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This invention relates to a burner for the controlled 
combustion of gas mixtures, including enriched air or 
oxygen, characterized by reaction at excessively high 
combustion temperatures, both local and overall, unless 
carefully controlled. 

In such operations as the preparation of synthesis gas 
for subsequent synthesis of hydrocarbons, oxygenated 
compounds and the like, and similar operations, a hydro 
carbon such as methane is caused to burn with oxygen 
enriched air or substantially pure oxygen in a proportion 
to form principally carbon monoxideand hydrogen. If 
conducted under perfect conditions as regards mixing and 
control of the gases, the reaction temperatures would not 
be in excess of a maximum of about 2400° F. How 
ever, such perfect conditions are impossible and with 
burners of the type proposed and used heretofore, local 
“hot spots” and overall temperatures far in excess of this 
figure have resulted, primarily by reason of poor mixing 

v such that in spots or for short intervals over the entire 
reaction zone, the proportionate mixture of the gases is 
such that the methane is oxidized to Water and carbon 
dioxide, this reaction producing a much higher tempera 
ture. Hence such priorV burners have been unsatisfac 

. tory and have been characterized by excessive free carbon 
Y formation, short lives, poor mixing, and high main 
tenance costs. With such prior buurners, a high excess 
of oxygen has been required, a considerable amount of 
steam being also required to control the reaction tem 
perature and to hold it down to a reasonable level. The 
problem is further aggravated by the fact that it is de 
sirable to charge the reacting gases to the burner at a 
high degree of preheat to obtain a maximum yield of 
product gas. 

This application is a division of our co-pending applica 
tion Serial No. 747,106, ñled May 9, 1947, now aban 
doned. l 

It is an object of this invention to provide a novel 
burner particularly adaptable for the burning of such gas 

_ mixtures having potential excessively high temperatures 
Y of reaction, the burner being relatively simple in con 
struction and characterized by sufiiciently good mixing 
to avoid the aforesaid hot spots and flashes of high tem 

, perature, the formation of free carbon being substantially 
f eliminated. Y 

A further object of the invention is the provision of a 
novel burner assembly for burning such gas mixtures 
wherein the undesired production of free carbon is sub 
stantially eliminated. 

Other objects and advantages of the invention will ap 
pear from the following description and claims taken 
in connection with the attached drawing wherein: 

Fig. 1 is an axial section through a portion of a burner 
of this invention, as associated with a refractory housing. 

Fig. 2 is an axial section of a modified burner of the 
invention. 

In brief, the burner of the present invention comprises 
a plurality of concentric feed conduits for the several 
gases to be reacted, the conduits terminating iny nozzles 
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with the outer nozzle extending beyond the inner nozzle 
and arranged to discharge its gas in a direction to enter 
the other gas stream at or close to the vena contracta 
thereof and at a region beyond the ends of the nozzles. 
By effecting the mixing of the two gases at such a region 
beyond the nozzles in substantially the proportion in 
which the gases are fed, i. e., in a ratio of atomic oxygen 
to atomic carbon of about l to 1.1, intimate mixing of 

^ the gases is insured in the proper proportion to hold the 
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temperature down to the desired maximum with the re 
action being initiated beyond the burner elements and 
the hot reaction products being immediately carried away 
from the burner elements. Furthermore such mixing in 
sures the maintenance of a blanket of non-burning gases 
immediately adjacent the burner surfaces so that the 
latter are continuously insulated from the reaction proper 
‘oy the entering streams of relatively cool gases. The 
operation of the burner such that the external gas issues at 
a higher velocity than the internal gas is contemplated 
to insure against mixture and combustion adjacent the 
burner elements with consequent damage thereto and to 
insure the continuous ñow of the gases in the desired 
paths without the production of eddy currents adjacent the 
burner elements and consequent Contact of the burning 
gases therewith. The inner nozzle is preferably in the 
form of a free unobstructed opening, the external nozzle 
being in the shape of a surrounding annular space or a 
surrounding annular collar having a plurality of spaced 
ports therein. 

In describing the invention, reference is made to the 
preparation of synthesis gas (approximately one part car 
bon monoxide to two parts hydrogen) from a hydro 
carbon consisting principally of methane, such as natural 
gas and oxygen of 80-99~5 percent purity. 

In Fig. l, which shows only the burner tip, a conduit 11 
having a nozzle 12 is positioned concentrically of a sur 
rounding conduit 13 terminating in a nozzle 14, the latter 
extending beyond nozzle 12 so that an annular space i5 
surrounding nozzle 12 is defined by the adjacent surfaces 
of the two nozzles. Suitable cooling means in the form 
of a water jacket 16 through which cooling water may be 
circulated is provided about the burner tip in the manner 
shown. All elements of the burner are formed from heat 
resistant metal, preferably also resistant to oxidation. 
The respective diameters of the two nozzles and the 

spacing therebetween is preferably such that the angle A 
is in the range of 50-80°, preferably about 60°. The 
burner is preferably mounted in a refractory tunnel 17, 
a portion of which is shown diagrammatically about the 
burner, the tunnel closely surrounding the burner up to 
the tip thereof and then being flared immediately ad 
jacent and downstream of the tip to provide an enlarged 
combustion zone. The tip is positioned near the point of 
ilare of the refractory tunnel so that backward eddy cur 
rents cannot be formed and free carbon deposited. The 
flared portion of the tunnel is arranged to discharge into 
a combustion zone in a generator proper from which the 
product gases are removed. 

In operation, the oxygen is charged through conduit 
11 and the methane through conduit 13, the latter being 
charged at a pressure in suñicient excess of the oxygen so 
that the methane issues from annular space 1S at a velocity 
at least 10 percent above that of the oxygen issuing from 
nozzle 12. This differential in velocities has been found 
important in securing the flow of the gases in the desired 
manner, in accomplishing the desired mixing and in pro 
tecting the adjacent burner elements from the high tem 
perature of the reaction. The oxygen follows the path 
generally indicated by broken lines, the vena contracta 
being located just beyond the end of the burner tip. The 
methane follows the path generally indicated by the dot 
and dash lines, the methane joining the oxygen in the 
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region of the vena contracta. By reason of the increased 
velocity of the oxygen at this point and some increase in 
the velocity of the methane‘by reason of its discharge from 
opening 1S, the gases are given an impetus which facili 
tates their substantially uniform mixing, consequent re~ 
action at or below the desired maximum temperature, and 
the continued movement of the het reacting gases away 
from the burner elements without backward eddy currents. 
Furthermore, by reason of this method of mixing the two 
gases, a relatively quiescent blanket of methane is estab 
lished around the metal elements of the burner on the 
faces adjacent the actual burning zone, this blanket func 
tioning to partially insulate and protect the burner ele 
ments against the heat of the reaction. By reason of the 
_mixing taking place substantially outside the burner, the 
danger of any local surface reaction is substantially elim 
inated. Thus the reaction is controlled so that the temper 
ature is kept to a reasonable level, i. e., not above 7.400" 
F., and the formation of any local “hot spots" of higher 
temperature is avoided. While in the above example 
oxygen has been described as the gas charged through 
the central conduit and methane through the outer con 
duit, it is to be understood that the gases may be reversed 
to charge the oxygen through the outer conduit and the 
methane through the central conduit. 
The burner tip shown in Fig. 2 includes a gas conduit 

21 terminating in a nozzle 22 and a second concentric gas 
conduit 23, the end o-f the latter being closed by a metal 
annulus 24 having a plurality of ports 25 therein. The 
exterior of the end of conduit 23 is surrounded by a water 
jacket 26, cast integral with the burner or welded thereto, 
and connected by a tap 27 to a supply line 23. Two such 
taps 27 and lines 28 are provided to circulate water 
through the jacket. The face of nozzle 22, annulus 24, 
and the end of conduit 23 are preferably faced as shown 
so that the angle A is in the range of 50-80", preferably 
about 60°. 
The method of operation of the burner tip of Fig. 2 is 

substantially the same as that of Fig. l except that the gas 
charged through conduit 23 is discharged through ports 
25 as a plurality of separate streams whereas the gas dis 
charged through anuuiar opening 15 of Fig. l is in the 
form of a substantially continuous annulus. The burner 
tip of Fig. 2 possesses the extra advantage that the mass of 
metal at the tip of the burner aids in transferring the 
accumulated heat to the water jacket and thereby permits 
preheating the oxygen to a high temperature without too 
rapid oxidation of the burner elements. 

In actual operation, the burner tip of the present in 
vention has been found to be superior to those used in 
prior art burners. In the combustion of methane and 
oxygen, it has been found possible to reduce the amount of 
oxygen used without reducing the quality of the product, 
both because of better mixing and because more preheat 
is possible, less maintenance has been required, the burner 
tip has been found to have a longer life than those used 
in previous burners, there has been a material reduction in 
the amount of carbon formed, and less burning of the 
surrounding refractory material. With a burner tip of 
the type herein described, it has been found possible to 
operate with a proportion of oxygen only slightly above 
the theoretical or stoichiometric amount with substantial-ly 
no formation of free carbon, any requirement for steam 
being eliminated. Savings are thus realized in oxygen, 
steam and hydrocarbon as represented by the lack of 
free carbon. It has also been found possible to increase 
the degree of preheat of the reacting gases, which further 
increases the yield of synthesis gas. All the above advan 
tages are believed to be due principally to the manner 
in which the gases are fed and mixed by the burner struc 
ture disclosed. 

Obviously many modifications and variations of the in 
vention as above set forth may be made without departing 
from the spirit and scope thereof and only such lirnita 
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4 
tions should be imposed as are indicated in the appended 
claims. 
We claim: 
l. In a burner having a tip for discharging and mixing 

combustible gases in a reaction zone, a first conduit lead 
ing to said tip and terminating in a circular discharge 
orifice normal to the axis thereof, the burner tip having 
a flared passageway coaxial with and extending outwardly 
from the periphery of said orifice, said flared passageway 
-being in the form of the peripheral surface of a frustum 
ci’ a cone, the smallest diameter of which coincides with 
said orifice whereby a stream of combustible gas is direct 
ed centrally through said passageway, a second conduit 
coaxial with and disposed about said first conduit and ter 
minating at said tip and forming an annular passage for 
a second combustible gas, a plurality of passageways in 
said tip communicating with said annular passage and ter 
minating in respective outlets disposed about said conical 
surface of said dared passageway at locations axially 
spaced from said orifice, said plurality of passageways 
leading from said annular passage being formed to direct 
said second combustible gas into intersecting relation 
with said stream of combustible gas, and means for cool 
ing said tip including a cooling chamber at the outer ex 
tremity of said tip disposed about said plurality of pas 
sageways, said tip being of substantial mass so that the 
portions thereof between said plurality of passageways 
communicating with said annular passage serve as heat 
bridges between said first conduit carrying a preheated 
combustible gas at elevated temperatures and said cooling 
chamber. 

2. in a burner having a tip for discharging and mixing 
gasiform reactants in a combustion zone, a first conduit 
leading to said tip and terminating in an outlet in the 
form of a circular discharge orifice normal to the axis 
of said first conduit, the burner tip having a flared pas 
sageway coaxial with and extending from the periphery of 
said discharge orifice, said liared passageway being in the 
form of the peripheral surface of a frustum of a cone 
coinciding at its minimum diameter with said discharge 
orifice and being coaxial with said first conduit and having 
an apex angle in the range of about 50° to 80°, whereby 
said discharge orifice directs a stream of gasiform reactant 
centrally through said flared passageway, a second con 
duit coaxial with and disposed about said first conduit 
terminating at said tip and forming an annular passage 
for a second gasiform reactant, a plurality of passage 
ways in said tip communicating with said annular pas 
sage and terminating in outlets disposed on said conical 
face of said fiared passageway at locations axially spaced 
from said discharge orifice, said plurality of passageways 
leading from said annular passage being formed to direct 
said second gasiform reactant into intersecting relation 
with said stream of gasiform reactant axially downstream 
from said outlets and said orifice, said tip being formed 
with an annular cooling chamber and being of substan 
tial mass whereby the portions thereof between said plu 
ralities of passageways communicating with said annular 
passage comprise heat bridging means between said first 
conduit carrying preheated gas at elevated temperatures 
and said cooling chamber, the flow axes of said first con 
duit and said plurality of passageways intersecting sub 
stantially at the external downstream edge of said burner 
tip. 

3. In a burner having a tip for discharging and mix 
ing reactants in a combustion zone, a first conduit for 
the provision of a first reactant leading to said tip and 
terminating in an outlet normal to the axis of said first 
conduit, the burner tip being formed with a flared pas 
sageway coaxial with and extending from the periphery 
of said outlet, said flared passageway being in the form 
of the peripheral surface of a frustum of a cone having 
an apex angle in the range of about 50°-80°, a second 
conduit coaxial with and disposed about said first conduit 
and terminating at said tip and forming an annular pas 
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sage for the provision of a second reactant, said second 
conduit being divided into a plurality of passageways in 
said tip and directing said second reactant into intersect 
ing relation with said ñrst reactant whereby >the columnar 
stream of reactant delivered by said ñrst conduit has a 
minimum cross sectional area downstream from said 
outlet smaller than the cross sectional area thereof and 
with its peripheral margin spaced from the conical surface 
of said flared passageway, and cooling means at the outer 
extremity of said tip disposed adjacent said plurality of 
passageways, said tip being of substantial mass with the 
portions thereof between said plurality of passageways 
dividing said annular passage comprising heat transfer 
bridges between said ñrst conduit carrying preheated gas at 
elevated temperatures and said cooling means, the ñow 15 

axes of the reactants provided through said first conduit 
and said second conduit and its plurality of passagewaysy 
intersecting substantially at the downstream edge and ex 
ternal of said burner tip. 
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