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8 Claims. (C. 158-99) 
This invention relates to method and apparatus for 

mixing fuel and comburent gases for the combustion of 
hydrocarbons, and more particularly to burners for par 
tial combustion of hydrocarbons in the production of 
less saturated hydrocarbons. 
This invention relates more particularly, but not ex 

clusively, to mixing apparatus of the annular type, in 
which the gases of a combustible mixture are led Sep 
arately and then brought into intimate mixture, which is 
then forced into a combustion chamber through a gas dis 
tributing device. 

For feeding burners with gases, it has already been 
proposed to use devices of the type comprising an annu 
lar pipe surrounding a central core. A mixture of hy 
drocarbon and primary air is led into this annular pipe 
so that its direction and speed are changed therein. It 
passes through this space with a Swirling movement be 
fore being brought into contact with secondary air. Then 
the mixture of hydrocarbon and primary air on one hand 
and the secondary air on the other hand become in the 
burner separate and swirling layers (U.S. Patent No. 
1,805,066). 

In the case of a partial combustion of hydrocarbons 
for conversion into acetylene and/or olefines and for 
obtaining the most efficient operation, the mixture should 
be homogeneous and should have substantially laminar 
flow before entering the distributor of a burner. 

According to this invention, these conditions are ob 
tained with a special arrangement which essentially con 
prises a vertical annular chamber widening downwards, 
with a gas-distributor screen at its bottom and Surround 
ing a central inverted conical core, the tip of which is 
at the center of the distributor, and by a procedure of 
bringing together the reaction gases in a narrow annu 
lar space, passing them along a widening annulus and 
through said screen to a reaction Zone. 
To obtain the best conditions regarding the homogene 

ity of the gaseous reaction mixture, the angle formed 
with the vertical by the walls of this annular device is 
advantageously between 5 and 10° and preferably near 
7. A substantially cylindrical wall portion near the 
top of said angle and parallel to the axis of the burner 
delimits on the distributor a central Zone with Surface 
area substantially equal to that of the surrounding annu 
lar zone. 
FIGURE 1 is a sectional view of one form of the in 

vention. 
FIGURE 2 is a sectional view of a modified form of 

the invention. 
The nature of this invention will appear more clearly 

by the description of a burner schematically represented 
in vertical section by FIGURE 1, given by way of ex 
ample. 

In such burner, the mixing chamber 1 having a wall 
2 of heat-resistant steel, surrounds a central hollow con 
ical core 3, the wall 4 of which is also in refractory steel. 
The end of said core reaches to the center O of the burn 
er screen 5. 
As shown, the mixing chamber consists of an annu 

lar space widening downwards, until it reaches Screen 5 
which distributes the gaseous mixture into the combus 
tion chamber 6. The walls 2 and 4 of the mixing cham 
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ber are inclined so as to form in the upper part of said 
chamber an angle of about 7 with the vertical and 
the projection of said top on the screen 5 (indicated by 
dot-dash lines on FIGURE 1) defines an annular section 
AB of the screen 5, surrounding a central portion CD, 
both portions having substantially equal surfaces. 
The central core 3 with its surmounting conical head 

7, with fire-resistant steel walls, surrounds an axial pipe 
8 for feeding one of the two reaction gases. Pipe 9, 
feeding the other reaction gas, discharges into an annu 
lar chamber 10, leading to an annular space 11 between 
head. 7 and the upper part of wall 2. The upper edge 
12 of the wall 2 is inclined, as shown, so as to insure a 
uniform pressure drop and a homogeneous distribution 
of the gas in said space 11. The space 1 decreases in 
Cross section in the direction of the flow of the gases. 
The space 11 and the interior of mixing chamber 1 

are connected by the narrow annular gap in zone 13. 
This brings the gaseous reagents into contact, the wall 
4 of the central core being provided with several perfora 
tion rings 14 for injecting into space 11 a fluid from 
pipe 8. This fluid comes through pipe 8 and the space 
7 within the central core 3. Said spaces 11, 13 and 1 
thus form an annular convergent-divergent nozzle of the 
Venturi type. 
According to this invention, the device just described 

may be operated as follows: 
One of the two gases, e.g., the fuel gas, is introduced 

through pipe 9. It flows upward in the space 11, where, 
due to the gradual decrease in section, it obtains an in 
creasing velocity, while its pressure decreases. The re 
maining gaseous reagent, e.g., oxygen, fed through pipe 
8, flows successively through the annular space 3 and 
openings 14, into the restricted section of the nozzle in 
which it is injected perpendicularly to the direction of 
the fuel flow while forming a turbulent mixture. This 
mixture passes then through mixing chamber 1, i.e., the 
divergent portion of the nozzle, by which it is led to the 
Screen 5 with a substantially laminar movement without 
any of the gaseous reagents having a preferential dy 
namic effect. - 

According to the invention, one can attain a quite uni 
form oxygen content throughout the gas at the end of 
the mixing chamber, a uniform throughput in each chan 
nel of the screen 5 and a better yield of unsaturated hy 
drocarbon (e.g., of acetylene in the case of a partial com 
bustion burner). Backfires from the combustion cham 
iber 6 to the mixing chamber 1 are avoided; and, even 
if a backfire should occur, its effects would be substan 
tially reduced by the cooling action of the lower end of 
the conical core 3. 
FIGURE 2 shows another device to be used for the 

process of this invention, in which the gaseous reagents 
are brought as separate opposite streams into the mixing 
Zone instead of perpendicular flows as in FIGURE 1. 

Pipe 9 for feeding the fuel gas enters the annular 
chamber 10a connected with the annular space Ala, as 
shown; but, instead of the open annular space continu 
ing at the bottom of space a into a Venturi "throat," 
there is a perforated ring 16, the perforations of which 
are staggered with respect to the oxygen distributing 
perforations 14a. 

Both gaseous reagents thus enter as oppositely di 
rected jets at the top of the annular and divergent mix 
ing chamber 1 having a construction similar to that of 
FIGURE 1. The resulting combustion mixture passes 
with substantially laminar flow to the screen 5 which 
distributes this mixture into the combustion chamber. 

Example 
The burner shown in FIGURE 1 comprises an annu 
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lar mixing chamber 1 of 350 mm. in height and having 
a mean diameter of 200 mm., with an angle of 14 at 
the top, between the walls 2 and 4, said chamber being 
topped by an annular zone i3 for contacting the reagents, 
said zone being of 12.5 mm. in radial width at the in 
let 18, before the perforations i4, and of 20 mm. in 
width at the outlet 20. Said annular zone 13 is of 130 
mm. in height. The annular distributing space 1 has 
an average height of 130 mm. The central core 3 has 
a total height (from the end O) of 760 mm. and a 
diameter of 194 mm. at its greatest width. It surrounds 
pipe 8 having a diameter of 140 mm. The wall 4 is 
provided with 390 holes having a diameter of 3 mm., 
and uniformly distributed along 3 rings spaced 15 mm. 
The projection of the mean circumference between 

the I.D. of the shell 2 and the O.D. of the core 4 delimits 
on said distributor 5, a surface CD Surrounded with an 
annular surface AB, both said surfaces having approxi 
mately the same area. The distributor 5 is of 215 mm. 
in height while being traversed by 112 pipes having a 
diameter of 12 mm. 

1,125 cubic meters per hour, caluculated to normal 
temperature and pressure (Nm.8/H.) of methane (98% 
pure and containing 2% of nitrogen) preheated at 600 
C. under a pressure of 1.13 atmospheres, absolute (atm., 
abs.), and fed through pipe 9, are introduced in Said 
mixing device, said methane passing through the dis 
tributing space 1 and then through the annular Zone 
13, at the inlet of which it has a flow rate of 90 m./sec. 
610 Nm.8/h. of 97% pure oxygen (97% of oxygen and 

3% of nitrogen), also preheated at 600° C. are also 
introduced through pipe 8, under a pressure of 1.2 atm. 
abs. After being passed through the central core 3, said 
oxygen is injected into the methane stream through per 
forations 14, with a linear flow rate of 163 m./sec. 

Both reagents are thereby rapidly contacted in Zone 
13 and their mixture is homogenized in chamber 1, be 
fore being introduced in the combustion chamber 6, 
through distributor 5. 
The areas of the surfaces AB and CD being the same, 

the reagent mixture is homogeneously distributed in the 
pipes of distributor 5, the throughput of the gaseous 
mixture being substantially the same in each of said 
pipes. 
The mixture is ignited in said combustion chamber 6 

and the methane is subjected to a partial combustion, 
the flames being stabilized by a further addition of oxy 
gen (pilot oxygen) of approximately 80 m.8/h. 

After a partial combustion and quenching of the com 
bustion gases, 2060 Nm.8/h. of gas (dry gas volume) 
containing 7.6% of C2H2 are obtained. 

This mixing device is constructed with refractory nickel, 
chrome and molybdenum steel, preferably the A.I.S.I. 
steel of the type No. 321 (as identified by the Steel 
roducts Manual No. 24 of the American Iron and 

Steel Institute). 
As will be evident from the dimensions given above, 

the tip of the core 4 does not extend entirely through 
the distributor 5, as indicated in FIGS. 1 and 2. Ob 
viously such extension is unnecessary and the tip need 
extend only far enough to support the core accurately 
in the specified position. 
We claim: 
1. The method of forming a combustible mixture of a 

hydrocarbon gas and oxygen and of homogenizing the 
distribution of said mixed gases into a reaction chamber 
which comprises the steps of supplying said gases sep 
arately at superatmospheric pressures of approximately 
the same order of magnitude, preheating said separate 
gases, continually introducing -a stream of said preheated 
gaseous hydrocarbon into one end of an annular dis 
tribution chamber of gradually decreasing cross section, 
homogeneously distributing, and increasing the velocity 
of, said gas stream in said distribution chamber by pass 
ing the said stream through a narrow annular channel, 
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4 
injecting a plurality of streams of preheated oxygen into 
the accelerated stream of hydrocarbon in a midportion 
of said narrow channel so that these streams of hydro 
carbon and oxygen impinge, uniformly mixing said 
Streams in a conical annular duct of expanding cross 
Section and passing them through a distributor Screen 
and into a reaction chamber, the flow being maintained 
in a substantially laminar annular flow and the inner 
boundary of the annular flow of gases decreasing gradu 
ally to a point substantially in center of the distributor 
while the outer boundary increases correspondingly, and 
uniformly distributing the mixed gases into the channels 
of said distributor. 

2. An apparatus for mixing reactant gases, such as 
fuel gas and oxygen, which comprises a mixing chamber 
having an outer wall which diverges in the direction of 
gas flow from a restricted portion of the chamber at 
which the reactant gases are introduced; a reaction cham 
ber below the mixing chamber; a distributor screen 
through which the mixed gases pass from the mixing 
chamber into the reaction chamber but which serves as a 
barrier against backfire to confine the reaction to the re 
action chamber; a hollow, substantially conical central 
core enclosing a substantially frusto-conical cavity there 
in, said conical core having a converged end centrally 
positioned at the distributor screen and a base portion ad 
jacent the mixing chamber wall at said restricted portion 
of said mixing chamber at which the reactant gases are 
introduced, the core wall diverging from the mixing cham 
ber wall toward said screen, thus forming an annular 
channel between them, the angle of divergence near the 
most restricted portion of the mixing chamber being be 
tween 5 and 10 from the vertical, said base portion of 
said conical core being of such diameter that its projection 
by a perpendicular cylinder dropped from the median line 
of the most restricted portion of the mixing chamber to 
the screen defines on said screen a central circular Zone 
and an annular zone, the areas of which are equal; and a 
pipe extending into said frusto-conical cavity, said pipe 
feeding a reactant gas, the outer wall of said core in the 
area of the most restricted portion of the mixing chamber 
having perforations through which this gas may be led 
into the mixing chamber. 

3. Apparatus according to claim 2, wherein the gas 
feeding pipe extends axially into said frusto-conical cav 
ity substantially to those portions of said cavity which 
are of smallest cross-section. 

4. Apparatus according to claim 2 wherein the angle 
is about 7. 

5. Apparatus according to claim 2, wherein the top 
of the mixing chamber is provided with perforations for 
introducing the reactant gases, said perforations being 
radial with respect to the axis of the chamber. 

6. The method of forming a combustible mixture of 
preheated gases having completely uniform composition 
which comprises supplying said gases separately both at 
superatmospheric pressures of approximately the same 
order of magnitude, preheating the separate gases, bring 
ing at least one of said preheated gases to high velocity 
by passing said gas through a volume of uniformly de 
creasing cross section culminating in a narrow annulus, 
separately introducing at least one other of said preheated 
gases therein by injecting a plurality of jets of said other 
gas transversely into the accelerated stream of the first 
gas in said narrow annulus, and then passing the gases 
through a duct in an expanding conical annular flow, the 
flow through said narrow annulus and duct being sub 
stantially laminar flow in which the inner boundary of 
the annular gas flow decreased in diameter from said 
jets through said duct. 

7. The method as defined in claim 6 in which the 
inner boundary of the annular flow of gases decreases 
gradually to substantially Zero. 

8. The method as defined in claim 6 in which the 
inner boundary of the annular flow of gases decreases 
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gradually while the outer boundary increases correspond- 1,697,549 
ingly. 1965,847 

2,348,839 
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