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Minneapolis, Minn., a corporation of Delaware 
Application July 31, 1942, Seria No. 453,113 

((C. 136-——4) 20 Claims. 

The present invention is concerned with a 
thermoelectric generator and Inore particularly 
with one adapted to be employed as a pilot burner 
in a burner control System. 
An object of the present invention is to pro 

vide a combined pilot burner and thermoelectric 
generator which provides for the efficient light 
ing of a main burner and at the same time gen 
erates a relatively large electromotive force SO 
that the electromotive force generated can be 
used for energizing a control system. 
A further object of the present invention is to 

provide a combination of a combined pilot burner 
and thermoelectric generator unit and a main 
burner in which the main burner is adapted to 
heat the hot junctions of the thermoelectric gen 
erator unit to a greater extent than the cold 
junctions so as to increase the electromotive force 
generated by the thermoelectric generator unit. 
A further object of the present invention is to 

provide a thermoelectric generator unit compris 
ing a plurality of thermocouples so arranged as 
to provide for the maximum temperature differ 
ential between the hot and cold junctions and 
at the same time to provide a relatively compact 
un't. 
A still further object of the present invention is 

to provide such a thermoelectric generator unit 
in which the individual thermocouples are ar 
ranged in the form of U-shaped elements with 
the legs of the U-shaped elements disposed on 
opposite sides of the burner unit. 
A still further object of the present invention 

is to provide such a generator unit in which the 
cold junctions are disposed in the path of both 
the secondary and the primary air so that a large 
temperature differential is maintained between 
the hot and cold junctions. 
A still further object of the invention is to pro 

vide such a thermoelectric generating unit in 
which provision is made for protecting the ele 
ments adjacent the hot junction against cor 
rosion so as to permit the use of metal of more de 
sirable thermoelectric characteristics than would 
otherwise be possible. 
A further object of the present invention is to 

provide in connection with the burner and gen 
erating unit a new and novel burner unit which 
involves a minimum number of parts and which 
can be made in an extremely simple manner. 
Other objects of the invention will be apparent 

from a consideration of the accompanying speci 
fication, claims and drawing, of which 

Figure 1 is a front elevational view of my in 

unit, 
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proved thermoelectric generating and burner 

Figure 2 is a side elevational view of my gen 
erating and burner unit, 

Figure 3 is a vertical sectional view taken along 
the line 3-3 of Figure 2, 

Figure 4 is a transverse sectional view taken 
along the line 4-4 of Figure 1, 

Figure 5 is a side elevational view of a portion 
of One of these thermocouple units. 

Figure 6 is a view, partly schematic, of a gas 
burner control system employing my improved 
generator and pilot unit, 

Figure 7 is a front elevational view, with por 
tions broken away, of an alternative form of my 
thermoelectric generator unit, 

Figure 8 is a transverse sectional view of the 
burner unit of Figure 7, the section being taken 
along the line 8-8 of Figure 7, and 

Figure 9 is a sectional view of the burner unit 
of Figure 7, the section being taken along the 
line 9-9 of Figures 7 and 8. 

Referring to Figures 1 to 4, the thermopile and 
burner of the present invention generally com 
prises a burner unit 10 (Figures 3 and 4) which 
is supported in a U-shaped bracket f , around 
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which extends a member 2 which acts as a sup 
port and cover member for a plurality of 
U-shaped thermocouples connected together to 
constitute a thermopile. 

Referring specifically to the burner 0, this 
comprises a pair of complementary members 
formed of sheet metal, these members being des 
ignated by the reference numerals 4 and 5 
(Figure 4). Each of the members is provided 
with a plurality of tongues 6 (Figure 3), these 
tongues being bent around the edge of the ad 
joining member. So as to retain the two members 
in assembled relation. Each member is stamped 
So that its lowermost portion 9 is in the form 
of half a frusto-conical tube. Connecting with 
this grooved portion 9 and diverging upwardly 
is a grooved portion 20, also in the form of half 
of a frusto-conical tube. The upper end of the 
grooved portion 20 joins with a further recessed 
portion 2 f which diverges outwardly in an even 
greater angle terminating in a rectangular recess. 
The two portions 9 and 20 collectively define two 
frusto-conical passages joined by a narrow throat 
so as to provide a Venturi effect. The two por 
tions 2 collectively define a diverging passage 
serving to lead the gas leaving the passage 20 to 
the outlet of the burner. At the extreme upper 
end, the two members 4 and 5 are spaced apart 
to form an elongated narrow slit 23 (best indi 
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cated in Figure 4). Gas issuing through this 
slit, upon being ignited, results in the flame for 
heating the various thermocouple units. The 
proper spacing between members 4 and S is 
maintained by a pair of stamped projections, one 
extending inwardly from each of the members 
4 and 5. The two projections 24 are of a pre 
determined depth and serve to accurately space 
the members f4 and 5. • . 
In the center of each of the recessed portions 

2 is a deeply grooved portion 26 which termi 
nates at its upper end in an opening 2. The 
openings 27 constitute burner openings for ignit 
ing fames, which fames are of substantially 
greater size than the flames issuing through the 
slit 23, as best indicated in Figure 6. Projecting 
downwardly from each of the members f and 
is are a pair of spaced legs 29 and 30, these legs 
being of identical shape in the case of each mem 
ber and being held closely together by reason of 
the clamping action of tongues 8 so as to con 
stitute two spaced legs in effect. Similarly, ad 
jacent the upper outer end, members 4 and fs 
are each provided with a pair of ears 3 f and 
32. These pairs of ears likewise are identical 
in the case of both members so that ears 3 f of 
the two members act as one ear while ears 32 
act as a second ear. The legs 29 and 30 and the 
ears 3 and 32 are designed to cooperate with 
the U-shape supporting bracket . This U 
shaped supporting bracket is provided with slots 
in its base portion into which legs 29 and 30 ex 
tend and is provided with slots in its two side 
legs into which ears 3 and 32 extend. The 
burner unit 0 is thus held rigidly with respect 
to the U-shaped bracket . 
A burner reducing nipple 35 having a connect 

ing portion 36 and a threaded tip portion 3 is 
secured in the base portion of U-shaped bracket 

. The tip portion 37 is threadedly secured in 
an opening centrally of this base portion, With 
the tip portion projected into the mouth of the 
conical passage 9. The tip portion 37 and the 
conical portions 9 and 20 of the burner f0 pro 
vide for the intake of primary air and the mix 
ture of gas and air in a conventional manner. 
The cover assembly 2 is formed of two cover 

members 39 and 40. These two members are." 
identical and adapted to interfilt with one an 
other. Each of the cover members 39 and 40 
is formed of sheet metal and is bent adjacent 
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4. 
plementary to a similar semi-circular recess in 
the adjoining edge of tongue 4. These recesses 
in each case define a circular opening 54 through 
which a screw SS is adapted to extend. As best 
indicated in Figure 3, screws 55 are threadedly 
engaged with the U-shaped bracket ii. The 
screws : 55 function to maintain the cover mem 
bers 39 and 40 in assembled relation with the 
U-shaped member. f. Furthermore, the two 
cover members 39 and 40 serve to increase the 
rigidity of the assembly comprising U-shaped 
bracket and burner 0 by counteracting any 
tendency of the legs of the U-shaped bracket 
to spread apart and thus release the upper end of 
the burner. 
The cover assembly 12 comprising the two cover 

members 39 and 40 functions not only to enclose 
the mechanism thus far described but also to sup 
port the series of U-shaped thermocouples which 
together define the thermople of the present in 
vention. These thermocouples and the manner 
in which they are supported by cover members 39 
and 40 will now be described. 
The thermoplle comprises a plurality of ele 

ments 60 and 6 of metals of different thermo 
electric characteristics. Thus the element .. 6 
may be of 'Copel' and the element 6 of "Chro 
mel." "Copel' is an alloy comprising 55 per cent 
copper and 45 per-cent nickel. The "Chrome' 
which is desirably used is an alloy consisting of 
80 per cent nickel and 20 per cent chromium. 
The elements 60 and 6 are joined at their upper 
ends, as indicated by the numeral 62 in Fig. 5 
to form hot junctions. Each element 60 is con 
nected to the adjoining element 6 at its lower 
end, as indicated by the reference numeral 64. 
The junction 64 constitutes the cold junction. A 
sleeve 66 surrounds each pair of elements 60 
and 6 adjacent their junction 62. This sleeve 

40 66 is of stainless steel and is designed to resist 
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its edges to provide two end portions. In the 
case of each cover member, one end portion com 
prises a tongue 4f, ears 43 and 44 which are 
turned inwardly, and ears 45 and 46 which lle in 
the plane of the end portion. In the case of each 
cover member, the other end portion comprises 
two ears 49 and 50 which together define a re 
cess adapted to receive the tongue 4. This same 
end portion, in each case, is provided with two 
in-turned tongues 5 and 52, and with two fur 
ther tongues. 53 and 54 which extend in the plane 
of the end portion. It will be noted in Figure 
2 that when the end portion of one member is 
placed against the complementary end, portion 
of the other, the tongue. 4 fits between the ears 
49 and 50 and the tongues 43 and 5, on the 
one hand, and tongues 44 and 52, on the other 
hand, define two pairs of inturned tongues which 
are oppositely spaced from each other. Sini 
larly, tongues 46 and 53, on the one hand, and 
tongues 45 and 54, on the other hand, form two 
pairs of aligned tongues. 

Each of the ears 49, and 50 is provided with a 
substantially semi-circular recess which is com 
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cover members. 

heat and to protect the thermoelectric elements 
60 and 6 from the corrosive action of the flame. 
By using such a sleeve of non-corrosive material 
to protect the thermoelectric elements, it is pos 
sible to employ thermocouple elements having 
better thermoelectric CharacteristiCS tham would 
otherwise be possible. 
The thermoelectric elements are held in posi 

tion between the cover members 39 and 40 and 
clamping bars 70, 7, T2 and 73. The clamping 
bars 70, 7, T2 and 73 are formed of sheet metal 
stamped to provide ribs for re-enforcing pur 
poses. The rib of clamping bar 70 is indicated by 
the reference character 75 and is best shown in 
Figure 4. In view of the fact that the ribs in con 
nection with the other clamping bars are similar, 
no reference characters have been applied thereto. 
Cover members 39 and 40 are similarly stamped 
with rib portions 76, which rib portions serve to 
reenforce the cover members 39 and 40 and to re 
tain ceramic spacing members 74. The clamping 
bars T0 to 73 are held in position by the inturned 
tongues 43, 44, 5 and 52. These tongues serve to 
firmly hold the cover members 4 and 5 and the 
clamping bars 70 to 73 in assembled relationship 
with the thermoelectric members 60 and 6 firmly 
secured therebetween. The ceramic spacing 
members 74 are provided with a plurality of 
grooves into which the thermoelectric members 60 
and 6 fit. The members 74thus serve to hold the 
members 60, and 6 properly spaced apart, 
Sheets 80 and 8 of insulating material are locat 
ed between the thermoelectric elements and the 

I have conveniently employed 
sheets of mica for this purpose. Strips 83,77, 78, 
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and 79 of similar insulating material are disposed 
between clamping bars 70, 7, T2 and 73, respect 
ively, and the thermoelectric elements 60 and 6. 
It will be noted that the thermoelectric elements 
are surrounded on both sides by insulating mate 
rial and are thoroughly insulated from each other. 
As best shown in Figure 6, the central portion 

of sleeve 66 surrounding the hot junction 62 is 
heated by a central runner flame 89 issuing from 
the opening 23 of burner O and extending the full 
width of the burner. Issuing from opening 2 are 
igniting flames 90 and 9, which flames are em 
ployed to ignite the main burners 00 and 0 , re 
spectively. 

It will be noted that the thermoelectric elements 
60 and 6i form a series of U-shaped thermo 
couples, the legs of which straddle the burner 
This results in a very compact structure and uti 
lizes to the utmost the cooling effect of the incom 
ing gas and air as will be pointed out more fully 
later. Furthermore, the bends of the thermo 
couples form a cage enclosing the runner flame 89 
and protecting it against extinguishment. 
The manner in which the improved thermoelec 

tric generator unit is employed in a burner system 
is illustrated schematically in Figure 6. As shown 
in this figure, the generating unit is employed to 
energize the electromagnetic pilot valve of a dia 
phragm valve. This diaphragm valve 95 may be 
of any conventional type in which a sensitive elec 
tromagnetic pilot valve controls the pressure ap 
plied to a diaphragm positioning the main valve. 
Such valves are well known and it is believed un 
necessary to illustrate specifically such a valve. 
The type of valve which I have found particularly 
desirable to employ in connection with such a gen 
erator and in such a system as shown in Figure 6 
is the valve shown in my copending application 
Serial No. 437,541, filled April 3, 1942, and issued 
as Patent No. 2,393,427 on January 22, 1946. 
The valve assembly 95 is provided with two elec 

trical terminals 96 and 97 which are connected to 
the ends of the winding of the electromagnetic 
pilot valve. 
vided with a bleed opening 94 which is connected 
with a pipe 93 leading to a bleed burner 98. When 
a source of power is connected across terminals 
96 and 97 the electromagnetic valve is moved to 
such a position that the gas from the pressure 
chamber formed by the diaphragm is bled off to 

The valve assembly is 'further pro- . 
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the bleed burner 98 and the diaphragm moves the 
main valve to open position. When power is re 
moved from terminals 96 and 9, the pilot valve 
moves to a different position in which the escape 
of gas from the controlling chamber through pipe 
93 and bleed burner 98 is prevented with the result 
that pressure builds up within the diaphragm 
chamber and causes the main valve to move to 
closed position. 
The valve assembly 95 controls the flow of gas 

to a plurality of main burners 00 and foll, being 
connected thereto by pipe fo3. The pilot burner 
and generator unit is rigidly mounted with respect 
to burners OO and Olso that the flames 90 and 
O issuing from openings 27 just extend over the 
inner ends of the burner in a position to ignite gas 
issuing from the end burner jets. The hot junc 
tions of the thermopile are located at a position 
closely adjacent to the main burner jets so as to be 
affected appreciably by the heat of the main burn 
er. The cold junctions, on the other hand, are lo 
cated a substantial distance below the main burn 
er. This is possible because of the relatively 
great length of the thermocouple. Due to this 
difference in position of the hot and cold junc 

55 

80 

6 
tions, the cold junctions are located in a relatively 
cool portion of the burner. As is well known, the 
temperature within a burner chamber drops 
sharply below the main burner due to the inrush 
of primary air. By providing relatively long 
thermocouples, it is possible to have the cold 
junctions only slightly affected by the main 
burner while the hot junctions are appreciably af 
fected thereby. The result is that the thermople 
is additionaally heated by the main burner to 
supplement the action of the pilot burner flame. 
The thermopile not only acts as a safety device 

to insure closure of valve assembly 95 when thic 
thenopile is not heated as a result of the pilot 
burner being extinguished but is also operative 
to supply current for the operation of the valve. 
Current is supplied to the valve assembly 95 un 
der the control of a thermostat 10. This ther 
mostat is of conventional form comprising a bi 
metallic element l'08 to which is connected a con 
tact arm 99 movable into and out of engagement 
with a fixed contact ft 0. As indicated by the 
legend adjacent the thermostat, the bimetallic 
element 08 is effective to move contact arm 9 
towards the right into engagement with contact 

í 0 when the temperature i drops. While the 
thermostat is illustratively assumed to be respon 
sive to the temperature of a space, it is to be un 
derstood that the thermostat can be responsive 
to any other desired controlling temperature con 
dition. As far as the present invention is con 
cerned, the thermostat O may be replaced by 
any controlling switch. 
The pilot burner assembly is supplied with gas 

through a pipe f is connected to the inlet cham 
ber of valve 95. Normally, the pilot burner is 
constantly burning. Figure 4 clearly shows the 
side walls of the burner O spaced from the cover 
f2 and also the top and bottom of the cover to 
be open. This construction provides a passage 
for the flow of air through the device. The gas 
passing through nipple 37 and the Venturi throat 
formed by passages 9 and 20 draws with it pri 
nary air which is mixed with the gas in a con 
ventional manner. It is to be noted that because 
the lower ends of the thermocouple elements ex 
tend below the casing 2, this air passes over the 
cold junctions serving to cause cooling thereof. 
The mixture of gas and air issues from openings 
27 and from slit 23 to form flames 89, 90, and 9 . 
This discharge sets up an aspirating action which 
draws secondary air through the space between 
the burner and the cover and thus over the ex 
posed thermocouple elements 60 and 6. There 
fore not only are the cold junctions 64 cooled by 
the primary air entering the Wenturi throat 9 
but they are also cooled by the secondary air 
which is drawn up through the burner casing to 
Support combustion. Also, the incoming gas 
contributes to the cooling effect. Thus, under 
normal circumstances, the thermoelectric unit 
generates a substantial electromotive force. The 
amount of this electromotive force is materially 

65 increased by reason of the fact that the air and gas which serve to support combustion and in 
crease the temperature of the hot junctions also 
serve to cool the cold junctions and hence in 
crease the temperature differential between the 

70 
hot and cold junctions. 
Whenever the thermostat 7 calls for heat. 

that is, when the temperature to which the bime 
tallic element 08 drops sufficiently to cause clo 
sure of switch blade io9 against contact 0, an 
energizing circuit is established between termi 
nals 96 and 97 as follows: from the thermoelectric 
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generating unit through conductor , binne 
tallic element 08, switch blade 109, contact fle, 
conductor 18, terminal 96, the electromagnetic 
unit of the pilot valve, terminal 9, and conductor 

g back to the generator unit. If the pilot 
burner is properly ignited, the generator unit 
serves to supply power to the electromagnetic 
unit to cause the pilot valve to move to such a 
position that the gas in the pressure chamber 
bleeds of through pipe 93 and burner 98 permit 
ting the diaphragm to move the main valve to 
open position. Gas issuing from bleed burner 98 
is ignited by the igniting flames 90 and 9. Simi 
larly, the gas supplied through pipe 03 to main 
burners OO and 0 as a result of the opening of 
the main valve is likewise ignited by the igniting 
flames 90 and 9. , The operation of main burners 
GO and O tends to increase the temperature 

differential between the hot junctions 62 and the 
cold junctions 64, as previously explained. This 
increase in differential by reason of the operation 
of the main. burner is not sufficient, however, to 
prevent the pilot valve from moving to valve 
closing position if the pilot burner is extin 
guished. It is desirable in normal applications 
that the main burner be extinguished if the pilot 
burner is at any time extinguished. Hence, if 
the pilot burner should be extinguished the elec 
tromotive force generated by the thermople unit 
will drop to a lower value than that caused by the 
temperature differential produced by both the 
pilot burner and the main burner. This lower 
value is such that the electromagnetic pilot valve 
will not remain in the position in which the main 
valve is open but will move to its other position, 
interrupting the escape of gas through bleed pipe 
93 and causing pressure to be applied to the main 
diaphragm chamber to cause closure of the main 
valve, and hence to interrupt the flow of gas to 
the main burners foo and 0. 
Under normal circumstances, however, the 

pilot burner remains ignited so the gas continues 
to flow to main burners OO and of until such 
time as the thermostat 07 is satisfied. When 
this happens, Switch blade 09 is moved out of 
engagement with contact O so as to interrupt 
the circuit previously traced. This, in turn, re 
sults in the deemergization of the electromagnetic 
pilot valve to cause it to move to a position in 
which the main valve is moved to closed position. 

. It will be seen that I have provided a thermo 
pile unit which can be produced inexpensively 
from simple stamping operations. The elements 
of the therinopile, furthermore, are so arranged 
as to result in the generation of the maximum 
possible thermoelectric force. 

Species of Figures 7, 8 and 9 
In Figures, 8 and 9, I have provided a some 

what modified form of pilot burner and genera 
tor unit. In this modification, the burner and 
the means for supporting the thermocouples are 
combined in a single cast member 25. This 
casting comprises a base portion 27 of substan 
tially square cross-section having a tubular stem 
portion 28 projecting upwardly therefrom and 
communicating with a horizontal tubular por 
tion 29 provided with a plurality of burner open 
ings 30. The stem portion 28 and horizon 
tal portion 29 form a r-shaped burner unit. 
Secured to the rectangular base portion 27 are 
a pair of spaced walls 33 and 34. 

Referring first to the base portion 2 of square 
cross-section, this is provided with a cylindrical 
recess 36 which is threaded at its lower end to 
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receive a threaded bushing 87. Threadedly se 
cured within this bushing 3 is a jet member 8 
which is provided at its upper end with a tip 

and at its lower end with a threaded nipple. 
ld designed to be connected to a conduit for 
supplying gas to the burner. Two opposed open 
ings 2 (only one of which is shown) extend 
through the walls of the cylindrical recess is 
and serve for the introduction of primary air. 
The upper end of the cylindrical recess 36 con 
nects through a conical passage 44 with a pas 
sage 45 in the stern portion 28. These pas 
Sages serve as a mixing chamber for gas and air. 
The stem portion 28, as best noted from a com 
parison of the dotted line shown in Figure 7 
and the full-line showing in Figure 8, is of square 
cross-section. This passage 45 in turn communi 
cates with a horizontal passage 46 extending 
through the horizontal tubular portion 29. The 
passage 6 in turn serves to supply gas to the 
plurality of burner openings 30 spaced at uni 
form intervals along the tubular member 29, d 
The walls 33 and 34 are integrally secured 

to the base portion 27 and are integrally con 
nected to the horizontal tubular portion 29 by 
connecting ribs 50 and 5. The walls 33 and 
34 are channeled to accommodate the various 
thermocouple members, as will be presently ex 
plained. As best seen in Figure 9, the walls are 
spaced from the burner to allow a free flow of 
Secondary air. 

Located on top of the casting 25 is a cage 
member 56 of ceramic material. This cage mem 
ber is provided with end walls 57 having open 
ings S8 therethrough and side walls 60 and 6. 
The cage member 156 serves to support the hot 
junctions of the thermocouples in proper spaced 
relation with respect to the burner jet 30. 
A plurality of thermocouple elements TO and 

IT? are mounted on member 25 and cage mem 
ber 56. These elements are of materials of suit 
ably disSimilar thermoelectric characteristics 
such as “Copel' and 'Chronel,' the two alloys 
mentioned in a previous portion of the specifica 
tion. In the case ofevery thermocouple, the elle 
ments 10 and Til are connected together to form 
a hot junction 2. As with the previously de 
scribed species, a tube T3 of flame resistant ma 
terial such as stainless steel is located around 
the elements 70 and 7 adjacent the hot junc 
tion T2. This stainless steel tube T3 serves to 
protect the thermoelectric element 7 from the 
corrosive action of the fame. 
The lower ends of the thermocouple elements 
70 and 7 are reduced in diameter to form 

relatively thin terminal portions 175 and T6. 
These thin terminal portions are connected to 
gether at their lower ends, as indicated by the 
reference numera 77. The juinctions TT con 
stitute the Cold junctions of the thermopile. By 
reducing the material adjacent the cold junctions, 
it is possible for the cold junctions to be main 
tained at a lower temperature by the primary and 
secondary air and to cool off relatively quickly 
when the flame is extinguished. 
The thermopile consisting of elements to and 

is located over the casting 25 and the cage 
56 of ceramic material with the horizontal up 
permost portions of the elements O and 
resting on the upper edges of side walls 60 and 
6 of cage element 56. The leg portions of the 

thermocouple elements TO and T extend down 
Wardly on Opposite sides of the casting 25 and 
are held in position by a pair of plates 186 and 
87 which are slidably mounted in grooves in 
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the walls 33 and 34. Sheets Te of insulat 
ing material are disposed on opposite sides of 
the legs of the thermocouple elements 0 and 

: T and serve to insulate these elements from the 
main casting 25 and from the plates 8 and 
8T. The casting 25 and the plates 86 and 87 

together with the cage member 6 serve to se 
- curely hold the thermocouple members in assem 
bled relationship. 
In order thoroughly to insure that the flame 

issuing from jets 30 will not contact the thermo 
couple elements, a coating of ceramic material 
80 is applied to the thermocouple elements on 
each side of the sleeve T3, this coating joining 
with the side walls 60 and 6 of the cage 56 
of ceramic material and serving to completely 
enclose the portions of the thermocouple elle 
ments 70 and if entering the stainless steel 
tubes f3. . . . . W 

It is believed that the operation of the burner 
unit of Figures 7, 8, and 9 will be obvious from 
the preceding description. The gas entering 
through the jet 39 draws with it air through the 
primary air openings 42. A mixture of the gas 
and air passes up through passages 45 and 46 
and out through the burner openings 30 result 
ing in a series of flames for the full width of 
the burner unit. These flames are protected from 
extinguishment by the cage 56. The flames 
extend through the stainless steel tubes 73, heat 
ing these tubes and thus heating the hot junc 
tion T2. Unlike the arrangement of Figures 1 
to 6, the same flames act to heat the hot junction 
and to ignite the main burner. As with the previ 
ous species, but to a slightly lesser extent, the 
incoming primary and Secondary air cools the 
cold junctions TT. Because of the thermocouples 
being reduced adjacent the cold junctions, the 
thermal maSS of the cold junctions is less and it 
is easier for the air to maintain them at a low 
temperature. 
Due to the combined action of the ceramic 

cage 56 and the ceramic coating 80, the ele 
ments to and T are thoroughly protected 
from the corrosive action of the flame. 

In both of the modifications, the combined 
burner and thermoelectric generating unit is 
relatively compact and by reason of the relatively 
great resistance to transfer of heat between the 
hot and Cold junctions, is capable of generating 
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an electromotive force of substantial magnitude. 

In general, while I have shown certain spe 
cific embodiments of my invention, it is to be 
understood that this is for purposes of illustra 
tion and that my invention is to be limited only 
by the scope of the appended claims. 

I claim as my invention: 
1. A combination electric generator and pilot 

burner device comprising, a plurality of thermo 
couples electrically connected in series, a pilot 
burner member having an elongated and rela 
tively narrow slot at one end thereof for pro 
ducing a thermocouple heating flame and having 
larger orifice means therein as igniter produc 
ing means, said burner having an opening at the 
opposite end thereof for the admission of gas and 
primary air thereinto, sleeve members for pro 
tecting the hot junction of the thermocouples, 
insulated casing means for insulating and sup 
porting the thermocouples with one leg of each 
thermocouple on Opposite sides of the said burner 
and with the hot junctions spaced from the pilot 
burner in a row extending parallel with said nar 
row pilot burner slot to be thus subjected to sub 
stantially the highest temperature produced by 
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O 
proper operation of the pilot flame, and the 
said sleeve members supporting the cold junction 
end portions of the thermocouples in a position 
below the said burner and sleeve members and 
in the path of the flow of primary air into the 
said pilot burner. 

2. A combination comprising, a plurality of 
U-shaped wire thermocouple members con 
nected in series to form a thernopile, a metallic 
flame-protecting sleeve for the hot junction of 
each of said thermocouple members, the said hot 
junction covering sleeve of the said thermo 
couple members being bent to retain the sleeve 
members in their proper position and to form the 
curved portion of the U-shaped thermocouple 
members, insulated casing means for mounting 
the leg portions of the U-shaped series con 
nected thermocouple members parallel with each 
other and with the hot and cold junction ends 
thereof extending beyond the said casing, gas 
burner means having a mixing chamber for mix 
ing gas with primary air, means for insulating 
the burner from the thermocouple members and 
for mounting the burner means within the said 
thermocouple casing means, supporting means 
including a bracket member for Supporting the 
said casing together with the gas supply line for 
the burner and the connecting leads for the 
thermopile, the said supporting means surround 
ing the cold junctions of the thermocouple mem 
bers extending beyond the said casing and said 
mixing chamber of the burner, said casing, said 
bracket and said gas burner being disposed to : 
induce a flow of Secondary air to bathe Said cold 
junctions and then flow along exposed portions 
of said thermocouples intermediate said burner 
and said Casing and to induct a flow of primary 
air to bathe said cold junctions and then pass 
into the mixing chamber of said burner, and the 
said hot junctions and protecting sleeves ex 
tending beyond the casing and burner to a posi 
tion in which they are subjected to substantially 
the highest temperature produced by the burner 
filame, 

3. The combination comprising, a thermopile 
formed of a Series of thermocouple units, each of 
said thermocouples comprising a U-shaped unit 
with the two leg portions of dissimilar thermo 
electric properties and having the leg portions 
joined to form a hot junction, a sleeve member for 
protecting the said hot junction, the said leg 
portions and sleeve member being shaped to form 
the angular portion of said U-shaped unit, means 
including a cover member for insulating and sup 
porting the leg portions of the thermocouple units 
in a row and for maintaining the respective legs 
and hot junctions in alignment with each other, 
the end portions of each of the legs of said units 
being joined to the adjacent unit to thus connect 
the cold junctions of the units in series for com 
pleting the thermopile, a burner member located 
in the said casing and having a nozzle spaced from 
the said hot junctions for the uniform heating of 
each of said hot junctions, the said burner form 
ing a Wenturi orifice at one end thereof, and a 
fuel supply line cooperating with said Wenturi ori 
fice and the orifice serving to provide for the flow 
of fuel and primary air to the said burner, means 
for Securing said burner and cover members to 
gether in Spaced relation so as to provide for a 
circulation of burner secondary air between the 
burner and cover, and the said cold junctions be 
ing extended from the said cover and burner to a 
position in the path of the flow of the primary 
and secondary burner air for maintaining a sub 

  



11 
stantial difference in temperature between the 
hot and coli junctions upon operation of the 
bourner. 

4. In combination, a burner comprising a pair 
of members of sheet material, means carried by 
each member for securing said members together 
adjacent their edge, said members being flared in 
wardly and then outwardly at their lower ends, 
said members being superposed on each other 
whereby they collectively define a Venturi throat, 
said members being s? formed at their upper 
ends as to provide a narrow slit extending sub 
stantially the full width of said burner, means 
near the upper ends of said members to retain 
the central portions of the-upper ends in proper 
spaced relation, and a casing telescoped over said 
members in closely spaced relation thereto 
whereby a secondary air passage is formed. 

5. In combination, a burner comprising a pair 
of members of sheet material, each of said mem 
bers having tongues bent around the edge of the 
other member to retain them together, said men 
bers being flared inwardly and then outwardly 
at their lower ends, said members being super 
posed on each other whereby they collectively de 
fine a Wenturi throat, and said members being so 
formed at their upper ends to form a narrow, slit 
extending substantially the full width of said 
burner, means for maintaining said slit uniform 
throughout its entire length, a bracket to which 
said burner is attached, and a sleeve of sheet 
material secured to said bracket and encasing 
said members, the side Walls of said sleeve and 
said members being spaced apart. 

6. In combination, a burner block having a 
central burner portion and a pair of walls on 
opposite sides of the burner portion and spaced 
therefron, a hollow member of ceramic material 
disposed on said walls, and a U-shaped thermo 
couple straddling said burner block and said 
ceramic member, the hot junction of said ther 
mocouple being located in the bend of the U 
shaped thermocouple and the cold junction be 
ing near said means, and said bend resting on 
said hollow member with the hot junction in the 
path of the flame from said burner portion. 

7. In combination, a burner block having a 
central T-shaped burner portion and a pair of 
walls on opposite sides of the burner portion and 
spaced therefrom, a hollow member of ceramic 
material disposed on said walls, and a plurality 
of connected U-shaped thermocouples strad 
dling said burner block and said ceramic men 
ber, the hot junctions of said thermocouples be 
ing located in the bends thereof, and said bends 
resting on said hollow member with the hot junc 
tions in the path of the flames from said burner 
portion. 

8. In combination, a burner block having a . 
central burner portion and a pair of walls on 
opposite sides of the burner portion and Spaced 
therefrom, a hollow member of ceramic mate 
rial disposed on said walls, a plurality of con 
nected U-shaped thermocouples straddling said 
burner block and said ceramic member, the hot 
junctions of said thermocouples being located in 
the bends thereof, and said bends resting On 
said hollow member with the hot junctions in 
the path of the flames from said burner portion, 
sleeves of non-corrosive material surrounding 
said hot junctions, and a covering of ceramic 
material molded around the ends of Said sleeves. 

9. In combination, a burner comprising a pair 
of members of sheet material each having a dis-, 
charge aperture therein, means for securing said 
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members together adjacent their edge with the 
central portions thereof spaced from each other, 
said members being flared inwardly and then 
outwardly at their lower ends, said members be 
ing Superposed on each other whereby they col 
lectively define a Wenturi throat, each of said 
members having a deep vertical groove communi 
cating at one end with said throat and at the other 
end with said discharge aperture, the concave por 
tions of said grooves facing each other so that 
said grooves collectively define a passage there 
between, the upper portions of said members 
being flared outwardly as to width and inwardly 
toward each other, and each of said members 
having an inwardly extending projection in said 
upper portion adapted to engage the other men 
ber to retain the central portions of the upper 
edges of said members in such spaced relation 
as to define a relatively long narrow slit extend 
ing substantially the full width of the upper por 
tions of said members. 

10. In combination, a combination pilot burner 
and thermopile unit, said pilot burner being of 
the type burning a mixture of gas and primary 
air and having outlet means providing a runner 
flame for heating the hot junctions of said ther 
mopile and for igniting a burner, said thernopile 
having leg portions, sufficiently long to provide 
a substantial difference in temperature between 
the hot and cold junctions upon proper opera 
tion of the thermopile heating runner flame of 
the pilot burner, a cover comprising an open 
ended sheath encasing said pilot burner, the 
sidewalls of Said sheath being spaced from the 
sidewalls of said pilot burner and providing 
means for directing a flow of secondary air there 
between when said pilot burner is in operation, 
means for supporting the thermopile in a posi 
tion adjacent to and extending beyond the body 
portions of said pilot burner, said supporting 
means maintaining the legs associated with each 
hot junction in a position astride opposite sides 
of the pilot burner and also maintaining the hot 
junctions in a position spaced above the pilot 
burner to be responsive to Substantially the 
highest temperature resulting from the proper 
operation of the thermopile heating flame of the 
pilot burner, the said extended leg portions hav 
ing the cold junctions spaced from the burner, 
and means for directing a flow of primary and 
secondary burner air over said cold junctions to 
maintain a substantial difference in temperature 
between the cold and hot junctions of the ther 
mopile upon proper operation of the thernopile 
heating flame of the pilot burner. 

11. In combination, a pilot burner and thermo 
pile unit comprising a relatively flat pilot burner 
unit with outlet means for producing a horizontal 
runner flame and a plurality of vertically ex 
tending thermocouple units spaced from said 
pilot burner with the hot junctions disposed in 
a horizontal straight line above said outlet means, 
said thermocouple units being relatively long as 
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compared with the body portion of said pilot 
burner, an open ended cover telescoped over said 
thermocouple units and providing a shield for a 
portion thereof, said cover being spaced from the 
pilot burner to provide an air passage therebe 
tween, a portion of said thermocouple units be 
ing disposed in said passage, and means for 
maintaining said cover and said pilot burner in 
their relative positions with the cold junctions 
of the thermocouple units in the Space. between 
the pilot burner and cover and subjected to a 
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current of air flowing therethrough 
burner. 

12. In combination, a pilot burner and thermo 
pile unit comprising a relatively flat burner with 
air and fuel inlet at one end and Outlet means 
for producing a runner flame at the other end 
thereof, a plurality of vertically extending ther 
mocouple units spaced from said plot burner 
and having the hot junctions thereof disposed in 
a horizontal straight line above said flame open 
ing, a shield telescoped over the intermediate por 
tion of said thermocouples and providing a con 
duit for the passage of air between said burner 
and said shield, means for maintaining said 
shield and said burner in their spaced positions, 
and the cold junctions and intermediate portions 
of said thermocouples being disposed within said 
conduit to be affected by the passage of air 
therethrough. 

to said plot 

13. In combination, a pilot burner and a ther 
mopile unit comprising, a relatively thin burner 
with outlet means for producing a horizontal 
runner flame and a plurality of U-shaped ther 
mocouples, said pilot burner and said U-shaped 
thermocouples being disposed in spaced relation 
with the hot junctions in alignment above said 
flame opening and the cold junctions and inter 
mediate portions of each of said thermocouples 
on opposed sides of said relatively thin burner, 
a cover positioned over the intermediate portions : 
of said thermocouples, means for maintaining 
said thermocouple units in association with said 
cover, said last named means being spaced from 
said pilot burner and providing a passage for the 
flow of air therebetween, and supporting means 
for maintaining said cover and said pilot burner 
in their relative positions, 

14. The combination comprising, a thermopile 
formed of a series of thermocouple units, each 
of said thermocouple units comprising a U-shaped 
member with the two leg portions thereof of dis 
similar thermoelectric properties and having end 
portions thereof joined to form a hot junction, 
and a sleeve member for protecting the said hot 
junction, the said joined portion and sleeve being 
shaped to form the bend of said U-shaped unit, 
means including a cover member for insulating 
and supporting the units in Spaced relation with 
the hot junctions in a single aligned row and the 
leg portions in two aligned rows, the ends of the 
legs of said units being joined to the end leg por 
tions of adjacent, units to thus electrically con 
nect the cold junctions for forming a thermopile, 
said burner being operably positioned within said 
assembled U-shaped thermocouple units, and 
means for maintaining said burner spaced from 
said insulating and supporting means. 

15. The combination comprising, a U-shaped 
thermocouple unit, the two leg portions of said U 
shaped unit having dissimilar thermoelectric 
properties and being joined to form a hot junc 
tion, a sleeve like member for protecting the said 
hot junction, the said leg portions adjacent the 
said hot junction of said unit and said sleeve 
member being shaped to form the bend of Said 
U-shaped unit, a fuel Supply line, a burner having 
a burner nozzle at one end thereof and a Venturi 
orifice at the other end thereof, said fuel line being 
disposed to direct fuel into said Venturi orifice and 
thereby induce a flow of primary air through said 
orifice and into said burner, and means for in 
sulating and supporting the burner between the 
leg portions of said thermocouple unit with the 
hot junction spaced from the burner to receive the 
maximum heat from the flame produced by the 
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burner, the said supporting means maintaining 
the cold junctions of the unit spaced from the said 
burner and extending to a position in which they 
are subjected to the flow of primary air into said 
burner. 

16. In combination a fuel burner having at one 
end thereof orifice means to produce an elongated 
flame and at the other end an inlet for the ad 
mission of fuel and air thereinto, and a thermo 
pile comprising a plurality of hot junctions con 
nected in alternate series with a plurality of cold 
junctions, said thermople being positioned with 
said hot junctions spaced in a single row above 
said burner and in heat conducting relation with 
the burner flame and the said cold junctions being 
located in spaced parallel rows on opposite sides of 
said burner and adjacent said inlet, said hot junc 
tions being positioned to span said elongated 
flame, supporting means for maintaining said 
thermopile and said burner in said spaced asso 
ciation, a cover member encasing a portion of said 
associated burner and thermopile and forming a 
secondary air passage therebetween and cooperat 
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ing with said supporting means to provide an air 
passageway to said inlet and to said secondary air 
passage, and said cold junctions being positioned 
in said passageway. V 

17. In combination a fuel burner having an 
inlet and an orifice for the escape of fuel there 
from, and a thermopile comprising a plurality of 
hot junctions connected in alternate series with 
a plurality of cold junctions, said thermopile be 
ing positioned with said hot junctions aligned 
above and spaced from said orifice and in heat 
conducting relation with the flame of said burner 
and said cold junctions being divided, aligned and 
spaced from opposite lower sides of said burner, 
means for maintaining said hot and cold junc 
tions in their respective alignments and spaced 
from said burner, said maintaining means being 
spaced from said burner and cooperating there 
with to provide passage means for the induction 
of Combustion air to the inlet of Said burner and 
to the space between said maintaining means and 
said burner, and the cold junctions and interme 
diate portions of said thermopile being positioned 
so as to be cooled by the flow of combustion air 
into and through said passage means. 

18. In a combination pilot burner, and thermo 
pile unit, a burner having a passage therein, said 
passage having an air inlet, a fuel supply means 
spaced from and arranged to discharge fuel into 
said passage for inducing the flow of air into said 
passage, a wall surrounding said burner and 
Spaced therefron, Said wall in conjunction with 
said burner providing a second passage having an 
air inlet for the flow of air induced therethrough 
when the device is in operation, the air inlets of 
the first mentioned passage and said second pas 
sage being adjacent each other, a thermopile unit 
having hot junction portions of inverted U-shape 
and positioned to provide a protective cage over 
the flame issuing from the discharge portion of 
Said burner and to be heated thereby, and cold 

5 junctions disposed in front of the air inlets to 
said passages. . 

19. In combination, a pilot burner having an 
air and fuel inlet at one end and an orifice at 
the other end thereof, a plurality of thermocou 
ples each laving two legs of thermoelectrically 
dissimilar material joined at one end to each 
other to form a hot junction and joined at their 
OWer ends to other of said thermocouples to form 
cold junctions, and means for mounting said 
thermocouples in spaced relationship with respect 
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to said burner with said hot junctions above said 
Cyrffice and with said legs extending downwardly 
on opposite sides of said burner, said means Com 
prising a casing surrounding the burner and the 
intermediate portions of said thermocouples and 
with the lower end thereof terminating close to 
but spaced from said cold junctions and said air 
and fiel inlet to provide a secondary air inlet 
and passage between said pilot burner and said 
cheans for mounting said thermocouples. 
20. An electric generator comprising a burner 

having an orifice at one end thereof and a pri 
inary air opening at the other end thereof, a ther 
Inocouple mounted thereon with its hot junction 
substantially in alignment with said orifice and 
its legs extending substantially parallel to and in 
spaced relationship with the side of the burner. 
and with its cold junction in front of said air 
opening, a wall extending generally parallel with 
said burner with a portion of a leg of said ther 
mocouple therebetween, said wall thus providing 
a secondary air passage between Sald wall and 
the side of the burner with one end of said Wall 
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terminating close to but spaced from said primary. 
air opening and said cold junction so that air 
flowing into said primary air opening and said 
secondary air passage will pass over or adjacent 
to said Cold junction. 
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