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1

My invention relates to:gas burners, :and is es~
becially concerned with burners ‘of .this type in
which a large fraction of the heat generated and
developed by combustion of 'a combustible gas
mixture is converted to radiant heat,.

It has already been ‘pProposed to produce radi-
ant heat in a body having an open cavity which
is provided with ‘g high temperature ‘inner re-
fraetory lining forming 'a .combustion space. A
combustible gas mixture is supplied-to such space
in which combustion of the mixture is accom-
plished to heat the inner lining to incandescence.
By accomplishing .5 large part and Ppreferably
substantially all of the combustion of the mixture
in the combustion space, extremely high combus-
tion temperatures are ‘developed . for effectively
heating the inner lining to a highly incandescent
condition, thereby bromoting the conversion of g
large fraction of the heat -developed -and gener-
ated in the combustion space to radiant heat
which is projected from the highly incandescent
Inner lining for-doing useful work. ;

In such gas burners the highly :Heated -gases
produced in the combustion space, and consisting
largely of heated products of combustion, pass
from the open end of the cavity into the environ-
ment in which ‘heating of work is to ‘be effected.
In many instances such ‘highly heated gases may
be efficiently utilized for:convection heating pur-
boses, ‘and, together with the radiant heating
component, effect the desired heating of ‘work.
However, there are ‘certain ‘heating applications

in whieh the convection ‘heéating effected by the.

high temperature hedting gages iis ‘objectionable
and undesirgble. This s especially ‘true in the
ffiring of articlesto produce glazed surfaces, as:in
the glost firing of ceramic Ware .and in vitreous
enamelling, for example.

To produce enamelled articles having a vitreous
or glass-like surface film, a coating of non-vitre-
ous or inorganic material, usually.in ‘the form of
2 slurry, is applied to the articles “which ‘fuses
when ‘heated and:is converted to a ‘vitreous or
glass-like film. This molten glass-like film:solid-
ifies @nd hardens when the articles to which the
coating material -is ‘applied are subsequently
cooled. Such vitreous-or glass-like film, as wéll
as ‘the glazed surfaces produced in the glost fir-
ing of ceramic ware, should be lustrous @nd
smooth and‘free of surface defects.

When highly heated gases pass from ‘the open
cavity of a radiant type burner of ‘the above type
and circulate freely in a heating chamber in
which ‘articles are ‘being fired to produce glazed
surfaces ‘thereon, such ‘heating ‘sases tend ‘to im~

2
pair-and-adversely.affect the smooth-and Tustrous
surfaee:desired. Thiss so-because the hightem-
perature products.of combustion which .come into

_ contact with the articles contain harmful impuri-
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ties, such as sulphur dioxide and sulphuric-acid
fumes, for-example. In order to insure the pro-
duction of :glazed -and ‘glass-like surface on-.arti-
cles which are smooth ang lustrous -and -free of
any-surface-defects, it-has'been the general prac-
tice to employ internally fired heat -radiating
mufiles:to keep the articles.out:of physical contact
with -the . high temperature gases consisting of
heated preducts of -.combustion.

I have:discovered that work-can be-fired at-high
temperatures by radiant heat projected from gas
burners -of the abeve radiant type without the
necessity -of shielding -the work or goods from the
combustion zones'by a heat transfer -‘wall or bar-
rier, thereby effecting radiant heat transfer at
the highest possible -temperature from the ecom-
bustion spaces or zones whose wall surfaces are
heated to a highly incandescent-condition. .I gc-
complish this by -supplying ‘the -combustible -gas
mixture to the combustion space.or burner cav-
ity in such a manner-and at such a rate that-the
inner refractory lining thereof is maintained
highly-incandescent and-a.substantial part.of the
combustion of the mixture is -completed in the
space; -and by withdrawing from the -space -the
heated gases-generated therein hefore. such .gases
bass.from-the.open end of the burner -cavity.into
the .environment to which heat is radiated from
the inner lining.

In those ‘heating applications where any pro-
nounced forward movement of the heated gases
from the -open -end of the burner cavity .is :ob-
jectionable, the gases .af -the region adjacent to
the open end of the cavity may ‘be maintained
practically quiescent by withdrawing and.divert-
ing substantially all of the heateq gases -devel-
oped and. generated in the ecombustion Space .of
the burner. In such case the heated gases pass
at a very slow rate and substantially by diffusion
only from the combustion space through the open
end of the burner cavity to the environment ad-
Jjacent thereo.

‘When radiant burners.of the invention are in-
corporatedin.a wall of g heating.chamber, heated
gases enter the heating chamber from the burn-
ers only by diffusion at the open ends of the
burner cavities. 'This 'takes blace at an ex-
tremely slow rate, and, in the -glazing of articles,
the degree to which sulphur impurities are car-
ried ‘into the chamber -atmosphere is extremely
small and insufficient to impair the smooth and
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lustrous surface produced on such articles.
Hence, in employing such radiant burners for
heating work or goods in a closed chamber, the
chamber is filled with gases which may be re-
ferred to as “poor products of combustion,” that
is, products of combustion which are impover-
ished in sulphur impurities.

An important operating characteristic of radi-
ant burners embodying the invention is the
practically quiescent condition of the gases ab
the region adjacent to the open end of the
burner cavity, When the heated gases are with-
drawn from the combustion space and diverted
before such gases can pass from the burner cavity
into the environment into which the radiant
heating component is projected, there is no blast
or current of heated gases which can be felt by
the hand when it is momentarily placed in front
of the burner cavity. Therefore, when radiant
burners of the invention are employed in a wall
of a heat chamber, the furnace atmosphere may
be maintained practically quiescent and the only

" circulation of gas therein will be that due to any
differences in temperature in different parts of
the chamber.

The heated gases generated and developed in
the combustion space of the burner are prefer-
ably withdrawn therefrom at a region removed
from the inlet through which the combustible
gas mixture is supplied to the burner cavity. In
the embodiments illustrated and described here-
inafter, the heated gases are withdrawn through
an outlet provided at the large open end of the
purner cavity. The outlet communicates with
one or more passages to which are connected a
suitable exhaust blower, whereby the suction ef-
fect produced by the blower is reflected back to
the outlet to maintain the latter at a pressure
pelow the pressure prevailing in the combustion
space of the burner. Thus, the heated gases are
effectively diverted through such outlet instead
of passing from the combustion space into the
environment to which heat is radiated from the
inner wall surface of the burner cavity. In or-
der to effectively utilize the heated gases thus di-
verted from the burner cavity when the burner
is incorporated in a wall of a heating chamber,
the passages through which such gases pass may
be embodied in the wall of 2 heat chamber. In
this manner the collecting flues for the with-
drawn heated gases may serve as muffles for in-
directly heating the chamber through the flue
walls.

The novel features which I believe to be char-
acteristic of my invention are set forth with par-
ticularity in the claims. The invention, both
as to organization and method, together with
the objects and advantages thereof, will be bet-
ter understood by reference to the following de-
scription taken in connection with the accom-
panying drawings of which Fig. 1 is a plan view
of a front face of a gas burner embodying the
invention: Fig. 2 is a sectional view, taken at
Jine 2—2 of Fig. 3, to illustrate details of the gas
burner immediately beneath the front face there-
of: Fig. 3 is a central sectional view, taken at
line 3—3 of Fig. 2, to illustrate the gas burner
more clearly and the connection thereto of an
exhaust blower for withdrawing heated gases de-
veloped and generated in the burner cavity; Fig.
4 is a fragmentary sectional view, taken at line
a—#& of Fig. 3, to illustrate details of the front
inner bhody of the gas burners for holding an
apertured plate at the enlarged open end of the

10

15

20

25

30

36

40

50

60

65

70

75

2,547,735

burner cavity; Fig. 5 is a sectional view taken af
line 5—§ of Fig. 4; Fig. 6 is a perspective view
of the parts forming the front inner body of
the gas burner of Figs. 1 to 5 inclusive; Fig. 7 is
a fragmentary longitudinal sectional view of a
furnace in the side wall of which are incor-
porated gas burners illustrating another embodi-
ment of the invention; Fig. 8 is a fragmentary
horizontal sectional view of the purner wall of
Fig. T to illustrate the burners and flue connec-
tions therefor more clearly; and Fig. 9 is a view
diagrammatically illustrating the operating con-
ditions that may prevail in the burner cavity.

In Figs. 1 to 6 inclusive is illustrated one form
of gas burner in which a large fraction or pro-
portion of the heated gases generated and de-
veloped by combustion of & combustible gas mix-
ture is converted or translated to radiant heat.
The gas burner of Figs. 1 to 6 comprises a molded
burner block (0 of ceramic material. Although
not to be limited thereto, the burner block 10 is
especially suitable for mounting in a wall of a
heating chamber, such as a kiln, lehr or furnace,
for example. As will be readily understood, a
number of burner blocks {0 may be distributed
in a wall of a heating chamber in any suitable
manner to produce the desired heating effect.

The burner block 10 is rectangular in cross-
section and formed of a number of ceramic parts
or bodies which are united together by a suitable
high temperature cement. As shown, the burner
block 10 is formed with a central passage il
which extends therethrough and terminates at
a cup-shaped space or cavity 12 provided in the
ceramic body 14 at the front part of the burner
block 10. Within the passage f{ is disposed a
burner tube or sleeve 5 of refractory material
having one end thereof terminating at a region
closely adjacent to the end of the passage com-
municating with the cavity. An intermediate
portion of the tube 15 is formed with an out-
wardly extending shoulder i6 which snugly fits
against a collar I1.

The collar 1T is accurately positioned in an
enlarged recess at the rear of body i4, as by
cement, for example, so that the end of the tube
{5 terminating at the cavity 12 is properly po-
sitioned with respect to the cavity. The portion
of the tube 15 extending rearwardly from the
shoulder 186 is positioned in an enlarged opening
or well 18 which is in alignment with and serves
as a continuation of the passage 11. To the rear
end of the tube 15 is fixed, as by cement, for ex-
ample, an apertured plate 19. One end of a con-
tractible and expansible bellows 20 is secured to
the apertured plate 19, the opposite end of which
is secured to another apertured plate 21.

The plate 21 is removably secured, as indi-
cated at 22, to the spaced apart legs of a sup-
porting bracket 23. The bracket 23, the legs
of which are distributed about the bellows 29, is
bolt connected at 24 to a back plate 25 which
is fixed in any suitable manner (not shown) to
the burner block 10. In the opposing faces of
plates 19 and 21 are provided pins 26 to receive
the ends of helical coil springs 2T which are ar-
ranged to exert force against the tube 15. In
this way the shoulder 16 of the tube {5 will al-
ways be urged snugly against the collar 1.

A combustible gas mixture is delivered from a
suitable source of supply through a conduit 28
threadedly connected to the aperture in plate 21.
Suitable controls (not shown) may be provided to
adjust the pressure and rate at which the com-
bustible gas mixture is supplied to the burner
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5
block 8. “The ‘combustible :gas ‘mixture passes
through the bellows 28 into the tube (5.

‘'The end of the tube 15 ‘adjacent to the cavity
12 is internally threaded to receive-an exteriorly

threaded part of an orifice member or burner tip.

23 formed of refractory material, The gas mix-
ture in the tube 4§ is subdivided into -a plurality
of gas streams by a plurality of slots or chan-
nels 3¢ formed about the periphery of and ex-
tending lengthwise of the narrow part of the
orifice member 29. The ends of the channels .30
at the rear of the enlarged end of the orifice mem-
ber 28 flare outwardly toward the inner wall:sur-
face 31 of the cavity i2.

The gas mixture is discharsed from the out-
Iet ends 32 of the channels.and it is at these re-
gions that the burner flames are produced and
maintained. The individual ‘flames produced at
the outlets 32 of the channeis 30 flare outwardly
and project into the cavity (2 alongside of ‘the
outwardly flaring wall surface 31, The  gas
flames maintained at the slot outlets 32 effect
such -heating of the inner wall surface 31 that
the latter is heated to incandescence. The gas

mixture then introduced .into the cavity 12 is

subjected to intense radiant ‘heat of the inner
wall surface $i so ‘that substantially complete
burning of the gas mixture may be accomplished
in the cavity before the heated ‘gases pass from
the open end of the cavity.

By accomplishing g large part and preferably
substantially all of the combustion of the gas
mixture in the combustion space formed by the
cavity 12, extremely high combustion tempera~
tures are developed to heat the inner wall sur-
face or lining 81 to a highly ineandescent condi-
tion. In this manner a large proportion of the
heat developed and generated in the combustion
space is converted or translated to radiant heat
which is projected from the highly incandescent,
wall surface for doing useful work. ‘

In accordance with the invention the highly
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heated gases generated in the cavity 12 and con- .

sisting primarily of heated products of combus-
tion are withdrawn therefrom hefore such gases
can freely pass from the open end .of the cavity
Info the environment to which radiant heat is
projected from the inner wall surface 3. I ac-
complish this by positioning ‘at the open end of
the cavity 12 a plate 32 ‘having an opening 34
therein of approximately the same size as. the
cavity opening. The plate 33 is spaced a short
distance from a lip 35 provided st the front face
of the body i€ about the cavity opening to form
a gap &8 therebetween.

The gap 36 serves as an outlet for the com-
bustion space or cavity 12 and through which
the heated gases are withdrawn and diverted be-
fore passing outwardly through the open end
of the cavity. The diverted gases pass through
the gap 85 into an annular~-shaped manifold
chamber §7 formed at the front face of the burneyr
block {6 and thence fliow through tubes 38 which
extend rearwardly from the manifold through
the burner block to the back plate 25. The rear
ends of the tubes 28 are connected by conduits
39 to a main conduit 48 to which is connected the
inlet of an exhaust blower 4iq which may be
driven in any suitable manner, as by an-électric
motor, for example.

The plate 33 is positioned relatively close to
the forward edge of the lip 85 defining the open
end of the cavity 12, so that g restricted outlet
is provided by the gap 36 at which region ‘the
Suction effect produced by “the exhaust blower
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_that'the plate 33 formsa

5 ‘the front face of

o :isititensified in-g ‘mannersimilgrto the sue-
tion effect produced st the ‘nozzle -of -a “vacuum
cleaner. Since the Lurner ‘block -£9 .is -subjected
to elevated temperatures as high as 2600° to
2800° F. at :the ‘inner face thereot, -especially
when:incorporated in g refractory wall-of g heat-
ing chamber, the plate 33 ‘must not only with-
stand thermal sheck but Provision must be made -
for ‘holding such plate ‘accurately .in position un-
der :all .of the ‘operating -conditions encountered.

To this ‘end the -inner Iront body 14 :of the
burner block 40 is <eonstructed :in:such 5 manner
rigidly held part of the
body. - As shown ‘most clearly:in Fig. 6, the body
{4 comprises a refractory ‘shape 44 having slots
or-chanmnels 42 extending lengthwise of the.shape
at the cut-away corners thereof. The :slots Jor
channels 42 are more or less U-shaped in-cross-
section :and ‘formed with autwardly flaring :side
walls to ‘receive tie rods 43 having enlarged end
portions:44. ‘The.slots 42.are deeper at:the:front
and rear ends than at the ‘intermediate por-
tions, -as shown in -Figs. 5 -and -6, to receive the
enlarged ends 44 of ‘the tie.rods 43.

The tie rods 43, which are -more or less trian-

‘gular-shaped .in section, are firmly ‘secured in

bosition ‘in the :slots 42, 'as by cement, for ex-
ample. When ‘the tie:rods are :secured in posi-
tion, the refractory shape 41 and ‘the tie ‘rods
embodied therein form the rectangular-shaped
body 4 having smooth outer surfaces at the four
side walls thereof to Tacilitate ‘mounting .such
body 'in ‘the burner block 0.

The enlarged forward ‘ends 44 of the tie rods
43 are notched at the inner Taees ‘thereof, as:in-
dicated at 45, to receive the cut-away :corners
of the apertured plate 33. The mnotches #5 ac~
curately ‘position the plate 33 3 fixed distance -
from the lip or raised ‘Portion 35 ‘at “the front
face of ‘the refractory shape 41, the plate 33 be-
ing secured in position in ‘any ‘suitable manner,
as by cement.

-After "the ‘body
burner block 48,

{4 is fixed ‘in .position in the
2 refractory part 4§ forming
the ‘burner is secured in ‘place.
The refractory ‘part 46 s ‘provided with .a cen-
tral -opening which is slightly larger than “the
opening 34 in the plate 32, and ‘the ‘edee por-
tion of "such “part ahout the opening is adapted
to bear-against the plate 33.

The 'sides of ‘the refractory part 46 are more
orless L-shaped'inisection, as best shown in’Fig.3,
and ‘the :flange or "wall porticn 41 thereof ex-
tending rearwardly from the front face ‘of the
burner block 10 is ‘secured in position, as by
cement, in a recessed ‘portion formed about the
periphery of .an outer refractory -wall part -48.
The refractory parts 46 and. 48 :are Tormed o
provide the enlarged manifold chamber 37 which
extends about the entire front face of the burner
block 18 and into which the ‘heated gases pass
through the gap 36 from the ‘combustion space
or cavity 12, as previously -explained.

In Figs. 7 and 8 is illustrateq another-embodi-
ment ‘'of the invention for ineorporating 9 num-
ber of similar gas burners 10 in a side wall 50
of:a heating chamber 5! having flue passages 52
therein communicating with the burners. The
furnace providing the ‘heating chamber 5 in-
cludes the spaced apart side ‘walls 58, one of
which :isshown in Fig. 7, ‘a connecting roof 53
and :a floor 54. 'The goods or work to be heated
may be carried on a car which is ‘adapted to
travel 'on the floor 54 ‘through an end 55 of
the furnace. The loading “platform of the car




2,647,738

is preferably of such height that the goods or
work to be fired or heated will be at a level
directly opposite the burners {0g in the side
walls 50.

The burners 10a are in spaced apart relation
in the side walls 50 and arranged in vertical
rows, as shown in Fig. 7. Each gas burner i0a
comprises a body 14 of reiractory material in
which are embodied tie rods 44 and a front plate
33 similar to that shown in Figs. 2 to 6 inclusive
and just described. The combustible gas mix-
ture is supp.ied to the cavities {2 of the burners
10z in a manner generally like that shown in
Fig. 3, similar parts being referred to by the
same reference numerals.

In Figs. 7 and 8 the blocks or bodies {4 are
mounted at the inner face of the side wall 50
between vertical rows of refractory blocks B6
which do not extend into the chamber 5t as
far as the refractory bodies 14. Refractory
plates 46a are arranged between adjacent verti-
cal rows of burners 10a, the outer vertical edge
portions of which bear against the plates 33
fixed to the refractory shapes 4§. The refrac-
tory plates 46a correspond to the plates 46 in
the gas burner first described and cooperate with
the refractory blocks 56 to form vertically ex-
tending spaces between adjacent vertical rows
of burners 10a.

The refractory plates 46a are T-shaped in sec-
tion, as shown in Fig. 8, and the blocks 56 are
formed with relatively deep slots to receive the
rearwardly extending legs 47a of such plates. In
this manner the vertical spaces in front of the
blocks 56 are divided into two manifolds or flues
52 each of which communicates with the gaps
36 in
each vertical row of burners 10q, the heated
gases generated and developed in the cavities 12
thereof can be withdrawn through the gaps 38
into the manifolds or flues 52 provided at both
sides of the burners.

The T-shaped refractory plates 46a are pro-
vided directly one above the other to form the
flues 52 which are coextensive in height with the
vertical rows of burners i0a. The upper ends
of the flues 52 are closed and the lower ends
thereof communicate with a larger. horizontal
flue 57 provided at the bottom part of the side
wall 58. The horizontal flue 51 extends longi-
tudinally of the furnace and is connected by
suitable conduit connections to an exhaust
blower (not shown) in a manner generally simi-
lar to the connection of the exhaust blower 4la
to the burner block 19 first described.

The principles of the present invention have
been shown and described above in connection
with gas burners of the radiant type like that
disclosed in Hess Patent No. 2,215,079, granted
on September 17, 1940, in which a large propor-
tion of the heat generated by combustion of a
combustible gas mixture in a combustion space
or burner cavity is converted to radiant heat.
Tn burners of this type the orifice member 29
is so positioned at the end of the tube i5 that
the inner cones of the individual flames will
always be out of contact with the cavity wall
surface irrespective of the lengths of the flame.
This is indicated more or less diagrammatically
in WMg. 9 in which the inner cones of different
size flames A’, A% and A% always extend more
or less along an axis B alongside of the inner
wall surface 31.

The relationship of the angle of divergence of
the individual flames and the shape of the wall

one vertical row of burners I8a. Thus, for.
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surface 31 of the combustion space or cavity 2
is fully disclosed in the aforementioned Hess
patent which may be considered as being incor-
porated in this application, and, if desired, ref-
erence may be had thereto for a more detailed
description of the burner structure.

Tn accord with the present invention the suc-
tion effect produced by the exhaust blower is
reflected back to the restricted outlet or gap 36
provided at the open end of the combustion
chamber or cavity 12. The suction effect is in-
tensified at the gap 36 and the pressure at this
region is below and negative with respect to the
pressure prevailing in the eavity 12. By provid-
ing any well known control provisions for con-
trolling and regulating the suction pressure pro-
duced at the gap 36, such as a damper 58 in the
conduit 40, substantially all or any desired frac-
tion of the heated gases generated in the burner
cavity 12 can be effectively withdrawn from the
cavity and diverted through the gap 36, as indi-
cated by the arrows F in Fig. 9, before such heated
gases can pass from the combustion space
through the open end of the cavity 12 into the
environment into which heat is radiated from
the wall surface 31.

The suction pressure produced at the gaps 36
of the burners I8 and 10g is related to the pres-
sure at which the gas mixture is supplied to the
burners and the lengths of the individual flames
produced in the cavities {2. ‘When the burners
are being operated at low capacity and the flames
are relatively small, the suction pressuré pro-
duced at the gaps 36 is correspondingly adjusted
so as to avoid pulling the flames from the wall
surfaces 21 and reducing the effectiveness of the
flames in heating the cavity lining to a high in-
candescent temperature. This is so hecause the
flames produced in the burner cavities are what
may be referred to as “lazy flames” when the
burners are being operated considerably below
maximum capacity. When the pressure at which
the gas mixture is supplied to the burners is in-
creased, the suction pressure produced at the
gaps 36 may be also increased.

In gas burners of the type illustrated, there is a
tendency for the individual flames to bend in-
wardly toward the axes of the burners in a man-
ner akin to the bending of the ribs of an umbrella
when it is fully opened. It has been found that
the suction effect produced at the gap 36, which
completely encircles the open end of the cavity
{2, tends to overcome such lifting of the indi-
vidual flames from the cup surface 3{ and pro-
mote a more uniform incandescent heating of
the wall surface. Hence the suction pressure
produced at the gap 36 can be effectively con-
trolled and nicely regulated to cause the flames,
which vary in length depending upon the gas
mixture delivery pressure, to remain closely ad-
jacent to the wall surface 31 of the cavity and
promote effective radiant neating of the cavity
lining.

It has been observed that when a gas burner is
being operated at less than maximum capacity,
the area of the wall surface 81 of the cavity
heated to incandescence is increased when radi-
ant burners of the type described herein are pro-
vided with restricted outlets at the open end of
the cavity at which a suction pressure may be
produced. Thus, by maintaining the suction
pressure at the gap 36, the radiant heat is at the
same thermal head as heretofore but is distrib-
uted over a wider area of the cavity wall surface,
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particularly. when the:burner is; operated: at: less
than maximum: capacity;-

The gas mixture supplied to.the burners i0.and
18a- may be a.complete mixture: in which: all of
the. combustion supperting gas; such; as air, for
example, is supplied with the combustible gas to
effect complete burning or combustion of. the lat~
ter in the- cup-shaped ecavity (2 Under these
conditions, the suction bressure: produced: at the
gap 36 may be-regulated to-withdraw and. divert
through  the gap substantially all of the heated
gases’ generated. and' developed-in the: burner
cavity, so as to. maintain the region at the open
end of the cavity 12:practically quiescent. When
such operation of the gas burner is: effected; no
blast of heated gases: can be felt. by the hand
when it is momentarily placed over the open end
of the burner cavity. The suction: pressure: pro~
duced at.the gap.36 can therefore.be regulated to
maintain the gases immediately in. front of the
open: cavity- practically quiescent, so that. the
heated: gases can pass substantially: by diffusion
only-from the cavity into the environment imme-
diately- adjacent torthe. open; end thereof..

The: suction pressure produced: at: the: gap- 36
may be-also regulated. to.minimize; the flow:of the
heated: gases by diffusion from: the open end. of
the cavity. This may be accomplished: by pro=
ducing a suction pressure below the pressure pre-
vailing in the cavity {2 and: the region-adjacent
to: the open end: thereof- which; is. of such. mag-
nitude:as to produce a: substantial inflow-of the
gases, into the open end: of the- cavity;. as: indi-
cated.by- the arrows € in. Fig. 9.. Such gases
drawn into the open: end of the:cavity (2 pass
toward: the: gap 36. and: How. therethrough. along
with the heated: gases: diverted from. the. cavity.
It is:to be.understood. that there. will: always: be
a: tendency- for gases to: be: drawn: into the open
end of the cavity 12 due to the. suction. pressure
produced at the gap: 36: When- a- complete: gas
mixture is supplied to-the. burners; the. suction
pressure is preferably broperly related to-the gas
mixture delivery pressure. to effect. substantially
complete combustion: of such. mixture in the
burner-cavity.

When burners of the invention are embployed
to heat. an. enclosed. Space like- the. burners. i9q
in Figs. 7 and.8; the gas mixture, supplied:to. the

burners may. be a, partial mixture and, some. of :

the. air fo accomplish. complete burning: of the
combustible gas may. be drawn into the burner
cavity by the negative bressure produced at. the
gap 36. The admission. of air into. heating
chambker 51 may be
due to leaks in the walls of the. chamber,. Such
air passing into the heating chamber. ig heated
therein and, due to such preheating, is capable
of producing higher combustion temperatures in
the burners when drawn into the cavities thereof:
Inward movement of heated air into a burner
cavity 12 may be promoted due to the pressure
conditions prevailing in the cavity. There is o
low pressure region-at the center- of the cavity
£2, adjacent to the enlarged end of the tip or
orifice member. 28, into. which gases tend to be
drawn, as indicated’ by-the arrows. D in’ Fig. 9;
Since the suction effect: produced at the gap 36
is strongest at the rim of the cavity and-weakest,
at the central region thereof, an adequate flow
of heated air- may be induced: at the center of
the cavity, as indicated by the-arrows E in Pig, 9;
to supply part of the combustion- supporting gas
for effecting eombustion of the combustible- gas
supplied- in' & partial mixture: to. the-cavity 2:

positively controlled. or. may
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Gas: burners embodying: the invention are
espeeially: useful in-the firing of glazed.: surfaces,
as: in. the glost: firing of ceramic ware and_ in
vitreous enamelling, for example: - In such heat-
ing applications the work can be fired at high
temperatures by radiant heat projected: directly
from: the; wall surfaces 31 of the cavities 12, with-
out.the necessity of shielding the work by a heat
transfer wall, so that radiant. heat transfer can
be. effected: at the highest possible- temperature
from the burner cavities whose wall surfaces are
heated to a highly radiant condition.

. When the heating chamber- 51 is employed for
firing articles to produce glazed surfaces thereon
the furnace is first brought up. to the desired
temperature by the burners 10g. . Tf no provision
were made for diverting the heated gases gen-
erated through the gaps 36 and the heated gases
could: freely pass.into the- heating chamber 5f,
the impurities. in. such gases, such as sulphur
dioxide and. sulphuric acid fumes, for example,
would: adversely affect the glazed or. glass-like
surfaces produced on articles being fired. How-
ever; in operating the burners (8a, heated gases
can. pass- by diffusion only from each burner
cavity 12, into the chamber 51.

Singe the rate at which the heated gases pass
into- the chamber atmosphere by diffusion is
relatively. low, the extent. to which objectionable
impurities are carried into the-gas present in the
chamber. is extremely small and insufficient. to
adversely affect the smooth and lustrous glazed
surizces produced on work. The heating cham-
ber:51; is desirably closed after the work or goods
to: be fired' is positioned therein for producing
glazed surfaces on the work: Under these con-
ditions the chamber 51 is filled with gases which
are: improverished. in impurities. and usually re-
ferred to as:“poor products of combustion.”

When burners. of the invention are incorpo~
rated in a wall of a heating. chamber which is
substantia’ly closed, as the heating chamber 51
of Fig. 7, for example, the pressure in the cham-
ber is below atmospherie pressure and “negative”
due-to the suction pressure produced at the gaps
36. of the burners (0a. Hence, the pressure in
& closed heating space fired with burners. {9¢g will
be:less than the pressure in the usual furnace or
heater in which the gaseous atmosphere is “posi-

tive? and above atmospheric pressure. The fact

that a heating space or chambher is at a negative
pressure when fired by burners of the invention
is' not: objectionable, unless there ig excessive
leakage of air in the chamber, as through cracks
in the walls thereof, for example. An excessive
amount of air in. the heating chamber exercises
a--cooling effect and tends. to. reduce the tem-
perature of the wall surfaces 31 of the burner
cayvities:12.

‘When. an excessive. amount of air enters the
heating: chamber the adverse effect of such air
at: the. burner cavities can be overcome by in-
creasing: the suction pressure produced at the
gaps 36. However, it is desirable to eliminate
the: leakage of air into the heating chamber when
the presence:-of an excessive amount of air in the
chamber interferes with the operation of the
burners;, especially when it is desired to operate
thesburners to:provide radiant heat at the highest
possible- temperature to: produce g high: thermal
head: for heating ‘work in a minimum length of
time:.

When. work is being fired in a closed heating
space; such as the heating chamber 51, to pro-
duce glazed: or- glass-like surfaces. on. work, the
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atmosphere in the chamber is desirably oxidizing.
In such case air admitted into the heating cham-
ber may be referred to as “essential air” in that
it purges the gases in the heating chamber and
contributes to the production of high quality
glazed surfaces on the work. However, any air
passing into the heating chamber over and above
that necessary to effect the desired end result
may be referred to as «“unessential air,” because
such air causes an undesirable drop in tempera-
ture in the heating chamber and does not serve
any useful purpose.

Tn the operation of the heating chamber 51
of Fig. 7, when the latter is completely closed at
both ends thereof, whatever circulation of gas
takes place therein is due solely to leakage of
air through the walls thereof. In a properly
constructed heating chamber, a more or less stag-
nant atmosphere is maintained in the heating
space during operation of the burners I8¢, and
any possible slight movement of the gases will
occur only by reason of difference in tempera-
tures in different parts of the heating space.

The manifold 37 for the gas burner i0 and the
vertical flues 52 for the burners 18a are prefer-
ably of such size that the paths of flow provided
for the diverted heated gases will be adequate
to withdraw practically all of such heated gases
generated and developed in the burner cavities
when the burners are being operated at maximum
capacity. Further, the flues 52 are considerably
larger in cross-section than the gaps 36 so that
the heated gases will pass at a lower velocity
through the flues and give up heat to the side
walls 50 in which they are incorporated and also
to the chamber 52 through the flue walls formed
by the plates 46a.

In the event any unburned gases are withdrawn
and diverted from the cavities 12 through the
gaps 36 into the flues 52, combustion of such
gases may be completed in the flues because the
cover plates 46a become heated to an incandescent
temperature which is above the ignition tempera-
ture of the combustible gas. Under such condi~

tions the flues 52 serve as heat radiating mufiles ;>

and contribute to the heating of work in heat-
ing chamber 51.

When a combustible gas mixture of ordinary
city gas and air is supplied to the burners i0a,

such gas having a rating of about 550 B. t. u. &

per cubic foot, the wall surfaces of the cavities
12 may be heated to temperatures as high as
2800° F. and higher and are at a high thermal
head for heating work in the chamber 5i. The
cover plates 33 for the burners are also heated
o g high incandescent temperature which may
be in the neighborhood of about 2500° F. and at
a thermal head slightly below the wall surfaces
3{ of the burner cavities. The plates 46a for the
flues 52 are also heated to incandescence and are
at @ lower thermal head which may be in the
neighborhood from about 50° to 100° F. and
higher than the temperature of the gases in the
heating chamber 51.

In view of the high temperature produced at
the cover plates 33, such cover plates and the
tie rods 43 are preferably formed of a refractory
material, such as silicon carbide, for example,
which is capable of holding up under extremely
high temperatures without developing cracks and
also possesses high tensile strength and re-
sistance to thermal shock. The refractory plates
46 for the burner 10 and the refractory plates
46q for the flues 52 may be also formed of re-
fractory material consisting entirely or pre-
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ponderantly of silicon carbide. Since heat trans-
fer is effected from the flues 52 through the cover
plates 46a to the gases in the chamber §i, it is
desirable to provide cover plates 46a formed of
refractory material possessing good thermal con-
ductive properties, such as silicon carbide, for
example.

The refractory body i4 for the burners {6 and
{da may be formed of mullite or any other suit-
able refractory material having poor thermal con-
ductive properties, so that the wall surface 3! of
the cavity 12 formed at the front face of each
body {4 can be effectively heated to the highest
possible temperature. The tie rods 43 effectively
hold each refractory body 14 together when the
inner face thereof is heated to a highly radiant
condition and stresses are induced in the body
due to the rear parts remaining relatively cool
while the regions adjacent to and at the inner
surfaces 31 are heated to high temperatures.

In view of the foregoing, it will now be under-
stood that an improved gas burner has been pro-
vided for heating work to high temperatures by
radiant heat projected from refractory wall sur-
faces heated to a highly incandescent condition
by combustion of a combustible gas mixture. The
gas burner provided embodies the refractory
shape or body (4 having tie rods 43 which not
only serve to increase the life of such shape but
also maintain the apertured plate 33 accurately
positioned a short distance from the raised lip
35. The tie rods 43 of high tensile strength tend
to retard cracks developing in the refractory
shape 14 and also tend to retard the growth of
cracks after they once occur. Further, when the
refractory shapes 14 are subjected to repeated
thermal shock over 2 long interval of time and
such shapes may split, the tie rods 43 effectively
hold each hody together and prevent any part
thereof being dislodged. )

While the exhaust blower 4ig has been pro-
vided to produce a suction pressure at the gap
36 of the burner (0 in Fig. 3, it will he under-
stood that such suction pressure may be pro-
duced at the burner 18 and also the burners
{0q in Figs. 7 and 8 in any other well known man-
ner, such as, for example, by a steam or air
ejector. Moreover, if it is desired to avoid the
necessity of employing a high temperature ex-
haust blower, air may be drawn into the inlet of
the exhaust blower along with the withdrawn
heated gases to reduce the temperature of the
latter. In addition, a heat exchanger may be
connected in the conduit 48 to bring the with-
drawn heated gases in heat exchange relation
with another fluid fo which heat is given up by
the heated gases.

In the embodiments of the invention shown and
described, the size of the aperture 34 in the plate
33 of each burner is suitably related to the open-
ing of the cavity {2 at the rim 85, so that the
heated gases will be effectively withdrawn from
the cavity when a suction pressure is produced
at the gap 36. This is accomplished in the em-
bodiments of Figs. 1 to 6 and Figs 7 and 8 by
providing apertures 34 in the plates 33 which
are slightly less in diameter than the extreme
open ends of the burner cavities.

Attention is called to applicant’s copending
application Serial No. 663,158 filed concurrently
herewith, now Patent No. 2,509,856, which is
directed to the structure of a kiln or furnace
wall. Attention is also called to applicant’s co-
pending application Serial No. 663,159 filed con-
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currently herewith; now- Patent No.. 2474301,
which is. directed to a method of firing: & kiln,

Although T have: shown and. described: several
embodiments of the invention, it: will: be: ocbvious
to those: skilled.in: the art that modifications and
changes may be made: without departing: from
the spirit and scope of‘the:invention. 'Thus; the
principles of ‘the invention may-be applied-equally
well to other: forms:of gas burners.than: that dis-
closed:herein in which a large fraction or propor-
tion of:the heated gases generated and developed
by the: combustion of a combustible gas mixture
is converted or translated to radiant. heat. I
therefore aim. in' the following claims: to: cover
all: modifications: and changes which fall within
the true spirit and: scope- of: the invention.

What is: claimed: is:

1. A gas burner comprising flame distributing
means: for spreading a burning gaseous mixture
ineluding: a: combustible gas: and: a. combustion
subporting gas, structure including a member
having a high temperature cup-shaped:refiactory
surface; the: distributed fame: produced by said
distributing: means extending alongside said sur-
face; said distributed: flame-being effective to heat
saidisurface to-incandescence; said member coop-
erating with: said: distributing: means-so that sub-
stantially: the- only combustion. supporting gas
passing: through said. member to the region at
which the- distributed flame is- preduced is: that
supplied: by said distributing: means, and said
structure providing- an outlet surrounding the
edge: of: said cup-shaped surface- and: communi-
cating: therewith: and: extending: outwardly in- a
radial direction therefrom, and means through
which. a: pressure which: is negative: with respect
to. the pressure at the region the distributed
flame is maintained and through- which ig- dis-
charged” and diverted: a. large. fraction. of the
heated gases generated at-said region instead: of
flowing therefrom.into the environment to which
heatisradiated:from said surface. _

2: A gas burner comprising structure including
& body having an open cavity at a face thereof;
said eavity being provided: with a. high tempera-
ture inner refractory wall surface forming a
combustion space having' an. apertured inlet
member for subdividing into a plurality of-.gas
streams a fuel mixture supplied' thereto which
may burn within- said space: to heat said:inner
wall surface to incandescence and produce-a re-
gion- of intense heat in which a large fraetion
of' the- combustion. is completed, and: said strue-
ture providing a: radially extending outlet axially
aligned in front- of said cavity and communicat-
ing therewith ang- surrounding  the same, and
means through which said outlet is maintained
at & pressure which is negative with respect: to
the pressure it said space and’ through which is
discharged and: diverted:a large fraction of the
heated' gases generated in said space instead: of
flowing ocutwardly therefrom .into. the. environ-
ment to which heat is radiated from said inner
wall surface.

3. A gas burner comprising structure including
& body of high temperature refractory having an
open cavity at. a. face thereof provided with an
inlet member formed. with a, series. of flame. pro-
jecting orifices, said cavity having a.wall surface
alongside of which. the flames projected from
said arifices extend, the flames being, effective to
heat. said. inner wall surface to: incandescence,
and. said structure‘providing; an outlet for said
cavity. encircling the. edge. thereof at. a. region
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removed: from:. said orifices: and: communicating
therewith.and extending: radially autward there-
from, passage: means communicating with. the
outlet, and means embodied in the passage means
for producing. & suction. effect at the- outlet: to
maintain the latter at a pressure. helow the pres-
Sure: prevailing. in: said: cavity to divert through
the.outlet into said: bassage .means a large frac-
tion of the heated gases generated in said cavity
instead of flowing outwardly therefrom. into the
environment.to which_ heat is radiated from said
inner-wall surface.

4. A gas:burner comprising: flame distributing
means, structure. including: a, cup-shaped mem-
ber having g, high temperature refractory surface
alongside of: which the distributed flame produced
by said: distributing means extends, said distrib-<
uted: flame: being effective. to heat said surface
to. incandescence; saig structure providing: an
outelt: associated with said member entirely
around. the: edge of said surface: at 3. region
removed: from said distributing means and. com-
municating tharewith ang extending radially
outward therefrom, passage means communicat-
Ing'with the outlet, and means emhodied in said
passage means for producing a suction effect at
the outlet: to maintain the Iatter at a pressure
below the. pressure prevailing at. the region the
distributed flame is produced: to divert through
the outlet into: said Rassage means g large frac-
tion-of the -heated: zases generated at said region
instead of flowing therefrom: into. the. envircn-
ment-tawhich heat-is radiateq fronrsaid surface;

8 A.gas burner comprising: flame distributing
meams; structure including. & member having a
high: temperature refractory surface alongside
of"'which: the distributed flame produced: by said
distributing meang extends, said distributed flame
being. effective to heat. said surface to incandes-
cence, said structure providing at g region re-
moved: from: said distributing means: an. outlet
entirely- swrrounding the edge of said. member
and communicating therewith and extending
radially: outward. therefrom, passage means com-
municating-with the outlet, and means including
an exhaust blower connetced in said passage
means: for producing a suction effect, at the out~ -
let to maintain the latter at. a pressure below
the: Pressure.prevailing at-the region the gdistrib-
uted flame is produced. to divert through the
outlet into- said Passage means a large fraction
of: the heated: gases generated at said region
instead: of flowing- therefrom into the environ-
ment to-which heat is radiated from said surface.

6.. A.gag burner- comprising: structure including
2 body: of refractory material having an open
cavity: at: a face thereof, said cavity having an
inner- wall surface forming a. combustion space
provided: with. an inlet through which a fuel mix-
ture supplied under bressure may be burned with-
in said-space to-heat the inner surface to incan-
descence; said- structure including a member of
refractory- material having an opening: therein
s2id member- being- positioned at said face with
said. opening in front of said. cavity, aligned
therewith: and spaced therefrom to provide g
radially- extending. gap. between' said face and
member; and means to- maintain said gap at a
pressure which is negative with respect to. the
Dressure:in: said space and threugh which heated
gases: generated in said soace may. ke discharged
and: diverted instead- of: flowing-outwardly there-
frem.into the environment to which heat is'radi=-
ated:from the inner surface through the opening
in.said.chamber:
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7. A gas burner comprising structure including
a body of refractory material having an open
cavity at a face thereof, said cavity having an
inner wall surface forming a combustion space
provided with an inlet through which a fuel mix-
ture supplied under pressure may be burned with-~
in said space to heat said surface to incandes-
cence, said structure including a plate of refrac-
tory material having an opening therein, said
plate being positioned over the open end of said
cavity with said opening aligned with said cavity
and said plate spaced from said face to provide
a gap therebetween which is removed from the
inlet, passage means communicating with the
gap, and means operatively associated with said
passage means for producing a suction effect at
the gap to maintain the latter at a pressure below
the pressure prevailing in said space to divert
through the gap into said passage means heated
gases generated in said space instead of flowing
outwardly therefrom into the environment to
which heat is radiated from the inner surface
through the opening in said plate.

8. A gas burner comprising structure including
a refractory shape having an open cavity at a face
thereof, said cavity having an inner wall surface
forming a combustion space provided with an
inlet through which a mixture of a combustible
gas and a combustion supporting gas supplied
under pressure may produce combustion in said
space which heats the surface to incandescence,
means embodied in the shape to hold the latter
together when the inner surface of said cavity
is heated to a highly radiant condition and
stresses are induced in said shape due to uneven
heating thereof at regions adjacent to and re-
moved from the inner surface, said structure in-
cluding a plate of refractory material having an
opening therein, and means including said shape
holding means for locating said plate over the
open end of said cavity with the opening therein
aligned with said cavity and said plate spaced
from said face to provide a gap therebetween
which may be maintained at a pressure below

the pressure prevailing in said space and through .

which may be discharged and diverted the heated
gases generated in said space instead of flowing
outwardly therefrom into the environment to
which heat is radiated from the inner surface
through the opening in said plate.

9. A gas burner comprising structure including
a refractory shape having an open cavity at a
face thereof, said cavity having an jinner wall
surface forming & combustion space provided
with an inlet through which a mixture of a
combustible gas and a combustion supporting gas
supplied under pressure may produce combustion
within said space which heats the surface to
incandescence, means embodied in said shape for
holding the latter together when the inner sur-
face of said cavity is heated to a highly radiant
condition and stresses are induced in the shape
due to uneven heating thereof at regions adja-
cent to and removed from the inner surface, said
holding means comprising tie rods of refractory
material of greater tensile strength than the ma-
terial forming said shape for anchoring regions
of the latter adjacent to and removed from the
inner surface, said structure including a member
of refractory material having an opening therein
which is positioned over the open end of the
cavity with said opening aligned with said cavity,
and means including said shape holding means
for positioning said member in spaced relation
to said face to provide a gap therebetween which
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may be maintained at a pressure below the pres-
sure prevailing in said space and through which
may be discharged and diverted heated gases
generated in said space instead of flowing out-
wardly therefrom into the environment to which
heat is radiated from the inner surface through
the opening in said member.

10. A gas burner comprising structure includ-
ing a refractory shape having an open cavity at
g, face thereof, said cavity having an inner wall
surface forming a combustion space provided
with an inlet through which a mixture of a com-
bustible gas and a combustion supporting gas
supplied under pressure may produce combustion
within said space which heats the inner surface
to incandescence, means embodied in said shape
for holding the latter together when the inner
surface of said cavity is heated to a highly radiant
condition and stresses are induced in the shape
due to uneven heating thereof at regions adja~
cent to and removed from the inner surface, said
structure including a plate of refractory material
having an opening therein disposed over the open
end of the cavity with said opening aligned with
said cavity, means including said shape holding
means for positioning said plate in spaced rela-
tion with said face to provide a gap therehetween,
pressure means communicating with the gap, and
means associated with sald passage means for
producing a suction effect at the gap to maintain
the latter at a pressure below the pressure pre-
vailing in said space to divert through the gap
heated gases generated in said space instead of
flowing outwardly therefrom into the environ-
ment to which heat is radiated from the inner
surface through the opening in sa2id plate.

11. A gas burner comprising structure includ-
ing a refractory shape including an open cavity
at a face thereof, said shape having a projecting
rim at said face defining the extreme open end
of the cavity whose inner wail surface forms a
combustion space provided with an inlet through
which a mixture of a combustible gas and a com-
bustion supporting gas supplied under pressure
may produce combustion within gaid space which
heats the inner surface to incandescence, and
said structure including a substantially flat plate
of refractory material having an opening therein
positioned over the open end of the cavity with
said opening aligned with said cavity, the edge
portion of said plate about the opening therein
overlying said rim and being spaced therefrom
to provide a narrow gap therebetween which may
be maintained at a pressure below the pressure
prevailing in said space and through which may
be diverted heated gases generated in said space
instead of flowing outwardly therefrom into the
environment to which heat is radiated from the
inner surface through the opening in said plate.

12. A gas burner comprising structure includ-
ing a refractory shape having an open cavity at
a face thereof, said cavity having an inner wall
surface forming a combustion space provided
with an inlet through which a mixture of a com-
bustile gas and a combustion supporting gas
supplied under pressure may produce combustion
within said space which heats the inner surface
to incandescence, a first member of refractory
material having an opening therein which is
positioned at said face with said opening aligned
with said cavity and spaced therefrom to provide
a gap therebetween, and a second refractory
member overlying said first refractory member
and cooperating with said shape to form a cham-

75 ber communicating with sald space in which a
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suction effect may be produced to maintain the
pressure at said gap below the pressure prevail-
ing in said space for diverting into said chamber
through said gap heated gases generated in said
space instead of flowing outwardly therefrom
into the environment to which heat is radiated

from the inner surface through the opening in .

" said first refractory member.

13. A gas burner comprising structure includ-
ing a refractory shape having an open cavity at
a8 face thereof, said cavity having an inner wall
surface forming a combustion space provided
with an inlet through which a mixture of g com-
bustible gas and a combustion supporting- gas
supplied under pressure may-produce combustion
within said space which heats the inner surface
to incandescence, a plate of refractory material
having an opening therein which is positioned
at said face with said opening alisned with said
cavity and spaced therefrom to provide a gap
therebetween, and a member of refractory ma-~
terial overlying said plate and cooperating with
said shape to form a chamber communicating
with said space, pasasge means communicating
with said chamber, and means operatively asso-
clated with said passage means for producing a
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suction effect at said gap to maintain the latter
at a pressure below the pressure prevailing in
said space and divert through said gap into said
chamber heated gases generated in said space
instead of flowing outwardly therefrom into the
environment to which heat is radiated from the
inner surface through the opening in said plate.
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