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3,312,268 
BURNER ELEMENTS 

William C. Miliigan, 1618 San Angelo Blvd., 
San Antonio, Tex. 7820 

Filed July 12, 1965, Ser. No. 471,124 
4. Claims. (C. 158-99) 

The present invention relates to novel and efficient in 
frared radiant burner elements for use in gaseous fueled 
combustion heaters and is specifically related to unitary 
ceramic infrared burner elements of a novel and advan 
tageous configuration. 
Many attempts have been made by manufacturers and 

users of radiant heating burner elements to increase the 
total radiant output of these elements. Some heating ele 
ments have employed metallic screens or grids, positioned 
before the burning surfaces of the radiant heating ele 
ments to increase the radiant energy output. These metal 
lic elements are relatively expensive and, because they 
deteriorate quickly under the required high temperature 
conditions, limit the burner element service life. 

Conventional ceramic heating elements have limitations 
on the surface temperature at which they may operate. 
For fixed dimensions of gas passage holes, the burning 
surface may not exceed a certain temperature without 
causing “flash-back,' a propagation of combustion back 
through the element into the plenum chamber. As this 
chamber contains a quantity of fuel and oxygen under 
pressure and in combustible proportions, a dangerous ex 
plosion can result from the "flash-back.' 
the operating temperature of the burner element surfaces 
in contact with the plenum cannot reach the kindling 
temperature without likewise causing an undesirable burn 
ing or explosion within the plenum. Similarly, if the 
temperature adjacent to the gaseous fuel passages or 
holes in the element passing from the plenum to the burn 
ing surface of the element becomes too high, the fuel pass 
ing through will tend to either burn inefficiently within 
the passageway and possibly lead to “flash-back,” or will 
expand unduly, causing increased back pressure. In this 
latter case, either the plenum chamber pressure must be 
raised or the hole or passage size increased. Either alter 
native is undesirable; the first requires additional equip 
ment, increases the requirements for proper sealing of 
the plenum chamber against leakage and increases the 
danger and occurrences of crack-leaks in the element; and 
the second increases the danger of "flash-back” and re 
sults in excessive combustion during the starting and 
warmup period of the element. As is well known, in 
infrared heating, it is desirable to obtain as high a sur 
face temperature as possible for generating a maximum 
of radiant heat with as small a heater as possible. 

It is an object of the invention to provide a radiant 
heater burner element which allows higher radiating sur 
face temperatures with less danger of "flash-back.' 

It is also an object of the invention to provide such 
an element with lower plenum pressure requirements. 

It is another object of the invention to provide a radiant 
heating burner element which eliminates the necessity of 
a supplementary radiating metallic grid or other surface. 

It is a primary object of the invention to provide a 
new and improved radiant heating burner element which 
can provide very large radiating surface in relation to 
its size and operate at exceptionally high temperatures. 

It is an object of the invention to provide a radiant 
heating burner element which can attain high surface tem 
peratures for a given fuel-air input and which may em 
ploy a small plenum chamber. 

It is an object of the invention to provide a radiant 
heating element which has exceptionally high radiating 
efficiency in respect to a given gaseous fuel-air input. 

It is an object of the invention to provide radiant heat 
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2 
ing burner elements which can radiate heat over a very 
wide angle and in a uniform radiant energy pattern. 

It is another object of the invention to provide a sim 
ple, compact and inexpensive radiant heating burner ele 
ment. 
An infrared heating burner element constructed in ac 

cordance with the invention comprises a unitary struc 
ture of ceramic material having an input surface and 
output surface of a sawtooth shape and is constructed 
from ceramic material which is gas permeable between 
the input surface and the output surface of the element. 
The organization and manner of operation of the inven 

tion, together with further objects and advantages there 
of may best be understood by reference to the following 
description taken in connection with the accompanying 
drawings, in the several figures of which like reference 
numerals identify like elements, and in which an exem 
plification of the invention is illustrated. 

FIG. 1 is a plan view of the burning surface side of 
a radiant heating burner element incorporating the prin 
ciples of the present invention; 

FIG. 2 is a sectional side elevational view of the burner 
element of FIG. 1 as seen from the line II-II of that 
figure; 

FIG. 3 is an end view of an overhead radiant space 
heater assembly incorporating the burner element of 
FIGS. 1 and 2, and further incorporating a second em 
bodiment of the invention; - - 

FIG. 4 is a plan view of the second heater element em 
yig the invention as seen from line IV-IV in FIG. 

; and 
FIG. 5 is a side end view, partly in section, of the heater 

element of FIGS. 3 and 4 as seen from line V-V of 
FIGS. 3 and 4. 

Referring to FIG. 1, there depicted as a catalytic ceram 
ic infrared heating burner element constructed in accord 
ance with the invention and generally indicated by the 
numeral 10. The element 10 is of generally rectangular 
shape and the major portion of the upper surface area 
of the element 10 comprises a burning surface 11 of 
unique design. The outer perimeter of the element 10 is 
formed by a pair of longitudinal edge walls 12 and 14 and 
a second pair of transverse edge walls 16 and 18. The 
longitudinal edge walls 12 and 14 form respectively the 
outermost edges of a pair of supporting edge flanges 20 
and 22 having bi-planar upper surfaces 21 and 23 extend 
ing from the burning surface 11 to the edge walls 12 and 
14. Likewise, the transverse edge walls 16 and 18 bound 
the outermost extension of a pair of flanges 24 and 25, re 
spectively having a bi-planar upper surfaces 25, 27 extend 
ing from the surface 11. Each of the upper surfaces 21, 
23, 25 and 27 of the flanges 20, 22, 24, 26, comprises a 
flat outer planar surfaces 2a, 23a, 25a, 27a juxtaposed 
along the respective edge walls 12, 14, 16, 18 and an inner 
planar surfaces 21b, 23b, 25b, 27b adjacent but canted 
upward from the respective outer surfaces 21a, 23a, 25a, 
27a to the burning surface 1; of the element 10. The 
flanges 20, 22, 24, 26 join at the corners 28 of the ceramic 
element 10 and have their outer upper surfaces 21a, 23a, 
25a, 27a lying within the same plane to form a rectangu 
lar brim-like extension about the firing surface 11 of the 
element 10. The firing surface 11 comprises a plurality of 
elongated longitudinal ridges 30 parallel to the longitudi 
nal edge walls 12 and 14. Furthermore, the surface 11 
comprises a plurality of longitudinal valleys 32 between 
the ridges 30 likewise parallel to the edge walls 12 and 4 
of the element 10. 
As may best be seen in FIG. 2, the height of the vari 

ous ridges 30 and valleys 32 above the plane formed by 
the outer upper surfaces 21a, 23a, 25a and 2.7a, generally 
indicated by the letter A, varies transversely across the 
element 10. The ridges 30 and valleys 32 rise and fall in 
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periodic succession to give burning surface it an overall 
generally serrated sawtooth shape. In the particular de 
picted burner element 10, a succession of four equally 
sized ridges 30 and valleys 32, each rising an equal amount 
above the preceding ridge 30 and valley 32, has the high 
est ridge 30 of the four followed by a wider valley 32a and 
an equally acute but broader and larger particular ridge 
30a which rises above the other ridges 30. Across this 
highest ridge 30a is another wide valley 32a of the same 
elevation above the plane A as its twin across the ridge 
30a. This valley 32a is followed by four descending 
ridges 30 and valleys 32. Immediately adjacent to the 
lowermost valley 32 of each set is a twin valley 32 which 
is part of a second set of rising vales and ridges 32, 30. 
Separating the pair of adjacent lower valleys 32 is a rela 
tively thick and less acute ridge 36b. In the illustrated 
embodiment, the rising and falling sets of ridges 30 and 
valleys 32 repeats four times transversely across the burn 
ing surface to provide four equally spaced parallel 
major ridges 3a and three minor ridges 30b equidistant 
between the adjacent ridges 30a. The outermost major 
ridges 30a, nearest the flanges 20 and 22, have a set of 
five ridges 30, with four valleys 32 between, dropping 
downward toward the plane A. The outermost of the 
ridges 30 meet, respectively, the rising canted portions 
21b, 23b of the upper surfaces 2, 23 of the longitiudinal 
supporting flanges 20, 22. 

In the illustrative element (), the surface 11 has an 
overall configuration of regular serrations which rise and 
fall such that the lowest points or lines 34 of a rising set 
of valleys 32 between the ridges 30 define planes canted 
to reference plane A at an angle of approximately 45 and 
to the intersecting planes of an adjacent set of valleys 32 
at an angle of approximately 90°. The canted flange sur 
faces 2b and 23b also rise at an angle of approximately : 
45 to the plane A to merge with and meet contiguously 
with the plane defined by the lowest points 34 of the re 
spective sets of valleys 32 descending to meet the flange 
Surfaces 2 and 23. 
The underside of the element 10 comprises an input sur 

face 36 which is preferably constructed to be somewhat 
complementary in shape, but displaced below, the burning 
surface 1. The under flange surfaces 38, 40 of the longi 
tudinal supporting flanges 20, 22 and the under Surface 
44 of the transverse supporting flanges 24, 26 join at the 
corners 28 and lie in a common plane, generally desig 
nated B, which is parallel to and spaced below the plane 
A. 
The input surface 36 may be made generally sawtooth 

shaped and complementary to the overall shape of the sur 
face , but without longitudinal valleys and ridges. 
However, for greater versatility and interchangeability, 
the element 10 is constructed with the surface 36 having 
a plurality of Such ridges and valleys again designated, 
respectively, 30 and 32. The surface 36 differs from that 
of the surface it in that its ridges 30 point in and its 
valleys 32 open to the opposite direction; in that the 
peaks or downward pointing tips of the ridges. 36 are all 
equal to or above the elevation of the plane B; and in 
that the ridge 30c between the lowermost valleys 32 of 
the descending sets of four ridges 30 and valleys 32 is less 
acute than the ridges 30 and descends only to the same 
level as does its adjacent ridges 30. The highest ridge of 
the surface 36, corresponding to the lowest ridge 3Gb of 
the surface is equally acute and broad and has been 
therefore also labeled 30b. 

Passing between an opening or port 45 of each of the 
inverted valleys 32 of the input surface 35 to another port 
45 at the valleys 32 of the burning surface 11 is a plural 
ity of small passageways 46. These passages or channels 
46 render the element 10 porous in that they allow the 
passage of a flammable gaseous fuel between the surface 
36 when the element 10 is in use. A series of such fuel 
channels 46 extends the length of each of the valleys 32. 
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4. 
face 11 of the element 10 to heat, primarily via infrared 
radiation, the area in front of the surface 11. The radia 
tion generated by combustion of a gaseous fuel with the 
element 10 is schematically indicated by the arrows 48 
radiating from the surface 11. 

Referring now to FIG. 3, there is depicted one appli 
cation of the burner element of the present invention, 
an overhead gas fueled radiant space heater 50 incor 
porating the ceramic burner element 10 and a second 
ceramic burner element 52 which is also constructed in 
accordance with the present invention. The burner ele 
ment 10 is mounted in the heater 50 with its surface 36, 
designated the “input' surface above, serving as the Sur 
face for burning the gaseous fuel and its surface 11, 
designated above as the “burning' surface, serving as the 
fuel supply or input surface. This reversibility is an 
advantage of the preferred element 10 which allows for 
an increased service life and selectivity in radiation pat 
teS. 
The burner element 10 is secured in a horizontal plane 

by a set of surrounding fixed flange support braces gen 
erally indicated at 56. The braces 56 may be of entirely 
conventional construction and preferably embrace in Seal 
ing contact the element 10 completely about its periphery. 
The details of the construction of the braces 56 will not 
be further described as they are not necessary for a 
proper understanding of the present invention. The 
braces 56 are affixed to the brim or supporting flanges 
20, 22, 24, 26 of the element 10 and serve to seal the 
burning surface 36 from contact with a plenum or pres 
surized gaseous fuel chamber 58 formed above the ele 
ment 10 by an enclosure including sheet metal walls 68. 
Also partly supported by the braces 56 is a pair of 

exhaust burner elements 52 constructed in accordance 
with the invention. The elements 52 flank the element 
0 on opposite longitudinal edges and extend outward 
and downward from the element 10 in a manner not 
unlike a picture box frame. At the longitudinal sides 
away from and below the braces 56, the exhaust elements 
52 are supported by another set of longitudinal braces 
62 which may also be entirely conventional. Also af 
fixed to the braces 62 is the conventional reflector shield 
64 which continues away from the exhaust elements 52 
in approximately the same plane as the elements 52. 
Above each of the exhaust burner elements 52 is a 

duct or chamber 66 for conducting spent exhaust gas away 
from the elements 52. The duct 66 may be exposed 
to the local environment or preferably, especially when 
the heater 50 is installed in an enclosure, vented away. 
The burner elements 52 have a pair of longitudinal 

edge flanges 68 and 70, not unlike the longitudinal edge 
fanges 20 and 22 of the element 10. The longitudinal 
edge flanges 68 and 70 are seated for support, respec 
tively, within the braces 56 and 62. The element 52 has 
a generally sawtooth-shape exhaust gas input surface 72 
and oppositely disposed exhaust gas output surface 74 
which is preferably also of a generally sawtooth shape. 
Between the input surface 72 and the output surface 74 
are provided a plurality of exhaust gas passages or slits 
76 which are shown in dashed outline in FIG. 3. 
The general shape of the input surface 72 and exhaust 

gas slits 76 is best shown in FIG. 4. Referring to that 
figure, it can be seen that the passages or slits 76 extend 
parallel to the longitudinal edge flanges 68 and 70 and 
also perpendicular to and between transverse ridge lines 
78 and valley lines 80. The passages 76 are located at 
Spaced intervals along sloped planar surfaces 82 between 
the ridge and valley lines 78 and 80 of the surface 76. 
As may best be seen in FIG. 5, the oppositely disposed 

output surface 74 is also of a generally sawtooth con 
figuration and is somewhat complementary to the input 
surface 72. 
The exhaust burner element 52 serves to raise the 

heating efficiency of the burner space heater 50 by ex 
tracting additional radiant heat energy from the hot ex 
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haust gases that result from the combustion upon the 
surface 36 of the element 10. The radiant heat from 
the element 52 is schematically represented by the arrows 
'83 in FIG. 5. 

The burner elements 10 and 52 should preferably be 
constructed from ceramic materials as taught in the pres 
ent inventor's co-pending application entitled "Catalytic 
Infrared Heating Device,” Ser. No. 246,761, filed Dec. 
24, 1962 and now abandoned, in which case much less 
active catalytic material can be used for the heater ele 
ments than has heretofore been considered necessary. 
In fact, the principal constituent of the ceramic catalytic 
unit of the invention can be composed of inexpensive 
materials such as clays of the kaolin, ball or talc type. 
These clays can be used in various combinations to ob 
tain easy workability, plasticity, and strength without 
affecting the catalytic properties desired. Also, they may 
be fired at various temperatures to obtain suitable strength 
properties. In order to minimize the amount of vitrifi 
cation which would occur on firing, it may be desirable to 
add stabilizers such as alumina or zirconia to the clay 
material before firing. 
When used in cooperation with a suitable fuel supply 

chamber, such as chamber 58 of the burner 50, to sup 
ply fuel through the gas passages or channels 46, it has 
been found that the surface used for burning will very 
quickly reach, after ignition, an exceptionally high tem 
perature for the input ratio of fuel to air and will ex 
hibit radiating patterns as shown by the individual ar 
rows 48 of FIG. 2. The output radiation obtained will 
cover a wide area with a very nearly uniform radiation 
pattern. This multiple ridged design will supply a sub 
stantial quantity of radiation between the oppositely dis 
posed sets of ridges 30 between the adjacent high ridges 
30a and the low ridge 30b. Since the ridges 30 are very 
close to each other, the multiple feedback between them 
and the rising sets of ridges provide very high radiating 
surface temperatures. It will accomplish this end with 
out increase in the possibility of “flash-back” of the flame 
from the burning surface 11 to the gas chamber. 
The multiple ridge arrangement of the burning surface 

11 is a simple, inexpensive and effective method of ob 
taining substantially high radiant energy output for a 
given fuel input. When desired, the elements may in 
clude only a single narrow strip comprising only a V 
shaped section of the element 10. This construction 
is economical and simple to achieve and is very useful 
for providing burner elements for strip heaters which are 
used for heating nearby areas at a relatively low height. 
The construction has the advantage of providing the de 
sired heat while not overheating nearby objects. Even 
the single V arrangement has been found to provide both 
a wide radiation pattern and high ridged surface tem 
peratures with efficient fuel-air ratio inputs. 
The small ridges 30 on the radiating surface i may 

have other configurations than that shown, but are pref 
erably made of a thin longitudinal planar surface at ap 
proximately a 90° angle to the reference plane A ad 
jacent to a second Such surface set at a 45° angle to 
plane A. The ridges 30 may be semi-circular or even 
flat between the gas channels 46. However, a considera 
ble reduction in total surface area will occur if the ridges 
30 are eliminated and the total peak temperature ob 
tainable without danger of "flash-back' will be substan 
tially reduced. The construction described reduces the 
radiation reaching into the ports 45 and the gas channels 
46 and therefore materially decreases the possibility of 
overheating and the resultant "flash-back' of flame to 
the chamber 58. Such a “flash-back' can be extremely 
dangerous and can result in an explosion, destroying the 
heater 50-or worse Although the ridges 30 can be 
eliminated on the input surface 36 without appreciable 
effects on the performance, they also assist the entrance 
of the fuel-air mixture into the gas channels and reduce 
the back pressure effect at the input surface of the ceramic 
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6 
element 10 to a negligible amount. However, for rea 
sons of simplicity in molding or grinding the surfaces in 
volved, the ridges 30 on the input surface 36 may be 
eliminated without any serious effect on the overall per 
formance of the radiating surfaces or excessive back pres 
sure effects on the fuel-air mixture. But in this case, the 
interchangability of the surfaces (as when used in the 
arrangement of FIG. 3) and the consequential choice of 
radiating patterns is eliminated. 
A compound ridged burner element 10 of the type 

shown in FIGS. 1 and 2 was constructed having dimen 
sions of 10 inches along its longitudinal edges 12, 14 by 
6% inches along its transverse edges 16, 18 and had the 
following dimensions. The burning surface 11 was con 
structed with 41 ridges, 40 rows of holes, and with 100 
holes per row, with a resulting surface area of 179.37 
square inch or 1.247 square feet. The planar surfaces 
comprising the ordinary ridges 30 had a transvese di 
mension of 0.2500 inch and 0.2187 inch. The transverse 
dimensions of the planar surfaces forming the ridge 30a 
were 0.3125 inch and the same dimension for the planar 
surfaces of the ridge 30b were 0.1875 inch. Further 
more, with holes 0.064 inch in diameter spaced Ao inch 
apart from center hole to center hole, the element con 
tained 4000 holes with a total hole area of 12.88 square 
inches. The percent of hole area to the combustion area 
is 6.68%. 
A standard conventional burner element may have 200 

holes per square inch with each hole being 0.050 inch in 
diameter. Such an element of comparable dimensions 
and occupying the same space of 10 inches x 6% inches 
or 65 square inches has a hole or passage area for its 
13,000 holes of 25.5 square inches. The resulting total 
radiating area is 39.5 Square inches, as compared to 
179.37 square inches of a similarly sized element con 
structed in accordance with the present invention. 
The sawtooth exhaust burner element 52 is constructed 

without the ridges 30 and with larger passages 72. The 
ridges 30 are not as desirable in an element used for 
extracting heat from the hot exhaust gases as the pos 
sibility of "flash-back” does not, normally, exist. The 
size of the passages 72 is considerably larger and forms 
a greater part of the surface area of the element 52 
than was the case of the passages 46 of the element 10 
because of the greater volume of gas to be handled by 
the exhaust units. The exhaust gases are of a con 
siderably greater volume, of course, than the gaseous fuel 
because of their higher temperature resulting from the 
combustion at the burning surface of the element 10. 
The use of the surface segments 82 set at an angle of 

approximately 90° to adjacent segment 82 has the effect 
of materially raising the temperature of the entire sur 
face 72 because of inter-facial irradiation. 
The higher surface temperature at the exhaust gas exit 

passages 72 increases the eficiency of the heater 50 by 
the extraction of additional energy from the hot exhaust 
gases by absorption and by causing combustion of any 
unburned fuel carried with the exhaust gases. The ex 
haust elements 52 when embodied in a heater. Such as the 
heater 50 will normally obtain, in operation, a tempera 
ture of only 100 to 200 F. below that of the combustion 
surface of the burner element 10 and can increase the 
useful thermal energy output of such a heater by as 
much as 30%. 
As is now apparent there have been described two em 

bodiments of a novel and improved burner element which 
is simple, compact and inexpensive to manufacture. The 
described burner element when used as a combustion or 
firing element, is capable of operation at high tempera 
tures without the use of supplemental radiating grilles or 
the occurrence of flash-back. The described burner ele 
ments provide exceptionally high radiating efficiency 
with respect to the gaseous fuel-air input and allow for 
the direction of radiant heat over a wide angle with an 
even energy pattern. 
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It will be understood that various modifications may 
be suggested by the embodiment disclosed, but I desire 
to claim within the scope of the patent warranted hereon 
all such modifications as come within the scope of my 
invention. 

I claim as my invention: 
1. An infrared radiant heating burner element for use 

in a gas fueled space heater comprising a rectangularly 
shaped unitary catalytic ceramic structure having an outer 
rectangular perimeter defined by a support flange hav 
ing, an outer edge wall and two oppositely disposed upper 
and lower flange surfaces, at least part of one said flange 
surfaces defining a reference plane generally parallel to 
said rectangularly shaped structure, said structure includ 
ing a firing Surface comprising a transverse succession of 
juxtaposed longitudinal ridges each of which is defined by 
a pair of angularly related generally rectangular planar 
ridge surfaces, one of said pair of ridge surfaces defining 
with one of the pair of ridge surfaces of the juxtaposed 
successive longitudinal ridge one of a Succession of inter 
disposed longitudinal valleys, said successive ridges and 
said valleys being defined in first groups of successively ris 
ing elevation relative to said reference plane, followed by 
second groups of successively falling elevation relative to 
said reference plane to obtain a serrated sawtooth cross 
Sectional shape, a rectangular gas input Surface oppositely 
disposed to said firing surface and generally of a saw 
tooth cross-section shaped similarly to said firing surface, 
spaced gas inlet means extending into said valleys for de 
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livering gaseous fuel to said firing surface, and means for 
supplying gaseous fuel to said Spaced gas inlet means. 

2. An infrared radiant heating burner element in ac 
cordance with claim 1 in which said input surface is simi 
larly composed of a succession of ridges, is of a serrated 
sawtooth cross-sectional shape and is shaped similarly to 
Said firing Surface. 

3. An infrared radiant heating element in accordance 
with claim 2 in which said succession of ridges and valleys 
is periodic transversely across said surfaces. 

4. An infrared heating element in accordance with claim 
3 in which said periodic succession of ridges defines a gen 
eral sawtooth cross-section in which each group of succes 
sive ridges rises or falls at approximately an angle of 45 
to the reference plane and in which the majority of said 
ridge surfaces are at angles of approximately 90 and 45 
to said reference plane. 
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