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PATENT

SUPERCONDUCTING THERMOELECTR/C GENERATOR

5 BACKGROUND OF THE INVENTION

1. Field of the Invention:

The present invention relates to thermoelectric energy

generation. More particularly, the present invention relates to the

10 conversion of heat into electrical energy using materials that have

substantially no electrical resistance, thus maximizing thermoelectric

conversion efficiency. The United States Government has rights in

this invention pursuant to Contract No. DE-AC09-89SR18035 between

the U.S. Department of Energy and Westinghouse Savannah River

15 Company.

2. Discussion of Background:

Thermoelectric energy sources and materials used in

thermoelectric energy sources are known in the prior art. However,

present converters have low efficiency. For example, some current

20 designs for thermoelectric generators operate at efficiencies between

4% and 7% at the 800° to 1200° C range. Meanwhile, development of

materials that have virtually no electrical resistance, often called

"superconductors", is underway for applications related to conducting

electricity. However, commercial applications for superconductors
..

25 are severely limited because the presently available materials must be
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maintained at very cold temperatures in order to conduct electricity

substantially without resistance.

Several types of thermoelectric applications exist. Hutkin, U.S.

Patent 3,416,971, discloses a thermal-activated battery featuring a

5 bundled arrangement of filamentary thermal cells. A glass coating

existing between the conductive core and sheath of each thermal cell is

ionically conductive at a particular operating temperature range.

Electrical energy is generated when the thermal cells are heated to

within this range.

10 Henderson, U.S. Patent 3,256,696, discloses semiconductor

materials composed of compounds or combinations of compounds

which exhibit high Z factors due to high Seebeck coefficients and

negative coefficients of resistivity. Henderson also discloses the

thermoelectric use of these specific compounds.

15 Regarding superconductor applications, Dersch, in U.S. Patent

4,988,669, discloses a multiple-filament cable partially containing

superconductive material. Each of the filaments contains a core of

high-temperature ceramic superconducting material. The

superconducting material is a composite of the rare eartl_Ba/Cu/O

20 type that is superconducting at temperatures above 50° K.

Carr, in U.S Patent 4,973,874, discloses the use of

superconducting ulaterials in conjunction with ferromagnetic materials

in a flux pump to generate electrical energy. Also, Whitney, et al.,

U.S. Patent 4,833,050, disclose the possible use of superconducting

25 material in an electrochemical cell.
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It is believed that none of the prior art discloses the use of

superconducting materials in thermoelectric energy generation. Using

superconducting materials within thermoelectric generators would

significantly increase the efficiency of these devices in converting heat

5 energy to electrical energy.

SUMMARY OF THE INVENTION

According to its major aspects and broadly stated, the present

10 invention is an apparatus and method for producing electricity from

heat. In particular, it is a thermoelectric generator that juxtaposes a

superconducting and a semiconducting materials to convert heat into

electrical energy without resistive losses. Preferably, an array of

superconducting material is encased in one of several possible

15 configurations within a second material having a high thermal

conductivity, preferably a semiconductor, to form a thermoelectric

generator.

The superconducting material, such as [Lal-xMx]2CuO4 where

M is Ba, Sr, or Ca, can be a dopant added to a base material that is

20 also a superconducting material but that is also a semiconductor, such

as La2CuO4. The thermoelectric generator can be configured as

alternating wafers of superconducting material and semiconducting

material or as rods in a matrix.

When a temperature gradient is imposed across the boundary of

25 the two materials, an electrical potential related to the magnitude of

the temperature gradient is established between the two materials. The
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superconducting material carries the resulting electrical current

without resistance, thereby substantially eliminating resistive heat

losses and significantly increasing the conversion efficiency of the

thermoelectric device.

5 A major feature of the present invention is the use of materials

that exhibit substantially no electrical resistance within a specified

temperature range. The advantage of this feature is that

thermoelectric conversion efficiency of the present invention is

maximized. The electrical energy produced from the conversion of

10 heat can be extracted from the thermoelectric device without

significant resistive losses. Existing electrical devices, using

semiconductor or thermoelectric alloy materials, suffer from

significant resistive losses due to the resistance of materials in use and

the large current that is produced during operation. Furthermore,

15 because resistance in a conductor produces heat, the absence of

resistance in the superconducting materials makes it easier to maintain

the operating temperature range and the temperature gradient across

their boundaries. Finally, although superconducting materials may be

selected for use in the present invention that require very cold

20 operating temperatures, they will have an increased efficiency because

of the low sink temperature.

In a preferred embodiment, another feature of the present

invention is the encasing of an array of superconducting material

within a material with a high thermal conductivity, particularly

25 semiconducting material. This feature facilitates efficient conversion

of heat into electrical energy. Thermally conductive materials provide
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the necessary heat conductance efficiently while the superconducting

material carries the converted electrical energy at essentially zero

resistance. The various embodiments of the present invention, a

semiconductor material doped with superconductor materials, the rods

5 in a matrix and alternating wafers of semiconductors and

superconductors, will not completely eliminate energy losses, but will

greatly reduce them.

Other features and advantages of the present invention will be

apparent to those skilled in the art from a careful reading of the

10 Detailed Description of a Preferred Embodiment presented below and

accompanied by the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

15 In the drawings,

Fig. 1 is a simplified, partial cross-sectional view of a

thermoelectric generation configuration according to a preferred

embodiment of the present invention;

Fig. 2 is a croS_s-sectional view of a thermoelectric generation

20 configuration according to a preferred embodiment of the present

invention;

Fig. 3 is a partial cross-sectional view of a thermoelectric

generation configuration according to a preferred embodiment of the

present invention; and
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Fig. 4 is a partial cross-sectional view of a thermoelectric

generation configuration according to an alternative preferred

embodiment of the present invention.

5 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Referring now to Fig. 1, a thermoelectric device 10 consists of a

first conductor 12 adjacent to a second conductor 14 so that a

contiguous boundary 18 exists between the two materials. Conductors

10 12 and 14 are typically made of electrically conducting or

semiconducting materials. In the present invention, however, at least

one of conductors 12 and 14 is made of a material with substantially

no electrical resistance for a specific temperature range.

1 Semiconductor materials are preferred for transferring heat because

15 they are a good compromise bet,, een conductors and insulators.

Insulators have the highest Seebeck coefficient and the lowest thermal

conductivity; conductors such as metals have the lowest Seebeck

coefficient and the highest thermal conductivity. Semiconductors fall

in between the two, especially at low and room temperatures.

20 Heat source 20 and heat sink 22 provide means for imposing a

temperature gradient across boundary 18 of conductors 12 and 14.

Heat source 20 is connected to one of conductors 12 and 14 by a

thermally conducting connecting means 26, such as a wire, working

fluid or heat tube. Heat sink 22 is connected to the other of

25 conductors 12 and 14 with a second thermaily conducting c anecting

means 28, which may also be a wire, working fluid or heat tube.
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Although Fig. 1 shows heat source 20 connected to conductor 12 and

heat sink 22 connected to conductor 14, a temperature gradient across

boundary 18, but in the opposite direction, will be imposed if the

respective connections are reversed.

5 The temperature difference within the desired operating

temperature range imposed across boundary 18 establishes an

electrical potential difference between conductors 12 and 14 that is

based on their composition and the magnitude of the temperature

difference. A set of electrical connections 30 and 34 to conductors 12

10 and 14, respectively, provides means for extracting the electrical

potential induced by the temperature gradient. However, in typical

thermoelectric generators, the electrical resistance of the conductors

coupled with the large electrical currents that are generated produces

: significant resistive heat losses that lower the electrical potential that

15 can be extracted. Therefore, the electrical potential across a set of

terminals 36 and 38 would be significantly lower than the electrical

potential existing across a set of terminals 42 and 44.

In the present invention, at least one of conductors 12 and 14 is

a material that conducts electricity substantially without electrical

20 resistance (a "superconductor"), thereby virtually eliminating resistive

losses within device 10. Therefore, during operation of the present

invention, the electrical potential across terminals 36 and 38 will be

substantially the same as the potential across terminals 42 and 44.

In Fig. 2, the preferred embodiment of a thermoelectric

25 generation device 50 comprises a hot shoe 52 in immediate contact

with a heat source and directly connected to an end 54 of configured
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conductors 58 and 60. A set of cold shoes 62 and 66 are directly

connected to another end 68 of configured conductors 58 and 60. A

set of electrical connections 74 and 76 attached to cold shoes 62 and 66

provides means for extracting the electric potential induced by the

5 temperature gradient existing within configured conductors 58 and 60.

A volt meter 78 can be connected to the set of electrical connections

74 and 76 to determine the magnitude of the voltage potential induced.

In Fig. 3, the configuration of a preferred embodiment of the

present invention, thermoelectric device 80 is configured so that first

10 conductor 82, preferably made of a material that conducts electricity

substantially without resistance, exists as an array of discrete, spaced-

apart, superconducting elements running from the hot shoe to the cold

shoe (see Fig. 2), preferably in parallel, and encased within second

..i conductor 84. Alternatively, conductor 84 may also be a material that

15 conducts electricity substantially without resistance. However,

conductor 84 must always have a higher thermal conductivity than

conductor 82 so that heat is preferentially conducted through

conductor 84 to prevent heat from being conducted by the

superconducting material lest it revert to its normal conducting state as

20 a result of the rise in temperature. Conductor 82, having substantially

no resistance, carries electrical current at substantially zero resistivity

and with substantially no electrical energy loss.

The advantage of the configuration of device 80 is that

boundary area between conductor 82 and conductor 84 is increased

25 and the overall size of the device can be substantially increased without

significantly increasing the distance heat must travel through the
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materials to reach the boundary. Thus, the temperature provided by a

heat source does not have to be significantly higher than that which is

needed at the boundary in order to establish the desired temperature

gradient.

5 In Fig. 4, illustrating another preferred embodiment of the

present invention, thermoelectric device 90 is configured so that first

conductor 92, preferably a superconducting material, and a second

material 94 that conducts heat efficiently, such as a semiconductor, are

formed into wafers and the two conductors 90, 94 are interleaved.

10 The configuration of thermoelectric device 90 has a tremendous

amount of surface area 98 between wafers of first conductor 92 and

wafers of second conductor 94. The configuration of thermoelectric

device 90 would not totally eliminate energy losses, but would greatly

reduce them, thus improving the efficiency of thermoelectric device

15 90.

In use, thermoelectric device 10 is used to convert heat energy

to electrical energy. Heat source 20 and heat sink 22 are connected to

the appropriate conductors 12 and 14 by thermally conducting

connecting means 26 and 28, thereby producing a temperature

20 gradient within a specified temperature range across boundary 18.

The electrical potential established by the temperature gradient is

related to the magnitude of the temperature gradient. Electrical

connections 30 and 34 are thenused as a means for extracting the

established electrical potential. Since at least one of conductors 12 and

2 5 14 is made of material that has substantially no electrical resistance
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when used within the specified temperature range, the produced

electrical potential is extracted without significant resistive loss.

In the preferred configuration and referring to Fig. 2,

thermoelectric device 50 is used to convert heat energy to electrical

5 energy. A heat source and a heat sink are put into immediate contact

with hot shoe 52 and cold shoes 62 and 66, respectively, thereby

establishing a temperature gradient within a specified temperature

range across the boundaries between first conducting material 82 and

second conducting material 84 (see Fig. 3), located within conductor

10 configurations 68 and 70. The electrical potential established by the

temperature gradient is related to the magnitude of the temperature

gradient. Electrical connections 74 and 76 are then used as a means

for extracting the established electrical potential. Since at least one of

conductors 82 and 84 is made of material that has substantially no

15 electrical resistance when used within the specified temperature range,

the produced electrical potential is extracted without significant

resistive loss.

The operating range of superconductors varies depending on the

material. Current materials operate only at very cold temperatures,

20 such as those found in outer space or in special, controlled

environments. Superconducting materials such as YBa3Cu307 are

superconducting at 95 ° K. Materials that are superconducting at room

temperature are being developed.

It will be apparent to those skilled in the art that many changes

25 and substitutions can be made to the preferred embodiment herein
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described without departing from the spirit and scope of the present

invention as def'med by the appended claims.
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ABSTRACT OF THE DISCLOSURE

An apparatus and method for producing electricity from heat.

The present invention is a thermoelectric generator that uses materials

5 with substantially no electrical resistance, often called

superconductors, to efficiently convert heat into electrica1 energy

without resistive losses. Preferably, an army of superconducting

elements is encased within a second material with a higher thermal

conductivity than that of the superconducting material. The second

I0 material is preferably a semiconductor. Alternatively, the

superconducting material can be doped on a base semiconducting

material, or the superconducting material and the semiconducting

material can exist as altemating, interleaved layers of waferlike

materials. A temperature gradient imposed across the boundary of the

15 two materials, establishes an electrical potential related to the

magnitude of the temperature gradient. The superconducting material

carries the resulting electrical current at zero resistivity, thereby

eliminating resistive losses. The elimination of resistive losses

significantly increases the conversion efficiency of the thermoelectric

20 device.
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