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METHOD AND APPARATUS FOR CONVERTING
HEAT DIRECTLY TO ELECTRICITY

Henry L. Imelmann,
Thermo Power,
tion of Illinois

Applicaﬁon September 1, 1953, Serial No. 371,766
3 Claims.  (ClL 136—4)

Axlington Heights, IIl., assignor to
Inc., Franklin Park, ., a corpora-

The present invention relates to a method and ap-
paratus for converting heat directly to electricity by a
new prccess which might be considered substantially the
reverse of the conventional electric heating process, and,
specifically, to a fuel cell defining a practical device for
converting heat directly to electrical energy without the
necessity of any movable or rotatable parts or the like.

Eleciric heating has been extensively used for many
years in hundreds of applications in homes, industry
and the like. Perhaps one of the best known applica-
tions is electric cooking, where upon supplying an elec-
trical potential to the terminals of a resistance element
electrical energy is converted- directly to heat energy.
‘The commonly used electrical potential is an alternating
current potential, but, obviously, a direct. current poten-
tial would work equally well for electric heating. I
have discovered that this process of electric heating is
reversible, and by applying heat to a resistance element
direct conversion to electricity -can be accomplished.
The electrical energy obtained in this way is a direct
current' electrical energy. There have been, for many
years, attempts to convert heat directly to electricity
which have been broadly termed thermoelectric gen-
erators, and the present invention could also be termed
a thermoelectric - generator, although I prefer to term
it a fuel cell or resistance generator. In general, such
prior thermoeleciric generators have depended upon the
thermoelectric effect which was discovered in the first
quarter of the nineteenth century by Seebeck. -Seebeck
discovered- that if the two junctions in a closed circuit
defined by two dissimilar materials were maintained at
different temperatures, ‘a steady electric current would
fiow in the closed circuit.  The electromotive force caus-
ing the currents to flow in the Seebeck arrangement was
found to be proportional to the temperature difference
between the two junctions, and a function also of the
materials making up the circnit commonly referred to
as a thermocouple. In the. years since Seebeck’s dis-
covery there have been numerous attempts to generate
electricity -directly from' heat using the thermocouple
principle. However, none of these numerous -attempts
have been successful, and prior to the present invention
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no practical thermoelectric’ generator using the thermo-

couple principle has been commercially successful be-
cause of the very small currents produced and the low
efficiencies obtained. * The  thermocouple principle has
been extensively used commercially only in the field of
temperature measurement. ' ]

It is my belief that some phases of the thermocouple
principle have not been fully understood, and that, acta-
ally, there are some misconceptions which have pre-
cluded successful thermoelectric generators from having
been produced. Consequently, although there is some
similarity between the present invention and prior ar-
rangements, I prefer to consider the present invention
as not embodying ‘the thermocouple principle, but as
embodying the reverse of the principle-involved in re-
sistance heating. In order to- provide a complete. un-

60

65

70

2

derstanding of the present invention, however, it will
be necessary to keep in mind the thermocouple principle.
in the ensuing discussion the relationship between the

. present invention and thermocouple generators -which

have been described heretofore will become apparent.

At the outset I have found that current can be gen-
erated in a resistance element by applying heat to one
segment of the resistance element, and the magnitude
of the current will be determined by the ohmic resist-
ance of the resistance element. The voltage across the
resistance element will be determined by the material
from which the resistance element is made as well as
the material of which the terminal connected to the hot
end -of the resistance element is made, and will also
depend upon the temperature differential between the
ends of the resistance element. For idea] conditions
with certain configurations of the resistance element the
hottest portion of the resistance element should be the
one-end connected to the above-mentioned terminal, and
the other terminal of the resistance element should. be
the point thereon beyond which no heat is conducted
from the hottest portion thereof. It is true that when-
ever terminals are applied to such resistance element a
dissimilar - material enters the picture, and there is 2
tendency then to comsider that a thermocouple exists
involving the thermocouple principle. In the ensuing
description numerous references to the prior art thermo-
couple type generators are made in order to aid in un-
derstanding the present invention, even though it is be-
lieved that applicant’s invention is concerned with a prin-
ciple analogous to the reverse of the principle involved
in the process of electric heating.

The literature is replete with articles on - proposed
thermoelectric. generators with varying efficiencies, some
writers contending that efficiéncies in excess of 80%
are possible, and others contending that efficiencies above
2% or 3% are not cbtainable with materials presently
known. The thermocouple itself upon which such prior
art devices are. alleged to be based is notoriously in-
efficient, even when operating at the highest allowable
temperature difference. The conclusion generally ar-
rived at by investigators in this field is that the problem
of producing thermoelectric generators with efficiencies
higher than a few percent can be solved only by finding
new materials of high thermoelectric power and low
specific electric resistance, or, in other words, high elec-
tric conductivity and low ‘specific heat conductivity.
Everyone working in this field heretofore has concluded
that such materials presently are not available, and no
practical thermoelectric generator employing the ther-
mocouple principle has consequently been available on
the market. The reasons generally given for the in-
efficient operation of prior thermoelectric generators of:
this type have been tied ‘up with the fact that materials
of low heat conductivity are usually also materials of
low electrical conductivity, and, moreover, because of
this, great difficulties have been encountered in main-
taining a substantial difference in temperature between
the so-called hot and cold junctions of such thermo-
eleciric generators. I have discovered an arrangement
using materials of the same type as in prior thermocouple
generators, which, based upon a principle analogous to
the reverse of electric heating, provides an efficient gen-
erator of electricity which, for want of a better term,
might be called a resistance generator.

It would be desirable, therefore, to provide a genera-
tor employing presently known materials for producing
a high electric current ‘output having an efficiency com-
parable with that of presently known means of generat-
ing electricity and far in excess of anything heretofore
considered in the thermoelectric generator field. I have
discovered that such a fuel cell or resistance generator is
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practical in efficiencies greatly in excess of 2% or 3%,
and, in fact, in efficiencies in excess of 50% which will
produce outputs comparable from the standpoint of
voltage and current with literally thousands of applica-
tions where other means of generating electricity are
employed. ) . )

In the field of thermoelectricity, Lord Kelvin, in the
nineteenth century, discovered -what has come to be
known as the Thomson effect. He showed that if there
was a temperature gradient along a metallic conductor,
it was accompanied by a small voltage gradient whose
magnitude and direction depended upon the particular
metal. It is believed that in the resistance. generator in
the present invention an electric current is effectively
generated in a single resistance material due. to the tem-
perature. gradient. along this single material by heating
one segment thereof. It is true that electric terminals
connected. to this single Tesistance material effectively
provide a junction, but thesé. terminals may be considered
as_part of the external circuit. The fact that a junction
is ‘present erroneously leads one. to conclude that the
thermocouple principle “is involved, when, actually, it
is not. A thermocouple always requires two junctions,
a hot and a cold juncticn. . With the present invention
a cold junction is not required, and the material of which
the other terminal is madé makes no difference, since it
merely serves as a conducting path. A resistance ele-
ment formed of a length of constantan with copper
terminals at eéach end can havé its current cutput greatly
changed merely by changing the length or cross-sectional
area of the constantan. Effectively, therefore, the con-
stantan may be considered as the generator of the cur-
rent, with ‘the copper terminals comprising part of the
external circuit. oo :

" Prior to the present invention no one was able to
convert heat directly to current with a single element
‘and obtain currents of any magnitude. In-fact, there is
nothing in the prior art indicating that currents in excess
of several amperes, and certainly not in excess of five
amperes, were ever obtained by direct conversion of heat
energy to-electrical energy in a single cell. One of the:
common statements appearing in most of the literature
‘relative to so-called thermocouple -generators is to the
effect' that “as’ generators- of electric’ currents -thermo-
couples have little use-owing to their small e. m. f..
and their comparatively high"internal resistance.” The
reason for such low current generation apparently re-
sides in the alleged problem of keeping the cold junction
cold, which problem is mentioned as being insurmount-
able in all the literature -except at the expense- of ef-
ficiency. Thus, the hot and cold junctions were separated
‘substantial distances. Obviously, the ohmic resistance
of the thermocouple increases substantially as the dis-
-tance between the hot and cold junctions is increased,
since the ohmic -resistance of a: conductor increases in

-accordance with the following well-known expression:
1
B=r

where R is the resistance in ohms, [ is the length in
centimeters, a is the cross-sectional area in square centi-
meters, and p is the resistivity in ohm centimeters. With
such well-known thermocouple materials as iron (p=10),
‘copper (p=1.7), constantan (p=49), and Chromel
(p=100), it will be apparent. that a substantial increase
in internal ohmic resistance of the thermocouple ele-
‘ment will occur as the distance between junctions is
increased. To obtain any current output,. therefore, it
was necessary to increase the cross-scctional area, which
required a greatly increased mass at the hot junction to
be heated. I have discovered that there is-a fallacy in
the heretofore accepted premise that to maintain a tem-
perature differential between the two ends of a material
such as the hot and cold junctions of a thermozouple
‘they must_be spaced a substantial distance. apart. 1
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have found that constantan in short lengths of less than
"an inch and of small diameter can have one end heated
to 1500° F., and the other end will remain at room
temperature. Thus, by using short lengths of material,
the current fiowing in a resistance element is greatly in-
creased. I have been able with a single resistance ele-
ment, solely by maintaining a temperature gradient along
said element, to produce currents of the order of one
hundred amperes with a relatively high veltage based
cn a substantial temperature gradient as well as on the
particular materials employed. '

Tt can be shown that if a short length of resistance
material is provided with a substantial restriction in
cross-sectional area for but a very small fraction of the
length thereof, a substantial temperature differential can
be majntained between the ends of the material without
affecting the over-all electrical resistance, which will
remain substantially unchanged. In other words, the
thermal conductivity:througli this material will be greatly
decreased. - A great reduction in cross-sectional * area,
even though infinitely short, will greatly decrease therinal
.conductivity, but if very-short will have little effect on
electrical conductivity, since the ‘over-all resistence of
‘an eléctrical conductor is equal to the sum of the re-
sistarices of successive lengths thereof. Thus, if there is
included a -section of very -small cross section but in-
finitely short, it will have little effect on the over-all re-
-sistance. - Although in prior -art thermoelectric generator
disclosures’ the use. of restrictions to reduce thermal
_conductivity was suggested, these restrictions were of such
length as to -greatly impair electrical conductivity. and,
hence; reduce current oufput to:an impractically low
value for power purposes. It would be desirable to.em-
ploy this feature to provide a greatly increased current
.output ffom- a single thermocouple element.. .

It will be appreciated that there are numerous appli-
_cations requiring a source of energy which. are presently
.supplied - from - internal combustion engines or. similar
means which are notoriously inefficient and have numer-
ous - disadvantages with respect to noise, ingving parts
and the like. It would be desirable to provide an ar-
rangement for generating electricity useful for numercus
power ‘applications in which a. source of heat such as
might be obtained from natural or manufactured gas,
or burning fuel of any nature can be converted directly
to _electricity  which can be used in the conventional
manner. ) ) .

- Accordingly, it.is an object of the present invention to
provide an improved process of converting heat directly
to electricity with great efficiency. )

It is another object of the present invention fo provide
.improved apparatus for converting heat directly to_elec-
“trical energy without the requirement of any movable
parts, and wherein such conversion will be accomplished
at an efficiency comparable with or in excess of the effi-
ciencies of conventional prime movers such as internal
combustion engines and the like.

1t is another object of the present invention to provide
a greatly improved and practical resistance generator
.with means for maintaining a substantial differential of
temperature between the two ends of the resistance ele-
.ment of the apparatus without expending any power other
than that required to heat a small portion thereof.

Tt is a further object of the present invention to provide
.a fuel cell which involves applying heat to a resistor ele-
ment including means for restricting the thermal con-
_duectivity of the resistor element without substantially im-
pairing the electrical conductivity.

1t is still.another object of the present invention to pro-
vide in a fuel cell employing a resistor, to a portion of
which heat is applied, -utilizing a configuration of the re-
_sistor wherein the electrical resistance is independent of
length thereof while the heat conductivity between two
portions of said resistor can be reduced to any desired
minimum by increasing the length thereof.

.. Another object of the present invention resides. in an
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improved arrangement of. parallel cennected fuel cells
in a thermoelectric generator to provide .a high current
output with a very high efficisncy. :

It is another object of the present invention to provide
a resistance generator in which with. a single resistance
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element currents in excess of five amperes can readily be

obtained with no problem of maintaining a temperature
differential between two different portions of said element.

Further objects and advantages of the present inven-
tion will become apparent as the following description
proceeds, and the features of novelty which characterize
the invention will be pointed. out with particularity in the
claims annexed to and forming a part of this specification.

For a better understanding of the present invention ref-
erence may be had to the accompanying drawings in
- which: .

Fig. 1 is a perspective view of a simple embodiment of
the present invention;

Fig. 2 is a perspective view illustrating another embodi-
ment of the present invention; :

Fig. 3 is a top plan view, partly in section, of Fig. 2,
assuming that the apparatus of Fig. 2 comprises only a
single generator element rather than several connected in
series; :

Fig. 4 is a sectional view taken on line 4—4 of Fig. 3;

Fig. 5 is an enlarged ‘sectional view of a portion of
Fig. 2 taken substantially on line 535 of Fig. 2;

Fig. 6 is a somewhat schematic view of an arrangement
to aid in understanding the embodiment of Fig. 2;

Fig. 7 is a perspective view illustrating another em-
bodiment of the present invention;

Fig. 8 is an end view of a
shown in Fig. 7; .

Fig. 9 is a greatly enlarged sectional view taken on line
9—9 of Fig. 7;

Fig. 10 is another greatly enlarged sectional view taken
on line 10—16 of Fig. 7;

Fig. 11 is a plan view of one lamination of the device
of Fig. 7; )

Fig. 12 is a plan view of -insulating members utilized
in the arrangement shown in Fig. 7;

Fig. 13 is a perspective view of another modification
of the present invention;

Fig. 14 is a side elevational view, partly in section, of
Fig. 13 with the portion in section taken substantially on
line 14—14 of Fig. 15; :

Fig. 15 is a sectional view taken on line 15--15 of Fig.
14, assuming that Fig. 14 shows the complete structure;

Fig. 16 is a top plan view, partly in section, of a por-
tion of Fig. 13; : ) :

Fig. 17 is a sectional view taken on line 17—17 of
Fig. 16, assuming that Fig. 16 shows the complete struc-
ture; - .
Fig. 18 is a greatly enlarged perspective view of a
portion of Fig. 13;

Fig. 19 is a greatly enlarged perspective view of an-
other portion. of Fig. 13; and :

Fig. 20 is a2 somewhat schematic
view of a modification of Fig. 2. )

The present invention is primarily concerned with an
arrangement in which a resistance element is connected
in an electric circuit and means are provided to heat a
portion of said resistance element to maintain 2 tempera-
ture differential between different portions thereof where-
by a potential difference will exist causing a current to
flow in said electric circuit. Means are provided for main-
taining only a minimum portion of the resistance element
at a high temperature sufficient to set up the voltage. It
will be understood that as far as the present invention is
concerned the resistance material may comprise con-
stantan, iron, Chromel, or numerous other materials, pref-
erably resistance materials which are outside the so-called
precious metal class.

It is recognized that only a very few types of thermo-
electric generators have reached the production stage,
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The best known commercially produced apparatus is.
Giilcher’s gas' heated thermoelectric -generator with an
over-all efficiency of one-half of 1%. The early efforts
at making thermoelectric generators have been sum-
marized in book form by Peters, in 1908, in “Thermo-
elemente und Thermosiulen.” :Essentially, the fuel cell
or resistance generator of the present invention consists
of a single resistance element or a number of elements
which are -identical except perhaps for the material ‘of
which they are made. The thermal efficiency is not in-
fluenced by the number of clements involved, and it is.
"possible to combine. such resistance. elements in series
and parallel to obtain the desired currents and voltages.
Preferably, it is desirable to determine the necessary out-
put current and design single elements producing this cur-
rent, and then combine them in series to obtain the de-
sired output voltage. It is also preferable that the physi-
cal properties of the materials employed do not change
during operation. The resistance generator requires ter-
minals at the ends of the resistance material generally
formed of copper. Thus, there are provided two dissimi-
lar materials, i. e., the resistor material and one of the
copper leads or terminals, thereby effectively defining the
hot junction of thermocouple terminology. The hot
junction requires welding or copper brazing or the like,
and' it should be free of any additional electrical resist-
ance, since from the following discussion it will be ap-
parent that maintaining the electrical resistance of the
fuel cell at a minimum is essential. It will be apparent
at once that the hot junction cannot be operated above a
certain temperature limited by the melting points of the
materials making up the fuel cell. Heretofore it has been
established that because of the irreversible heat conduc-
tion occurring in any material, a considerable amount of
heat is conducted away from the hot junction, and it
was felt that this energy had to be removed by suitable-
cooling.. I have discovered, however, that in all mate--
rials there is a point along the length thereof beyond.
which heat applied to one end will not travel, This can.
readily be demonstrated by inserting the end of an elon--
gated piece of material such as iron or constantan into:
a flame or other heat source to raise the temperature there--
of substantially. It will be found that under these condi-
tions the other end of this material will remain at a rela--
tively low constant temperature with no external cooling
required. I have, moreover, discovered an arrangement
for obtaining a minimum electrical resistance while per-
mitting -at the same time any desired distance between
the hot and cold portions of the resistance element, and,
consequently, insuring any desired temperature differen-
tial limited only by the materials involved.

Referring now to Fig. 1 of the drawings, there is illus-
trated one embodiment: of the present invention which
might be termed a very simple fuel cell or resistance gen-
erator, designated generally by the reference numeral 22.
As illustrated, this fuel cell comprises, a resistance ele-
ment generally designated by the reference numera] 23,
and comprising three sections: a first short section 23a
of one cross-sectional area, a very. short section 235 of
a very small cross-sectional ‘area, and a third and longer
section 23¢ of the same cross-sectional area as 23a. The.
resistance material 23 might comprise constantan,
Chromel, iron, or any of the materials commonly asso- -
ciated with thermoelectricity. . Connected to the ends of
the resistance element 23 are a pair of terminals 24 and
25, respectively. These terminals are preferably copper,
which is a conventional terminal material. It will be
apparent that there is, therefore, provided between the
end of the resistance material 23 comprising the section
23a and the terminal 24 a junction which may be termed
a hot junction, and is designated in Fig. 1 of the draw-
ings by the reference numeral 26. Preferably, the ter-
minal 24 is welded, copper brazed or otherwise suitably
secured 1o the resistance element 23 to define the hot
junction 26, while the terminal 25 may be connected by
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any stitable means such-as silver solder or the' like ‘with* "
the element: 23.“A -load -circuit, generally designated as -

27, is illustrated as being connected across: the’ terminals -

24 and 25.- A-suitable source.of heat for heating a por-
tion of the resistance conductor 23 is schematically illus-
trateéd as a burner 28, having the flame 29 engaging the
resistance element’ 23 at a point adjacent the hot junc-
tion 26. ’

The fuel cell 22 is so termed. because it-converts-a com-

bustible fuel and the heat energy contained ‘therein to elec--

tricity and, hence, based upon-the analogy of the dry-cell,

10

the term “fuel’ cell”-is-applied to the apparatus shown-in -

Fig. 1 of the drawings:-

1t will-be apparent that the portion-23b-of the resistance -

conductor 23 defines a restriction or notch’ 30-in the eles’

ment 23. In accordance with the present invention, this
restriction or notch-30 is of véry short length, preferably

of the order of several thousandths of aninch; and not.in -

excess of ten-thousandths of an-inch:* If the resistance

23 is: constantan and the' portion of the resistance element-

23 at the junction 26 is heated to a temperature of 1500

F. while the other end of the ‘resistance-element 23 re--

mains at room temperature, a potential will appear-across
the terminals- 24 and 25 of the-order of .05-of -a volt
(assiming terminal 24 is formed of copper); and a cur-
rent will ‘flow in the load-circuit 27. By making the
resistaiice ‘of the resistance.element 23 very low,-very
high currents of ‘between-ten and one hundred amperes
can readily be obtained with the simple fuel cell 22 of Fig.
1, which is many times-higher ‘than was obtainable here-
tofore. If the: resistance element 23 were made of No.

30

14 constantan wire, which:‘has-a diameter -of- .064 inch

and a resistance of .006 ‘ohm’ per inch, a current of ten
amperes will flow if the conductor length is one inch, as-
suming the load impedance is negligible, and further as-
suming that the section 235 adds a negligible resistance, as
will be shown hereinafter: - If the resistance element 23
were reduced to one-half inch in length, theoretically the
current would be -doubled.” Obviously, with & resistance

element of larger diameter the current theoretically .can-

be greatly increased. :
It will be ‘appreciated-that the notch-or restriction 30

clearly decreases-thermal conductivity between the two-
terminals of the fuel-cell 22 and has very little -effect on -

the electrical resistance. For example, if- the section 23b
were reduced to a diameter-of .032 inch, which would be
the" equivalent of a No. 20 wire; its resistance, if made of

constantan, would -be .024 ohm per-inch. If the length

of the portion-23b were five-thousandths. of an inch, the
resistance of ‘that section” would-be ..00012 ohm: Ob-
viously, if this low resistance is added.to the resistance
of the remainder-of resistance element 23, which for a
one-inch length ‘would have a résistance of .006 ohm, the
increase . in - resistance -would: be- negligible. ' However,
since the-cross-sectional area has’ been-reduced by a quar-
ter, the conductivity: of heat from: the terminal 24 of the
fuel cell22 to the terminal 25 is reduced fourfold. Thus,
it will be ‘apparent that with:a simple fuel-cell 22, a very
high direct:current can be obtained by directly. converting
heat-to electricity without the requirement of any mov-
ing parts. or-the like. The fuel cell of Fig. 2 is very
analogous to. other well-known cells. such: as the dry cell,
the -storage battery and the like." Like the dry cell, for
example, the voltage output is a function of the materials
employed. in the cell. -As was stated -above, the presence
of a terminal of a different material is essential to set up
the voltage, and the currentis generated in the resistance
element 23, the magnitude of which resistance. will deter-
mine the magnitude. of the current which will flow.
Although there has been illustrated the provision of a
restriction 30, it will be apparent that: the inherent re-
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sistance of the material from which the resistance. element -
23is made to heat flow. or .thermal conduction- may- be.

sufficient so .that “the .restriction 30 may be dispensed
with. o ) - .
As was pointéd out above,”many writers have recog-
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nized insofar-as thermocouple - generators are-concerned,
that if a-material ‘were ‘available: which was-a’ poor heat -
conductor but a good conductor of electricity, and which
was- also.capable” of use‘to produce a voltage by virtue
of the thermoelectric effect, that an efficient thermoelec-
tric” generator -could be produced.. Every writer, how-
ever, has also recognized that no such material was avail-
able. I -have discovered that such material ‘has ‘been
available all along but has not been appreciated, and, in
fact; that any of the well-known resistance materials con-
ventionaily usable in thermocouples will satisfy the re-
quirements when -used- in ‘a resistance generator in the
manner described - hereinafter. This is based primarily
upen- the fact-that a conductor such as a circular disk,

5 for example; can be shown to have an ohmic resistance

{rcm the center of the disk to the outer periphery which -
is independent of the- diameter ‘but dependent sclely: on
the resistivity of the material and the thickness-of the
disk. -This is also ‘substantially true  for a rectangular
sheet of material insofar as the resistance from a point-
at the center bf the material to a point at the outer pe-
riphery is- concerned. If the resistance from the center -
to the periphery of a-circular disk is independent of the
diameter, then it will imméediately be apparent that a
desired low resistance. can be obtained by proper choice
of material and thickness thereof, and at the same time
by providing the hot and cold terminals, respectively, at
the center and the extremity of the disk, the effective low
heat conductivity between these terminals can readily be-
obtained by producing sufficient space ‘between the cen-
ter of the disk and periphery, or; in other words; by -
increasing the disk diameter. - Obviously, restrictions may
also be employed to reduce thermal conductivity without
substantially impairing electrical conductivity. Effective-
ly, therefore, it will be appreciated that there has been
provided a configuration of material which is capable -of
having a very low resistance and-yet wherein, without:
affecting the resistance, the heat conductivity from the
center to the periphery can be controlled merely by in- -

9 creasing or decreasing the distance between the center

and the periphery. In Figs. 2 to 5 there has been il--
lustrated what might, for certain applications where very
high currents are necessary, be considered the preferred
embodiment of the present invention. As illustrated in
Fig. 2, a fuel cell 32 is described comprising a series of .
substantially complete disks 33, each including a resist- -
ance element arranged in a vertical stack. To distin-
guish the individual disks, each of which is illustrated
as being substantially identical in-shape, they are desig-
nated in Figs. 2 and 5 by the same reference numeral
but with a different subscript. Thus, in Fig. 2 there are
illustrated a plurality -of disks 33a, 335, 33c, 33d, etc.,
disposed in spaced parallel relationship. The construc- -
tion of an individual disk is best shown in Figs. 3 and 4.
Each disk comprises one terminal in the form of an an-
nular center section 34 of a good conductor such as cop-
per. In the event the fuel cell comprises a single disk,
the section 34 will have an integral extension 35 defining
a terminal conmecting portion. In a stack comprising a
plurality of disks 33 as shown in Fig. 2, at least one disk
33 will have a terminal connecting portion 35. The an-
nular terminal member 34 is preferably of small diameter
sufficient only to permit a suitable conduijt 36 or source
of fuel or other combustible material to extend through .
the central opening 37 thereof.

In accordance with the present invention, each disk 33
is effectively a fuel cell having a main resistance portion
38 of constantan, Chromel, or any other suitable resist- -
ance material. This resistance portion 38 of each disk
33 is joined to the annular copper terminal 34 as by cop-
per brazing or the like, effectively to define what might
be termed the hot junction 39.

To provide the other terminal of the fusl cell defined -
by each plate 33, there is provided a conductor 40 around.
the ~periphery “of “the portion 38 and - suitably- joined
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thereto to define a circular junction 41.. The terminal
portions' 34 and 40 and the main - resistance . portion
38 of each disk 33 are preerably defined in a single
plane, as shown in Fig. 4, and may be manufactured as
suitable stampings. The portions 34 and 38 are prefer-
ably brazed to define the hot. junction - 39, while the
portions 38 and 40 are silver soldered or otherwise suit-
ably electrically connected to défine the junction 41.

As illustrated in the drawings, disks 33 are each pro-
vided with a segmental notch 43 to accommodate the
terminal connecting portion 35 if it is to be brought out
in the plane of the disk. It will be apparent, however,
that where a stack of disks are employed such as in
Fig. 2 where the resistance portion 38 of alternate disks
is of different material, ‘as described - hereinafter, the
terminals 35 are not necessary and preferably complete
circular disks will be employed. In fact even the end
disk having terminal ‘35 can be a .circular disk if the
terminal 35 need not be in the plane of the disk. Where
a single disk is employed, as shown in Fig. 4 of the draw-
ings, a suitable terminal connecting portion 44 will be
connected to the terminal or peripheral conductor 40,
and a suitable load circuit can be connected across the
conductors 35 and 44. ‘Where a stack of disks 33 are
employed as in Fig. 2, the conductor 44 is connected to
the disk at the opposite end of the stack from the disk
having the terminal 35. .

For the purpose of heating a portion of the resistance
element 38 of each disk 33 adjacent the annular ter-
minal 34, the conduit 36 referred to above is provided
which may have suitable orifices or elongated slots 45 to
supply a flame and heat to the annular portions 34 and,
hence, the inner peripheries of the. resistance elements
38. The conduit 36 may be connected 10 a source of

- fuel through suitable control means, as described in con-

nection with other embodiments of the present invention.

Considering the single disk 33 of Figs. 3 and 4, it can
be shown that the resistance between. the terminals 34
and 46 can be made very, very low by choosing the
proper thickness of the disk 33. At the same the heat
conductivity from the inner periphery to the outer periph-
ery of the resistance element 38 can be maintained at
any value by merely increasing the spacing therebetween
or, in other words, increasing the diameter of the disk 33.
Obviously, if the disk is made of a very large diameter,
no temperature -change will .occur at the cold junction
41 by virtue of any temperature increase at the hot junc-
tion 39. I have found, as a practical matter, that with
relatively small diameters of the disk 33 of the order of
three or four inches, the hot junction 39 may be main-
tained at 1500° F., for example, and the cold junction
41 will remain at room temperature.

Suitable restrictions in the form of narrow .slits 47
may be provided in the plates 33 in the portion 38 closely
adjacent to the hot junction 39.  These slits 47 may be
obtained merely by piercing the plate without removing
any material therefrom. They will greatly reduce ther-
mal conductivity and, hence, permit using disks 33 of
very small diameter. ‘

The fact that a circular disk'will have a resistance
from the center to the periphery thereof which is inde-
pendent of the diameter of the disk can readily be proved
mathematically. It will be noted that for a constant
disk thickness as the length of the current path. is in-
creased, which is accomplished by increasing the diam-
eter of the disk, the effective cross-sectional area of the
current path is also increased. Both of these param-
eters appear in the resistance equation set forth above
and with.a disk of constant thickness they both appear
as a first power, one directly and the other inversely.
Thus, they neutralize each other so that resistance is
independent of diameter. With:the arrangement in Figs.
3 and 4, therefore, a very high current can be obtsined
with a single element such as.is shown in Fig. 3, and by
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connecting a large number of elements in series the de--
sired voltage may be obtained. - ,

The disks 33 may be connected in series in several dif-
ferent ways. If alternate disks have the resistance ele-
ments thereof formed of different materials so that the
current flows in opposite directions in alternate disks,
then a simple arrangement  for obtaining series connec-
tion of the disks, as shown in Figs. 2 and 5, can be uti-
lized. If the disks are all formed: of the same material,
then the arrangement of Fig. 20 for connecting them in ‘
series must be utilized. In Figs. 2 and § it is assumed
that disks 33a, 33¢, etc., have the portions 38 thereof
formed of constantan, while the disks 33b, 33d, etc.,
bave the portions 38 thereof formed of Chromel. These
particular materials have such characteristics as to cause
carrent flow in opposite directions when the hot junc-
tions 39 are subjected to heating. Obviously, any other
two materials having this opposite characteristic may be
employed instead of Chromel and constantan, which are
cited by way of example only. On the assumption that
alternate disks 33 of Figs. 2 and 5. are formed of differ-
ent resistance materials, it may be observed that the cor-
responding terminals of two adjacent disks or plates 33
will be insulated from each other, while the other cor-
responding - terminals are electrically interconnected
thereby to connect adjacent plates in series to produce
increased voltage output depending upon -the number of
plates or disks 33 connected in series. As illustrated,
alternate adjacent terminals 34 are electrically intercon-
nected and the other alternate adjacent terminals 34 are
insulated from each other. Likewise, the peripheral ter-
minals 40 are alternately interconnected and insulated
from each other. This is best shown'in Fig. 5, where it
may be observed that between plates 334 and 335 the
terminals 34 are insulated from each other by an insulat-
ing spacer 48, Between these same plates, however, the
terminals 40 are electrically interconnected, as by the
conducting spacer 49. On the other hand, a conducting
spacer 5@ is interposed between the terminals 34 of the
plates 33b and 33c. Between these same plates 335 and
33c there is provided an insulating spacer 51 to insulate
the terminals 40 thereof. In this manner successive disks
or plates 33 are connected in series, and a terminal con-
necting portion such as 44 will be connected to the bot-
tom disk in the stack of disks of Fig. 2. It will readily
be appreciated that complete disks can be employed with
even greater advantages than the notched disks illus-
trated.

Where the disks 33 are all formed of one material so
that current flow in all disks is in one direction, either
from the terminal 34 to the terminal 40, or vice versa,
the arrangement of Fig. 20 for connecting the disks in

- Series may be employed. As there illustrated, the ter-

55
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minal 40 of disk 33a is connected to the terminal 35 of
disk 335, the terminal 40 of disk 335 is connected to the
terminal 35 of the disk 33c, while the terminal 35 of
disk 33c is connected to the terminal 40 of the disk 334,
etc. The terminal 35 of disk 332 then becomes one ter-
minal of the series connected fuel cells, and the terminal
40 of the last of the stack of fuel cells becomes the

.other terminal.. It should be understood that Fig. 20

is a schematic representation, and the illustrated con-
nections between disks would be short low resistance
connections in’ an actual installation.

It may be appreciated that, effectively, a disk such as
33 comprises a very large number of individual resist-
ance elements connected in parallel, and this can best be
appreciated by ‘an examination of Fig. 6 of the drawings
where a plurality of resistance elements 55a, 55b, 55c,
554, 55e, 55f, 552, 55h, 55i, 55j, 55k, 55m, and 551 are
connected in parallel and are all arranged with their
common ends connected to an annular terminal 34 to
define a plurality of hot junctions 56 disposed around
the periphery of a tubular member 57 having a plurality
of orifices 58 so that a flame may be directed to heat

G
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the terminal -34, and, hencev,-fthe-ladjacent'ends- of the -

resistance elements 55. The -ends-of the -resistance ele-

ments- 55 remote from the ‘terminal -34 are-indicated-as .

being connected to an annular- conductor or terminal 59

which  is suitably: connected to a conductor 60: A com-

ductor- 61 is illustrated as connected to-the terminal- 34,

and-a‘load-circuit 62 is connected to conductors- 60 -and
61.: ‘As the number-of resistance elements:in the arrange-"

ment shown in Fig: 6 is increased,  one will -eventually ;10

arrive at a complete circular--disk’ with the maximum
current rating. :

“The operation of the-arrangement shown in Figs. 2 to -
5 will readily ‘be understood in view of -the detailed- de---
scription included above. It will, moreover, be apparent -

that-there has-been-provided an arrangement-in which

maximum- current is obtainable with a very simple con-
figuration. - The -advantages of the ‘present ‘invention are

15

obtainable’ even though only-‘a portion-of a‘circular disk -

is employed,-and-it willbe appreciated that-the ‘resist-

ance clement-of Fig: 1 is-effectively a portion of the disk-

20

resistancé element of Fig: 3. ‘One can obtain some of the -

substantial ‘benefits of ‘the present invention by employ-
ing only a small segment of the disk 33.* 1t will, further=

more, be appreciated fromthe above discussion that the -
desirable -characteristics-of - the- arrangement of Fig: 2

are to some-extent carried over -into arrangements such
as that-shown in Fig. 1 where instead of a disk or seg-
ment: of a disk only conductive wires -are employed.

This-is by virtue of the-fact that in any material or con--
ductor -there:is a-point-along the length thereof beyond
which heat will not be conducted when one end thereof-

is heated. .

25

30

In certain-applications of the present invention where -

maximum current is not a factor, numerous other -designs
of the fuel cell are available. In Figs. 7 to 12 of the
drawings there is disclosed an arrangement which per-

mits excellent heat control and which does not require -

a terminal connection at the hot end of the resistance
element.:

Referring now to Figs: 7 to 12 of the drawings, there-

is illustrated in Fig. 7 a gemerator designated by the ref-
erence numeral 76. This generator 78 is illustrated as
comprising a substantial number of identical units, each

comprising two resistance elements joined together to de--
fine a hot junction. These elements are specifically iltus-- 4

trated. as laminations 71.of somewhat symmetrical cen-

figuration, each lamination comprising a section- or cell
71a of one material, and a section or cell 71b of a-dif-"-

ferent: material, united as by copper brazing or the like
at a:junction .72. By using two different resistance ma-

terials for-each: lamination with current flow in-opposite -

directions in each .section relative to the hot -juncticn, it

44

=
(518

50

is readily. possible-to connect a plurality of laminations -

71, ‘each of which really comprises two cells, in series in
the manner of Figs. 2 and 5 of the drawings contrasted
with the arrangement of Fig. 20.. As.illustrated, these
laminations are of somewhat U-shaped-configuration with
the junction 72 .occurring at the bight of the U. . The
elements 7E can be defined as laminations; since in a
manufacturing’ operation they would. be manufactured
as laminations by a suitable punching operation or the
like. .- Preferably, the laminations have a configuration
best shown in Figs. 7 and 8 of the drawings, in which
the scction 71a terminates in a narrow neck portion 73
at one end therecf, which narrow neck portion is con-
nected to a semicircular disk 74. Similarly, the other

60

65

end. terminates in a restricted area portion 75 terminat- -

ing in a.small disk portion 76.. The section 71b has a
similar neck portion 77 of restricted cross section inte-

grally :connected with a semicircular disk 78. The semi--

circular disk poriions 74 and 78 when welded or brazed
togethier form: a circular disk having the junction 72 at
the united edges thereof. The other end of:the section

70-

71b’is connected by a narrow neck- portion 79 with the -

disk .88, the neck portions 75 and: 79 being identical, and

76

12
the disk:portions 76 and 8@ also being identical. It will
be appreciated-that if heat is applied to the junction 72,
a potential will appear across the. terminals76 and 89, and
if ‘connected to an electrical circuit-a current will' flow.
The potential at the disks' 76 and 89 will be dependent
upen the temperature différential between the junction 72
and the terminals 76 and 89, and will also be a function
of the particular materials of which- the sections 7iq -and
71b are formed. The direction of current- flow: will, of
course; ‘be dependent upon what the materials of section
73a and 71h comprise, but, in any event, it will be-a
direct current. The laminations 71 are formed to define
a central opening 81 to accommodate a suitable heat -
source generally designated by the reference numeral 82.
1t will be-understood that the source of heat-could be -
quite varied.  For example, electrical heating might be -
empioyed for heating the junction 72. Obviously, in a
practical application,’ electrical ‘heating will not be em-
ployed, since if a source of electrical energy is available, -
there- would be no point in converting it to heat and then
back to electrical energy. ~In a practical application the
source -of heat 82 ‘might' generally. comprise some sort
of fuel or combustible material. In the simplest applica-
tion, it might comprise mnatural or artificial gas, or it
might be a gasoline or kerosene jet. If gasoline is em-
ployed as the fuel; a suitable gas generaior, not shown,
will be incorporated in the gemerator: In a large power
plant, it might comprise other burning fuel such as coal
or the like:" As specifically illustrated in the drawings, the
source of ‘heat 82 ‘has-been shown as a tubular conduit
designated- by the-reference numeral 83 in Fig. 10 of the -
drawings; which- is ‘connected’ through a suitable valve’
84 'with~a source of gas or other suitable fuel supplied-
thereto by conduit 85. -As illustrated, the tube 83 is pro-
vided with a plurality of orifices 87, one positioned im-
mediately - adjacent the hot junction 72 of each of ths
laminations 71 employed in the apparatus 78. If the
apparatus 7¢ embodies -one -hundred laminations, then-:-
preferably the tube 83 will have one hundred orifices, -
each positioned' immediately- adjacent the corresponding
junction72. -If the laminations -are relatively thin, as -
described -héreinafter, the plurality of orifices might com-:*
prise an-elongated slot.- -As illustrated in the. drawings, =
the ¢onduit 83 is of circular cross section: It should:be
understood that any other' cross section, and perhaps a
cross section conforming to the opening designated by the
reference: numeral -81 between the sections 71¢ and 715 -
of the laminations 70 may be employed.. Suitable insula--:
tion 91 is provided between:the conduit 83 and the lami-2

nations:71. - .

It will. be understood that-each lamination 71, which
is effectively two cells;.comprises ‘a source of electrical
energy having a predetermined voltage determined by
the temperature. differential between the hot junction 72
and the ends 76 and 80, and the materials of which the
sections 7ia and 71b are formed. The current flow will
depend, of course, on Ohm’s law, which means that the
lower the resistance of this electrical circuit the higher
the current that will flow. The voltage obtainable at
the terminals of each resistance is independent of the
distance . between: the hot. junction and the terminals.
Obviously, the shorter the length of the materials in-
volved the lower the resistance. For the purpose of in-
creasing ‘the output voltage, a plurality of laminations
such as 71 may be connected in series, thus permitting
the building up of any desired voltage. The lamina-
tions 71 are admirably. suited for this type of ‘arrange-
ment; and, as illustrated, a plurality of laminations 71
arée stacked with interposed insulating laminations 92
of the -configuration shownin Fig. 12 of the drawings.
As -illustrated, a pair of insulating laminations 92 are -
shaped somewhat liké one of the laminations 71 already *
described, éxcept that semicircular or partial extensions
924 are provided at the ends of the insulating laminations -
adjacent the circular disks such as 76 or 80 of the lami- -

\
’



and 76f are insulated from each other.
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nations. 71. The insulating laminations 92, preferably
formed of mica or-other suitable insulation, are posi-
tioned between the laminations 71.

For the purpose” of ‘connecting the successive lamina-
tions 71-in series, alternate adjacent disks 76 are elec-
trically interconnected, as are also alternate adjacent
disks 86. ‘In a particular arrangement embodying the

present -invention, the laminations 71 had external di--

mensions of the order of one inch by one inch, -and &
thickness of fifteen-thousandths of an inch, while the in-
sulating' laminations 92 were formed of mica and had
a thickness of oné-thousandth of an inch. In this em-
bodiment ‘the sections 71a and 715 comprised, respec-
tively, Chromel and constantan. To complete the elec-
trical circuit between the lamintions 71, the disks 76, and
designated specifically as 76a, 76b, 76c, 76d, 76e, 76f and

‘76g, in Fig. 9 of the drawings, are alternately connected

and insulated from each other. As-illustrated, disks 76a
and 76b are insulated from each other. Disks 765 and
76c, however, are electrically interconnected by a suit-

. able means such as silver solder, designated as 96a in
~Fig. 9 of the drawings. A similar electrical connection
~ 96b is interposed between disks 764 and 76e. Likewise,

a.similar‘ electrical connection 96¢ is interposed between
disks 76f and 76g. - The disks 80 have been designated

'in Fig. 9 by the same subscripts as the disks 76 immedi-
Although ‘the disks 764 and 765

ately opposite thereto.
are electrically insulated from each other, the disks 80a
and 80b are electrically interconnected by a suitable
means 964. Similarly, disks 80c and 804 are electrically
interconnected by the means 96e, ‘although ‘the opposite
disks 76c and 76d are insulated from each ‘other. Like-
wise, also, disks 8¢ and’ 86f are electrically intercon-
nected by means 96f even though the opposite disks 76e
Similarly, disks
80z and 80h are. electrically interconnected by means

each other. Preferably, the electrical interconnection
which might be called the cold junction may be a silver
solder connection which can readily be accomplished in
the space.defined between the disks 76.and between. the
disks 80 not filled with the insulation.92. This. is by
virtue of the fact that the extensions 92¢ do not com-

“pletely fill the-space defined between the disks 76 and

between the disks 80. This can readily be observed-from

‘Figs. 9 and 10 of the drawings. With this arrangement it
will be apparent that one terminal of the fuel cell may be

defined by the conductor 99 connected to the disk: 76a,
and the .other-terminal 100.is connected to the particular
disk 80 at the opposite end of the stack of laminations 70.
The electrical circuit will then proceed from the terminal
99 through the section 71a of the first lamination, through
the hot junction 72 of the first lamination, through. the

-section 715 of the first lamination, through the electrical

interconnection such as silver solder 96d to the second
lamination, and around the second lamination back to
the disk 765, through the silver solder connection 96a to

- the third. lamination, and successively back and forth

through the laminations 71 until the terminal 160 is
reached. The potential across the terminals 99 and 160
will be the sum of the potentials across the individual
laminations. If a potential of fifty millivolts appears

"across the disks 76 and 80 of each lamination when a

predetermined temperature differential exists between the
hot junction 72 and these terminals, then, obviously, a
hundred laminations in the fuel cell 70 will produce an
output voltage across the terminals 99 and 100 of five
volts.

For the purpose of securing the laminations 71 and
the "insulating laminations 92 in a wunitary stack, the
laminations 71 are preferably provided with openings 101,
and the laminations 92 are provided with openings 102,
which openings 101 and 102 are aligned to receive suit-
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' 96g, and the opposite disks 76g and 76 are insulated from" -
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able fastening means 103, which, obviously, thust be-
insulated from the laminations 71.

One of the important features of the present invention
resides in the restricted cross. section of the laminations
71, particularly the restricted cross sections 73 and T,
although also including the restricted cross: sections 75
and 79. It will be appreciated that such restricted cross
section will greatly reduce the thermal conductivity of .
the laminations 71, and, hence, will tend to prevent heat .
from being conducted away from the hot junction 72. It .
witl, moreover, be ‘appreciated that the restricted cross-
sectional area at the portions 73, 77, 75 and 79 is such.
as not effectively to introduced any electrical resistance -
as far as the currents produced by-the laminations 71 or
the thermoelectric generator 70 are concerned, this for.
the same reason as discussed in detail in connection with
Fig. 1 of the drawings. The restrictions in the cross-
sectional area may take various forms - quite- different.
from those illustrated. ' : ' ‘

Another important feature of the arrangement shown
in Figs. 7 to 12 of the drawings resides in the chimney |
effect produced between the laminations 71 at the junc- .
tions 72. This is accomplished by virtue of the fact that
the insulating laminations 92 are discontinuous at the-
portion thereof corresponding to the semicircular disk
portions 74 and 78 so that a space is defined between
adjacent disks including the junctions 72, and this space -
acts as a chimney for combustible ‘materials providing -
a heat source for the junctions 72. Maximum efficiency -
of the heat source is thus obtainable, and, moreover, the
junctions 72 can be heated in a manner so as to heat a
minimum portion of the junction. _Preferably, the junc-
tion may be heated to a temperature of the order of
1500° F., while the disks 76 and 80 are maintained sub-
stantially at room temperature. :

From the above description it will be apparent that
there has been provided a generator which can produce
a direct current output voltage solely by direct conver-
sion of heat to electricity. Moreover, by connecting -
sufficient laminations 71 in series, any ‘desired voltage
may be obtained. Furthermore, a plurality of generators
such as 70 may be connected in parallel to give any de-
sired current output, although, as-was.noted above, a
single lamination-is preferably designed to give the de- .
sired current output. It will, moreover, be appreciated-
that a very small compact unit is involved, since, for
example, a five-volt fifteen ampere unit. can be confined .
in an area of the order of one inch by one inch by three
inches. : :

In view of the detailed description included above, the -
operation of the generator disclosed in Figs. 7 to 12 of the
drawings will readily be appreciated.

In Figs. 13 to 19 of the drawings there is illustrated a
modification of the present invention quite similar to the
fuel cell of Figs: 7 to 12 of the drawings. As-illustrated
in Fig. 13, there is provided a generator 110 which com-
prises a tubular conduit 111 having a plurality of orifices
112 therein quite similar to the conduit 83 of the preced-
ing ‘embodiment. - This conduit 111 serves as a source
of heat and is connected to a source of natural gas or
other fuel supplied thereto by a conduit 114 to a suitable -
control valve 115. Mounted adjacent the conduit 111 -is
a suitable insulating support 117, which might be a sheet
of asbestos board or similar material held in spaced par-
alle] relationship with respect to the conduit 111 by any
suitable means. As illustrated, the insulating support
117 is mounted on suitable standards 118, one disposed
at each end of the support 117. The support 117 is pro-
vided with a plurality of spaced openings 120, one dis-
posed slightly above each of the orifices 112, so _that each
orifice 112 has associated therewith a corresponding open-
ing 120 in  the insulating support- 117. Protruding
through the openings 120 in the insulating support 117 are
the adjacent joined ends of two dissimilar resistance mate-
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rials specifically designated-as elongated elements 122 and:

123.. These elements 122 and 123 extending through the
openings 120 are ‘suitably joined-as by copper brazing or
the- like*'to ‘define ‘a junction- 124 disposed’ immediately

above acorresponding orifice 112, - The junction 124 may -
be defined as a hot junction; and the dissimilar resistance

materials 122 and 123 might be Chromel and constantan,
as‘in Figs: 7'to 12 of the'drawings, or any other. combina-
tion -of ‘materials capable of producing a thermal electro-
motive- force: - The' dissimilar :materials ' 122 and 123
joined‘to form a hot-junction 124 effectively define a fuel
cell- hereinafter generally referred to as element 125. In
Fig: 13 & large number -of ‘these- elements ‘125 are illus-
trated as being connected in series by having one arm of
one’ element “125 ‘connected to -the adjacent- arm of an
adjacent element 125 thereby defining a‘cold junction 128,
best-shown' in- Fig: 18 of the -drawings.  The electrical
interconnections betweenadjacent-elements 125 prefer-
ably comprise silver solder or similar material. The num-
ber of -elements-125 connected: in’ series is- determined. by
the ‘desired ‘output voltage, ‘and; as illustrated in Fig. 13,
a suitable-‘load- circuit' 128 -is connected-across the.end

terminals of the two' end-elements125. If desired, suit-:
able-restrictions of the cross-sectional area of the element -

125,*which’ will-adversely affect-the heat conductivity but

10

15.

20

25

not-substantially affect the electrical -conductivity as de- -

scribed-above; may ‘be provided. With ‘this arrangement .

the desired current- output :from-each: element 125 and

from :the fuel cell 119 may readily be-obtained.

From:- the above -‘description it will be apparent that:

30

there ‘has beén provided ‘an improved: process-of generat- "

ing electricity diréctly -from heat by means-of a:fuel cell

which may have numerous applications and which can be .

produced commercially :to have an efficiency comparable”
with or in excess of presently used means:for generating

electrical energy,-and,’ moreover, which can be confined

35

in a very-small space. "It is believed that the present fuel
cell ‘or resistance .generator: can and -will-displace prime -

movers such as are presently employed on-lawn mowers,.

power boats and the:like.

40

Although the correct explanations for the operation and . -
underlying :theory ‘of -the fuel cells described -above are:
believed to have been set forth; it should be understood -

that these explanations. and theory are enunciated to fa-

cilitate: an understanding of the operation of applicant’s °

new process and apparatus,-and are not to be construed
as limitations-of the invention disclosed therein.

While ‘there have been illustrated and described several.

embodiments of the present invention, it will readily. be
understood " that' various ‘changes and modifications will
occur to those skilled in the art.- It is intended in the
appended claims to cover all changes and modifications of
the present invention which fall within the true spirit and
scope thereof.

What is claimed as new and desired to be secured by
Letters Patent of the United States is:

1. In a fuel cell, a sheet metal stamping formed.in
somewhat of a U-shaped. configuration with one arm and

one half of the bight of the ‘U formed of one material;

and: the other -arm and the other half of said bight of said
U “formed of -a different material, means for integrally
uniting -said materials at substantially the center of said
bight to define: a junction, said materials being such that
upon the ‘application of heat to said junction.a potential

50.:
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will ‘appear-across the arms-of> said U, and means defin-:
ing a restricted cross section in said element.

2. In apparatus for converting heat directly to elec-
tricity, & stack of laminations, each lamination formed in
somewhat of a U-shaped configuration with one arm and
one half of the bight of the U formed of one material,
and the other arm and the other half of the bight of said -
U formed.of a different material, means for integrally-
uniting said materials at substantially the center of said -
bight to define a junction, said materials. being such that -
upon -the. application .of heat to said junction a potential..
will. appear :across.the.arms of each U, insulating means .
for insulating adjacent laminations from each other,
means: for securing .said laminations with interposed. in-
sulating. means: into .a rigid assembly, means.for: connect-.-
ing .said laminations.in a series electrical . circuit, and. .
means for. simultaneonsly heating said. junctions.of each:
of said laminations in said stack. . :

3. In apparatus for:converting heat. directly to electric - .
‘energy, a stack::of laminations, each. lamination formed
in somewhat of a U-shaped configuration with one arm. .
and one. half of the: bight of the U formed.of one mate-
rial, and the other arm and the other half of the bight of
said U formed of a different material, means for inte-
-grally. uniting; said . materials at substantially the center -
of said bight to define a junction, said materials being .
such that upon the .application :of heat to said junction
a potential .will appear across the arms of each U, insu-- -
lating means for -insulating adjacent laminations from
‘each: other, means for:securing.said laminations with in-
terposed. insulating -means into a. rigid- assembly. means
for connecting said. laminations-in a series electrical cir-
cuit, an elongated tube disposed between the arms of said-
U, a plurality.of orifices in said tube directed toward said.
junctions,. and. means for supplying a-combustible mate-
rial to said tube whereby.said junctions are simultaneously
heated. N '
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