
United States ' Patent 1191 
Padovani et al. 

m 3,790,333 
[45] Feb. 5, 1974 

[54] lNFRA-RED BURNER 

[75] Inventors: Piero Padovani, Donato Milanese; 
Sergio Boerio, Donato l-lilanese, 
both of Italy 

[73] Assignee: Pyronics, Inc., Cleveland, Ohio 

[22] Filed: Nov. 15, 1971 

[21] Appl. No.: 198,681 

[30] Foreign Application Priority Data 
Nov. 26, 1970 Italy ...... ........................ .. 3230/70 

[52] U.S. Cl ................ .. 431/266, 431/347, 431/350, 
. ' » 126/92 B 

[51] Int. Cl. ............................................ .. F23g 3/00 
[58] Field Of Search... 431/266, 350, 347, 348, 171; 

126/92 B 

[56] References Cited 
UNITED STATES PATENTS 

2,287,246 6/1942 Hess .................................. .. 431/171 
755,687 3/1904 Mygatt.... .... .. 431/347 

2,876,831 3/1959 Knight .......... .1: ............... .. 431/350 

, ing generator operation. 

1/1963 Baker et al. ...................... .. 431/266 3,073,121 
1,705,532 3/1929 Olesen .............................. .. 431/350 

FOREIGN PATENTS OR APPLICATIONS 
572,491 - 1958 'Italy ................................ .. 126/92 B 
536,774 1922 France 
284,749 4/1931 Italy .................................. .. 431/350 

Primary Examiner-Carroll B. Dority, Jr. 
Attorney, Agent, or Firm_—Meyer, Tilberry & Body 

[57] ABSTRACT 
A gas ?red infra-red generator having a?rst generally 
?at nonporous re?ector and second curved nonporous 
re?ector spaced from the ?at re?ector in a concave 
relationship therewith. A combustible fuel gas mixture 
is directed through elongated ?ssures in a plenum 
chamber and the ?rst re?ector to impinge and be ig 
nited at the second re?ector and then diverted to im 
pinge the ?rst re?ector. The heated re?ectors then 
both radiate thermic energy outwardly therefrom. The 
?rst and second re?ectors are both mounted relative 
to the generator so as to permit thermic dilatation dur 

9 Claims, 6 Drawing Figures 
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INF RA-RED BURNER 
This application pertains to the art of radiant heating 

and more particularly to an apparatus for radiant heat 
mg. 
The invention is particularly applicable to a gas ?red 

infra-red generator for use in industrial drying opera 
tions and for the treatment of various materials and will 
be described with particular reference thereto; how 
ever, it will be appreciated that the invention has 
broader applications ‘and may be used in other in 
stances in industrial and commercial environments 
where infra-red type heating is desirable. ' 

It is known that caloric energy has been used as radi 
ating energy in processes conducted at relatively low 
temperature, that is, below l,000° C; in industrial dry 
ing environments and in the treatment of materials. it 
is also known that the radiating energy possesses a 
wave length which is ideal in most of these processes 
and that the wave length'ranges from 2 to 6 microns. 
The electromagnetic radiations included in the short, 
medium and long wave infra-red ?eld penetrate the 
treatable materials more easily than other radiation and 
are more effective than the convective type heating sys 
tems due to their penetrating capacity as opposed to 
being limited to treatment of surface areas. The result 

' of using infra-heating is an acceleration of the thermic 
process, the ability to obtain a higher degree of unifor 
mity of heating and a cost reduction in the treating 
operations. As the usual ?ames and furnaces are not 
rich in the desired radiations, screens or re?ectors are 
utilized in most industrial applications. These screens 
or re?ectors are constructed from metal or a special re 
fractory material and are capable of emitting radiations 
in the required wave length when properly treated and 
heated as is known in the art. In these cases, approxi 
mately 92 percent of the energy radiated by a metallic 
body brought to the proper temperature falls within the 
desired wave length range. ' _ 

Although the availability of metallic and refractory 
materials which possess the desired characteristics has 
substantially increased over the past few years resulting 
in a constant qualitive improvement therein insofar as 
the output of radiating panels,'gas burners and similar 
equipment which are currently available still do not 
provide satisfactory results to the needs for radiating 
energy in the infra-red spectrum. Specifically, the pres 
ent equipment offers a rather low yield with values of 
specific thermic power ranging from 1.3 to 4 
Kcal/h/cm2 of radiating surface. Furthermore, nearly 
all the presently known gas burner reflectors present 
either metallic reticula which tend to bend over a pe 
riod of years or porous materials which tend to deterio 
rate as a result of the impurities collected within the 
poresand a progressive retreat of the combustion front 
within the alveoli with an increase of surface tempera 
ture. . ' 

Another serious drawback presented by present gas 
burners is the possibility of auto-ignition when the tem 
perature of the combustible fuel gas is about to reach 
the auto-ignition level. Further, a lack of uniformity in 
‘the output of the radiating energy is oftentimes experi 
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enced since different temperatures are reached in the ' 
various areas‘ of the. radiating surfaces. 
The present invention contemplates a new and im 

proved apparatus which overcomes all of the above re 
ferred problems and others and provides an infra-red 
generator capable of producing therrnic energy com 
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prised, for the most part, of radiations of the infra-red 
spectrum having a wave length ranging from 2 to 6 mi 
crons, operates at a relatively low temperature, offers 
a high thermic power yield and is relatively simple in 
design and construction. 

In accordance with the present invention, there is 
provided an infra-red generator including an outer 

‘ trough-like casing having a bottom wall and continuous 
wall portions upstanding therefrom. An inner wall 
spaced from the bottom wall toward the open top end 
ofthe trough-like casing forms a plenum chamber with 
the bottom wall. A ?rst non-porous generally ?at re 
?ector is spaced from the'inner wall toward the open 
top end of the trough-like casing and the inner wall and 
?rst re?ector are thermally insulated from each other. 
A second nonporous re?ector having a generally semi 
circular cross section is'disposed adjacent the open top 
end of the casing in a concave position relative to the 
?rst re?ector such that the side walls thereof are 
spaced inwardly from the continuous walls of the outer 
casing to form ?ue areas between the casing and the re 
?ector. Means'are also provided for introducing a com 
bustible fuel gas mixture into the plenum chamber and 
for directing a continuous ?ow of the fuel gas mixture 
from the plenum chamber into impinging contact with 
the concave portion of the second re?ector for ignition 
and re?ection for impingement of the ?rst re?ector. 

_In accordance with another aspect of the present in 
vention, the ?rst and second re?ectors are mounted 
within the outer casing so as to permit free expansion 
thereof during generator operation. 

in accordance with another aspect of the present in 
vention, the outer casing, inner wall, ?rst re?ector and 
second re?ector are elongated and the means for per 
mitting the fuel gas to impinge the second re?ector and 
the ?ue areas extend generally longitudinal of the gen 
erator. - 

In accordance with still another aspect of the present 
invention, an electrode is disposed to penetrate the 
generator through the plenum chamber and is con 
nected to a means for supplying electrical energy in 
order that the generator may be ignited thereby and/or 

provision of a new and improved gas fired infra-red 
generator which provides a high thermic power radiat 
ing operation. 
Another object of the present invention is the provi 

sion of a new and improved gas ?red infra-red genera 
tor in which the thermic power of the radiating surface 
is approximately 5 times more than that of the present 
commercial gas ?red generators. I 
Another object of the present invention is the provi 

sion of a new and'improved gas ?red infra-red genera- - 
tor which employs nonporous reflector elements to ex 
tend re?ector effective life. ' ' 
Another object of the present invention is a provision 

of a new and improved gas ?red infra-red generator 
which operates efficiently at a relatively low tempera 
ture. ‘ 

Still another object of the present invention is the 
provision of a new and improved gas fired infra-red 
generator which prevents auto-ignition. 

Still another object of the present invention is the 
provision of a new and improved gas ?red infra-red 
generator which presents a high therrnic uniformity of 
the radiating surfaces. 
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Still a further object of the present invention is the 
provision of a new and improved gas ?red infra-red 
generator which effects a vortiginous recycling of the 
products of combustion. 
Yet another object of the present invention is the 

provision of a new and improved gas ?red infra-red 
generator which is of modular construction. 
The invention may take physical form in certain parts 

and arrangements of parts, a preferred embodiment of 
which will be described in detail in this speci?cation 
and illustrated in the accompanying drawings which 
form a part hereof and wherein: 
FIG. 1 is a schematic front elevation of the generator 

formed in accordance with the present invention; 
FIG. 2 is a schematic side elevation of the generator 

shown in FIG. 1; 
FIG. 3 is a plan view of. the generator shown in FIG. 

1; 
I FIG. 4 is a cross sectional view taken along lines 4-4 

in FIG. 1; 
FIG. Sis a cross sectional view taken along lines 5—5 ‘ 

in FIG. 1; and, ' . 

FIG. 6 is a cross sectional view similar to that of FIG. 
4‘ showing a second embodiment of the present inven~ 
tion'which includes a starting and/or monitoring elec 
trode. . 

Referring now to the drawings wherein the showings 
are for the purposes of illustrating the preferred em 
bodiment of the invention only and not for the pur 
poses of limiting same, the FIGURES show the infra 
red generator A mounted to a column or base B. 
Generator A includes a stamped and welded outer 

casing 10 constructed‘from any suitablematerial such 
as for example, stainless steel, and is generally in the 
shape of an open topped parallelepipedon. Disposed to 
be closely received within ‘outer casing 10 is a second 
or inner casing 12 which, in the preferred embodiment, 
is also’ constructed from stainless steel in the general 
con?guration of an open topped parallelepipedon. 
Inner casing 12 is welded to outer casing 10 so as ‘to 
form a plenum chamber 14 between the bottom walls 
of the two casings. It is to be noted that the shapes of 
inner and outer casings 10,12 were designed in such a 
way to maintain the speed of a combustible fuel gas 
mixture constant in its longitudinal ?ow within plenum 
chamber 14 as will hereinafter become apparent. Inner 
casing 12 includes a pair of longitudinal upwardly ex 
tending rims or lips 16 which are spaced apart from 
each other in order to form a ?ssure l8 therebetween 
as best shown in FIG. 5. 
The combustible fuel gas mixture comprises a mix 

ture of air and gas as is'known in the art which is sup 
plied to a series of generators A by means of a conduit 
or duct 20 having dimensions commensurate with the 
number of generators involved which is only generally 
shown in the Figures as it does not form a part of the 
present invention. This conduit or duct is linked with 
each generator A by means of base B formed from an 
aluminum sleeve 30 which conveys the fuel gas mixture 
to the inside of the generator through a circular orifice 
32 (FIG. 4) disposed generally centrally in the bottom 
wall of outer casing 10. Hydraulic packings 34 provide 
a tight sealing relationship between conduit 20 and 
sleeve 30 and hydraulic packing 36 provide a tight seal 
ing‘ relationship between the bottom wall of casing 10 
and sleeve 30. 

4 
A ?rst re?ector 40 is disposed inside inner casing 12 

and supported in position adjacent the inner casing by 
four columns 42 extending generally longitudinally 
across the generator and by two columns 44 extending 
laterally across the generator. Columns 42,44 are con 
veniently welded to outer casing 10. Re?ector 40 is 

V comprised of two identical longitudinal sections 46,48 
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separated along median ?ssure l8. Disposed between 
re?ector 40 and inner casing 12 are two layers of a ce 
ramic ?ber 58,60 of a known type which possess ex 
tremely low coef?cients of heat transmission power 
and insulating layer 58 includes two openings whereby 
columns 44 may extend therethrough into the combus 
tion chamber. As columns 42,44 are not rigidly affixed 
to re?ector 40, they permit the re?ector to expand 
freely in any direction during'operation of the genera 
tor. . 

Disposed adjacent the open top end of outer casing 
10 is a generally semi-circular elongated re?ector 70 
supported in a concave relationship relative re?ector 
40 by four columns 72 conveniently welded to outer 
and inner casings 10,12 to extend inwardly into the 
burner. Re?ector 70 also includes receiving holes of a 
slightly larger diameter than columns 72 in order that 
the columns may be slideably received therein to per 
mit the re?ector to slide along the columns in response 
to thermic dilatation. 
Re?ectors 40,70 are preferably constructed from a 

, nickel-chrome alloy such as. for example, the alloy 
commercially known as “INCONEL" marketed by the 
International Nickel Company. It has been found that 
this alloy best possesses those characteristics of radia 
tion required and is also more resistant to severe ther 
mal-chemical impulses which exert their action on the 
radiating surfaces of gas ?red generators of this general 
type. This alloy also has a high resistance to_corrosion 
which results from being exposed to high temperatures, 
although the temperatures in the infra-red range do not 
exceed l,l0O° C. . . ‘ 

Again, the generator of the subject invention utilizes 
a combustible mixture of fuel and air in which the air 
volume may be adjusted to higher or lower values. The 
generator may be used with any type of fuel which'has 
previously been mixed with air by means of any propor 
tional mixes equipped with a Venturi tube or by me 
chanical compressor-mixers. By using a proportional 
mixer of adequate dimensions, it is possible to adapt its 
therrnic power within ratios higher than 10:1, thus ad 
justing the generator, with regard to the wave length 
produced, to the thermie requirements of a particular 
industrial process. Adjustment may be proportional or 
modulated and it is also possible to obtain oxidizing or 
reducing atmospheres from the combustion as may be 
required. v ' 

The combustible fuel gas mixture received in plenum 
chamber 14 through sleeve 30 from conduit v20 is circu 
lated within plenum chamber 14 by means of a de?ec 
tor 80 disposed therein‘ (FIG. 4). Fuel which ‘has been 
circulated within the chamberpasses through longitu 
dinal‘?ssure 18 and impinges re?ector 70 where it is ig 
nited and re?ected against screen or re?ector 40. The 
products of combustion then pass through openings 82 
between're?ector 70 and the side walls of re?ector 40 
toward the material ‘to be-treated. Due to the high insu 
lating effectiveness of insulating layers 58,60 and to the 
cooling properties of the combustible fuel gas mixture 
?owing inside plenum chamber 14 and through ?ssure 
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18, the combustible fuel gas mixture flowing inside 
conduit 20 is retained at a temperature substantially 
below that required for auto-ignition to thus prevent 
back firing. 
Due to the particular design of the generator herein 

above described, substantially the entire surface 
thereof facing the material to be treated radiates ther 
mic energy. These radiations are generated by both the 
generally semi-circular re?ector 70 and by the flat sur 
face of re?ector 40 which cover substantially 100 per 
cent (FIG. 3) of the surface facing the material to be 
treated. The geometric characteristics of these re?ec 
tors, in addition to the material, i.e., “INCONEL," se 
lected for their manufacture, provide the generator 
with a high radiation yield. It has been found that with 
a temperature of the radiating surfaces amounting to 
approximately 800° C. and with a fuel mixture having 
120 percent of excess air, the total thermic potential 
absorbed by the generator amounts to approximately 
5,000 Kcal/h. In this instance, the generator reaches a 
speci?c thermic power of approximately 20.8 
Kcal/h/cm2 of radiating surface. By way of calculation, 
it is therefore apparent that the radiating yield amounts 
to 55 percent, that is, 55 percent of the heat spent in 
the combustion is transferred by the generator as radi 
ating thermic energy ranging between 2 and 6 microns. 

In accordance with another embodiment of the pres 
ent invention, the generator may include means for au 
tomatic ignition of the combustible fuel gas mixture by 
means of an electric are which is formed between an 
ignition electrode and walls of the generator when a 
difference of potential in the amount of approximately 
6,000 volts is applied therebetween. Not only may the 
electrode be used to control ignition,but it may also be 
employed to monitor the ?ame by linking it tov the ap 
propriate electronic system which uses the principle of 
rectification of an A/C current ?owing between the 
electrode and the generator as a result of the ionization 
of the ?ame. 
More speci?cally, and with reference to FIGS. 1, 2 

and 6, it is shown that the body of an electrode 90 (in 
sulator and connectinglid to the high power cable), 
and supported by a support member 92, is conveniently 
affixed to the bottom side of conduit 20 whereby the 
electrodeis continuously cooled bythe gas mixture. 
Electrode 90 includes an insulating sleeve 94 which 
passes through conduit 20 and sleeve 30, a centering 
washer 96 disposed between the bottom wall‘ of inner 

' - casing 12 and de?ector 80 and penetrates into the gen 
erator’s core through ?ssure 18. In this position, insula 
tor 94 does not cover the electrode to thus allow the 
formation of a voltaic are between re?ector 40 and the 
electrode whenever a selected difference of potential is 
applied between the two metals. Such a difference of 
potential could, for example, amount to 6,000 volts. In 
the other application in which the electrode is used to 
monitor the presence of a ?ame, the non-insulated por 
tion of electrode 17 is able to capture an ionization cur 
rent which signals that the generator is functioning. 

it is also possible to link the system to some auxiliary 
equipment; for example, when it is desired to obtain a 
simultaneous or sequential automatic ignition and/or to 
monitor the presence of the ?ame in each generator of 
a system equipped with multiple generators. In certain 
instances, it is‘ also possible to alternate the two func 
tions of the electrode, i.e., ignition and control, in adja 
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cent generators or in generators placed in irregular se 
quence. 

It is also further possible to equip each generator with 
two mixture inputs 100 as shown in FIGS. 1 and 2 in 
order to control the fuel gas mixture input pressure and 
for sampling the mixture for any desired chemical anal 
ysis. 
The invention has been described with reference to 

the preferred embodiment. Obviously, modi?cations 
and alterations will occur to others upon the reading 
and understanding of this speci?cation. It is our inten 
tion to include all suchmodi?cations and alterations 
insofar as they come within the scope of the appended 
claims or the equivalents thereof. ' 
Having thus de?ned our invention, we now claim: 
1. A gas ?red infra-red generator comprising: 
an outer trough-like casing having a bottom wall and 
continuous wall portions upstanding therefrom de 
?ning an open top end; ' 

an inner wall spaced from said bottom wall toward 
said open top end forming a plenum chamber 
therebetween; I 

a ?rst nonporous generally ?at re?ector spaced from 
said inner wall and coextensive therewith; 

means for insulating said ?rst re?ector from said 
inner wall; , 

a second nonporous re?ector having a generally 
curved cross section and disposed adjacent said 
open top end in a concave position relative to said 
first re?ector, the side walls of said second re?ec 
tor being spaced from said continuous wall por 
tions to form at least two ?ue areas; 

means for introducing a combustible fuel gas mixture 
into said chamber; and, 1 

means for directing a continuous ?ow‘ of said fuel 
from said chamber to impinge the concave portion 
of said second re?ector and be re?ected to impinge 
said ?rst reflector. - 

2. The generator as de?ned in claim 1 further includ-v 
ing means for igniting said combustible gas at least at 
impingement with said second re?ector. 

3. The generator as de?ned in claim 2 wherein said , 
flow directing means comprises fuel ?ow openings in 
'said inner wall and said first re?ector, said openings 
being disposed generally in alignment with each other 
so as to direct said fuel ?ow toward said second re?ec 
tor. 

4. The generator as defined in claim 3 wherein said 
outer casing, said bottom wall, said ?rst re?ector and 
said second re?ector are elongated and said fuel ?ow 
openings and said ?ue areas extend generally longitudi 
nal of said generator. ‘ ‘ 

5. The generator as de?ned in claim 4 wherein said 
fuel introducing means comprises a fuel mixture inlet, 
said generator further including a fuel de?ector in said 
chamber adjacent said inlet to de?ect said fuel mixture 

‘ throughout said chamber. 
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6. The generator as de?ned in claim 4 further includ 
ing an electrode member disposed to penetrate said 
generator at at least said fuel flow openings and 
adapted to be connected to a means for supplying elec 
trical energy for permitting an electric are between said 
electrode and said generator whereby said generator 
may be ignited and/or the presence of a ?ame moni 
tored. 

7. The generator as de?ned in claim 4 wherein means 
mount said ?rst and second re?ectors in said generator 
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so as to permit independent movement thereof relative from the walls of said outer casing. 
to said generator during thermic dilatation of said re- 9. The generator as defined in claim 1 wherein said 
?ectors. ?rst and second re?ectors are constructed from a nick 

8. The generator as defined in claim 7 wherein said el-chrome alloy. ' 
mounting means comprise columns extending inwardly 5 * * * ' * * 
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