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UNITED STATES PATENT OFFICE 
- 2,530,255 

THERMOELECTRIC GENERATOR 
Sidney K. Malek, Minneapolis, Minn., assignor to 
Minneapolis-Honeywell Regulator Company, 
Minneapolis, Minn., a corporation of Delaware 
Application May 9, 1945, serial No. 592,779 

(Cl. 136-4) 15 Claims. 

This invention relates to an improved thermo- . 
electric generator of a kind adapted to be used in 
conjunction with a fluid fuel burner. Another 
generator embodying some of the structural de 
tails of this invention is illustrated in my copend 
ing application, Serial No. 590,836, filed April 28, 
1945. 

It is one of the chief objects of the present in 
vention to provide a highly efficient compact unit 
which may be economically produced and readily 
installed in existing burner installations or in 
corporated in new constructions. 

It is well known in the thermoelectric art that 
the e. m. f. generated by a thermople is proport 
tional to the number of thermocouples employed 
and the temperature gradient between the hot 
and cold junctions of the couples, all of Course, 
within limits adherent in such devices. It is 
also known that when the hot junction of a 
thermocouple is subjected to an open flame the 
metal at the junction oxidizes or deteriorates, 
thus decreasing the effective cross-sectional area 
of the metal. This reduces the electrical Con 
ductance of the member, impairs the efficiency 
of the device and sometimes results in complete 
failure or break-down. 

Accordingly, another object of advantage and 
importance of this invention is to incorporate a 
relatively large number of couples in a unit 
wherein a high resistance to heat conductivity 
and a low electrical resistance is obtained with 
out unduly increasing the overall dimensions of 
the device. 
Another object 6f importance is the provision 

of novel means for increasing the life of the im 
proved device by protecting the hot junctions 
thereof from direct contact with the energizing 
flame and the products of combustion thereof. 
Additionally, means are also provided for holding 
the heat of the energizing flame on the hot junc 
tions, but permitting its rapid dissipation when 
the flame is extinguished. W 
A further object of advantage resides in the 

m2ans for interposing a shielding element inter 
mediate the hot and cold junctions of the thermo 
pile and also for utilizing the shielding element 
in directing heat away from the cold junctions 
of the device. 

Still another object of advantage and im 
portance of the improved thermoelectric device 
of this invention resides in the means for form 
ing the intermediate and cold junction portions 
of the thermocouples to provide a high resistance 
to heat conductivity between the hot and cold 
junctions, and to provide novel means for remov 
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2 
ing heat from the cold junctions and the inter 
mediate portions of the thermocouples. 
A further object of advantage and importance 

is the provision of means for increasing the re 
sistance to thermal convection by lengthening 
the legs of the thermocouples without increasing 
the overall dimensions of the unit. 
An additional object of the present invention 

is to provide means for creating and directing 
a current of air over the cold junctions and 
toward the hot junctions of the device. The cold 
junctions are formed and disposed to present a 
considerable surface area to the air currents 
moving through the device. /1 

Additional objects of advantage and impor 
tance will become apparent as the following de 
tailed description progresses, reference being had 
to the accompanying drawing, wherein 

Figure 1 is an elevational view of a thermo 
electric device which embodies the invention, 
parts thereof being broken away. 

Figure 2 is a vertical section taken on line 2-2 
of Figure 1 looking in the direction indicated by 
the arrows. 

Figure 3 is an elevational view of a slightly 
modified form of the invention, parts thereof 
being shown in Section, and 

Figure 4 is a sectional view taken on line 4-4 
of Figure 3 looking in the direction indicated by 
the arrows. 
The reference numeral to indicates generally a 

pilot supply line which has a horizontal portion 
and a vertical portion f. The vertical portion 

terminates in a pilot burner 2 as is best shown 
in Figures 1 and 2. Formed in the horizontal 
portion of the supply line O and extending along 
the vertical portion thereof to the outlet 3 
of the pilot burner 2 is a fuel emitting slot 4. 
Accordingly, when the pilot burner is ignited, a 
runner flame extends from the pilot flame along 
the vertical portion of the supply pipe and also 
along a portion of the horizontal section hereof. 
The portion of flame extending along the hori 
ZOntal section is hereafter referred to as the 
thernopile flame. 

Secured to the horizontal portion of the supply 
line G by Screws 6 (only the right-hand one 
being shown) or other suitable means, is a 
thernopile which in its entirety is indicated by 
the reference numeral 7. The thermopile T 
comprises a plurality of thermocouples 8 and 
9. The thermocouples 8 and 9 are substan 

tially the Same with the exception that thermo 
couples 9 are somewhat smaller in size as is 
best shown in Figure 2. The thermocouples 8 
and 9 are substantially U-shaped and each is 



constructed of two thermoelectrically dissimilar 
metals such as Copel and Chromel. The two . 
pieces of metal are joined as by welding, fusing, 
or the like, to form the closed end of the U and 
the joint is then covered by a protective sleeve 
2 of stainless steel or, similar material, which 
also covers a considerable portion of the metal 
adjacent the joint. This portion of the therno. 
couple will hereinafter be referred to as the hot junction. The open ends of the U-shaped ther 
mocouples are threaded through a plurality of 
perforations in a ceramic insulating member 22. 
The ceramic insulating member 22 is centrally 
apertured as at 23 and the side edges thereof 
are tapered for purposes hereinafter more fully 
explained. The ceramic member 22 maintains the thermocouples 8 and 19 in spaced alignment 
with the thermocouples indicated by the refer 
ence numeral 9 telescoped within the larger 
thermocouples 8. The portions of the thermo 
couples 8 and 19 above the ceramic member 22 
are offset outwardly to increase their spacing 
from the burner and also to bring them into an 
updraft created by the thermople flame. The 
depending ends of the thermocouples 8 and 9 
which extend below the insulating member 22 
are joined as by welding, or the like, to connect 
the thermocouples of both groups electrically. 
The joined ends of the thermocouples 8 and 9 
are hereinafter referred to as cold junctions 26. 
The cold junctions 26 and wire closely adjacent 
thereto are turned upwardly as is clearly shown 
in Figures 1 and 2 to form U-shaped ends so that 
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the length of the wires of the couples may be 
increased without increasing the overall dimen 
sions of the unit and also to position large por 
tions of the thermocouples in the path of air 
entering the device as hereinafter more fully 
explained. Electric conductors 21 are extended 
from the electrically connected thermocouples 
as is best shown in Figure 1. 
Secured to the thermocouple assembly as by 

means of screws 28 is a casing member 30. The 
casing member 30 is preferably rectangular in 
shape and portions of the sides thereof are cut 
away as at 3 to reduce the heat conductivity of 
the material and also to provide air passages to 
the interior thereof. It is to be noted that the 
lower cut-away portions 3 of casing member 30 
are in alignment with the upwardly turned cold 
junctions of the thermocouples. Accordingly, air 
passing through the cut-away portions comes 
directly into contact with the U-shaped ends and 
the cold junctions 26. An insulating member 32 
preferably of asbestos, or the like, is positioned 
between the bottom of the casing member and 
the downwardly projecting portions of the ther 
mocouples as is best shown in Figure 2. 
Secured to a block 29 on the upper portion 

of the casing member 30 closely adjacent one 
end thereof is a Substantially L-shaped baffle 
member 33 made of stainless steel or similar ma 
terial. One portion of the baffle member 33 ex 
tends vertically and the other portion thereof ex 
tends horizontally and slightly above the hot 
junctions of the thermocouples 8. Secured to 
the vertical portion of the baffle 33 and extending 
horizontally therefrom and thence upwardly is 
a second L-shaped baffle 34 made of like material. 
A clip member 35 adjacent the vertical portion 36 
maintains the baffle 34 parallel to and beneath 
the hot junctions of the thermocouples 9. The 
vertical portion 36 of baffle 34 protects the 
Sleeves 2 and hot junctions from direct contact 
with the runner flame. There is thus provided a 
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shielding baffle plate at both ends and above and 
below the aligned double bank of hot junctions. 
The upper baffle 3 functions to protect the flame 
beneath the hot junctions from combustion 
chamber disturbances such as concussions, back 
flashes, and the like and radiant heat from the 
main burner. This battle also serves to retard 
the flow of heat from the hot junction and thus 
tends to maintain a relatively constant tempera 
ture in the space between the two bafles during 
fluctuation in the temperature generated by the 
heating source. The lower baffle 34 which is 
positioned between the flame and the under por 
tion of the hot junction prevents direct contact 
by the flame and tends to dissipate the heat 
evenly over all of the hot junctions. During op 
eration of the device, the baffles tend to maintain 
a constant and even temperature on the hot junc 
tions, but when the thermople flame is extin 
guished, the heat of the hot junctions and in the 
space. between the two baffles is rapidly dissi 
pated through the open side portions thereof. 
Operation of the improved thermoelectric 

generator of this invention is substantially as 
follows: upon ignition of the fuel at the plot 
outlet 3 a runner fame extends along the slot 
4 to ignite fuel emanating from the horizontal 

portion thereof to establish a thermople actu 
ating flame. This actuating flame impinges on 
the baffle 34 which thereupon becomes heated 
and the heat therefrom traveling upwardly con 
tacts and heats the hot junctions of the ther 
mocouples 9 and 8. The heat from the ba?e 
34 is disrupted in its upward travel by the ba?e 
33, and as a result a relatively constant teme 
perature is established in the space between the 
two baffles. The upwardly directed thermople 
flame and the heat therefrom creates an up 
draft which is fed by air passing through the 
cut-away portions 3 of the casing member 3 
and the aperture 23 in the central portion of 
the ceramic member 22. The flow of air 
through the opening 3 bathes the U-shaped 
ends and the cold junctions of the thernopile 
and conducts heat therefrom upwardly through 
the central aperture 23. Thus, means are pro 
vided for maintaining a relatively high tem 
perature gradient between the hot and cold 
junctions of the improved device. When the 
thernopile and pilot flame are extinguished, the 
up-draft created thereby diminishes as the de 
vice cools and the heat of the hot junctions is 
carried away through the side opening between 
the two baffles. Energy generated by the in 
proved device is conducted therefrom through 
the leads indicated by the referenec numeral 27. 
The energy thus created may be utilized for op 
erating a valve, or the like, in controlling the 
Supply of fuel to a main burner with which the 
device may be associated. 

In the modified form of the invention shown 
in Figures 3 and 4, the structure is similar to 
the construction shown in Figures 1 and 2. In 
this embodiment, the thermoelectric generator 
comprises a plurality of substantially U-shaped 
thermocouples 40 connected in series, and 
mounted in two banks as in the preferred em 
bodiment. One bank of thermocouples 40 is 
telescoped within the other bank as is best 
shown in Figure 4 and the hot junctions 4 
thereof are in Spaced parallel alignment with 
those of one group on a plane above those of the 
other group and both groupS positioned above 
a thermople burner 42. The portions of the 
thermocouples inmediately below the hot junce 
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tions are offset in respect to the portions ims 
mediately above the cold junctions to increase 
their spacing from the generating flame and 
also to permit up-draft caused by the flame to 
conduct heat therefron. Formed at the Open 
end of the U-shaped thermocouple members 0 
are cold junctions indicated by the reference 
numeral 43. The cold junctions 43 and the por 
tions of the thermocouples adjacent thereto are 
cured or turned, as is best shown in Figures 3 
and 4, for a purpose hereinafter more fully ex 
plained. Interposed between the hot and cold 
junctions is a ceramic shielding member 44. 
The shielding member 44 serves the double pur 
pose of maintaining the thermocouples in spaced 
alignment and also of protecting and shielding 
the cold junctions 43 from heat generated by the 
burner 42. Opposed faces of the ceramic shield 
ing member are provided with ribs 46 and 47 as 
is clearly shown in the drawing. These ribs 46 ; 
and 4 provide a relatively small contacting Sur 
face between the sections, thus greatly reducing 
the conductance of heat therethrough, and also 
maintain the balance of the surfaces of the 
section in spaced apart relation to form an air 
passage 48 therebetween. 
Secured to the sectional ceramic member 44 

as by screws 49 is a casing member 50. The cas 
ing member 50 is substantially rectangular in 
form and the side portions thereof are cut away 
as at 5 to provide an air passage into the in 
terior of the casing member and also to reduce 
the heat conductivity of the material. The cas 
ing member 50 is disposed to encase the cold 
junctions 43 of the thermocouples as is best 
shown in Figures 3 and 4. An insulating men 
ber 52, preferably of asbestos, or the like, is 
interposed between the cold junctions 43 and 
the bottom of the casing member 50. 

In the embodiment shown in Figures 3 and 4, 
the baffle plates shown in the other embodiment 
have been omitted for the purpose of more clear 
ly showing other features of the modified en 
bodiment. 

Operation of the embodiment here described 
is substantially the same as is the operation of 
the preferred embodiment. However, it is to 
be noted that air drawn through the opening 5 
in the casing member 50 to feed the up-draft 
created by the flame from the furner 42 passes : 
over and removes heat from greater portions of 
the thermocouples adjacent the cold junctions 
thereof than in the first described embodiment. 
This is made possible without increasing the 
over-all dimension of the casing member 50 by : 
turning or curling the cold junctions aS shown 
in Figure 4. The current of air paSSing 
through the opening 5 into the interior of the 
casing member 50 is directed upwardly through 
the central aperture in the shielding unit 44. 
As the current passes through the central aper 
ture additional air is fed thereinto through the 
air passage 48. As the air is discharged from 
the central aperture it is deflected outwardly so 
as to bathe and remove heat from the portions 
of the thermocouples immediately above the 
shielding member 44. Thus the interior of the 
shielding unit as well as the intermediate and 
cold junction portions of the couples are cooled 
by air currents set in motion by the thermopile 
fame. 

It will be apparent from the foregoing that 
herein is provided an improved thermoelectric 
generator wherein means are provided for main 
taining the hot junctions thereof at a Substan 

6 w 
tially constant temperature during operation of 
the device regardless of fluctuation in the thermo 
ple flame caused by variations of pressure in the 
fuel supply. Moreover, upon extinguishment of 

10 

the thermopile flame, the hot junctions of theim 
proved device may quickly cool to a temperature 
substantially the same as that of the cold junc 
tions, 

It will also be apparent that various changes 
in construction and design may be made without 
departing from the spirit or scope of the inven 
tion. Accordingly, the patent granted hereon is 
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not to be limited to the precise embodiments 
here shown or in any other manner except as may 
be necessitated by the terminology of the ap 
pended claims when given the range of equiva 
lents to which they may be entitled. 

I claim as my invention: 
1. In a thermoelectric generator adapted to be 

used in conjunction with an energizing source of 
heat, a first group of thermocouples in spaced 
alignment, each of said thermocouples comprising 
an inverted Substantially U-shaped member, a 
Second group of substantially similar thermo 
couples telescoped within and spaced from said 
first aligned group, said thermocouples being 
electrically connected, the closed upper ends of 
said U-shaped thermocouples comprising the hot 
junctions and the open lower ends therof con 
prising the cold junctions, a protective sleeve 
positioned over the hot junction of each thermo 
couple and Secured thereto, a centrally apertured 
insulating member positioned intermediate said 
hot and cold junctions and providing means for 
maintaining said thermocouples in spaced apart 
alignment, the portions of said thermocouples 
beneath said insulating member being turned to 
form a plurality of loops, said insulating member 
and said thermocouples being positioned to pro 
vide heat generator receiving means intermediate 
Said insulating member and said hot junctions, 
a case Secured to Said insulating member and en 
closing Said cold junctions, said case being aper 
tured to provide a circulation of air over said cold 
junctions and upwardly through the centrally lo 
cated aperture of Said insulating member when 
the device is in operation, and a heat retaining 
protective member positioned above and spaced 
from said hot junctions. 

2. In a thermopile, a first group of thermo 
couples in spaced alignment, each of Said therno 
couples comprising an inverted substantially U 
shaped member, a Second group of substantially 
similar thermocouples positioned within and 
spaced from the thermocouples of Said first 
group, said thermocouples being electrically con 
nected, the closed upper ends of said U-shaped 
thermocouples comprising the hot iunctions and 
the open lower ends thereof comprising the cold 
junctions, a centrally apertured insulating mem 
ber positioned intermediate said hot and said 
cold junctions, the portions of said thermo 
couples extending below said insulating member 
being turned to form a plurality of loops, an 
apertured member secured to said insulating 
member and encasing said cold junctions, the 
apertures in said encasing member and the aper 
ture in Said insulating member providing inlet 
and outlet means respectively for the passage of 
air over said cold junctions, and baffle means posi 
tioned above and below Said hot junctions and 
spaced therefrom. 

3. In a thermoelectric generator adapted to be 
used in conjunction with an energizing source of 
heat, a plurality of electrically connected thermu 
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coupies, each of said thermocouples comprising 
an inverted substantially U-shaped member, the 
closed upper end of each U-shaped member com 
prising the hot junction and the spaced lower 
end thereof comprising the cold junction, a cen 
trally apertured heat insulating member posi 
tioned intermediate said hot and cold junctions, 
the portions of said thermocouples beneath said 
heat insulating member being turned to form a 
plurality of loops, heat generator receiving means 
formed within said U-shaped members and inter 
mediate said insulating member and said hot 
junctions, shielding means positioned beneath 
and above said hot junctions and spaced there 
from, an apertured member secured to said heat 
insulating member and encasing Said cold junc 
tions, and means formed by the apertures of said 
encasing member and said heat insulating men 
ber for directing air Over said looped cold junc 
tions. . 

4. In a thermoelectric generator, a plurality of 
electrically connected thermocouples, each of 
said thermocouples comprising an inverted Sub 
stantially U-shaped member, the closed upper 
end of said member comprising a hot junction 
and the spaced lower end thereof comprising a 
cold junction, means interposed between said hot 
and cold junctions for protecting said cold junct 
tions from heat applied to said hot junctions, said 
cold junctions being curled to form a plurality of 
loops, a member encasing Said loops, openings in 
said encasing member permitting the passage of 
air therethrough and over said loops, means for 
directing heated air from said loops and toward 
said hot junctions, heat generator receiving 
means formed within Said U-shaped members 
and intermediate said hot junctions and said 
protecting means, and means preventing the 
rapid passage of heat from said hot junctions 
when the generator is in operation. 

5. In a thermoelectric generator adapted to be 
used in conjunction with an energizing source of 
heat, a plurality of electrically connected ther 
mocouples, each of said thermocouples compris 
ing an inverted substantially U-shaped member, 
the closed upper end of each member comprising 
the hot junction and the open lower end Com 
prising the cold junction thereof, heat insulating 
means positioned intermediate said hot and cold 
junctions, the portions of said thermocouples be-, 
neath said heat insulating means being turned to 
form a plurality of loops, heat generator receive 

ring means formed intermediate said insulating 
means and the hot junctions of said thermo 
couples, and a heat retaining protective member 
positioned above and Spaced from Said hot junc 
tions. 
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6. In a thermoelectric generator adapted to be 
used in conjunction with an energizing Source of 
heat, a plurality of electrically connected ther 
mocouples, each of Said thermocouples compris 
ing an inverted substantially U-shaped member, 
the closed upper end of each member comprising 
the hot junction and the open lower end COm 
prising the cold junction thereof, heat insulating 
means positioned intermediate said hot and cold 
junctions, the portions of said thermocouples be 
neath said heat insulating means being curled to 
form a plurality of loops, heat generator receiv 
ing means formed intermediate said insulating 
means and the hot junctions of said thermo 
couples, shielding means positioned closely adja 
cent and beneath said hot junctions, and a heat 
retaining protective member positioned above 
and spaced from said hot junctions. 
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8 
7. In a thermoelectric generator adapted to be 

used in conjunction with an energizing flame, a 
plurality of thermocouples, each of said thermo 
couples comprising an inverted substantially U 
shaped member, the closed upper end of each 
member comprising the hot junction and the 
open lower end thereof comprising the cold junc 
tion, heat insulating means positioned between 
said hot and said cold junctions, the portions of 
said thermocouples oelow said heat insulating 
means turned upon themselves and spaced there 
from to form a plurality of loops, said cold junc 
tions being electrically connected, and flame de 
flecting means positioned beneath said hot junc 
tions, 

8. In a thermopile adapted to be used in cons 
junction with an energizing flame, a plurality of 
electrically connected thermocouples, each of . 
said thermocouples comprising an inverted sub 
stantially U-shaped member, the closed end of 
said U-shaped member comprising the hot unc 
tion and the open end the cold junction thereof, 
a flame deflecting member positioned beneath 
said hot junctions and Spaced therefrom, and a 
heat retaining member positioned closely above 
said hot junctions. 

9. In a thernopile adapted to be used in con 
junction with an energizing flame, a plurality of 
electrically connected thermocouples, each of 
said thermocouples comprising an inverted sub 
stantially U-shaped member, the closed end of 
said member comprising the hot junction and the 
open end thereof the cold junction, a centrally 
apertured heat insulating member positioned in 
termediate the hot and cold junctions of said 
thermopile, said aperture being disposed to per 
mit the passage of air between said cold junc 
tions and toward said hot junctions, a flame de 
flecting member positioned beneath said hot 
junctions and spaced therefrom, and a heat re 
taining member positioned closely, above said hot 
'junctions. 

10. In a thermoelectric generator, a first-group 
of thermocouples in spaced alignment, each of 
said thermocouples comprising an inverted Subr 
stantially U-shaped member, a second group of 
substantially similar thermocouples telescoped 
within and spaced from Said first aligned group, 
heat deflecting means interposed between the 
open and closed ends of said inverted U-shaped 
thermocouples, and a baffle plate positioned be 
neath the closed ends of said inverted U-shaped 
thermocouples. 

1. In a thermoeleetric generator, a first group 
of thermocouples in spaced alignment, each of 
said thermocouples comprising an inverted sub 
stantially U-shaped member having hot and cold 
junctions, a second group of substantially similar 
thermocouples telescoped within, and spaced 
from said first group, the thermocouples of said 
first and said second groups being electrically 
connected, and means producing a relatively high 
heat conduction resistance between the hot and 
cold junctions of said thermocouples. 

12. In a thermoelectric generator, a first group 
of thermocouples having hot and cold junctions 
positioned in spaced alignment, each of said 
thermocouples comprising an open end loop, a 
second group of similarly shaped thermocouples 
positioned within and spaced from Said Second 
group, heat shielding means interposed inter 
mediate said hot and cold junctions and provid 
ing means for maintaining said thermocouples 
electrically insulated one from another, and 
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means for electrically connecting said thermo 
couples One to another. 

3. In a thermoelectric generator, a first group 
of thermocouples disposed in spaced alignment, 
each of said thermocouples comprising a pair of 
wires of dissimilar thermoelectric characteristics 
joined to provide hot junctions, the remainder 
of said wires being spaced apart and terminating 
in cold junctions, a second group of similar ther 
mocouples telescoped within and spaced from 
said first group and disposed with their hot junc 
tions on a plane below the hot junctions of said 
first group, and means electrically connecting 
said first and said second groups of thermo 
Couples. 

14. In a thermoelectric generator to be used 
in conjunction with an energizing flame, a ther 
mocouple, said thermocouple comprising an in 
verted substantially U-shaped member, the 
closed end of said U-shaped member comprising 
the hot junction and the open end thereof com 
prising the cold junctions, heat insulating means 
positioned on said thermocouple intermediate 
said hot and cold junctions, means for cooling 
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the interior of Said heat insulating means, and ges 
protective baffle means positioned above and 
below said hot junction and spaced therefrom. 

15. In a thermoelectric generator, a first group 
of thermocouples in spaced alignment, each of 
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said thermocouples comprising an inverted sub 
stantially U-shaped member having hot and cold 
junctions, and a second group of substantially 
similar thermocouples telescoped within and 
spaced from said first group, the thermocouples 
of said first and second groups being electrically 
connected. 

SONEY K. M.A.K. 
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