 
support combustion. 

5 

The distribution of the apertures is pref 
erably such as to effect a relatively complete 
mixture of the primary air with the hydro 
carbon, so that the entire volume of the 
hydrocarbon is hydroxylated. To effect 
this result, and to prevent the addition of 
Such an excess of air at a given point as 
might support local combustion, a prefer 
to employa, iarge number of small, scat 
tered apertures. Also in magay forms of Iny 
device, it is important that shal apertures 
be used in order that the cross-sectional area, 
and strength of he individual jets of air 
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be insufficient to cause down-drafts and tur 
bulence or to effect the upward rise of the 
gas or gasified mixture. 
The effect of the addition of the primary 

air supply is to cause the formation of ad 
dition compounds, for example aldehydes, 
which, on further heating, will decompose 
without deposit of carbon. These mixtures 
can then be burned off by the addition of 
the secondary air supply. In combustion, . 
in a burner of the type herein disclosed, 
there is always a race between combustion 
by hydroxylation and combustion by crack 
ing and it is the purpose of my method 
and device to so control conditions of air 
and fuel supply and to so control the inter 
mediate mixture and the fuel product, as 
to insure that combustion by hydroxyla 
tion will win the race. Draft control and 
back-draft prevention may also be im 
portant to maintain the desired combustion 
conditions. . . . . . 
Assuming the completion of the hydroxy 

0. ..) s - lated mixture, which continues its upward 
movement through the mixing zone, I pro 
vide a secondary air supply, which may 
be introduced through a mushroom, as in 
Figures 1, 2 and 4 or through the wall of 
the mixing chamber, as in Figures 5 and 6, 
or over the top of the wall of a mixing 
chamber, as in Figures 3 and 4. It is es 
sential that the secondary air be sufficient. 
in volume to support the complete combus 
tion of all of the hydroxylated mixture. 
It is not essential that a complete mingling 
of the hydroxylated mixture and the sec 
ondary air take place, although such ming 
ling may take place, since combustion may 
occur along the Zone or plane of meeting 
of the secondary air and the mixture. 
Where the secondary air is admitted 
through apertures such as B or C, the com 
bustion may take place along the jets of 
inflowing secondary air. Where the sec 

60 

ondary air is directed upwardly and in 
wardly into or over the mixture, as in Fig 
lures 3, 4 and 6, a cone of flame may be 
formed the center of which if the fuel sup 
ply is sufficient, flares up into the interior 
of the furnace or combustion chamber. 
In a typical application of my process to 

the burning of a liquid fuel, as in Figure 
1, the fuel may be supplied along the pipe, 
A* to the bottom A', where it is exposed to 
the radiant heat of combustion taking place o 

admitted by natural draft but I do not wish in the upper portion of the member A. As 
the liquid is vaporized and gasified it rises 
and is mixed with a primary air supply en 
tering through the apertures B. This air 
supply may be controlled, either through 
varying the size of the passage B or their 
number, or otherwise, to provide an air sup 
ply sufficient for the substantially complete 
hydroxylation of the gaseous fuel. Not only 

5 is there a mechanical mixture of this air 

the total cross-sectional area of the 

supply with the gaseous fuel, but the oxy 
gen unites with the hydrocarbon and forms. 
compounds, under the influence of the heat 
of the adjacent combustion, in which are 
combined carbon molecules which might 70 
otherwise be deposited in the form of soot 
or might be discharged as smoke. These 
new compounds are in the main such that, 
when they are further heated they decom 
E. or burn without the deposit of carbon. 75 
he mixtures so formed vary, depending 
F. the particular hydrocarbon or mixture 
of hydrocarbons burned, but they have this 
in common, that the gasified hydrocarbons 
join with the oxygen so introduced to form 80 
chemical compounds which, upon further 
combustion, do. not deposit any substantial 
proportion of carbon. The mixtures so 
formed rise upwardly past the large portion 
B', or, in the case of Figure 2, C, and re. 85 
ceive the additional secondary air supply 
through the apertures Bor C. Sufficient 
oxygen is thus supplied to support the com 
bustion of the completed mixture and com 
bustion takes place, in the main, above the 90 
Yel of admixture of the secondary air sup 

ply. 
Figures. 3, 4 and 5 indicate simply vary 

ing structures for accomplishing the same 
general result. As regards Figure 3 the pri-95 
mary air is supplied through the apertures 
E” and the secondary air through the annu 
lar passage E. As regards Figure 4 the 
primary air comes through the passages E. 
and the secondary air is directed both 100 
through the passage E and the passages E', 
providing a peculiarly complete admixture. 
of a secondary air supply for supporting 
combustion of the previously hydroxylated 
mixture. 05 

In the form of Figures 5 and 6 the pri- . 
mary air enters through the passages E. 
and the secondary air is directed upwardly 
and inwardly through the somewhat larger 
passages E'. - . . 
In the forms of my device shown in Fig 

ures 3, 4 and 5, I prevent the formation of 
down-drafts or eddy currents which might 
affect the delicate balance of my process by 

10 

delivering the secondary air supply both 115 
upwardly and inwardly. It will be realized 
that I do not wish to be limited to any such 
specific practice, but it is described as a prac 
tical Solution of one phase of my problem. 

It will be realized that, air is shown as 120 
to be limited to any particular mechanism 
or method of introducing either the primary 
or the secondary air supply. - 

Referring to Figures 5 and 6, in employ 125 
ing this type of mechanism, I find it pref 
erable to so proportion the apertures that 

e upper 
row, through which the secondary air : ad 
mitted, is greater than the total cross-sec-130 
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of the counterweight, 

any desired resistance to air or ga. 

tional area of all the rest of the apertures 
through which the primary air supply is 
admitted. It may be two or three times as 
great and may even be many times as great, 
In the forms of Figures 3 and 4 a similar 
relation may be maintained by the protor 
tion of the inlet, E in Feiation to the total 
cross-sectional area of the Saaller 2pertures, 
The following dimensions are applicable 

to a typical barner for carrying out my 
iocess, i may ein ploy a burner with a mix 

: dium having a diaineier of ten inches 
ind a depth of ten inches. Scattered about 
he lower portion of the walls of said drum, 
ad preferably eyeniy distributed, starting 

i. 

2. 
al, g, sistance of 1.5 incies from he bottom 
3 distance of 1.5 for the and Siopping at a x 

to, are approximately 100 primary air :- 
arties the total area of 7 hich amounts to 
.75 3G are inch. Againged along the ilippe 1 
ria of the drun .5 inch below the to) is 
8 a row of 130 secondary air aperties, 
The iota area of these apertures is 1.24. 
S 3. 'ring to the use of the danper plate 
or swinging valve, it may be positioned in 
the fuel or in an air inlet, thereio, as herein. 
shown, with the piyot, pin in generally hori 
zontal position. When so positioned the 
counterweight holds the plate in the posi 
tion shown in Figure 9, with its upper por 
tion engaging the abutinent of the ring. The 
dampel' or swingiag waive, when so posi 
tioned, will relatively strongly resist the 
tendency of air to displace it. When it is 
esired to very the resistance of the damper 

or swinging waive to the passage of air or 
gases, it is necessary merely to rotate the 
holding ring by Enoying the end or ends of 
its pin. When so rotated, the axis of the 
valve is noved frozn the horizontal posi 
tion, and the closing and air resisting effect, 

is thus reduced in di 
rect ratio to the displacement of such axis 
from the horizontai. Theoretically, when 
the axis is vertical, the counterweight has no 
effect, whatever in resisting air passage, and 

22.S passage 
inay re obtained by rotation of the hoiding 
ring within the limits of its movement. Fur 
thermore the counterweight may be shifted 
or adjusted as to its distance from the valve, 
by rotation of the nuts on the pin J. It 
will be realized that may by the use of the 

5 5 above described mechanisrin, so adjust the 
draft of a given burner or furnace as to ob 
tain the conditions of air inflow particular 

is raria -- - - was ser - rhi ryai, ly adapted for the carrying out of my 
Rnethod. 
The pivoted flap H, which is normali 8 

drawn against; its abutment by the draft up 
the flue, is so light, and so lightly pivoted 
as to blow out and relieve the pressure with 
in the stove when for any reason there is a 

- 3,733,933 

... down-draft into the body of the stove. 
This prevents back-draits and eddies down 
into the mixing chamber and materiaiy re 
dices the risk of disturbances of the ball 
ance of combustion and the regular order of 
steps elsewhere herein described. 

In the form of gay device shown for ex 
ample in Figure the mixture which is 
hydroxylated in the mixing pot, and which 
rises upwardiy past the level of the second 
alry air aperatures G is in effect, enveloped 
by an envelope or iayer of secondary air 
which in practice flows upwardly "yith and 
about the upwardly rising stream of the hy 
froxylated alixture. This "Gsult is obtained 
by the apward inclination of the secondary 
air hperatures whereby the pcIncils of air 
so directed instead of coining directly across 
the path of upward Inovernent of the nix 
ture are readily defected up Yardly by the 
mixture and form a layer or jacket, or en 
velope of secondary air stirrounding the pri 
Ziary Caixture. In practice combustion 
takes place at the meeting or mixing Zone 
?y primary mix ure and its envelope 

The process of burning 2, hydrocarbon 
h includes providing a gaseous hydro 

3Or, hydroxylating the hydrocarbon while 
alovy that of active coinbus 
to the hydroxylated hydro 

carbon a secondary oxygen supply, and 
burning the hydroxylated hydrocarbon after 
Such admittance. - 

2. The process of burning a hydrocarbon 
which includes admitting a liquid hydro 
carbon to a mixing zone, gasifying such 
hydrocarbon, while in said zone, by the 
heat. Of coinbustion, causing the gasified 
hydrocarbon to rise upwardly from the level 
of the liquid hydrocarbon, and adding to it, 
as it rises, and mixing thoroughly with it, 
a primary air supply sufficient to effect its 
substantially complete hydroxylation while 
maintaining it substantiatiy throughout at 
a temperature below that of active combas 
tion, causing the hydroxylated mixture to 
rise upwardly above the level of admission 
of the primary air supply and admitting to 
it, at a higher level, a secondary air supply 
sufficient to support its complete, combustion, 
and there burning the final mixture. 

3. The process of burning a hydrocarbon 
which includes maintaining a supply of 
liquid hydrocarbon, gasifying such hydro 
carbon by the radiant, heat of combustion, 
maintaining a mixing Zone above said liquid 
hydrocarbon and delivering into said mix 
ing zone, into the gasified hydrocarbon up 
Wardly rising therethrough, a primary air 

substantially throughout at 
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supply sufficient to effect its substantially 
complete hydroxylation while maintaining 
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it substantially throughout at a temperature 
below that of active combustion, admitting 
to the hydroxylated mixture, after, it has 
risen above the zone of mixture with the pri 
mary air a secondary air supply, and burn 
ing the fuel mixture after the admission of 
the secondary air supply. 

4. The process of burning a hydrocarbon 
which includes maintaining a supply of 
liquid hydrocarbon, gasifying such hydro 
carbon by the radiant heat of combustion, 
maintaining a mixing zone above said liquid 
hydrocarbon and delivering into said mixing 
Zone, into the gasified hydrocarbon upwardly 
rising therethrough, a primary air supply 
sufficient to effect its substantially complete 
hydroxylation while maintaining it substan 
tially throughout at a temperature below 
that of active combustion, such air supply 
being admitted in a large number of scat 
tered jets, admitting to the hydroxylated 
mixture, after it has risen above the zone of 
mixture with the primary air a secondary 
air supply, the secondary air supply being 
admitted in an even larger number of larger 
jets, and burning the fuel mixture after the 
admission of the secondary air supply. 

5. The process of burning a hydrocarbon 
which includes maintaining a supply of 
liquid hydrocarbon, gasifying such hydro 
carbon by the radiant heat of combustion, maintaining a mixing zone above said liquid 
hydrocarbon and delivering into said mix 
ing zone, into the gasified hydrocarbon up 
Wardly rising therethrough, a primary air 
supply sufficient to effect its substantially 
complete hydroxylation while maintaining 
it substantially throughout at a temperature 
below that of active combustion, such air 
supply being admitted in a large number of 
scattered jets, admitting to the hydroxylated 
mixture, after it has risen above the zone of 
mixture with the primary air a secondary 

50 

air supply, the volume of the secondary air 
supply substantially exceeding the volume 
of the primary air supply, and burning the 
fuel mixture after the admission of the sec 
ondary air supply. 

6. The process of burning a hydrocarbon 
which includes maintaining a supply of 
liquid hydrocarbon, gasifying such hydro 
carbon by the radiant heat of combustion 

60 
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maintaining a mixing zone above said liquid 
hydrocarbon and delivering into said mix 
ing zone, into the gasified hydrocarbon up wardly rising therethrough, a primary air 
supply sufficient to effect its substantially 
complete hydroxylation while maintaining 
it substantially throughout at a temperature 
below that of active combustion, admitting 
to the hydroxylated mixture, after it has 
risen above the Zone of mixture with the pri 
mary air a secondary air supply, the sec 
ondary air supply being directed upwardly 
and inwardly into the normal path of up 

ward 
ture. d O 

7. The process of combustion which in 
cludes providing a gaseous hydrocarbon, 
hydroxylating such hydrocarbon while main 
taining it substantially throughout at a tem 
perature below that of active combustion, 

movement of the hydroxylated mix 

5 
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conveying such hydroxylated hydrocarbon, 
from its zone of hydroxylation to a zone of 
combustion, admitting air to the hydroxy 
lated hydrocarbon at or near such zone of 
combustion and burning the hydroxylated 
hydrocarbon. 

8. The process of burning a liquid hydro 
carbon which includes gasifying said liquid 
hydrocarbon by the heat of combustion, 
hydroxylating the gasified hydrocarbon by 
the admission of a primary air supply 
thereto while maintaining it substantially 
throughout at a temperature below that of 
active combustion, conveying the hydroxy 
lated hydrocarbon from its zone of hydroxy 
lation to a zone of combustion, admitting a 
secondary air supply to the hydroxylated 
hydrocarbon at or near such zone of com 
bustion, and burning the hydroxylated 
hydrocarbon. 

9. The process of burning a hydrocarbon 
which includes providing a gaseous hydro 
carbon, hydroxylating such hydrocarbon and 
forming a generally homogeneous hydroxy 
lated mixture while maintaining it substan 
tially throughout at a temperature below 

75 
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that of active combustion, admitting air to 
such homogeneous hydroxylated mixture, 00 
after its hydroxylation, and burning the 
hydroxylated hydrocarbon after such admit 
tance of air. 

10. The process of burning a hydrocarbon 
which includes providing a gaseous hy 
drocarbon, hydroxylating the hydrocarbon 
while maintaining it substantially through 
out at a temperature below that of active 
combustion, admitting a secondary oxygen 
supply, enveloping the hydroxylated mixture 
with said secondary oxygen supply, and 
burning the hydroxylated hydrocarbon after 
such envelopment. & 

11. The process of burning hydrocarbon 
which includes maintaining a supply of 
liquid hydrocarbon, gasifying such hydro 
carbon by the radiant heat of combustion, 
maintaining a mixing zone above said liquid 
hydrocarbon and delivering into said mix 
ing zone, into the gasified hydrocarbon up 
wardly rising therethrough, a primary air 
supply sufficient to effect its substantially 
complete hydroxylation while maintaining 
it substantially throughout at a temperature 
below that of active combustion, enveloping 
the hydroxylated mixture, after it has risen 
above the zone of mixture with the primary 
air, with a secondary air supply, and burn 
ing the fuel mixture after such envelopment. 

12. The process of burning hydrocarbon 

() 
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which includes providing a gaseous hydro 
carbon, hydroxylating such hydrocarbon and 
forming a generally honogeneous hydroxy 
lated mixture while maintaining it. Substan 
tially throaghout 33, a temperature bailovg 
that of Ective corabustica, providing a sec 
oñdary supply of ai and enveloping. Stich. 

homogeneous hydroxyiated mixture here 
with, after its hydroxylation, and burning 
3the hydroxylated hydrocarbon after the ii. 10 
itiation of such envelogiaen3, 

Signed at Chicago 
State of Illinois, his is; 

JAR. 3S L. BREESE, 
  


