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: 3,101,774
RADIANT ATMOSPHERIC GAS BURNER
Procter Brevard, Evansville, Ind., assignor, by mesne
assignments, to Freeman Burdett Gas Burner Com-
pany, Chicage, ., a co-partnership
Continuation of application Ser. No. 328;076, Dee. 26,

155%.. This application June 2, 1958, Ser. No. 739,433
7 Claims. (CL 158—113) -

This invention relates to.gas burners and more parti.cu~
larly to a burner of the atmospheric type for burning
gaseous fuels, the burner being particularly well adapted
for use as a comversion unit in house heating furnaces
and boilers. It is desirable: that gas burners for such
heaters be of the atmospheric type, not requiring motor
driven fans, gas-air mixers, etc. L . o

At the present time, atmospheric’ burners used in
domestic heating units consist generally of a head portion
or section formed with a multiplicity of small apertures
whereby the gas discharged through these apertures bprns
with a blue flame. These burners are relatively ineﬂimen_t,
especially where they are used as conversion units in
heaters originally designed and constructed to burn solid
fuel. : :

In house heating furnaces it is highly desirable, par-
ticularly in furnaces of the hot air type, that the entirf:
surface of the combustion chamber be heated as uni-
formly ‘as. possible.. In the case of prior atmospheric
gas burning conversion burners, ‘reliance is almost 100
precent on convected heat, as a -blue flame produces very
slight radiance. ‘This convected heat rises from the point
of. origin, which is generally the top of the burner and,
as this point is spaced upwardly a considerable distance
from the bottom of the combustion chamber, the lower
portion of the combustion chamber surface is relatively
cold, thereby greatly reducing the heated area from which
the house heating air can:absorb heat. = This makes for
much lower efficiency in heat transfer. R

This invention has an as an object an atmospheric gas
burner embodying a structural arrangement which is par-
ticularly economical to manufacture and wherein the gas
is burned in a manner to produce a large area of radiance,
effective to direct or project radiant heat directly to the
entire surface of the lower portion of the combustion
chamber which would otherwise be relatively cool and,
at the same time, the hot exhaust gases from the burned
gas and air mixture are available to give the same con-
vected heat as in the usual type of burner now used.

The invention consists in the novel features and .in
the combinations and constructions hereinafter set forth
and claimed. ‘ .

In describing this invention, reference-is had to the
accompanying drawings in which like characters designate
corresponding parts in all the views. .

" In the drawings—

FIGURE 1 is a vertical sectional view of a gas burner
embodying my invention. :

FIGURE 2 is a view taken on line 2—2, FIGURE 1.

FIGURE 3 is a view taken on line 3—3, FIGURE 1.

FIGURE 4 is a fragmentary perspective view of 2 por-
tion of the outer refractory grid.

FIGURE 5 is a front elevational view of a slightly
modified form wherein the -outer refractory mesh is flat
rather than cylindrical. e

FIGURE 6 is a view taken on line 6—6, FIGURE 5.

FIGURE 7 is a view similar to FIGURE 35 wherein the
refractories extend vertical rather than inclined, and

FIGURE 8 is a view taken on line 8—8, FIGURE 7.

The invention consists gemerally. of an atmospheric
gas burner having inner ‘and outer spaced apart refractory
elements with means for directing the gas and air mix-
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ture between the refractory elements.  One or both of
the refractory elements is so-shaped, or formed in the
vertical direction, as to cause the gas air mixture to
sweep -upwardly against, ‘or hug against, the surface of
the inner refractory element while the mixture is burned
between the refractory elements, whereby the surface of
the inner element throughout its entire length operates at
an extremely high temperaure, producing a great amount
of radiant heat. The projected radiance from the inner
refractory plus'the extreme heat of the end products of
combustion,” make' the outer refractory also radiant
throughout iis entire height, and the radiant heat from
this: outer refractory, preferably -of cylindrical form, is
radiated against the entire surface of the combustion
chamber of the heater.

The burner consists ‘of a base member 1¢ having an
upper portion 11 preferably of circular form and which
has at its periphery an upstanding annular flange 12.
The base is provided with a square or rectangular hub
portion 13-to which a fitting 14 is attached, as by means
of screws 15, and which is connected to a gas supply
pipe 16. The base 10, intermediate the upper cylindrical
portion 11 and the hub 13, is of conical formation having
a plurality of inwardly extending ribs 17 supporting a
cenirally arranged boss 18.. The inner refractory is prefer-
ably formed of ceramic material and, as here shown,
consists 'of a plurality of disks 20 arranged in stack
formation. The inner refractory is positioned on a plate
21 supported on the upper edge of 2 cup-shaped mem-
ber 22 positioned on the boss 18. The disks 20 of the
inner refractory are maintained in position by a rod 23
threaded into the boss 18 and extending upwardly
through the stack of disks and to the upper end of which
there is secured a plate 24. . The upper end of the rod
23 is shouldered to suppoit the disk 24 spaced slightly
above the refractory. The plate is fixedly secured to the
rod by a nut 25. The plate 24 is formed with a radially
extending flange 26 encircling the upper end of the outer
refractory 28 and being irclined upwardly therefrom, as
shown in FIGURE 1.

The outer refractory or grid 28 is of cylindrical shape
and’'is formed from relatively heavy metallic mesh capa-
ble' of withstanding high temperatures. The cuter re-
fractory 28 is positioned in the upper base portion 11 and
is encircled by the flange 12. The inner and outer refrac-
tory elements are arranged in concentric spaced relation.
The intermediate portion of the base member and the
cup member 22 are shaped to form an annular gas dis-
charge passage 3¢ effective to discharge gas in the lower
end of the space between the innsr and outer refractory
elements. The upper portion 11 of the base member is
formed with a series of apertures 34 arranged in registra-
tion with the annular space between the refractories for
the admission of air for mixing with the gas discharged
through the passage 36 to form the combustible mixture.

The arrangement is such that the combustible mixture
is caused to travel upwardly against or in close contact
with the surface of the inner refractory. The combustion
takes 'place thronghout the entire length of this space
and, as the gas mixture burns, it expands greatly. There-
fore, to accommodate the expansion, the space between
the refractories is increased in dimension from the lower

‘end of the refractories to a point substantially midway

between the ends thereof. However, due to the fact that
the end products of combustion pass through the outer
mesh refractory quite rapidly as the mixture moves up-

wardly, the distance or space between the refractories is

narrowed from the midpoint to the upper ends of the
refractories. The combustion is thereby kept between the
confronting surfaces of the refractories throughout the
entire length thereof and hence the gas-air mixture is
confined in an atmosphere having a temperature much
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higher than the burning pdint of the hydrocarbons.
Therefore, becaiise of this high témperature aiid the excess
of air in the mixture from the secondary air inlets 34,
there is complete combustion before the final exhaust
gases emit through the grid. Further, the high tempera-
ture of the inner refractory produces a great amount of
radiance, and this projected radiance from the inner
refractory plus the extreme heat of the end products of
combustion passing through the metallic grid 28, main-
tains the grid at a high radiant temperature. Accordingly,
a great amount of radiant heat is radiated from the outer
refractory mesh and a substantial amount of radiant heat
is projected directly through the openings of the mesh
from the inner refractory.

It will be noted that by positioning the secondary air
apertures or inlets 34 directly below the combustion cham-
ber and between the outer refractory and the gas-air inlet,
the sécondary air entrained with the primary gas-air mix-
ture will sweep upwardly along the inner face of the
outer refractory. The velocity of this flow along the
outer grid will induce an inward flow of additional free
air through the openings in the outer refractory, thus
serving to some degree in keeping the flame against the
surface of the inner refractory. It is believed that the
primary reason why the flame hugs the surface of the
inner refractory is the juxtaposition of the gas-air inlet
and the lower bulge of the inner refractory. The flame,
being thereby tangential to or impinging upon the lower
end of the inner refractory, is disposed to continue to hug
the refractory, even into its concavity, responsive to
Bernoulli’s law as applied to streamline flow. Whatever
the theory, it will be seen that with the assembly as herein
described, the flame will faithfully follow the contour of
the inner refractory, avoiding direct contact with the outer
grid except near the top where the flarige 26 of the top
plate 24 acts to deflect the high temperature end products
of combustion outwardly through the grid.

In the strutcure described, the proper spacing to obtain
radiance throughout the entire height of the burper is
obtained by the shape of the inner refractory. For ex-
ample, in the cylindrical form shown in FIGURE 1, if the
refractories are 10¥% inches in height, the space between
the refractories at the bottom edge of the lower disk 20
is 134 of an inch. At the upper edge of the bottom disk,
which is 7 of an inch in thickness, the space is 134¢ of
an inch. At the mid-point, indicated at 50, FIGURE 1,
the space between the refractories is one inch, and at
the upper edge of the top disk the space between the
refractories is %2 inch. These dimensions result in the
surface of the inner refractory having a curved surface
wherein the mid-portion of the inner refractory is of less
diameter than the lower and upper ends thereof, and the
upper end of somewhat greater diameter than the lower
end of the refractory. In other words, the annular space
between the inner and outer refractories, which space con-
stitutes the combustion chamber, is greater at the middle
than at the two ends and greater at the bottom than at
the top.

In the structures shown in FIGURES 5 to 8, the outer
mesh refractory is of flat form. The inner refractory 35
is formed in one piece and its surface confronting the
outer refractory is curved to maintain the burning mix-
ture between the refractories and in contact with the in-
ner refractory, as previously explained in reference to
the cylindrical form shown in FIGURE 1. Inasmuch as
radiant heat travels in a direction normal to the radiant
surface the refractories may be positioned or formed so
as to direct the heat in any desired direction.

In FIGURES 5 and 6, the refractories are inclined,
while in FIGURES 7 and 8, they extend vertically. In
both instances, the burner base 40 is formed with an
elongated slot 41 for discharging gas between the re-
fractories, and with apertures 42 for the admission of air
for mixing with the gas discharged through the slot 41.
The refractories 35 are interlocked along their lower edges
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4
with the base and are held against a backing plate 43 by
a cap 44 having an outwardly extending flange 45. The
flanges 26 and 45 serve to deflect the hot exhaust gases
laterally if the burner is mourited in a firebox, or the like.

Summarizing, it will be seen that to obtain the desired
radiance throughout the full height of both the inner and
outer refractories, which is the ultimate desideratum in
a device of this type, it is necessary to observe several
essential elements of construction as hereinabove set
forth, namely:

(1) The outer refractory orgrid 28 should be of heavy
metallic mesh capable of withstanding high temperatures.

(2) Te surface of the inner refractory 20 which is pref-
erably of ceramic material, should confront the outer
refractory 28 in close proximity to provide a narrow
combustion chamber which is vertical as shown in FIGS.
1 and 8§ or substantially verti¢al as shown in FIG. 6. In-
asmuch as radiant heat varies inversely as the square of
the distance it is obvious that the interaction between
the two confronting surfaces would be lost if the space
between them were increased to any substantial degree
over the distances above illustratively set forth. Any
diminution of the annular space between the refractories
will, of course, reduce the total inter-refractory combus-
tion area and, as anyone skilled in the art will readily
understand, must be kept within proper limits depending
upon the exact type and volume of fuel employed.

(3) The surface of the inner refractory 28 should be
slightly concave to permit expansion of the products of
combustion within the narrow combustion chamber, there-
by concentrating the hot gases within the combustion
chamber and preventing their loss through the outer re-
fractory. Obviously, for this purpose the concavity need
only be slight, as shown, but there nevertheless should
be one. Perfectly parallel refractories will not work.
Apparently the outer refractory or grid derives a major
portion of its heat in reaching incandescence from the
products of combustion which, because of the concavity
in the combustion chamber, pass along rather than
through, the grid.

(4) The gas-air inlet 30 should be so positioned as
to direct the flame close to the base of the inner refractory,
as shown in FIG. 1, or, better still, directly on the base
of the inner refractory as shown in FIG. 6.

(5) The secondary air apertures 34 and 42 should be
positioned directly or substantially directly below the nar-
row combustion chamber at a point between the air-gas
inlet 30 and the outer refractory 28 to provide a free
flow of secondary air upwardly along the inside of the
outer refractory to assist in keeping the flame against
the inner refractory.

(6) It is preferable that the inner refractory be made
of ceramic material. The high insulating quality of ce-
ramic material develops a surface radiance which almost
immediately directs radiant heat into the stream of gases
and against the outer grid, thereby accelerating its radi-
ance. As will be noted in the illustrative embodiments
shown in the drawings, the inner ceramic disks are solid.
This is preferable for the reason that it provides a maxi-
mum mass which, in turn, will provide a maximum of
latent heat.

By observance of the above essentials, and only by
such observance, will both refractories quickly become
radiant for their full height. For most uses, burners
on the order of 10%% inches in height, as above described,
will be sufficient. However, the burner will be fully
effective up to considerably greater heights.

The prior art reveals various burners involving con-
fronting refractory surfaces, but they have all failed to
achieve the efficiency and economy of full height radiance
because of their failure to observe one or more of the
essential factors above enumerated. Some who came
close to success in this field failed because of a basic
misconception that the flame must contact the outer grid
.to obtain full radiance. I have discovered, to the con-
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trary, that radiance of the outer grid is obtained by con-
centrating the flame on the inner refractory and making

provision, as above noted, for obtaining radiance of the

outer grid solely by the influence of products of com-
bustion plus the radiant heat from the inner refractory.

This is a continuajion of my co-pending application
Serial No. 328,076, filed December 26, 1952, now
abandoned.

I claim:

1. An atmospheric gas burner in which the combustion
chamber is a narrow, upwardly extending chamber de-
fined by the confronting surfaces of two refractories said
surfaces being spaced not substantially more than one
inch from each other at any point, the outer face of the
inner refractory being slightly concave and the outer re-
fractory being of a heat resistant mesh, said combustion
chamber having at its lower extremity means including
a gas-air inlet for directing a gas-air mixture adjacent the
lower surface of the inner refractory and a secondary
air aperture positioned between said gas-air inlet and the
outer refractory.

2. An atmospheric gas burner comprising a base
adapted for connection to @ gas supply line, a narrow,
substantially vertically extending combustion chamber
being not substantially greater than one inch in width
at its widest part and being formed by the confronting
surfaces of an inner ceramic refractory and an outer
metallic mesh refractory, the outer surface of the inner
refractory being slightly concave at its central portion
and slightly bulged at its lower end, means forming a gas-
air inlet in said base for directing a gas-air mixture ad-
jacent said bulge in the inner refractory, and means form-
ing a secondary air aperture positioned in said base direct-
ly below the combustion chamber and between the gas-
air inlet and the outer refractory.

3. An atmospheric gas burner comprising a base
adapted for connection to a gas supply line, an inner
refractory element extending upwardly and substantially
vertically from said base and having a slightly concave
outer surface, an outer refractory element formed of
metallic mesh and outwardly and oppositely disposed
from said inner refractory by a distance of approximately
one inch or less to define, together with the outer surface
of the inner refractory, a narrow and substantially vertical
combustion chamber which is slightly wider at its mid-
portion than at its ends, means forming a gas-air inlet
positioned below said combustion chamber to direct a
flame adjacent the bottom of the inner surface thereof,
and means forming an inlet for secondary air positioned
‘below and in line with the base of the combustion cham-
ber and between the gas-air inlet and the outer refractory.

4, An atmospheric gas burner comprising a base
adapted for connection fo a gas supply line, a substantial-
ly cylindrical and solid ceramic refractory in upright posi-
tion on said base, the side wall of said refractory being
slightly concave, a cylindrical refractory grid positioned
concentrically around and in closely spaced relation to
said ceramic refractory to form, between the confronting
surfaces of said refractories a narrow and substantially
vertical combustion chamber which is approximately one

10

20

25

30

35

40

45

50

55

60

6

inch wide at its central portion and narrower at its two
ends, means forming a gas-air inlet adjacent the lower end
of said combustion chamber to direct a flame tangentially
to the lower end of the ceramic refractory and means
forming air apertures immediately below the combustion
chamber and between the air-gas inlet and the refractory
grid.

5. An atmospheric gas burner according to claim 4,
in which the lower end of the ceramic refractory is slightly
curved to provide a bulge on its outer surface projecting
into the path of the flame from the gas-air inlet.

6. An atmospheric gas burner comprising a base mem-
ber adapted for connection to a gas line, a supporting
rod extending vertically from said base member, a series
of ceramic refractory disks supported by said rod and
forming a substantially cylindrical ceramic refractory
pile, said disks being of varying diameter and being so
mounted that the ceramic pile has a curved outer surface
which is slightly concave and which bulges slightly at
its lower extremity, a cylindrical metallic refractory of
slightly greater diameter than the largest ceramic disk
concentrically positioned around the ceramic refractory
to form, between the confronting surfaces of said refrac-
tories, a narrow upwardly extending combustion chamber
having a diameter on the order of one inch at its central
portion and a smaller diameter at the top and bottom
end, means forming a gas-air inlet positioned to project a
flame adjacent said bulge at the lower end of the ceramic
refractory, secondary air apertures positioned to admit
means forming secondary air between the gas-air inlet and
the outer refractory and a top plate centered over the
ceramic refractory on said supporting rod and having a
flange projecting. radially over the refractories.

7. An atmospheric gas burner comprising a solid pile
of substantially circular ceramic disks having an outer
surface curved slightly inwardly at its central portion
so that the diameter of the central disk is not more than
one-half inch less than the diameter of the other disks,
a cylindrical metallic refractory surrounding the ocuter
surface of said ceramic disks in concentric spaced rela-
tionship thereto to provide a substantially vertical combus-
tion chamber not more than one inch in width, means
forming a gas-air inlet positioned to project a flame be-
tween the lower ends of said refractories, and secondary
air apertures positioned to admit air into the space be-
tween the gas-air inlet and the outer refractory.
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