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The general object of the present invention is 
to provide an improved method and apparatus for 
the combustion of a combustible gaseous mixture 
of fuel and combustion air. The invention is of 
especial utility in industrial Operations in which 
it is especially desirable to maintain some or all 
of the following operating conditions or char 
acteristics, namely; efficient combustion, rela 
tively high combustion and furnace temperatures, 
transmission by radiation of a relatively large 
portion of the heat generated, and the nuainte 
nance of a definitely oxidizing or reducing, or a 
neutral combustion space atmosphere. The in 
vention may also be used with advantage, how 
ever, in connection with kitchen ranges, and for 
other purposes where the above mentioned Opera 
ating conditions or characteristics are undesirable 
or not essential, 
My improved method of combustion is char 

acterized primarily by the passage of the com 
bustible gaseous mixture into a combustion space, 
wholly or partially surrounded by a refractory 
wall, in a multiplicity of jets igniting and burn 
ing in said space, and thereby forming a multi 
plicity of separate flames or burning jets extend 
ing alongside said refractory wall, which is shaped 
and disposed to avoid impingement thereagainst 
of the inner flame cone portions of the flame jets, 
while permitting the wall portion immediately 
adjacent each flame jet to be heated to incan 
descence. 

For the practice of my improved method of 
combustion, I have devised apparatus which in its 
preferred forms, comprise both circular burner 
units and elongated burner units. In the pre 
ferred form of my circular type burner unit, the 
flames, or burning combustible mixture jets, are 
arranged in a circular roW coaxial with the con 
bustion space which is circular in cross section 
and increases in diameter with, though not in 
exact linear proportion with, the distance from 
the end of the space at which the combustible 
mixture jets enter said space, and the different 
jets similarly diverge from the axis of the com 
bustion space. While the angle of divergence 
from the axis of the combustion space at which 
the fuel mixture jets enters said space may vary 
through quite wide limits, it is essential in general 
that that angle should be such that the angle at 
which the tip portions of the flames of full 
burner capacity length diverge from the burner 
axis, should be appreciably less than 90°, so that 
the combustion space, which must be formed in 
correspondence with the flame shapes, will be cup 
shaped. In such case, the angle of divergence 

t 

(Cl. 158-99) 
of the flame from the burner axis diminishes 
along the length of the flame from the point at 
which the jet is introduced into the combustion 
space, so that the different flames are concave 
to the burner axis, generally, as the ribs of an 
ordinary umbrella, when in its open condition are 
concave to the umbrella axis as a result of the 
tension of the umbrella fabric. 
The described concavity of the flames to the 

burner axis is due, as I believe, to what may be 
termed the aspirating action of the flames, which 
makes the gaseous pressure within the Zone or 
space surrounded by the flames somewhat less 
than the gaseous pressure at the outer sides of 
the flames, so that the latter are bent inwardly 
by the excess of the pressure on their outer sides 
over the opposing pressure on their inner sides. 
Whatever the explanation may be, the described 
in-bending of the flames is definite, and is not 
due to gravity or to the surrounding combustion 
space wall, but exists when that wall is removed 
and when the burner axis is either horizontal, Or 
vertical, and in the latter case, whether the axis 
extends upward or downward from the end of the 
combustion space at which the combustible mix 
ture is introduced. The atmosphere in the por 
tion of the combustion space at the inner sides 
of the flames, depends upon the air-fuel ratio of 
the combustible mixture, since the invention per 
mits of such efficient combustion conditions, that 
the oxidizable constituents of the fuel wall prac 
tically all combine in combustion with the Oxygen 
of the air if the mixture contains enough air for 
the purpose, and if not, will combine with prac 
tically all of the oxygen in the air content of the 
mixture. By Suitable regulation of the air-fuel 
ratio in the mixture, it is thus possible to main 
tain a combustion space atmosphere which is 
definitely reducing, definitely oxidizing, or neu 
tral, as operating conditions may make desir 
able. 
The length of an individual flame, while de 

pendent to some extent upon the B, t, u, value 
and combustion characteristics of the fuel in the 
combustible mixture, and upon the combustion 
temperatures, depends primarily upon the jet 
velocity with which the combustible mixture is 
discharged into the combustion space. In the 
case of any given burner, as the combustible mix 
ture Supply pressure is increased to increase the 
amount of fuel burn2d and burner heating effect, 
the flames are elongated and the angle of di 
vergence of their tips from the burner axis is 
diminished, The locus of the tip end of the 
inner cone or body of unburned mixture portion 
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2 
of each flame as its length changes as a result of 
a supply pressure change, is a curved line within, 
and to be regarded as the flame axis line, whether 
the flame is relatively long or relatively short. 
The angle of initial jet divergence from the burner 
axis, depends upon the form and disposition of 
the discharge end portions of the channels or 
orifices through which the combustible mixture 
is discharged into the combustion space, and is 
substantially independent of the Supply pressure 
and flame length. The concavity of the flame to 
the burner axis increases as the length of the . 
flame is increased and is much more pronounced 
when the flame is of its maximum practical 
length, than when the flame is only half that 
length. As shown in some of the accompanying 
drawings, hereinafter described, the angle of di 
vergence of the jets discharged through dia 
metrically opposed channels or Orifices, is about 
90°, and approximately that divergence is espe 
cially desirable from the practical standpoint in 
many cases. This is particularly desirable when 
the combustion space is open at its larger end to 
the atmosphere, or to a space containling an ob 
ject or material to be heated, and which when 
heated evolves vapors or gases desirably drawn 
into the combustion space proper and burned or 
carbonized as the jet products of combustion are 
then made oxidizing or reducing for the purpose. 

Since the lateral distance from the axis of 
each flame to the immediately adjacent portion 
of the refractory wall should be about the same 
all along the length of the flame, the contour 
of the inner Surface of the refractory wall must 
depend upon and conform to the flame shape, 
and, as previously pointed out, is cup-shaped in 
the circular burner unit. With the cup shape 
combustion space, the heat radiation is mainly 
away from the end of the combustion space at 
which the combustible mixture jets are intro 
duced, as is desirable for the transfer of heat 
to the object or space ordinarily to be heated, and 
also because it tends to avoid Over-heating of 
the portion of the burner structure forming, or 
in heat transfer relation with, the walls of the 
supply orifices or channels through which the 
combustible mixture jets are delivered to the 
combustion Space. Those orifice or channel walls 
should be kept cool enplugh to prevent ignition 
of the combustible mixture prior to its introduc 
tion into the combustion space. To avoid or 
minimize the need for water cooling, and for the 
full attainment of the advantages of the inven 
tion obtainable with high combustion chamber 
temperatures, the walls of the orifices at their 
discharge ends, at least, should be formed wholly 
or mainly of refractory material having a lower 
heat conductivity than any practically available 
metal. - 

The cup shape of the combustion space of the 
circular burner unit is practically desirable, also, 
in that it reduces the lateral displacement of the 
outer end portion of each flame from the corre 
Sponding portions of the immediately adjacent 
flames, and thereby minimizes the difference in 
temperature between the portions of the refrac 
tory wall immediately adjacent the flanes and 
the cooler portions of the wall immediately adja 
cent the spaces between the adjacent flames. The 
heating to incandescence of the refractory wall 
surrounding the combustion space, is desirable 
not only because of the resultant high rate of 
heat radiation directly from that wall, but also 
because it results in higher average gas tempera 
tures within the cornbustion space, and hence to 
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an increased fiame radiation of heat, and also 
because it assists in maintaining the ignition of 
the flames under varying conditions of opera 
tion tending to cause the flames to "blow off,' 
and thereby contributes to the high 'turn down' 
range which is a characteristic and advantageous 
feature of the burner unit, 
In my elongated burner unit, the combustion 

Space is trough shaped, and the combustible mix 
ture jets are introduced into the trough shaped 
combustion space adjacent its bottom side or 
edge in two rows, and the flames in each row 
diverge, similarly from the plane which is mid 
Way between the two rows, and may be designated 
as the central plane of the combustion space. 
The opposing sides of the trough shaped com 
bustion space are not plane surfaces, but each 
diverges from said central plane at an angle 
which diminishes as the distance from the bottom 
of the trough increases. With the trough shaped 
combustion. Space, substantially the same rela 
tion between each flame and the immediately 
adjacent refractory wall portion, is required as 
With the circular arrangement first described. A 
Section of an elongated burner unit, transverse 
to its central plane, may be identical with the 
diametral cross section of a circular burner unit 
having Supply channels of the same cross section 
and the same discharge end inclination. The 
fuel burning capacity and heating effect of the 
elongated unit may exceed the practical maxi 
mum obtainable with the circular burner unit, 
and in some cases where the required capacity 
is readily obtainable with a circular unit, the 
elongated unit may have certain practical ad 
vantages from the construction standpoint. 
The various features of novelty which charac 

terize my invention are pointed out and referred 
to in the claims annexed to and forming a part of 
this specification. For a better understanding 
of the invention, however, its advantages, and 
various specific objects attained with it, includ 
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ing some not hereinbefore mentioned, reference 
should be had to the accompanying drawings and 
descriptive matter in which I have illustrated 
and described some of the various forms of ap 
paratus in which the principles of the present in 
vention may be utilized. w 
Of the drawings: 
Fig. 1 is a section of a circular burner unit, 

taken on the line -f of Fig. 2; 
Fig. 2 is a section on the broken line 2-2 of 

Fig. 1; 
Fig. 3 is a sectional elevation of a somewhat 

diagrammatically illustrated furnace having a 
plurality of circular burner units mounted in 
each of two opposing walls of the furnace cham 
ber; 

Fig. 4 is a plan view of a portion of the bottom 
wall or hearth of the furnace shown in Fig. 3; 

Fig. 5 is a section taken similarly to Fig. 1, 
showing a modified construction; 

Fig. 6 is a section. On the broken line 6-6 of 
Fig. 5; 

Flg. 7 is a vertical section of a crucible heating 
furnace; 

Fig. 8 is a vertical section of a melting furnace; 
Fig. 9 is a Section of a portion of a burner 

having an enclosed combustion space with a por 
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tion of its wall adapted for the transmission of 
heat from the combustion space to the object or 
space to be heated; 

Fig. 10 is a transverse vertical Section of a 
furnace including a single elongated burner unit; 5 
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Fig. 11 is a partial section on the line - 

of Fig. 10; Fig, 12 is a section of a portion of a circular 
burner unit having a modified form of burner 
tip; 

Fig. 13 is a section on the line -3 of Fig. 12; 
Fig. 14 is a section of a modified form of an 

elongated burner unit; 
Fig. 15 is a side elevation of a portion of the 

burner tip member employed in Fig. 14; 
Fig. 16 is a section of a portion of a circular 

burner including special provisions for prevent 
ing the over-heating of the burner jet delivery 
means; Fig. 17 is an elevation partly in section of an 
other circular burner construction; 

Fig. 18 is a section on the line 8-9 of Fig. 17; 
and 

Fig. 19 is a section of a portion of a burner con 
struction comprising a hood or dome over the 
combustion space formed with Outlets for the 
passage of combustion gases from the combus 
ton space into the space heated, 
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The circular burner unit shown in Figs. 1 and 
2, comprises a metallic burner body A including 
a tubular portion surrounding a burner inlet 
chamber A', to which a combustible gas and air 
or fuel mixture is supplied at its lower end, 
through a channel A. The latter, as shown, is 
Coaxial with the chamber A', and passes through 
a spigot portion of the burner body externally 
threaded for attachment to any suitable fuel 
mixture supply pipe or supply chamber wall, 
Adjacent, but below the upper end of its tu 

bular portion, the burner body A is formed with 
a radially extending flange A forming a support 
for an annular refractory body B. The latter 
has its lower portion surrounded by a cylindri 
cal flange portion A of the burner body which 
extends upward from the outer edge of the radial 
portion A3. The body B may be formed of ce 
ramic material of any composition suitable for 
its intended purpose, 

Seated on the upper end of the tubular body 
portion of the burner body A, and extending 
into the chamber A', is a burner tip member 
C of ceramic material which may be of any suit 
able composition, such, for example, as any of 
the compositions customarily employed in mak 
ing refractory ceramic burner tips heretofore 
known. As shown, the member C comprises a 
main cylindrical portion which extends into, and 
fits in the Outer end of the chamber A', and also 
comprises an upper cylindrical portion C" shorter 
and of larger diameter than the first mentioned 
cylindrical portion and the chamber A', and a 
conical intermediate portion C2. The latter bears 
against the beveled upper end A5 of the main 
tubular portion of the burner body A. Prefer 
ably, and as shown, the lower end portion C3 
of the tip member is conical, so as to divert the 
fuel mixture flowing through the passage A2 into 
the chamber A' away from the axis of the cham 
ber in a uniform manner. A multiplicity of peripheral grooves C are 
formed in the outer surface of the tip member 
C. Each of the grooves C comprises a portion 
parallel to the axis of the tip member and ex 
tending for the full length of the main cylin 
drical portion of the tip, and comprises an in 
clined discharge end portion C extending along 
side the outer surface of the tapered interme 
diate section C2 of the tip member to the pe 
riphery of the upper cylindrical burner tip por 

3 

tion C’. As is clearly shown in Fig. 2, each 
groove C4 thus forms a gas passage or orifice 
rectangular in cross section and having three 
walls formed by the ceramic tip C, end a fourth 
wall formed by the adjacent portion of the me 
tallic burner body A. 

Preferably the tip C is anchored in the burner 
body A, and to that end, in the form shown in 
Figs. 1 and 2, the body portion of the tip mem 
ber is formed externally with a screw thread C 
in threaded engagement with a corresponding 
screw thread formed on the inner wall of the 
burner body chamber A. With the burner tip 
member anchored in the burner body, the burner 
is adapted for operation in any position.g. Even 
when the burner is intended for use only in the 
upright position shown in Fig. 1, the anchor 
age of the tip member in the burner body is de 
sirable, since under some conditions of use, the 
gas pressure in the chamber A may well be 
more than sufficient to lift the burner tip mem 
ber C' out of the chamber A', unless anchored 
therein, 
The portion B' of the inner wall or surface 

of the annular body B, surrounds and defines 
a combustion space in which the fuel mixture 
delivered thereto through the channels or ori 
fices C, is wholly or largely burned, and may be 
described as of cup shape, and may be regarded 
as comprising a circular series of surface por 
tions or sectors alongside the jet issuing from 
One or each burner channel C. Each of said 
surface sectors has its portion adjacent the burn 
er body inclined away from the axis a of the 
burner at about the same angle as the adjacent 
burner channel portion C, and laterally dis 
placed from the axis of that channel portion. 
In other words, the said portion of the surface 
B' may be regarded as part of a conical surface, 
with its apex in the axis a, at some distance 
below, as seen in Fig. 1, the point in that axis 
at which the inclined channel portions C, if 
extended, would intercept said axis. 
The inclination to the axis a of each of the 

said segmental portions of the wall surface B', 
diminishes, as the distance from the discharge 
end of the corresponding channel C increases, 
so that the line of interSection with the surface 
B' of a plane radial to the axis a, is concave 
toward the axis. The described shaping of the 
Wall Surface B' relative to the incination of the 
burner orifice discharge portions C5, serves the 
purpose of So locating a corresponding sector 
portion relatively to each flame, or burning jet, 
formed by the combustion of the fuel mixture 
supplied by each orifice C, that said surface will 
be heated to incandescence and with a suitably 
close approximation to temperature uniformity 
of all portions of the surface directly alongside 
the flames, regardless of the actual length of 
the flames. 
The flame lengths, in any given condition of 

use, will depend upon the fuel composition of 
the constituent of the combustible mixture, and 
with any given fuel composition, will be longer or 
shorter, accordingly, as the gas pressure in the 
chamber A', and consequently the rate of con 
bustion and total heating effect, are relatively 
great or relatively small. In Fig. 1, the different 
pairs of oppositely curved lines meeting at the 
pointse", e2, e3, etc., represent the opposed outer 
sides of the so-called inner cones of flames or 
burning jets of different lengths, such as would 
be produced with successively higher combustible 
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mixture supply pressures. The line e along which 
the tip pointse", e2, e3, etc., of the corresponding 
inner flame cones lie, may be conveniently re 
ferred to as the flame axis for the flame or burn 
ing jet produced by the combustion of the com 
bustible mixture discharged through the corre 
sponding orifice C4. As shown, the lateral dis 
placement of the immediately adjacent portion of 
the wall B" from the flame axis e, is approxl 
mately the same at all points along the length 
of said axis, 
While the shaping of the surface B' relative 

to the flame axes e need not be mathematically 
exact, the general relation illustrated and de 
scribed is essential to the attainment of the full 
advantages of the invention. Although the com 
bustion flames or burning jets are located ad 
jacent the surface B, and are spaced away from 
the burner axis as described, in normal Opera 
tion, the entire combustion space surrounded by 
the wall B', is filled with burning gases and hot 
gaseous products of combustion, which circulate 
in that space generally as indicated by the curved 
lines and arrows in Fig. 1. In operation, the 
general direction of flow toward the burner tip 
member C in the portion of the combustion Space 
adjacent the axis of the burner, can easily be 
detected. Apparently, hot gases are continuous 
ly passing into the portion of the combustion 
space surrounded by the flames along the por 
tions of the flames relatively remote from the 
tip member, and gases are continuously passing 
from said space portion into or between the por 
tions of the flames nearer to the burner tip 
member. This, coupled with the high combus 
tion efficiency - obtainable, permits the atmos 
phere in the combustion space, to be maintained 
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definitely reducing, oxidizing, or neutral, de 
pending on the air and fuel ratio of the combus 
tible mixture supplied. When vapors or gases 
are evolved in heating an object or material lo 
cated in or adjacent the larger end of the Space 
in which said recirculation occurs, those vapors 
or gases may be drawn by the recirculating burn 
ing gases and products of combustion, into ad 
mixture with the latter, and burned or reduced, 
depending on their character, by making the said 
air and fuel ratio suitable for the purpose. 
For the full advantage of the present inven 

tion, the combustion space, cavity or tunnel sur 
rounded by the wall B, should be of sufficient 
axial extent for the combustion of the fuel whol 
ly, or, at least, mainly, within that space. While 
the inclination to the burner axis of the inclined 
portions C5 of the burner orifices and of the ad 
jacent portions of the surface B', may be varied 
through a very considerable range, it is practi 
cally essential, as has been indicated, that the 
angle of inclination should be such that the space 
defined by the wall B will be definitely cup 
shaped. The cup-shape of that space contrib 
utes to the maintenance of the entire wall B', or 
with relatively short flames, the ZOne thereof 
immediately adjacent the flames, at a tempera 
ture high enough to insure efficient combustion 
conditions and the desired heat radiation. As 
will be apparent, with the cup shape of the space 
defined by the wall B, every portion of that wall 
is in the position to receive a significant amount 
of heat by radiation from a portion of the wall 
at the opposite side of the burner axis. Such 
radiation of heat to one portion of the wall B' 
from another portion at the opposite side Of the 
burner axis, necessarily diminishes as the space 
defined by the wall B', is shortened or flattened, 
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and could not occur at all if the Wall B were a 
plane surface. 
Notwithstanding the high gas temperature 

within the space surrounded by the wall B", and 
the high temperature of that wall, the cylindri 
cal surface of the portion C" of the burner tip 
including the discharge ends of the orifices C 
may be maintained suitably cool, as a result of 
conditions, one of which is the relatively small 
amount of heat which can be transferred by ra 
diation from the wall B' to said cylindrical Sur 
face as R result of the unfavorable relative dis 
position of the two surfaces for transfer of radi 
ant heat from the one to the other. A second 
condition contributing to relatively low burner 
tip temperatures, is the cooling effect of the com 
bustible mixture moving through the channels 
C4. The latter, because of their individual small 
cross section, necessarily have a relatively large 
aggregate wall surface area. However, the poor 
heat conductivity of the refractory material of 
which the tip member is preferably formed, in 
sures a relatively low rate of heat flow to the rel 
atively cool walls of the fuel channels from the 
uncooled and much hotter tip member surface 
exposed within the combustion space. 

Burner units of the general type shown in 
Figs, 1 and 2 may be combined in various ways to 
form a gas burner assembly or heating wall hav 
ing a fuel burning and heating capacity much 
greater than that of an individual burner unit. 
For example, one wall, or each of two or more 
walls, of a heating chamber or furnace may have 
mounted in it a multplicity of burner units of 
the character shown in Figs, 1 and 2. Thus, as 
shown in Figs. 3 and 4, the hearth or bottom wall, 
and the roof or top wall of a heating furnace E. 
are each composed essentially of burner units in 
cluding refractory combustion space wall mem 
bers BA which are operatively identical with the 
part B of the burner unit shown in Figs. 1 and 
2. To facilitate their assembly in the furnace 
chamber hearth and roof walls, the bodies BA 
are rectangular in outline as shown in Fig. 4, 
and, in each furnace wall including them, the 
bodies BA are arranged in side by side rows, with 
the adjacent bodies in each row in abutting re 
lation. In the construction illustrated in Figs, 3 
and 4, the individual metallic burner body por 
tions, corresponding to the burner body A of 
Figs, 1 and 2, for each row of burner units are 
rigidly attached to, and may be integral portions 
of a gas and air mixture supply pipe or manifold 
AA which extends longitudinally of, and in Sup 
porting relation with a corresponding row of 
burner units. 
The arrangement shown in Figs. 3 and 4 is 

plainly characterized by its mechanical simplic 
ity and the relatively large heating capacity 
which it may have, and by the uniformity with 
which each wall of the furnace chamber may be 
heated. The effectiveness of the heat distribul 
tion may be augmented by staggering the burner 
units in the different rows, as shown in Fig. 4. 
By supplying a greater amount of fuel to the 
pipes AA adjacent the sides of the furnace E 
than to the pipes adjacent the vertical central 
plane of the furnace, the side edges of the hearth 
and roof walls and the vertical side Walls of the 
furnace may be adequately heated. In the prac 
tical use of a heating chamber having burner 
units in its roof wall only, and of a volumetric 
capaicty of some 20 cubic feet, I have found it 
easy to maintain heating chamber temperatures 
considerably in excess of 2,000 F., and to vary 
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units through a wide range, in accordance with 
the desirable rate of heat absorption by the work 
being heated. 
In a burner unit of the general circular type 

illustrated in Figs. 1 and 2, it is not essential that 
the burner tip member should have its cylindri 
cal body portion received in a chambered me 
tallic burner body. Thus, as shown in Figs. 5 
and 6, for example, the tip member CB may be 
mounted directly in an axial passage B formed 
in a refractory body BB which replaces, and 
serves all the above mentioned purposes of the 
refractory bodies B and BA of Figs. 1-4. 
In a burner in which a refractory burner tip 

member is mounted directly in the refractory 
tunnel or body member, as shown in Figs. 5 and 
6, it is immaterial, in general, whether the com 
bustible mixture supply orifices C10 are formed 
in the burner tip member, as in the construc 
tions previously formed, or are formed partly in 

tory body member, or are formed wholly in the 
latter, as the orifices C10 are formed in the body 
BB of the burner shown in Figs. 5 and 6. As 
shown in Figs, 5 and 6, each orifice groove C10 
comprises a main body portion parallel to the 
burner axis, and a discharge end portion in 
clined to that axis as are the orifice portions C 
of Figs, 1 and 2, 
In Fig. 7, I have illustrated the use of the 

present invention in a furnace primarily adapted 
for heating a small crucible F, though equally 
Well adapted to heat an ingot or other body 
supported as is the crucible F. The furnace 
shown in Fig. 7, comprises a refractory body 
member BC, which may be described as of in 
verted cup form, with its rim resting on a sup 
porting body BC of refractory material formed 
with passages BC for the discharge of products 
of combustion from the combustion space above 
the supporting member BC and surrounded by 
the body member BC. The latter is formed at 
its top with an axial opening receiving a burner 
tip member CC, which may be identical in form 
with the burner tip member C of Figs. 1 and 2. 
A metallic gas supply member AC mounted on 
the upper end of the body member BC, is formed 
with a gas inlet chamber A10 supplying gas to 
the upper ends of the orifice grooves C4 of the 
burner tip member CC. The base member BC' 
is formed at its upper side with an upwardly ex 
tending projection BC on which the crucible F 
is seated in normal operation. The base and 
body members BC and BC are made separable 
for the insertion and removal of the crucible, 
and as shown, these parts are provided with 
cooperating sand sealing provisions BC4 for pre 
venting leakage through the joint between the 
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member BC and BC'. 
The inner wall B10 of the member BC may 

have its upper portion shaped exactly like the 
portion adjacent the burner tip of the member 
B shown in Figs. 1 and 2. The lower portion 
of the wall B0 is advantageously shaped to con 
form to the contour of the crucible. F so as to provide a suitably shaped path of downflow 
along the crucible of the heating gases. 
With the burner tip above the crucible, as 

shown in Fig. 7, the top of the crucible and its 
contents are directly exposed to the most in 
tense heat radiation from the wall B10, and any 
molten metal which overflows from the crucible, 
may pass immediately from the combustion 
chamber of the furnace through the outlets BC. 
Except in respect to the two features just men 

tioned, the crucible heating action of the fur 
nace shown in Fig. 7 would not be modified by 
turning the furnace upside down and Seating the 
crucible on the burner tip member CC, instead 
of on the projection. BC3, from the member BC'. 
Whether the crucible furnace shown in Fig. 7, is 
arranged as shown in that figure, or is inverted, 
full advantage may be had with it of the reduc 
ling atmosphere maintained as described in con 
nection with Figs. 1 and 2, within the portion 
of the combustion space surrounded by the cir 
cular series of flame jets alongside the wall B. 

In Fig. 8 I have illustrated the use of the pres 
ent invention in a melting furnace which re 
sembles the crucible heating furnace of Fig. 7, 
in that it has a burner tip member CD mounted 
in a central passage in the top of a refractory 
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body member BD of inverted cup form, and hav 
ing its rim resting on a supporting member bd. 
The latter serves as the furnace hearth, and is 
formed with a cavity bd' in its upper side to re 
ceive the metal to be meited. As shown, the 
joint between the members BD and bad is nor 
mally sealed by cooperating sand seal. forming 
parts BD and bad. If the member BD is Sup 
ported independently of the hearth member bd, 
and the latter is rotated about the vertical axis 
of the furnace, the material melted in the hearth 
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cavity bd" may be agitated by a stationary stir- Y 
ring member BD of suitable refractory metal 
extending through, and rigidly mounted in the 
body BD. 
As shown in Fig. 8, an annular metallic burner 

body AD is imbedded in the member BD and 
passes the combustible mixture to the upper 
ends of the orifice grooves C4 of the burner tip 
member CD. As shown, the latter is formed with 
an axial passage CD' open at its upper end to 
the atmosphere, and serving as an outlet for 
the products of combustion formed in the com 
bustion space of the furnace. The hot gases 
discharged through passage Cld give up heat to, 
and preheat the fuel mixture passing through the 
member AD and chamber C4 of the tip member 
CD, which increases the thermal efficiency of the 
furnace and increases the flame temperature. 

In Fig. 9 I have illustrated a form of my in 
vention, especially desirable for use in some cases, 
which differs from the burner shown in Figs. 1 
and 2, essentially Only in that the end of the 
cornbustion chamber remote from the burner 
tip member, is closed by a heat transmitting 
Wall BE', and in that the burner tip member CE 
is formed with an axial passage CE" serving 
the products of cgmbustion discharge purpose of 
the channel CD' of the burner tip member CD 
of Fig. 9. As shown, the wall member BE’ is a 
disc-like plate which may be formed of quartz 
or of Some heat resistant metallic alloy. If 
formed of quartz, much of the heat radiated 
toward the wall BE' from the inner Wall 315 of 
the refractory body member. BE, corresponding 
to the member B of the construction first de 
Scribed, will pass through the transparent quartz 
Wall BE'. If the latter is formed of some metal 
lic alloy, the wall will transmit heat from its 
inner to its outer surfaces by conduction only, 
but may be maintained at an operating tempera. 
ture high enough for an intense radiation of heat 
from its outer surface, With one or more burn 
ers of the general character shown in Fig. 9 
mounted in the Wall of a heating chamber, as 
the burner units are mounted in the hearth and 
roof walls of such a heating chamber, as is shown 
in Figs. 3 and 4, the atmosphere within the heat 
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ing chamber can not be contaminated by prod 
ucts of combustion, but may be formed of inert 
gas or otherwise controlled, as the atmospheres 
in electric heated furnaces, and in ordinary 
muffle furnaces are controlled, where Such con 
trol is desirable, as in certain heat treating and 
other industrial heating operations. 
nace chamber BF' shown in Figs. 10, and 11, is 
surrounded by a tubular refractory body mem 
be B. 
The furnace shown in Figs. 10 and 11, in 

cludes as its heating means one of my improved 
burners of the elongated type, formed at one side, 
its lower side as shown, with a longitudinally ex 
tending slot BF. As shown, the refractory body 

. BF is carried by a metallic gas supply member 
or manifold AF formed with lateral flanges AF' 
on which the member BF is mounted, and with a 
gas supply chamber AF extending into the slot 
BF and open at one side to receive a portion of 
the burner tip member CF. The latter in trans 
verse cross section, may be, and is shown as ex 
actly like the burner tip member C of Figs, 1. 
and 2, except that the bar-like burner tip mem 
ber CF is not anchored in the metallic burner 
body member AF by the simple screw thread ar 
rangement employed in Figs, 1 and 2. 
The general operative principles of the burner 

arrangement shown in Figs. 10 and 11, are iden 
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tical with those of the arrangement shown in 
Figs. 1 and 2. The discharge ends of the chan 
nels C0 are so inclined, and the slot BF2 is of 
such width, that the inner wall surface BF4 of 
the portion of the member B.F. immediately ad 
jacent the flame formed by the combustion of 
the jet issuing from any of the channels C20, will 
be displaced from the flame by approximately 
the same distance at all points along the length 
of the flame whether the latter be relatively long 
or relatively short. 

In the elongated burner unit of Figs, 10 and 11, 
the portion of the refractory wall surface BF4 
immediately adjacent a flame at one side of the 
central plane of the burner, receives radiant heat 
directly from that flame and adjacent flames, and 
from the directly opposite flames at the other 
side of the central plane, and from the opposing 
wall surface BF. In respect to the radiation 
characteristic just noted, the elongated burner 
unit differs from such a circular unit as is shown 
in Figs. 1 and 2, only as the circular disposition 
of the flames and refractory wall surface of the 
last mentioned figures increases the radiation to 
the portion of the wall surface immediately ad 
jacent any one flame from other flames and the 
opposing refractory wall portion. The effect of 
this relative decrease in the amount of heat radi 
ated to a portion of the wall BF, immediately 
adjacent a flame, is compensated for, more or 
less, by the fact that in the elongated burner 
unit the axes of adjacent flames are parallel 
and not divergent, as is necessarily the case in 
the circular burner unit. 
The modified circular burner unit construction 

shown in Figs. 12 and 13, while comprising a burn 
er body AG which may be identical in form with 
the burner body A of Figs, 1 and 2, includes a 
burner tip member CG differing in the form of 
its orifices or supply channels C from the tip 
member C first described. The channels C25 
of the tip member CG are in the form of kerfs 
or slots, each extending radially of the member 
CG toward its axis, merging adjacent said axis 
into a central axial passage C. The slots C 
and passage C. extend longitudinally of the 
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member CC from a short end portion of the 
latter adjacent its combustion space end to the 
opposite end of the member. 

In the elongated burner unit construction 
shown in Figs, 14 and 15, the refractory body 
BH has its opposed combustion space wall sur 
faces BH', each in the form of a segment of a 
cylinder, the combustion space being open at its 
side remote from that at which the combustible 
mixture jets are introduced. Except in respect 
to the form of its refractory body member, the 
burner construction of Figs. 14 and 15 is gen 
erally equivalent to the burner arrangement of 
Figs. 10 and 11, but differs from the latter in 
the form of the burner tip member CH. The 
latter is an inverted trough shaped part having 
parallel sides CH' externally cut away, adjacent 
the open side of the trough space to provide re 
cesses CH respectively receiving portions of the 
opposite slides AH' of the burner body member 
AB, which is shown as of trough form. The sides 
CH' of the member CH are each formed with a 
multiplicity of side by side kerfs or slots C30, each 
of which forms one of the supply channels or 
orifices through which the combustible mixture 
is passed into the combustion space. 

If the burner tip members CG and CH shown 
in Figs. 12-15 are formed of metal, their orifice 
slots or kerfs C and C0, respectively, may be 
formed by a milling cutter, or other metal cut 
ting machine. The tip members CG and CH 
may also be formed of ceramic material by sim 
ple molding operations, which, as those skilled in 
the art will understand, may be performed in 
molding apparatus including metal plate core 
portions forming the Orifice kerfs or slots.. 
As has been made apparent, the full advan 

tages of the present invention can not be ob 
tained with burners Operating at temperatures as 
high as are required for many industrial opera 
tions, if the burners include tip members formed 
of metal and exposed in the combustion cham 
ber, as are the above mentioned members CG and 
CH. In many industrial operations, the combus 
tion space temperatures are high enough to be 
destructive of tip members of any available me 
tallic material, and even though such metallic 
burner tip members are not exposed to tempera 
tures high enough to prevent the members from 
retaining their general form during a consider 
able Operating life, the members are nevertheless 
subject to distortion and to surface corrosion pre 
venting the maintenance of the desired orifice 
forms and dimensions. For certain low tempera 
ture work, however, reasonably satisfactory op 
erating results can be obtained with metallic 
burner tip members, and the relative ease with 
which burners including metallic tip members of 
the form shown in Figs, 12-15, can be construct 
ed, make the use of such metallic burner tip 
members especially advantageous in the case of 
special burner unit assemblies of sizes and forms 
for which no molded refractory tip members are 
available. - 

The burner construction shown in Fig. 16 in 
cludes two expedients, each of which may be used 
without the other to minimize the heating of the 
walls of the supply orifices or channels. One of 
said expedients is the heat insulation of the ex 
posed end of a metallic burner tip member, by 
means of a refractory cover CG-10 therefor. The 
second expedient is the water cooling of a metal 
lic portion of the burner. These expedients, while 
of themselves Complicating and adding something 
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the use of metallic parts forming the walls of 
said channels, under burner temperature condi 
tions which would otherwise be prohibitive of the 
use of such metallic burner parts. 
The burner form illustrated by way of ex 

ample in Fig. 16, is generally similar to that 
shown in Figs. 12 and 13, and includes a burner 
tip member CG shown as identical with the 
member CG of Figs, 12 and 13, but is provided 
with a heat insulating cap member CG-10. The 
latter is a body of refractory heat insulating 
material suitably adapted for mounting On the 
combustion space end of the metallic tip member 
CG, so that the heat directly received by said end, 
is only such heat as is conducted to it through 
the cap mamber. 
The metallic burner body member AI of Fig. 16 

differs from the corresponding member AG of Figs, 
12 and i3, in that the wall of its tubular portion is 
formed with an annular channel AI.0 surrounda 
ing the axis of the burner and extending nearly 
to the combustion space of the part AI. Inlet 
and outlet connections All and AI are provided 
for the circulation of Water or other cooling fluid 
through the channel Ai. Advantageously, the 
refractory body BI of the burner unit shown in 
Fig. 16 is shaped to provide a portion BI' extend 
ing over the portion of the Wall of the channe 
AI0 immediately adjacent the combustion space. 
The burner construction shown in Figs, 17 and 
18, comprises a burner tip member CH, the com 
bustion space end of which may be like that of 
the burner tip member C shown in Figs, 1 and 2 
in that it comprises a conical surface C and in 
clined orifice grooves C like the surface C and 
groove portion C of Figs. 1 and 2. In the burner 
shown in Figs. 17 and 18, however, the burner 
tip surface C0 bears against a conical seat 
formed in the end of a tubular body ch of re 
fractory material surrounding a shank portion 
C of the burner tip member, Said shank por 
tion might be circular in Cross section, but ad 
vantageously and as shown, is polygonal in Cross 
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section, and in either event, is of a cross section 
smaller than that of the bore in the tubular 
member ch. As shown, the latter is formed with 
internal axially extending ribs C, which space 
the shank C5 axially of the member ch, and 
divide the space between the shank and the 
member ch into a number of supply channels 
C. which may be and as shown is appreciably 
smaller than the number of discharge orifices 
C5. As shown, the refractory sleeve element ch 
is anchored on the tip member CH by means of 
a nut C threaded on the shank at the irilet 
side of the burner. The burner element compris 
ing the parts CH, ch, and C, may be mounted 
in a metallic burner body generally like the me 
tallic burner body A shown in Figs, 1 and 2, or 
in some analogous metallic Cr refractory mate 
rial burner body. As shown, the end of the sleeve 
ch against which the nut C abuts, is formed 
with radially extending inlet grooves C6 com 
municating at their inner ends with the bore 
of the member C. . 
The burner construction illustrated in part in 

Fig. 19, comprises a burner tip member C, a me 
tallic body member AA, and a burner body mem 
ber BI of refractory material, all generally like 
the parts C, AA and BB of the construction 
shown in Figs, 3 and 4. The part AA is shown 
as formed with a cooling fluid channel AI10 in 
the tubular portion into which the burner tip 
member C extends, with inlet and outlet connec. 
tions AI and AI to the channel A0, as in 
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the construction shown in Fig. 16. In Fig. 19, 
however, a dome or hood bi of heat resistant na 
terial, extends over the end of the combustican 
space in the burner body Bll remote from the tip 
C, with the base of the hood fitting around a rib 
bi', with which the burner body B is provided 
to center the dome or hood. The latter is formed 
With ports bi for the passage of products of COm 
bustion from the combustion space into the space 
to be heated. The burner construction shown in 
Fig. 19, while not limited to such use, was prl 
marily devised for incorporation in the hearth 
of a furnace chamber such as that shown in Figs. 
3 and 4. In such use, the hood member bi serves 
to prevent scale or furnace dust from dropping 
into the burner combustion space, With the 
hood member bi formed of transparent quartz, 
much of the heat generated in the combustion 
space may be directly radiated into the furnace 
chamber, but with the hood bi formed of heat 
resistant metallic alloy material, such direct ra 
diation of heat is prevented, and the heat not 
carried into the furnace chamber by the prod 
ucts of combustion, will be delivered to that 
chamber by conduction through the hood, and 
emitted from the convex side of the latter, 
While as has been explained, it is ordinary 

immaterial whether the general direction of gas 
flow in the combustion space is up, or down, or 
horizontal, it is convenient to refer to the por 
tion of the combustion space at which the com 
bustible mixture is introduced, as the bottom 
portion of said space, whether the latter be cup 
shaped as shown in Figs. 1 and , for example, 
or be trough shaped, as shown in Figs, 10 and 
14, for example. Whether the combustion space 
is cup shaped, or trough shaped, the supply chan 
nels through which the combustible mixture is 
supplied to the combustion space open to the 
latter at points distributed along the margin of 
a bottom portion of Said Space, and the burning 
jet formed by the mixture delivered through each 
channel, is adjacent and alongside a section of 
the combustion chamber wall which extends 
away from the bottom portion of the combus 
tion space and is formed by refractory material, 
so that the said sections may be heated to in 
candescence by the burning jets. 
The present application is a continuation in 

part of, and claims subject matter disclosed in 
my prior application Serial No. 42,994, filed Oc 
tober 1, 1935. Certain combinations including a 
heat transmitting body interposed between a 
burner connbustion space and a space to be heat 
ed, shown in Figs, 9 and 19 hereof, but not 
claimed herein, are claimed in my application 
for patent, Serial No. 348,325, fled July 29, 1940, 
and constituting a continuation in part of this 
application. Certain novel features of furnace 
construction and arrangement including burners 
incorporated in the furnace chamber wall and 
constructed in accordance with principles dis 
closed herein, are claimed in my Copending ap 
plication, Serial No. 106,203, filed October 17, 
1936. 
While in accordance with the provisions of the 

statutes, I have illustrated and described the best 
forms of embodiment of my invention now known 
to me, it will be apparent to those skilled in the 
art that changes may be made in said forms 
without departing from the spirit of my inven 
tion as set forth in the appended claims, and that 
in some cases certain features of my invention 
may be used to advantage without a correspond 
ing use of other features. 
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S. 
Having now described my invention, what I 

claim as new and desire to secure by Letters Pat 
ent is: 

1. A gas burner having a combustion space 
increasing in cross section with the distance from 
the bottom thereof, and including means for 
passing a combustible air and gas mixture into 
said space including a multiplicity of supply 
channels opening to Said space at distributed 
points adjacent the margin of a bottom portion 
of said space, so that the mixture discharged by 
said channels may form burning jets respectively 
adjacent and alongside Sections of the wall of 
said Space extending away from its said bottom 
portion, and including refractory material form 
ing the said wall sections so that the latter are 
adapted to be heated to incandescence by said 
jets, the discharge end portions of said channels 
and said wall sections being relatively shaped and 
disposed to avoid impingement of the inner flame 
cone portions of the burning jets against said 
Wall sections and Said Space having a botton 
wall substantially impervious to air flow into said 
space except through said channels. 

2. A gas burner as specified in claim 1, in which 
the Walls of the discharge end portions of the 
mixture supply channels are formed in large 
part, at least, of refractory material. 

3. A gas burner having a cup shaped combus 
tion space and including means for passing a 
combustible air and gas mixture into Said space, 
said means comprising a multiplicity of Supply 
channels opening to said space at points adja 
cent the bottom, and distributed about the axis, 
of said space, so that the mixture entering the 
space through the different channels may form 
burning jets respectively adjacent and along 
side corresponding Sections of the Wall of Said 
space which extend away from the bottom of the 
latter, and including refractory material form 
ing the said Wall sections, so that the latter are 
adapted to be heated to incandescence by said 
jets, the discharge end portions of said channels 
and said wall sections being relatively shaped 
and disposed to avoid inpingement of the inner 
flame cone portions of the burning jets against 
said wall sections and said space having a bot 
ton wall Substantially impervious to air flow into 
said space except through said channels. 

4. A gas burner tip member of refractory ma terial comprising an externally threaded cylin 
drical body portion and an enlarged head and 
formed with grooves, each comprising a portion 
at the periphery of, and extending longitudinally 
of, said body portion, and a portion at the side 
of said head adjacent said body portion, and ex 
tending to the periphery of said head portion. 

5. A gas burner having a trough shaped com 
bustion space increasing in cross section with the 
distance from the bottom thereof, and including 
means for passing a combustible air and gas mix 
ture into said space including a multiplicity of 
supply channels opening to said space at points 
distributed along opposite sides of a bottom por 
tion of said space So that the mixture discharged 
by said channels may form burning jets respec 
tively adjacent and alongside sections of the side 
walls of said space extending away from its said 
bottom portion, and including refractory mate 
rial forming the said wall sections, which are 
adapted to be heated to incandescence by said 
jets, the discharge end portions of said channels 
and said wall sections being relatively shaped and 
disposed to avoid impingement of the inner flame 
cone portions of the burning jets against said 
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wall sections and said space having a bottom wall 
Substantially impervious to air flow into said 
Space except through said channels. 

6. A gas burner having a combustion space in 
creasing in CrOSS Section with the distance from 
the bottom thereof, and including means for 
paSsing a combustible air and gas mixture into 
said space including a multiplicity of supply 
channels opening to said space at distributed 
points adjacent the margin of a bottom portion 
of said space, so that the mixture discharged by 
Said channels may form burning jets respectively 
adjacent and alongside sections of the wall of 
Said Space extending away from its said bottom 
portion, and including refractory material form 
ing the said wall Sections, so that the latter are 
adapted to be heated to incandescence by said 
jets, the discharge end portions of said channels 
and said wall sections being relatively shaped 
and disposed to avoid impingement of the inner 
flane cone portions of the burning jets against 
Sald Wall Sections, notwithstanding a variation 
in the velocity of mixture flow through said 
channels sufficient to vary the length of each jet 
from a minimum operative length to a maximum 
Operative length at least double said minimum 
length and said Space having a bottom wall sub 
stantially impervious to air flow into said space 
except through said channels. . 

7. A gas burner unit comprising a body formed 
with an inlet chamber and with an opening to 
Said chamber at one side thereof and having an 
external surface at the margin of said opening 
and inclined away from said one side, a refrac 
tory burner tip member having a portion extend 
ing into said opening and having an inclined sur 
face parallel to, and engaging said inclined body 
Surface and having Surface grooves, the walls of 
which unite with said body to form burner out 
let channels from Said chamber, each of said 
channels having a discharge end portion one 
side wall of which is formed by the inclined sur 
face of said body member, said body including 
refractory material defining a combustion space 
into which said channels discharge and having 
combustion wall surface portions respectively ex 
tending away from and generally parallel to the 
direction of the burning jets of combustible mix 
ture discharged into said combustion space 
through the different channels. 

8. A gas burner unit as specified in claim 7, 
in which the said chamber and burner tip mem 
ber are circular in outline and have a common 
axis, and the said inclined surfaces extend circu 
larly about said axis. 

9. A gas burner unit as specified in claim 7, 
in which the said opening has parallel elongated 
side edges and said tip member is a bar like body 
and the said surface grooves are formed in the 
Opposite side of said bar like body, and in which 
there is one set of said inclined surfaces at one 
side, and a second set of said surfaces at the 
opposite side of said opening and bar like body, 

10. A gas burner unit as specified in claim 7, 
including means for releasably securing the said 
burner tip member in the said chamber of the said burner body. 

11. A gas burner unit as specified in claim 7, 
in which the chamber entering portion of the 
burner tip member is circular in cross section 
and externally threaded. 

12. A gas burner unit as specified in claim 7, in 
which the said burner. body includes a metallic 
flange portion parallel to, and spaced away from 
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said opening is formed, and in supporting en 
gagement with the said refractory material of 
the unit. 13. A gas burner unit as specified in claim 7, 
in which the said burner body includes a me 
tallic portion formed with a cooling fluid passage 
external to the said chamber in said body mem 
ber. . . . . . . . . . . . 14. A gas burner unit comprising a metallic 
body member, including a tubular portion sure 
rounding an inlet chamber open at One end and 
having a conical end surface extending away 
from said chamber at its open end, a burner tip 
member of ceramic material formed with a cylin 
drical portion extending into said chamber 
through the open end thereof and an outer por 
tion of larger cross section with a conical surface 
seating against the said' conical surface of said 
body member and formed with surface grooves, 
each of said grooves leading from the portion of 
said chamber at the inner side of said tip mem 
ber and having an inclined discharge end por 
tion alongside said conical end surface, and an 
annular body of ceramic material surrounding 
said tubular portion and tip member and having 
a conical inner wall surface surrounding and de 
fining a conical combustion chamber into which 
said grooves discharge. 

15. A gas burner comprising means providing 
a series of flame-projecting orifices directed out 
wardly along a conical surface, and means com 
prising a refractory member having a generally 
conical inner wall extending substantially par 
allel to the flames projected from said orifices 
and cooperating with the first mentioned means 
to form a conical combustion space substantially 
closed at its smaller end against inflow of air 
except through said orifices. 

16. A gas burner having at opposite sides 
thereof flame-projecting orifices directed in lines 
diverging at an angle substantially less than 
180°, so that flames projected from said orifices 
tend to curve toward one another, and a wall 
surrounding a combustion space into which said 
orifices open adjacent one end of the space, said 
space being Substantially closed at Said end 
against fluid flow into the space except through 
said orifices, said wall comprising refractory ma 
terial having its inner surfaces at opposite sides 
of the burner diverging at substantially the same 
angle as the orifices and slightly curved so as to 
parallel said curved flames. 

17. A gas burner having a combustion space 
increasing in cross section with the distance from 
the bottom thereof and having a combustible air 
and gas mixture supply chamber extending away 
from said combustion space at the bottom of the 
latter, and a burner tip member having a body 
portion extending into said chamber and an en 
larged head portion in said combustion space, 
the wall of said chamber and said member hav 
ing contacting surfaces, one of said surfaces being 
grooved to form a multiplicity of supply channels 
through which the combustible mixture passes 
into said space from said chamber, said channels 
opening to said space at distributed points ad 
jacent the margin of a bottom portion of said 
space so that the mixture discharged by Said 
channels may form burning jets respectively ad 
jacent and alongside sections of the wall of said 
space extending away from its said bottom por 
tion, and including refractory material forming 
the said wall sections so that the latter are adapt 
ed to be heated to incandescence by Sald jets, the 
discharge end portions of said channels and Said 
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wall sections being relatively shaped and dis 
posed to avoid impingement of the inner flame 
cone portions of the burning jets against said 
Wall sections. & 18. A gas burner having a combustion space 
increasing in cross section with the distance from 
the bottom thereof and having the bottom wall 
of the combustion space formed with an open 
ing outwardly flared to provide an inclined seat 
surface, and including means for passing a com 
bustible air and gas mixture into said space com 
prising a burner tip member having a body por 
tion extending into said opening and an en 
larged head portion in said combustion space, and 
formed with a surface adapted to fit against said 
seat surface, one of said surfaces being grooved 
to form a multiplicity of supply channels through 
which the mixture passes into said space, said 
channels opening to said space at distributed 
points adjacent the margin of a bottom portion 
of Sald space, So that the mixture discharged by 
said channels may form burning jets respective 
ly adjacent and alongside sections of the wall of 
said space extending away from its said bottom 
portion, and including refractory material form 
ing the said wall sections so that the latter are 
adapted to be heated to incandescence by said 
jets, the discharge end portions of said channels 
and said wall sections being relatively shaped 
and disposed to avoid impingement of the inner 
flame cone portions of the burning jets against 
said wall sections. 

19. A gas burner having a combustion space 
increasing in cross section with the distance 
from the bottom thereof and having a combus 
tible air and gas mixture supply chamber extend 
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ing away from the burner combustion space at 
the bottom of the latter, and a burner tip mem 
ber having a hollow body portion extending into 
said chamber and an enlarged head portion in 
Said combustion space and formed with kerfs 
which extend through a wall of said hollow body 
portion and extend into the underside of said 
head and form a multiplicity of supply channels 
opening to said space at distributed points adja 
cent the margin of a bottom portion of said 
space, so that the mixture, discharged by said 
channels may form burning jets respectively ad 
jacent and alongside sections of the wall of said 
space extending away from its said bottom por 
tion, and including refractory material forming 
the said wall sections so that the latter are adapt 
ed to be heated to incandescence by said jets, 
the discharge end portions of said channels and 
said wall sections being relatively shaped and 
disposed to avoid impingement of the inner flame 
cone portions of the burning jets against said 
Wall sections. 

20. A gas burner having a combustion space 
increasing in cross section with the distance from 
the bottom thereof and having a combustible air 
and gas mixture Supply chamber communicating 
with and extending away from said combustion 
Space at the bottom of the latter, and a burner 
tip member extending across said chamber at 
the combustion space side of the latter and com 
prising a metallic portion and refractory mate 
rial at the side of Said metallic portion remote 
from said chamber, and having said metallic 
portion shaped to provide a multiplicity of sup 
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ply channels through which combustible mixture 
passes into said Space from Said chamber, said 
channels opening to said space at distributed 
points adjacent the margin of a bottom portion 
of said space, so that the mixture discharged by S 



O 
said channels may forni burning jets respectively 
adjacent and alongside Sections of the Wall of 
said space extending away from its said bottom 
portion, and including refractory material form 
ing the said wall sections so that the latter are 
adapted to be heated to incandescence by Said 
jets, the discharge end portions of Said channels 
and said wall sections being relatively shaped 
and disposed to avoid impingement of the inner 
flame cone portions of the burning jets against 
said Wall sections, 

21. A gas burner as specified in claim 17, in 
which the burner tip member is formed of refrac 
tory material and the channels through which 
the combustible mixture passes into the combus 
tion space are formed by surface grooves in the 
body portion and at the underside of the head 
portion of said burner tip member. 

22. A gas burner having a cup shaped con 
bustion space and having an opening circular in 
cross section in the bottom wall of said space 
and including means for passing a combustible 
air and gas supply mixture into said space 
through said opening comprising a burner tip 
member of refractory material, circular in cross 
section, and comprising a body portion extend 
ing into said opening and an enlarged head in 
said combustion space and having Surface grooves 
forming a multiplicity of supply channels 
through which said mixture passes from said 
chamber into said space, said channels opening 
to said space at points adjacent the bottom, and 
distributed about the axis, of said space, so that 
the mixture entering the space through the dif 
ferent channels may form burning jets respec 
tively adjacent and alongside corresponding sec 
tions of the wall of said space which extend away 
from the bottom of the latter, and including re 
fractory material forming the said wall sections, 
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so that the latter are adapted to be heated to 
incandescence by said jets, the discharge end por 
tions of said channels and said wall sections be 
ing relatively shaped and disposed to avoid im 
pingement of the inner flame cone portions of 
the burning jets against said wall sections. 

23. A gas burner having a trough shaped COm 
bustion space increasing in cross section with the 
distance from the bottom thereof, and having a 
combustion space bottom wall formed with a 
slot and with an inclined surface at each side 
Of the slot at the combustion edge of the latter 
and including means for passing combustible air 
and gas mixture jets into said space through said 
slot comprising a burner tip member having a 
body portion extending into said slot and an en 
larged head portion in the combustion space 
and formed with a surface at each side of the 
slot parallel to, and in abutting relation with the 
corresponding inclined surface, one of the said 
surfaces at each side of the slot being grooved 
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to form a multiplicity of Supply channels through 
which the said combustible mixture jets are 
passed into Said combustion space, said supply 
channels opening to said space at points distrib 
uted along opposite sides of a bottom portion of 
said space so that the mixture discharged by said 
channels may form burning jets respectively ad 
jacent and alongside sections of the side walls 
of said space extending away from its said bot 
tom portion, and including refractory material 
forming the said wall sections, which are adapted 
to be heated to incandescence by said jets, the 
discharge end portions of said channels and said 
Wall sections being relatively shaped and dis 
posed to avoid impingement of the inner fiane 
cone portions of the burning jets against said 
wall sections. 

FREDERC O. HESS, 
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