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el ements, Electrical resistivit conven
10  temperature d1fferent1a1 across thermoelectric elements, and

utilizing low electrical resistance together with high Seebeck
effect thermoelectric junctions.

Background Art

15 The quest for a reliable, silent, energy converter with no
moving parts that transforms heat to electrical power has led
engineers to reconsider a set of phenomena called thermoelectric
effects. These effects, known for over a hundred years, have
permitted the development of small, self contained electrical

20 power sources, but too small to find practical application for
home or commercial power generation.

A normal electrical switch generally uses only the same type
metals where no effort is made to heat and cool any of the
elements, and no thermoelectric voltage results from a difference

25 between switch elements. Electrical resistivity in a convention-
al switch causes a voltage drop when an electrical current flows
through the switch, and constitutes a resistive load on the
electrical current circulating through the electrically closed
circuit established by the switch's closing.

30 Thermoelectric generation and refrigeration, based on the
Seebeck effect, is the physical phenomenon in which a thermocou-
ple, formed by juxtapositions of two dissimilar materials that
are usually metals or alloys of metals, is used for temperature
measurement. As is well known, a thermocouple having its pair

35 of junctions maintained at different temperatures produces a
voltage difference that measures a specific temperature differ-
ence between the two junctions. An imposed temperature differ-
ence will result in a voltage across the thermocouple or a



al switch causes a voltage drop when an electrical current flows
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I n such applica a
prov:.des a long-lived energy supply. Similar thermoelectric

10 power generation units will also be used in the upcoming Cassini
mission to Saturn. The advantages of thermocelectric solid-state
energy conversion include compactness, lighter weight, silent
operation and trouble-free power generation over a long lifetime.

Thermoelectric generation and refrigeration has been around

15 for over a hundred years, first discovered by Seebeck in 1822.
There have been numerous improvements and analysis of Seebeck's
work and many patents have issued based on improvements to this
early discovery. Most of this work has been directed toward
finding metal combinations or alloys that produce the highest

20 Seebeck junction voltage, for series connected thermocouples or
thermoelectric elements, to produce a high voltage for supplying
current to power an electrical load.

Most thermoelectric generétors use a set of series connected
junctions for producing an electric current for driving an

25 electrical load. Typically, materials with high Seebeck voltage
also have high electrical resistivity that tends to reduce
electrical current flowing in the circuit. Previous thermoelec-
tric generators and refrigerators use alloys to produce high
Seebeck voltage for identicallthermocouple temperature differenc-

30 es. Alloys typically have several times higher Seebeck voltages,
but are found to have resistivities that are typically ten times
higher than any of the commercially pure metals (99%) making up
the alloys. If an electrical circuit contains only a series of
thermoelectric elements that produce the electrical current

35 flowing through the circuit, higher resistivity in any of the
thermoelectric elements drast:.cally reduces the amount of current
flowing through the circuit.
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Object;
5,168,939 0il Well Drill;
5,393,350 Thermoelectric Generator and Magnetic Energy
Storage Unit; and
20 5,597,976 A Thermoelectric Generator and Magnetic Energy
Storage Unit with Controllable Electric Output.

Disclosure of Invention
An object of this invention is to maximize the production
25 of electrical power from a thermoelectric generator and make a
practical converter that can produce an alternating voltage and
current that can be used to directly power household and
industrial loads without the aid of the utility grid.
Another object of the present invention is to maximize the
30 current circulating in a torus of thermoelectric junctions, and
thereby maximize the energy stored in a strong magnetic field.
Maximizing the circulating current is effected by:
1. reducing the internal electrical resistance-ixx the
torus;

35 2. choosing materials for the thermoelectric junctions
forming the torus so as to produce the highest cur-
rent, consistent with low internal electrical resis-
tance; and
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The structure of the present invention differs in various

ways fromthat disclosed in United States patent nos. 4,859, 250 and
5,022,928 that issued on applications filed by Buist, 2,919, 553 and
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of either an alternating current ("AC") or direct current ("DC")
by perturbing the circulating current in the torus

An additional object of the present invention is to provide
a novel way to realize improved electrical conductivity and high
Seebeck voltage for p-type and n-type thermoelectric elements by
using high electrical and thermal conductivity copper or silver
core, coated with thin layers of thermoelectric material. The
preceding structure for the thermoelectric elements yields
thermoelectric junctions that operate both as a high-Seebeck
voltage, high electrical conductivity generator thereby creating
higher circulating electric current in the torus and higher power
output from a thermoelectric generator for the same temperature
differential and heat flow.

An added object of the present invention is to use threaded
junctions between the thermoelectric elements and hot and cold
fins so the thermoelectric elements function as thermal resistors
to reduce heat flow between the hot and cold fins to thereby
increase temperature differentials across the thermoelectric
junctions, and to increase the overall thermal-to-electric
efficiency of the thermoelectric unit.

An alternative object of the present invention is to use
‘thermoelectric elements formed by coating a threaded copper core
with a dissimilar metal that has a complementary high Seebeck
voltage so the high electrical-conductivity thermoelectric
elements also produce a high thermoelectric junction voltage.

he
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concurrently reducing the mater1a1 distance and electrical

resistance between alternating hot and cold junctions.

An ancillary object of the present invention is to use thin
coatings of metal to serve as ohmic braze connectors for threaded
tips of the thermoelectric elements to the hot and cold metal
fins because interconnections and junctions made of plated metal
layers do not exhibit less resistance than alloy thermoelectric
junctions.

An associated object of the present invention is to use
plated layers to provide a corrosion and oxidation resistant
protective barrier on the hot and cold fins and thermoelectric
elements, such as by plating of hot fins with platinum or
palladium in the regions where flame and hot gas impinges to also
serve as a catalytic converter for exhaust gasses used in heating
a thermoelectric generator, thereby reducing pollution, while
preventing oxidation of the heated fins.

Another corollary object of the present invention is to use
a plated layer or layers to form metallic planar junctions that
improve the lifetime of the thermoelectric junctions, sealing
them from the environment and maintaining the high Seebeck

voltage characteristics of the junctions over the lifetime of the

device.

Another object of the present invention is to provide a
thermoelectric unit that employs low-thermal-conductivity
thermoelectric elenents which are formed as two halves that abut
each other along an electrically-conductive, low-thermal-~-
conductivity longitudinal surface, the low-thermal-conductivity
thermoelectric elements thus formed are received into grooves
formed in the thermoelectric unit's hot and cold fins.

In



15 An additional object of the present invention is to provide a

novel way to realize inproved electrical conductivity and high Seebeck
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tie strap to maintain the necessary prestress to overcome the

Lorentz Force despite contraction and expansion of the coil due
to temperature changes.

15 A subseguent object of the present invention is to construct
a novel black box around the hot fins to reradiate infrared heat
back to the hot fins to improve the efficiency of the chamber for
heating the hot fins, thereby raising the temperature of the hot
fins, increasing the temperature differential across the

20 thermoelectric junctions, increasing the magnitude of the current
circulating in the torus, increasing the electrical power output
efficiency of the thermoelectric unit as a thermoelectric
generator, and all this for the same amount of fuel.

A successive object of the present invention is to use a

25 fluid, such as air, water, or other liquid to draw heat away from
the cool elements of the thermoelectric generator and then be
able to use the fluid in a heat pump, radiator or other device
for drawing the heat out of the fluid to cool it before recircu-
lating the fluid through the thermoelectric unit.

30 A further object of the present invention is to utilize a
low power, magnetically activated, vibrating power output switch
comprised of a longitudinally vibrating threaded armature that
is driven in one direction by the mechanical action of a solenoid
and in the opposite direction by a spring. The armature is

35 disposed in a larger threaded hole formed between a pair of
immediately adjacent fins, both the armature and the hole being
threaded with the same pitch. The threaded armature and hole
forming an on/off switch for opening and closing a loop for an



el ectrical resistance across fins by grooving the hot and cold fins on
both sides to receive the thernoelectric elenents, the t hernoel ectric
el enents fitting into the contour of the groove 5 thereby reducing the
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electric unit reaches operating temperature, the piezoelectric
generator is then used for storing sufficient electrical energy
20 to power the sinewave generator for driving the solenoid until
the power output of the thermoelectric generator can drive an
external electrical load.
Another alternative object is to prov1de a novel way to draw
electrical energy from the current circulating through the torus
25 without opening the torus by interposing a Hall-Effect switch
between a pair of immediately adjacent fins of one of the
thermoelectric junctions in the torus, and by controlling an
externally applied magnetic field oriented perpendicularly to the
electric current circulating through the torus. Upon applica~
30 tion of the external magnetic field, a voltage appears across of
the torus that is proportional to magnetic field strength and to
the circulating current, and éower can be drawn from the
thermoelectric unit in the form of AC or DC depending on the
characteristics of the external magnetic field. Electrical power
35 generated in this way can be used to operate an electrical load
without breaking the circulating current flowing through the
torus, and without vibration or noise.



forned in the thernoel ectric unlt s hot and cold fins. VO

97/ 43790 PCT/ US97/ 07922

- 6- Still another object of the present invention is to use a
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gf burning area below the hot fins with
an exhaust opening above.
A next object of the present invention is to provide an
auxiliary grill on top of the thermoelectric generator above the
15 heat exhaust opening to receive pots and pans for use in cooking.
The thermoelectric unit of the present invention builds
magnetic field by circulating high current through a series of
thermocouples preferably arranged to form a torus.. Electrical
power may be drawn from this thermoelectric unit by supplying
20 heat to hot fins, cooling cool fins, and perturbing the circulat-
ing current in the loop. Electrical energy produced in this way
may be a high-voltage, high-energy AC or DC output. Generator
efficiency depends on using alternating p-type and n-type
material systems for the thermoelectric junctions that have both
25 a complementary high Seebeck voltage, high electrical conductivi-
ty (low electrical resistance), and comparatively low thermal
conductivity between immediately adjacent pairs of hot and cold
fins..
The voltage that drives current through the torus is the sunm
30 of thermoelectric voltages around the series connected (electri-
cally shorted) loop forming the thermoelectric unit's torus. The
thermoelectric unit's capability for providing electrical power
can be determined by multiplying the thermoelectric junction
voltage by the number of junctions times the current circulating
35 through the torus. The loop-shape of the torus operates as the
Primary of a transformer, with energy stored in the magnetic
field generated by the circulating electric current. Appropri-
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fins, both the a?gria tﬁng‘r an tgﬁe 0 eéi)g?&lncé’ﬁe.at ﬁ?ﬁe\a ed g\n‘}étajf?yt]}?eu ?g%e%al
pitch. The tRPRAMEEL Etyabetweghginpediately 3aiprgniPRHFHI9L iRt and Geld
openi ng aBd €Lnsiwigire | sturdlently providing high W) &oArit&I0 conductivity
PCT/ US97/ 079 . o 27 ctyife t
circul ating ?%?%ugﬁsﬁﬁga?%?h’s so ? haPewEIoRE et egagggf i v_gtg);é%ntggre
and the hol ecendugkivity sdenenhs uphard segrenks Rfsithrsaded Heod|Jaxitapesed
current fl owgithraiBibpesé® Btwednthot aMEeolat £ink Geduae! hedPeflow, and

4P bl enh el Doty BRSO ER e
as a | owlfowéncreaseputhehiqyiersdderthnmmal-teceileetric efficiepicyft pfenthe
obj ect of thenPFRSETECHYIVERINI®N when! sRkOWsdan eldcteibali gahekABYE.t OTo
activate thei:%Si-gva‘é) ! ghgi'mée eecvtlrt%.rcatclzgtgrersion efficiency of the unit for
electrical power production the tips of the threads connecting
the hot and cold fins are appropriately coated with materials
15 that provide a complementary high Seebeck voltage which serve as
emitters and collectors of electrons. Thermoelectric junctions
made in this way act as thermal resistors with planned thermal
gradients operating radially along the wedge-shaped edges of the
threaded rod to greatly reduce heat flow through the thermoelec-
20 tric junctions while maintaining high temperature differentials
at the interface between thread tips and hot and cold fins. This
structure for the thermoelectric junctions increases the
thermal-to-electrical conversion efficiency by a factor of ten
in electrical power performance over that of solid, dissimilar
25 metal blocks mated to form thermoelectric 3junctions for the
production of electrical power. By adding the thermal resistance
between hot and cold fins, the amount of heat required to
generate a pre-specified electric current circulating through the
torus decreases by 80%. Incorporating these coated threaded rods
30 for forming thermoelectric junctions between hot and cold fins
raises thermal-to-electrical conversion efficiency from 4% to
12%. The improved heat management of this thermocelectric unit
provides higher power capacity generator/output devices using the
same amount of heat (fuel) and weight (mass) for the thermoelec-
35 tric unit.
To further increase electrical conductivity in the torus
(reduce resistance) grooves are formed into the hot fins as well
as the cold fins so as to reduce the distance traveled by current



10 switch used in generating electrical power with the thernoel ec- tric
unit by either using a finger operated nmechanical nethod where a one-way
spring powered pendul um forces the solenoid to vi brate a nunber of
cycles until the electrical output of the thernoel ectric unit can self

power a sinewave generator powering 15 the vibrating, volt r I ng,
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and pooerjwwrtion élawentsom t he t hermoel ectric unit in the formof AC
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t hr ough tdirculattiogushraugh itehtotusi bratsperial dbesset for flattening

the threaded rods includes threads so as to preserve threads on

15 the threaded rod body during flattening. The partial flattening
of the threaded rod reduces the length within thermoelectric
elements around the loop from thread-tip contacts with hot fin

on one side of the partially flattened threaded rod to the other
side where the threaded rod contacts a cold fin. Partially

20 flattening of the threaded rods reduces the material distance and
electrical resistance between alternating hot and cold junctions.
Interconnections and junctions formed from material plated

onto the low~thermal-conductivity elements do not exhibit high
electrical resistivity that occurs for alloy thermoelectric

25 Jjunctions. Therefore, a torroidal-shaped thermoelectric unit can
be assembled by applying thin coatings of plated metal for
forming ohmic braze connections between threaded tips of rods and

the hot and cold metal fins forming the torus. Plated layers can
also be used advantageously for forming a protective barrier for

30 corrosion and oxidation of hot and cold fins, and for the low-
thermal-conductivity thermcelectric elements. Plating of hot
fins with platinum or palladium in the regions where flame and
hot gas impinges serves as a catalytic converter for exhaust
gasses generated when using the thermoelectric unit as a

35 thermoelectric generator. This has the effect of reducing
pollution while preventing oxidation of the hot fins if the
thermoelectric unit is used for producing electricity. Reducing
pollution is especially important if thermoelectric generators
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An extra object of the present invention is to control the vol t age
produced by a thernoelectric unit by controlling the flow of fuel
supplied to a burner that produces heat for a thernoel ec- tric

generator. 5 agai n anot her object of the present '%’i"ﬂ:tsb%sis to
provi de a therm)elpzactrl c generator which burns nethane, propane

but ane gas fromtanks nounted externally &3 the thernoel ec- tric un| t.

A separate object_of t esent invention is to provide a

t her noel ect ri gefn’e‘?tfﬁdg ghrIBﬁeEB"hl EPHbHﬁ‘y'l?Qlp@“&FnFﬁelt%yheat Srew iRy a
ventil ated fualtelunaihl mpmdustiibrel engtihe'sokexhanstwi t hSuch phatadalalyetpest Ng

b _ e f s n Vi
St i ary gr Ry e5ac EanONe® Heel S il Siflere R K ity et B ihor
exhaust open|3HQ°g6°P§C¥?a\/]é’gﬁb‘Fst%rﬁiﬂﬂﬁ?§’ PORNRE IYNFHIONS A, semiconductpre

t her noel e&t r devipes, oimphevixe savet nmﬁheoafbuhéd§unct1dii6ﬂﬁ€§éatlifng?|1£h&tv

circul ating I%B:Qﬂ %Hér@ﬂh.fw aan%e Haq.§1t8§n1ng U:‘S L}EP@Q ecg-:r e{!ﬁf@

rranged to form a torus
? her rrgel ect r ChagArtepisEigmOFi Hoe ZJG‘nI‘i’é:&PanD‘fﬁﬁ tfllenklf%‘bmﬁ ﬂ@‘ tbeldefvlrﬁe-

and perturbing thempréeed allementsi dgbreideeresiSthh6e | Am 16Heebri 62l 0 iy gy
produced in hlahﬁlwaythe P@Xegf % thﬁavoééragiacﬁ' 45 energy O ?’%’Eﬁ?f

out put. Gener.at o ci ency ‘depends on_ usr g art
n-type nﬂPQF‘FéP“%ystgﬂ%er? %h@%?féﬁ%eﬁ%“ct@?’@}%ﬁ%‘rﬁ htlhﬂt Seehediot h
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t her noel ectri ene °|rty for providing electri caI power

An alternatlve structure for the low-thermal-conductivity
elements interposed between immediately adjacent hot and cold
fins is a pin that fits into the grooves formed in the hot and
cold fins. These pin are formed as two halves that abut each

20 other along an electrically~-conductive, low-thermal-conductivity
longitudinal surface that is oriented between the hot and cold
fins. Each low-thermal-conductivity element may be coated with
a layer of material that provides a complementary high Seebeck
voltage for the thermocoupl'es. Such materials may be selected

25 from a group consisting of bismuth, constantan, nickel, selenium,
tellurium, silicon, germanium, antimony, nichrome, iron, cadmiun,
tungsten, gold, copper, zinc, and silver with bismuth and
antimony being the preferred materials to respectively provide
p-type and n-type junctions. The layer coating the low-thermal-

30 conductivity elements may be overcoated with an electrically-
conductive layer such as copper. Instead of or in addition to
coating the low-thermal-conductivity elements with a complementa-
ry high Seebeck voltage material for forming the thermoelectric
junctions, the grooves in the fins may be coated with that

35 material. The groove on the first side of each fin is coated
with a layer of material that provides one type of junction while
the groove on the opposite side of each fin is coated with a
material that provides the other type of junction. The fins are



can be determined by nultiplying the thernoelectric junction

vol t age by

the nunber of junctions tines the current circulating 35 through the torus.

The | oop-shape of the torus operates as the primary of a transfornmer,
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described by the formula: F = g(E + vxB). The tie strap is
placed on the torus to maintain a prestress on the electrical
junction connections between the fins and the low-thermal-
conductivity elements. A tie strap is used to maintain a
prestress to offset the Lorentz pressure from the large circulat-
ing current. The tie strap includes an insulating gap to
de-couple the strap from becoming a secondary winding of a
transformer with the current loop acting as the transformer's
primary winding if electrical energy is removed from the electric
current circulating through the torroidal-shaped thermoelectric
unit. Coil springs intei:posed between the tie strap and the hot
and cold fins enables the tie strap to maintain the necessary
stress to overcome the Lorentz Force despite contraction and
expansion of the torus due to temperature changes.

To improve the efficiency of a chamber for heating the hot
fins if the thermoelectric unit is used as an electrical power
generator, a novel black box is constructed around the hot fins
to reradiate the infrared heat back to the fins. In working with
flame heaters, it has been found that a significant portion of
the heat that a catalytic burner produces is in the form of
infrared radiation. Such infrared radiation travels past the hot
fins to be wasted in the exhaust. The black-box arrangement
sends a portion of this infrared radiation back across the hot
fins thereby raising the temperature of the hot fins, increasing
the temperature differential of the thermoelectric junctions,
increasing the magnitude of the current in the loop, increasing
the potential electrical power output of the electric generator



threaded rod to greatly reduce heat flow through the thernoelec- 20 tric

junctions while maintaining high-tenperature differentials at the

i nterface between thread tips and hot and cold fins. This structure for
the thernoelectric junctions increases the thermal -t o-el ectri cal
conversion eff by a factor of ten in electrical popgf so7I07922

per f ormance ovgfdg"g{”of solid, dissimlar 25 netal blocks nate 9 orm
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one-hal f of EHS ClQiQRﬁr pa; letr}%[h %c%BRYé{'Png the fluid through the
| thermoelectric unit on a closed and continuous basis.

Another embodiment of the thermoelectric unit operating as

15 an electric generator is air cooled. An air blower, powered by
a small portion of the electrical energy produced by  the
thermoelectric generator, blows air across the cold fins to draw -
heat from the thermoelectric junctions, and transfer it into the
ailr stream for waste to the ambient or used in a heat pump or

20 other system.

The large electrical current circulating in the torus
permits drawing electrical power from the thermoelectric unit by
collapsing the magnetic field produced by the circulating
electrical. Operating as an electrical generator, power may be

25 drawn from the thermoelectric unit in various different ways.
One simple way of drawing electrical power employs a longitudi-
nally vibrating threaded armature that is located within a larger
diameter and threaded hole formed between an immediately adjacent
pair of fins. The vibrating armature is driven in one direction

30 by the mechanical action of a solenoid and in the opposite
direction by a spring. Operating in this way, the threaded
armature and hole form an onfoff switch that opens and closes the
loop for the electric current circulating through the torus.
When the threads of the armature and the hole contact in both an

35 up and down position, the electric current flows through the
torus. And when the armature and threaded hole are not in
contact, the interruption of current flow around the torus
produces an electrical output that is useful for driving an



5 the hot and cold fins reduces the resistance due to copper path | engt h
froml1l.72 x 10[err] Owm ("[err]") to 8.6 x 10[err] [err] for an L/A of 1
whi ch doubl es the amobunt of electrical current circulating t hrough t he
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the | owthermal -conductive thernoelectric 10 junction el enents.
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generator can self power the sinewave generator , and 2), a

finger operated piezoelectric method of first storing electrical

20 energy to power the sinewave generator. The finger, spring and

the mass of the pendulum mechanically cause the solenoid, and

likewise the vibrating switch to operate several cycles to make

the thermoelectric generator self-starting by mechanical means

without the use of an onboard battery. The oscillating pendulum

25 comes to rest away from the electrically operated armature and

stands at the ready for another manual start or flick of the

finger when needed. The finger operated piezoelectric generator

can also serve to ignite a burner of the thermoelectric generator

by incorporating the push-button piezoelectric device into the

30 electrical circuit. The piezoelectric generator can supply

enough power to force the solenoid to vibrate a number of cycles

until the electrical output of the thermoelectric generator
produces sufficient power to operate the vibrating switch.

An alternate way to draw electrical energy from the current

35 circulating ia a Hall-Effect device. A magnetic field, applied

perpendicular to current flowing in a fixed conductor, causes a

voltage across the conductor, perpendicular to the current and

perpendicular to the applied external magnetic field. The
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When a magnetic field of one Tesla is applied across a
special thermoelectric segment in the thermoelectric unit
conducting 50,000 amps, a Hall voltage of 1600 volts appears
across the segment. Adjusting the applied magnetic field

20 strength permits controlling the output voltage, and the applied
field's frequency determines the frequency of the output
electrical power. Three phase power, with three different
outputs may be generated by using three different hall-switch
segments, and by switching fields slaved to a

25 microprocessor-controller.

One of the simplest methods of output voltage control for
the novel thermoelectric generator is to control the flow of fuel
that supplies the burner, producing heat in the thermoelectric
system, effecting the amount of stored magnetic energy. By

30 roughly controlling the amount of fuel flow to the burner in the
generator, this controls the temperature differential of the
junctions of the generator, the heat flowing fairly uniformly
through the thermoelectric junctions to cold fins to either a
water reservoir that boils away to expel heat, or to ambient air

35 in an air cooled variant by forced air fan. In the simplest
variant, by turning up the heat, voltage is increased to the
desired 120 volts or 208 volts of output for operation of
household and commercial loads. More elaborate, solid state



antinony being the preferred materials to respectively provide p-type
and n-type junctions. The | ayer coating the lowthermal- 30 conductivity
el enents may be overcoated with an electrically- conductive |l ayer such
as copper. Instead of or in addition to coating the
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fins are
PCT/ US97/ 07922 An advantage of the present invention _is thﬂ?mﬁP%u?QﬁﬁﬂﬂT e
t he sane neilectricf generater | ayertrmoapfegent dnoenteson h@troﬁaeeisveustdmus ame

| ow-t hegel) gopAlcd | VEh¥r&i 3,.»?1;[&%% My L8k 8&@ fu&fe nf

coating the [ooves as are coating the lo con uct|V|ty
el enents, &% ?ﬂé"guhéFbﬁng“GOBPFﬁﬁ t he grooves may also be over coat ed
with an el ecani addi i eroald uiviarnr atiet @i alhe present Armspediion tise thatap

enci rcl es ﬂ?fﬁ €& rHieém%SnttE' Cwﬂf&?raqleohadeu*gtﬁ%g@ g s&fﬁc{: e:ﬁ) Zsde that

results fro e electri current circ rus.
current fl Bakeriaks nyexy ngselﬂh%r%rna@ﬁtlaé%m f%afétefrtﬂdceoanert geres étﬁdiht h| s
force 19 theahded tidRNiskdtibns, dBEréf&€erésSidtaicdl firdmNabth &cand-can be

descri bed X té]c?u Pe %e See ékq;ol‘itaq\éxﬁer ea%}n jtdnl%tit Baglement éoel acecd on

the torus To nmain Fear ress on-the ele
reduce heat low, increase temperature differentials, and

increase overall thermal-to-electric efficiency of the generator.

One more advantage of the present invention is adding

15 thermal resistors between hot and cold fins, the amount of heat

regquired to drive current is decreased by 80% and has raised
thermal-to-electrical efficiency from 4% to 12%.

Yet another advantage of the present invention having a

torus made up of thermoelectric elements formed of singular type
20 commercially pure metals coated with complementary high Seebeck
voltage materials increases electrical current ten fold because
‘of a ten fold lower resistance in the pure metals in comparison
with junctions made from combinations of alloys of pure metals.

Still another advantage of the present invention is that

256 forming metallic planar thermoelectric junctions similar to
silicon planar junctions in semiconductor technology, improves
the lifetime of the thermoelectric junctions, seals them from the
environment, and maintains the high Seebeck voltage characteris-
tics of the thermoelectric junctions over the lifetime of the

30 device.

These and other features, objects and advantages will be
understood or apparent to those of ordinary skill in the art from
the following detailed description of the preferred embodiment
as illustrated in the various drawing figures.

35



junction connections between the fins and the lowthermal- 15 conductivity

el enent s. Atie strap is used to naintain a prestress to offset the
Lorentz pressure fromthe large circul at- i ng current. The tie strap
i ncludes an insulating gap to de-couple the strap from beconm ng a

secondary w ndi transformer with the current |oop agEkigemdekhe
transforner's ég&%ﬂsﬁ@ry winding if electrical energy is renove ?s'romthe

el ectric current circulating through fRe~t orroi dal - shaped

t hernoel ectric, unit, Coil sfpri ngs i nterposed between the tie strap and

t he hot &F#&P@ﬂ%&%@—eﬁé&éﬂﬁe strap to mmintain the necessary

stress to overconkBIrGhel Liw enperBpectidesyidw afort thermoalaotr 5 gsrparegticon

of the Ol US ofenl AR ShiMie 1A RABHing the extelfal PLAMEdd1Gndl 4 Gat1Cy
or e

of a chanber ating t ot Ins”if the thernoelectric unit i’s
used as an ef¥edr F8BK7 power generator, a novel black box is constructed
around theé hot fiRIG. 2 i a peddpattivécview raltosdngead barisi cthdmemdelex- | n
wor king with f t i uQg: Lop £ ] on
o " e naade REFRREE, S8, vibr B SRR E Bt Ll e LR OPhHEADI AR

i nfrared radi98PeBAtOBich infrared radiation travel s past the hot fins
to be wasted in tRrEcexhalist. tog srd adewbskoringgrebirus, tEendseFediifild ONn

of this infrar i atlan r.os hot . fi.ps er | S) i he
t enperature %fl(agﬁ;e&%bt sf@ns?ﬁ?r%ﬁg’gsi%éﬁ% %ﬁleé enrﬁgra%ur e@g#:?%%% |aJIJ|of
t he t her idel d&heratpPrncti ons, i ncreasing the magni tude of the current

in the loop, increaelingis a pdyspeitivel alewldiCt ahCisylaningOptastréss tiie
glcﬁ';:brslgg / 8?8 %"iuagr used for restrainiyx\g %Zt/aA'azgxomoelectric generator;

FIG. 5 is a partial top plan view showing the torus,
thermoelectric elements, ring, and springs between the thermo-

15 electric elements and the tie strap;

FIG. 6 is a diagrammatic view of an ohmic connection of
thermoelectric elements using copper rods between hot and cold
copper fins;

FIG. 7 is a diagrammatic view of a complementary connection

20 of the thermoelectric elements using iron rods between the hot
and cold copper fins;

FIG. 8 is a diagrammatic view from above showing threaded
rod low-thermal-conductivity elements between hot and cold fins
together with a corresponding graph below of the temperature

25 gradient between the pair of hot and cold fins versus position
between the fing indicating that thermal-to-electric conversion
efficiency increases by a factor of ten over that of solid
dissimilar materials mated to form thermoelectric couples as
illustrated in FIG. 9;

30 FIG. 9 is a diagrammatic view from above showing solid
dissimilar materials between hot and cold fins, together with a
corresponding graph below of the temperature gradient between the
pair of hot and cold fins versus position between the fins
indicating that thermal-to-electric conversion efficiency

35 decreases by one-tenth below that of the threaded rod 1low-
thermal~conductivity elements between hot and cold fins as
illustrated in FIG. 8;



- 13 - and all this for the same anobunt of fuel burned in the

conbusti on chanber . - Two enbodi nents of the thernoelectric unit
operating as an el ectric generator use liquid cooling as a heat sink for
the cold 5 fins. In an open trough version, all cold fins are inmrersed in
a trough of water that evaporates as it absorbs enough heat from t he

t her noel ect rMO@E¥IM@Oj unctions to boil the water. A closed FCHESVPDBR
enbodi ment uses liquid to cool the coldpdins of the t hernoel ectric unit
either by passing water or a coolant liquid 10 through the cold fins once
and t hen exhausflicngibhis coslchematde partriedi crobstsect idmea lvatiew showbdng ant

through a E}&‘Eﬁé&r rb@r %Sﬁ%ﬂ al-ddiauctdyh ‘ég éf@méﬁ@é‘ £18C 11 eyl &EbBG%é he

fluid through t ernpel ectric unit on ed an cont1 ndous basi s.
Anot her en’dbd?%ﬁpdof’@ﬁefi-ﬁﬁr noel ectric unit operating as 15 an electric
generator is almccoalleﬁis And Ba dgrammatsdic, vﬁewesndwhyg curresithpatholength of

the elegtr QaYG #g§? I r

air ac(ra%ssét Qﬁ%ﬁ}(?cﬁi’; to gd %ﬁéﬁhé‘atmf eﬂrér:rtoe ct%ic)&J u%%t i ons,
and transfaé?‘-"“ieu iAo at‘héle"tﬁil?aét?“é‘&%f%?rméﬂ%%%#ﬁﬂénﬂ“ﬁ?tﬁgﬁd in
a heat purmgelww;20 ot her system The |l arge el ectrical current

ci rcul ating in ghe b8 2 SFfEHmRdLAYig eheGldg cﬂr&%pro bathoTkboEn.

t hernoel ectric uni't Sin e rmagne uce
circul ati rfpr a é@éﬁﬂf cf . tlw@n%laﬁrag aﬁnétéensu UathgqnelP‘a@@rhOTaom may
be 25 fls awsoid ofihde abboeD@nACtdr Celédtridhly akbdes @boff alRNisewgs of One

sinpl e may'ﬁgﬁéﬁézgcleglgg%é#%g? ggwﬁﬁvenploys a |longitudi- nal |y

V|brat|ng ar mat oCated within a | arger di aneter and
threaded hol e fEHGredt¥et en Afhematdraedeyatdpaabnand qrass-gectingalThe

vi brating wideWw Ube IS Hhryfded Nrode YHd®Cis 0R 3low-Bhdritaireohadcealiegt i on
of a SOleQ%%quhd I n the opposite direction by a spring. Qperating in
this way, Yh'eaded armature and hole forman on/off switch that
opens dnd cl os&IG.hel3B igop fashemhsic| edevhationat enndciaresisasenyichabugh

the torus.viewsep bhedriigady ofiddtendaTBinraaqaad +&e 186€ @@NtaClokn both
an thermal-conductivity element showing a shortened electrical path
length across the partially flattened rod;

FIG. 14 is a schematic partial cross-sectional view of a

20 flattened low-thermal-conductivity element aligned for placement
in the grooved hot and cold fins;

FIG. 15 is a schematic partial cross-sectional view of a
thermocouple showing plated thermoelectric Jjunctions and
catalytic coatings on the hot and cold fins;

25 FIG. 16 is a schematic partial cross-sectional view of a
planar thermoelectric junction created by brazing or plating;

FIG. 17 is a schematic cross-sectional view taken through
"the centerline of the thermoelectric generator showing the black
box re-heater returning infrared heat from the exhaust back to

30 the hot fins;

FIG. 18 is a schematic partial cross-sectional view taken
through the centerline of the thermoelectric generator showing
air cooling;

FIG. 19 is a schematic partial cross-sectional view taken

35 through the centerline of the thermoelectric generator showing
water cooling;

FIG. 20 is a schematic top plan view of a water cooled
manifold for the thermoelectric generator;



35 up and down position, the electric current flows through the torus.

And when the armature and threaded hole are not in contact, the
interruption of current flow around the torus produces an el ectri cal
output that is useful for driving an WO 97/ 43790
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el ectrical Ioéﬁogﬂmvm)s advant ageous if hot and col d fins nmade from
simlar materials and separated by ceram¥ spacers provi de the threaded

hole while the arymature js de froma .material that differs
t her moel ect ri cal 55 r 8 ’t%@n‘ﬁﬁgraﬁwa&&cdvﬁewﬁ%gn ?%e%ﬁ?“ﬁwnll&ﬁ&l £84f nal
movenent of stertimgat syetpmodimes the atBermeckesttiag@enanatione nednd| ie

armature conyfpt tr@e smé&:ﬁs'ﬂi‘l\x@'i:rﬁﬁfs&“ﬂ @1d, hezbmwﬁsﬂﬂ) C‘ﬁlt(ilfllz@% a
An el ectrical sol enoid _excites nechanicall ﬁyt he

produci ng sWwiggpelnasrdgpd ngerenatqfoneragy ‘a\sﬁgn‘é‘@\a’tﬂé’% Gel'?é‘FHFBr 1'f‘h3t
recei ves poveds fpcdrariede thhenoekientic geyeratater after it begins

operating. The syyLh @%@Saiﬁ}%h‘g‘m@ raa'd%.w o@taoﬁécll?é’xl\{céf'em&&ﬁgUSf‘Cy

of the output voltage t is In pse of the magnetic field.
To start theStATRdG ,@eaé:pfeg}qoelegﬁrw,eg r&’r'tﬂrd “\ﬁl"f’ﬁoﬁ'rf‘et FUTHERt  finker-
battery, twarusiimdvibraeind deiltch nvAnistdtatefl, ia FIGgezs pper at ed

mechani cal et hoqg‘@"erfs %s a a?fa urﬁa@%ﬂré‘gsf Cyd&?%ﬂ@“@#h?ﬁﬂﬁ?”éﬁgréﬂ}:

force the sol enoi V1 br es unti ectric
out put 0¥°thhnterﬁﬁﬂﬁﬁﬂat§W1E9ﬂ14ﬁﬂdflbdﬁﬁFrQQRéﬂﬁ ﬁéﬁﬁ§§l§%4mﬂQﬂQﬁ'fr°Hth2)
a finger epermdadcraézoglenerater NRikAd the fdwitichstiny i tife ebpehr capbu2d
energy to p%mgig{gBFinemave generator. The finger, spring and

FIG. 24 is a diagrammatic view of the vibrating current
interrupting switch with the switch in the closed circuit

15 position; '

FIG. 25 is a schematic cross-sectional view of the vibrating
current interrupting switch in a closed position in A with the
dissimilar metal armature pulled up by a solenoid so that the
armature threads contact the threads of the hot and cold fins,

20 in the open power mode position in B with the armature in the
middle not contacting the hot and cold fins, and in a closed
position in C with the armature forced down by a spring so that
the armature threads contact the threads of the hot and cold
fins;

25 FIG. 26 is a diagrammatic view showing the vibrating current
interrupting switch used with a capacitor tank circuit to improve
the sinewave quality of the electrical output waveform;

FIG. 27 is a schematic top plan view showing electrical
output connections for the thermoelectric generator using the

30 vibrating current interrupting switch;

FIG. 28 is a diagrammatic view of the thermocouple torus of
the thermoelectric generator showing a Hall effect device used
to draw power from the torus without interrupting the current
flow, demonstrated in A with a superimposed magnetic field facing

35 into the page, and in B with a superimposed magnetic field facing
out of the page, illustrating the electron shift as the current
crowds to one side in the conductor creating a voltage across the



t he mass of the pendul um nmechanically cause the sol enoid, and i kew se
the vibrating switch to operate several cycles to nake t he

t hernoel ectric generator self-starting by mechani cal neans wi t hout the
use of an onboard battery. The oscillating pendulum 25 cones to rest away
fromthe electrically operated armature and stands at the ready for
anot her nmanuaWO84¥Y® or flick of the finger when needed¥€ 'V%ﬁﬂer
oper at ed pi ezoel ectri c generat or carrcl-so serve to ignite a burner of
t he thernoel ectric generator by incorporating the push-button

pi ezoel ect dandygetoreperpendinulzy teol the magretdicr field andie phezoetxrentic
gener at or cawsupply enough power to force the solenoid to vibrate a
nunber of cycle

fil th lectrical, out f_.the th tri
qenerator " pF38acad kit PARSRERBBELY Hisvh R ERE VIR RAGSHALe, SOEHF: oh,
An al t er natthenshermoelentwic generator sl nfyr tine tiad lceffectt d@yicerehichi ng
| a a Hald - fdrclat@aViee val tlEIGhiEn 1€ thtaRRbted vy a MsFRILGYEER L&

current flowing in a fixed conductor, ,causes a vol t age across the
conduct or, gﬁé’l‘%@r‘f&l et é? PUERY e HFEERAYY and per pendi cul ar to the

appl i ed externalFIgaghetis « ddhgrammdbic view of the theriPconple/80rus of

PCT/ US97/ 04362 thermoelectric generator showing™ the curren¥Olfhage {ENerat ed
inthis way is referred he Hal |, val tagé. Shoul d the nagnetic

to_as the
field chand® F‘FoFeb%t%‘% Maierde fheldinature), the Hall vol tage
will al¥d be si MISoi nlis praihkgriamgat@c vieBpfph dawrGherntdetenfuotireity ons)

across a S EHnt0tndReiffa ldi aona i NUFRRILHLVICel SO A hd RnkMfiok! A and

y contro éé%% fgns that also illustrates current flow, heat flow,
superimposed magnetic field of the Hall effect device and the
voltage across the low-thermal-conductivity element;

15 FIG. 32 is a diagrammatic view of the low-thermal-conductiv-
ity elements -~ Hall effect devices showing the elements
sandwiched between the hot and cold fins and electrically
connected in series together with an electrical power output
circuit; '

20 FIG. 33 is a schematic partially broken view showing a pair
of the low-thermal-conductivity elements - Hall effect devices
sandwiched between a hot and cold fins;

FIG. 34A is a schematic elevational side view of the six
pole electromagnet straddling two low-thermal-conductivity

25 elements - Hall effect devices;

FIG. 34B is a schematic elevational end view of the six pole
electromagnet straddling a cold fin;

FIG. 35 is a diagrammatic view of the thermoelectric
generator, heating and cooling sources and current flow in the

30 torus operating in the power generation mode with heat supplied
to the systen;

FIG. 36 is a diagrammatic view .of the thermoelectric
generator used in the cooling mode for thermoelectric cooling
drawing heat into one part of the system and transferring it to

35 another part of the systemn.

FIG. 37 is a plan view of an alternative embodiment low-
thermal-conductivity element formed by abutting two halves to



externally applied magnetic field, a voltage appears across the

contacts, that is proportional to magnetic field strength and

circulating current. Electrical power can be drawn fromthe gener at or
ring in the formof AC or DC depending on the charac- 10 teristic of the
external magnetic fi El ectrical energy can be w t hdr

I nterrupting JUPP@%ﬁsilomlln the ring. Low  voltage input to the ex#irnal
magnetic circuit causes high voltage'dmtput fromthe generator and this
can be used to operate an electrical |oad. No qpenl swi tch

required, tHé® 1530 g ﬁﬁeﬁF¥ﬁ%ﬁ¥¥¥1QﬂndﬁﬁF§§e' w-t @ﬁl"cﬁﬁﬂﬁﬁFFgl?Yeld
of one Tes| admyitudined sarpasef speci al thernDeIectrlc segnent in the

thernoel ectric ugids. }gond_,thc(_t i Qge59ﬂggo m tﬁ;{ryejr,;@gglegrﬁﬂﬁ)ve

volts appears across t he se %GI Adj ust1 ng the app netic
field 20 stembRpimens: Fherneeirdtaliq agni:héorarmfmmeéov%h@% t%alﬁﬁﬁnabbw ed
field s fseEKsainateloviOselia dopduetiyity éwmenit! Adpicted clre FIGI. C37 ;

power.  Three phage PRyeLe '&Qagpﬁ?ﬂéff{ﬁvtdepmefﬁ?gu;ﬁ megﬁatbve

generated by using thriee eren
swi t chi ng #ercarague Spp\aanNeratdng gleckrigads B@V%efgm the Haws éPPlcted
One of the sindrsd zmet;hods &hd 081§ iid vol tage control for t he novel

t hernoel ectric g at,qr 1' S tgﬁ&gp%ﬁ@%t eﬁé%%‘pv&e%‘mfttﬁlg H}e&Q??gﬁ”QPl {:ﬁ%e

t he burner, producing hea I'n ric
amount 00 sttarus ndgpéeted edar gFIGBy 230 3+ odghl 3nd ot rﬁan i rcgemeeaﬁg'gmc of

fuel flow tordftss dygbnln t he generator, this controls the tenperature
differential of t junctions of the generator, the heat flowing fairly
uniformy . through the thernnelectrlc Junctlons to cold fins to either a

wat er reser \Bgst tMe v tépnto anbient air 35 in an
air cool ed vari arﬁn tmdsm Cﬁ-cb 3é rtlfxé’fhoelébttﬂl% SirﬁR:' %pted \'ﬁﬁr‘ aje &Y a

a0 B et entR A R LI PR 86 o LSRG, Sk
Mor e el abor ate a torig &0 sfetightly packed thermocouples to produce a usable
electrical output. A series of thermocouples is formed into a
torus 60 with each thermocouple 55 (as depicted in FIGs. 10 and
15) comprising a hot fin 66 and a cold fin 65 and a low-thermal-
20 conductivity element 64 sandwiched between them. As illustrated
in FIGs. 10, 15 and 16 a layer of electrically conductive
material layers 67T, 294Au and 94Ag may be interposed between the
low-thermal-conductivity element 64 and the fins 65 and 66. The
thermoelectric generator 40 further comprise a circumferential
25 means (tie strap 61) for retaining the thermocouples in the
torus 60, a means for heating the hot fins 66 (burner 77 in FIG.
17) at a heating end 51 of the hot fins 66 (in FIGs. 6, 7, and
10), a means for cooling (water 82 or air 100 in FIGs. 17-20) the
cold fins 65 at a cooling end 53 of the cold fins 65, and a means
30 for drawing an electrical output current from the torus 60
(vibrating switch 70 in FIGs. 3 and 23-27, Hall effect generator
140 in FIG. 29, or Colpits oscillator 159 in FIG. 39). As
illustrated in PFIG. 35, heat flowing from a heat source 150
across thermoelectric junctions included in the torus 60 to a
35 heat sink 151 induce an electric current to circulate through the
torus 60 as indicated by the letter I and arrow in FIG. 35.
In FIGs. 6 and 7 each hot fin 66 is formed into an elongated
element having a contact end 52 and a heating end 51 and each
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- 16 - vol tage control s ‘have'been used successfully but this is the

si npl est of concepts for use in third world countri es. An advant age
of the present invention is that the therno- el ectric generator of the
present invention produces useful 5 electrical current by burm ng,

desired type WPt in a systemw th no noving parts. s A?\%'
addi ti onal advantage of the present iwmveption is that |rrproved

el enents, which are made by plating sel ect high-Seebeck material s over

oxygen- f r eeopdr£iml€Sy £brmed cimard aoppbyngadieds elenént havine adedntacts £nd

sections, €gchRass é@ém&@r&e fe30m EQLAT bE %ﬂelﬁiﬁér&s[ﬂ&]ss is Fuloeubl e
t he Seebeck v% for each unctlon el enent set, to educe heat fl ow,

i ncrease t & edl’\“? Yiral k- ®-arty Meta} \payging BVM‘? electrical
t hermal -t ocehéuctml‘ej fpwe @b lyf cbhuegemlm apure copper.Onéehwnwtacareint age

of the greggih tm{gnkaoan%Ssédeagsﬁécérdﬂearﬂ@Jt 185 P £ Q?&ﬂ%%}ecreased by

cold fins, the anount of Q%J{er dri've current
80% and ha§°f‘5?§€de"d YHER RF -leash oM therPRisreldys by iy (lemapt
Yet anot he6dathaaihgga cGurfaceprfeametl ifromnta ali ffadent a:ondudtd.lw nigtda up

f th I f 2 re
Tetals coafad by, BIgHRhR] %‘4‘&%?’ FERBE p1bkBe Che SHUTLG) Aol
i ncr eases EPBQPFFE‘&?—*—%&#%‘W flél (5°5@89u§§°m a 6?—“%11% raterinl odien
resi st amcethe hatepidl ieiptleferablpnpatineaially pukk hhlﬁEél onsEd@ladw-om

oot o tBelhatl LoV AP TEREN ey may,up, schifd AN ReiapRVal 0 o

junctions &lRFFEicaBLY c%@i"&éﬁeplwrlja&nciﬁﬁﬂ% |fn7 s & céﬁ&uo‘%‘éﬁh as

t echnol ogy coniipf6Y&Fly pure copper layer 67 or iron layer 67A for contact-
ing the fins 65 and 66.

15 In FIGs. 8 and 10-16 the low-thermal-conductivity elements
64T and 64FT and electrically conductive material layer 67 are
structured to have low surface area contact with the hot and colad
fins 66 and 65 to reduce heat transfer. The low-thermal-
conductivity elements 64T and electrically conductive material

20 layer 67T are formed with threads on the exterior surface
contacting the hot and cold fins 66 and 65. As illustrated in
the graph in FIG. 8, the threaded rod low-thermal-conductivity
elements 64T and electrically conductive material layer 677
produce a tenfold increase in temperature difference across the

25 hot and cold thermoelectric junctions resulting in increased
thermal to electrical conversion efficiency over non-threaded
low-thermal-conductivity elements 64 shown in FIG., 9.

In FIGs. 13 and 14 the low-thermal-conductivity elements
64FT and electrically conductive material layer 67FT are

30 partially flattened as well as threaded to reduce the distance
between the hot and cold fins 66G and 65G and the length of
travel L of electrical current circulating through the torus 60.
The low-thermal-conductivity elements 64T and 64FT and electrical
conductors are threaded rods that may be made of nickel and

35 copper, respectively, that are partially flattened into an oval
shape for reducing electrical resistance while maintaining a
maximum temperature differential between hot and cold fins 66 and
65 and by reducing the length of travel of the current.



the lifetinme of the thernoelectric junctions, seals themfromthe

envi ronnent, and maintains the high Seebeck voltage characteris- tics
of the thernoelectric junctions over the lifetine of the 30 device.

These and ot her features, objects and advantages w || be under st ood or

apparent to thq rdlnary skill in the art from the f | 5
det ai |l ed descr ﬁ‘??@{? g’ the preferred enbodi nent as ill us?#’gt&gﬁ% t he
various drawi ng figures. 35 - 290-97/ 43790
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of Drawi ngs In EIés. 1195 Ypdrapddd J4 vt QM/fHFt}ée’E h’é?%%‘l‘ thg j tength
gener at or odf L} heaqh exfetheimteandono bd didiney 66lcand t&ithdncledesr at kaasta

gas  fuel {aakgrgove 38 Fk@m@d 2a Ih @ BﬁréP&&tdf’%a\éhef‘ﬁ@& | g 86604t Sthe
tP Vi br

t her noel ec- Ic el enments, ating output sw.tch
t her noel ect r Fé’“tacﬁeﬁﬁﬁia?%rand sa. ThFI‘-G“?:V‘-’r% 3B F&ﬁeﬁl"ﬁnt\'}?ewgﬁ%‘%&’ﬁ@%‘he
torus, the Mmeenadctivity ellefeRBs B4 FaNcontddtindgheudyptitrdwialaly obndixetive

ther noel ect g 10, 9?“?52&9%71;1- thereb§| ?edﬂciﬁ AR’ ﬁ]ﬁvg%vhegs(, ot

i nsul ating prestress Sr reser &l ni hg ernoelectric
generator; ‘the curreut Ssl%hc&"bdlnt Fafst opl prR%h 14 ew showi ng the torus,

thernoel ectric el ghentEessisngan@ndespreéags RE WERe t*dm.-etalaearmloﬁémeémax-i c
el enents and ctopﬁutck:(ivﬁ&agiements 64T and electrically conductive material
10 layer 67T and each of the grooves 38 of the hot and cold fins 66G
and 65G is plated with a noble metal layers 94Au and/or 94Ag
selected from the group consisting of silver, and gold to
increase electrical conductivity at the junction between the low-
thermal-conductivity element 64 and the grooves 38 in the fins
15 65 and 66.

The choice of a material system for interconnecting
thermoelectric elements making up the torus 60 is made by
considering whether a material with very low electrical resistiv-
ity, but contributing no Seebeck voltage, will contribute more

20 to increasing the electrical current circulating through the
torus 60, or whether a material of opposite thermoelectric type
will contribute enough complimentary Seebeck voltage to offset
the material’'s higher electrical resistivity of the material.
For example, a threaded copper low-~thermal-conductivity element

25 64, sandwiched between hot and cold copper fins 66 and 65,
produces no Seebeck voltage, but the resistivity of copper is
1.72x10° Ohm-cm , which is very low compared to a metal like
nickel at 6.80x10™° Ohm-cm that would produce a complementary
Seebeck voltage. For a torus 60 using threaded iron low-thermal-

30 conductivity elements 64, that produces 18.5x10° micro-volts/’c,
with a resistivity of 9.71x10°% Ohm-cm, iron would be the logical
choice to maximize the circulating current. The difficulty is,
however; that the best iron available (99.99% pure) produces only
3.0x10°° micro-volts/C not 18.5x10"° micro-volts/’C. In view of

35 this material limitation, a better materials choice would be to
use copper low-thermal-conductivity elements 64 to maximize
electrical current circulating through the torus 60. If it were
possible to obtain better iron at a reasonable price that



FIG 6 is a diagrammatic view of an ohm c connection of t her moel ectric
el ements using copper rods between hot and cold copper fins;

FIG 7 is a diagrammatic view of a conpl enmentary connection 20 of the
thernoel ectric el enments using iron rods between the hot and col d copper
fins; FIG 8 is a diagrammtic view from above show ng threaded

rod | ow t herW@P48Muctivity el enents between hot and col d PEFSIZOT932, et her
wi th a correspondi ng graph bel ow of theqt enperature 25 gradi ent between the
pair of hot and cold fins versus position between the fins indicating

t hat t her ploduges| $edbeak vodtageiam set £érffiiienbyndbeslensdsobythréadedr of

ten over tﬂwettﬁferﬁghigonduéﬂﬁfi 'éireni&ttﬁr 6al Eomeﬂetﬁsé&rﬁbf:h?éﬂ?%éc”' c
couples a |Ihustrated I n FI 9 is a diagrammtic” vi ew

from abov BRRAGEEEEF Punchiang rh"l errﬁf’EP?a?% bet ween hot and cold fins,
together with &IG. 3drdesppuiwlinnpagtiphlaclywidfarred empeddnent gf athent

bet weers t (Ry-thB2hh19%chi@lic 6P S didise VEE SR S| %ﬁ@&:ﬁ@é’@eﬁe{@&ﬁ I NS

indicating that thermal-to-eléctric conver5|on fici'ency 35 decreases
by one- teWeBéPGﬁFYhQPJBPePFehPﬁr e FHSY TR 66 apd, Bar- cARRictPTty
el enent s [mhermad-bohdactivityl fdlement 641 lisuspraterably Flshapdd as a
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10 ty elements 64 are formed by thermocompression or thermofusion
bonding of two semicircular copper halves that abut each other
along an electrically-conductive, low-thermal-ccnductivity
longitudinal surface. Before the two semicircular halves are
thermocompression or thermofusion bonded to each other, the

15 surfaces to be juxtaposed are knurled to create ridges that
intersect each other when the two halves are juxtaposed.
Thermocompression or thermofusion bonding fuses peaks of the
intersecting ridges together to provide good electrical conduc-
tivity between the two halves while the valleys between the

20 ridges remain open as air holes 89. After the two halves have
been joined together, the low-thermal-conductivity elements 64
are disposed between adjacent hot and cold fins 66 and 65 with
the low-thermal-conductivity longitudinal surface oriented half
way between the hot and cold fins 66 and 65.

25 To establish thermoelectric junctions, each low-thermal-
conductivity element 64 may be coated, e.g. by plating, with a
layer of material that provides a complementary high Seebeck
voltage. The coating materials may be selected from the group
consisting of bismuth, constantan, nickel, selenium, tellurium,

30 silicon, germanium, antimony, nichrome, iron, cadmium, tungsten,
gold, copper, zinc, and silver with bismuth and antimony being
the preferred materials to respectively provide p-type and n-type
junctions. The preferred n-type coating would be a bismuth layer
67B1 depicted in FIG. 38A. The preferred p-type coating would

35 Dbe an antimony layer 67Sb in FIG. 38A. As illustrated in FIG.
38A, the layers 67Bi and 67S8b are different on opposite sides of
hot fins 66 and opposite sides of cold fins 65. As illustrated
in FIG. 12, threaded and flatened-threaded p-type and n-type low-



In hot and cold fins; FIG 11 is a diagramuatic view show ng
current path length 5 for a‘thernoelectric junction with grooved hot and

cold fins above, and an electrical nodel for the thernoelectric junction
bel ow, FIG 12 is a diagranmatic view show ng current path | ength
for a series ogrgpﬁéﬂﬁelectric junctions with grooved hot andpdfuSsedozki ns
above, and an electrical nodel for the serles of t hernoel ectric
junctions bel ow, FIG 13A is a ScRénditic el evational and

Cross-section f. d .

| owt her nal - Eg‘ﬁﬁﬂé% '\f@u&w&t& ;?ﬂ&%& % 32F, 2f8q Hipated, vith conductive
el evati onal éndecﬁos@- s'eét itdeal matenijadss bistedbapbpue!y pme&erehém tehrtdhered
rod used as ®ikAwtn and Bawﬁbnppmim:t h¥eithel emfeahgsdmayu Agva Béwrdriachl-

el ectri cal path Bcﬁé\?}%l @%e?ﬁ:s %thgggﬁgé a&if’f %ttt g§gf ?en%rc‘i opl-':os:v.':'l:leG

14 is a schefaty 055 s&Ct Fonard vi ew of
| owt her n® - sdA8&cef vihg hoteangt collfgfdnst e w‘hd’é'rent in the grooved

hot an]g cold finspg nnlas&éiealSm SFEG . scﬂﬁmtiﬁ: alilﬁﬁ':ﬂ:@n Q'!d)sot‘i:' Sﬁféﬁéaci;xalof
view of a [, NDC e show ng.pla ernoel ectric junctjons an
Catalytic coSPRRGBCHIE P ERerAn EEPhaRehivitls o1Shensa b1 16 4R S EiRan i .
partial crosseptarydrigh Seekeck veltagephateridhEorodmcing (thputimrm:relec-

C1 055 SeL] ONRL Lot k1 iy dEooves, 2Cn Hlet ST IETM S e ke

Ss-s i Vi

gener at ort sh&WPﬁﬁdtWeﬂbIé&t mate%&?lr'e h‘g‘ﬁt 8F°P¥?u??1| xRy Fae r%’r’é’%‘ e Qfom
t he exhaust leackh fibn 3P tdre hofisf¢omted with a 1d}ey ofgSmateziatheewdi B8B1,
partial crosgnaeCidRalieli Shd HFL of ftheeﬂealaéerf@naﬁﬁbwsnOfwh&&s the

t hernmoel ectri ¢ generator show n r.coolin
schematic paffPRVecPBsePsERe; Bﬂg?s’v‘?eev?’t%ﬁ(éff ﬁ%r%dbrﬁft IR c%ent-"é I‘F‘f?é"ed\‘

t he t her noel edtthi @ gaperabvsdr mahenial) , e.gat@sslgoothaty;provides thed @Gthdd i S
a schematyisc tt%epb%ntxgewaeie@tm SfurkQlotd  Thd®UHOled fHa ([ are then
thernDeleCtrIQ%rggggéegénfhe same material forms the layer coating grooves 38
that receive the same low-thermal-conductivity element 64, If
the low-thermal-conductivity element 64 is not coated with a high
complementary Seebeck voltage material, it is still necessary to
20 match material types for the grooves 38 of the hot and cold fin
66 and 65 contacting a common low-thermal-conductivity element
64. However, if the low-thermal-conductivity elements 64 are
coated with a high complementary Seebeck voltage material, then
the coating on both the element 64 and the juxtaposed coating on
25 the fin 65 or 66 should be the same material.
As depicted in FIG. 38C, the layer of high complementary
Seebeck voltage material coating either the fins 65 and 66 or the
low-thermal-conductivity elements 64 may be further overcoated
with a layer of copper material 87Cu. Oovercoating the high
30 complementary Seebeck voltage materials of the layers 67Bi, 67Sb,
88Bi and/or 88Sb with the layer 87Cu facilitates forming a good
electrical connection between each low-thermal-conductivity
element 64 and the fins 65 and 66 that the element 64 contacts.
In FIGs. 3, 4, and 5 a- circumferential means retains the
35 fins 65 and 66 and the low-thermal-conductivity elements 64 of
the torus 60. Accordingly, tie strap 61 encircles the torus 60
to contain the Lorentz Force resulting from the circulating
electric current. The tie strap 61, preferably a metal belt for
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- 19 - FIG 21 is a diagrammtic view of an el ectromechani cal

sel f - starting systemfor the thernoel ectric generator using a
vibrating switch illustrated in FIG 25 which utilizes a pi ezoel ectri cal
generator normally used to ignite a burner in a 5 gas powered

t her noel ect rVe 974788 at or; FIG 22 is a di agrammti #CFUSARP22
mechani cal neans of starting the thggmel ectric generator using the
current inter- rupting vibrating switch illustrated in FIG 25;

FIG 23 istuengtlys aimasecure@vavbutdietive btatumgesurwhith 18si at enmupritng
swi tch useéowgsxtde%wg ﬁjﬁ eta\fﬁ&heahnpoafvebrggeﬁééae on tRE' raaeé&&tirdFalfi

generator Wwthithe swtcCh i e open circuit _position; | FIG 24
is a di agP¥ATRiPR PRAeTiANSe vilBeatiRySELRPefl inclydpsanpinswpatiingch

wi th the gapted, preferablpscdielectric Matpadiali such as a cerdhic, Zmilx a
schenmati C, = tJ ! h | | e ' r . Ng

cwi ton’ niGeend 15d BBap bENALn ' Bubkil be Bha epfinb Malls ed Ran

pul | ed upFh§- Ak dexmgiiataintypragteess ipnthe o 69ds Tamtingaukatdnohr eads
of the hogapnd3caedcouples Ahed rilcheteppnepover pr@dentpobt tirom iBeddmiirigh t he

armat ure L”SEQGnaarf‘#%Lﬁﬁtof"%tea%%ﬂg EP? thdePe&gzlfjc férlhszthaé}%ah{‘ a
cl osed position 1n W the armature torced down Dby a spring so that
the ar mat iRsulpkEdenslaven £ ishsecHreddsoothe hkiqostzar Golhetvedn the
10 tie strap 61 and the torus 60 to prevent the tie strap 61 from
electrically or thermally shorting the thermocouples. In FIG.
5 the loop further comprises a plurality of coiled springs 72
secured between the torus 60 of thermocouples and the tie strap
61. The compressed coiled springs 72 enable the tie strap 61 to
15 maintain the stress necessary to overcome the Lorentz Force
despite contraction and expansion of the torus 60 due to
temperature changes.

After the torus 60 has been assembled with the encircling
tie strap 61 and regardless of the form of the low-thermal-

20 conductivity elements 64 interposed between pairs of hot and cold
fins 66 and 65, the entire assembly is thermocompression bonded
in vacuum at 450 C° for 5 minutes. After thermocompression
bonding, the entire torus 60 is plated with an electroless nickel
material such as ELNIC 100, high phosphorus process, marketed by

25 MacDermid, Incorporated of Waterbury, Connecticut.

In FIGs. 1 and 17 a means for heating the hot fins 66 at the
heating end 51 of the hot fins 66 comprises a ventilated fuel
burning area 79 below the hot fins 66 with an exhaust opening 90
above the fuel burning area and each heating end 51 of each hot

30 fin 66 positioned in the fuel burning area 79. Any type of fuel
may be burned in the fuel burning area, as in a catalytic burner
77. As illustrated in FIG. 15 each of the hot fins 66G may plated
with a layer of platinum or palladium 71 on the non-grooved
heating end 51 of the hot f£in 66 contacted by combustion gases

35 to serve as a catalytic converter for exhausting gasses from the
burning area. Coating the hot fin 66 with the layer 71 reduces
pollution and prevents oxidation of the hot fin 66. The
electrical output current produced by the thermoelectric



25 FIG 26 is a diagrammatic view show ng the vibrating current

i nterrupting swtch used witth a capacitor tank circuit to inprove t he
si newave quality of the electrical output waveform FIG 27 is a
schematic top plan view show ng el ectri cal out put connections for the

t hernoel ectric or using the 30 vibrating current inter pdpiiéthrerr
sw t ch; \9(2?@3 8 is a diagranmatic view of the thernocoupl'e torus of
the thernoel ectric generator showi ng a Hal2l? ef fect device used to draw

power fromthe torus w thout interrupt the current
denonst r at ed IPRSRAHPE D MAYp BR; ﬁ%%’éﬂ“r‘?ég et PE"F?%}E’T%&*H?QaEB“Pﬁt%f tinel
page, and i nshBppltildatsuyes ifgElsedrmggeareali el d faci ng out of the

age, illustratin shj t t de
Pngt he conduct or glrlégﬁ%i %nqﬂgag%é%cﬁgg?ﬁwmg& with a BQM% 867%703}0

PCT/USQ?/O?QQE he illustratlon of FIG. 19 is a senjes of 965naﬁ5§0rand the
per pendi cll arfued shepprigactheréte! thiroubh G thebe BT edimpriddsod stream of

FIG 29 is a t he t th
t her noel ectri chggéggg? bgshgg\n&vnﬂ?'& W{é@feﬁg%evfﬁ{c \/I\)r(%;lf ch 5 ganaesra €s
the vol t age %HE hsusplhe@rtquﬁhgihgrnfnniﬁheprgﬁerehlyomethiﬂ#mwnnqpqne,Qg

out put curreputane gas. Mihe b3bnés 55 (iia@gaiaHBbé cSu/pp'-Me@f wilR & hessaicaiwa e

torus and tnd Sut AL el o8 wizaRaRb] PO Hher[oafel i, yablh el
vi ew of &9 oﬁrﬁerﬁﬁracéh@u%m/hﬂ}ﬁ Pé-lt@?@ﬁtib'nér + i §hey| means I—fa# hgdtdng

devi ce cont agheNBoth€ifst 68Ndk the heating end 51 may be a nuclear powered
heat source. '

In FIG. 17, a black box re-heater 75 covers the fuel burning

area 79 around the hot fins 66 to reradiate infrared heat

15 produced by the fuel back to the hot fins 66 to increase thermal
efficiency. The black box re-heater 75 includes an outside layer
of thermal insulation 74 having a black undersurface 76 and a
baffle 78 to prevent radiant heat from going straight out an
exhaust opening 90. In FIG. 1 the thermoelectric generator 40

20 further comprising a supporting base 44 that encloses the torus
60, a cover 43, and a grill 42 above the heat exhaust opening to
receive pots and pans used in cooking. A handle 41 on the
outside of the thermoelectric generator 40 enables easy transpor-
tation of the reiatively light unit.

25 In FIGs. 17-19 a means for cooling the cold fins 65 at the
cooling end 53 of the cold fins 65 comprises a cooling chamber
81 or 102. The cooling chamber 81 or 102 contains a fluid 82 or
100 for drawing heat away from the cooling end 53 of the cold
fins 65 positioned in the fluid.

30 In FIG. 18, the fluid is air 100 and the means for cooling
includes an air inlet opening 104 into the cooling chamber, an
air outlet 101 from the cooling chamber, and a fan 103 in
communication with the cooling chamber 102 to circulate the air
100 through the cooling chamber drawing heat away from the cold

35 fins 65. The air from the cooling chamber may be circulated
through an external heating system 105, the air giving off heat
to the heating system, and the air is further circulated by the
fan 103 back through the cooling chamber 102.



cold fins that also illustrates current flow, heat flow, superi nposed

magnetic field of the Hall effect device and the vol tage across the

| owt hermal - conductivity el enment; 15 FIG 32 is a diagrammatic view of
t he | owt hermal - conducti v- ity elenents - Hall effect devices show ng
the el enments sandw ched between the hot and cold fins and electrically
connected i nWEPH¥®0 t oget her with an el ectrical power out plRCTUSSTRIRE i ¢ ;

20 FIG 33 is a schematic partiallag roken view showi ng a pair of
the | owthermal -conductivity elenments - Hall effect devices sandwi ched

bet ween a hot &mdFEGEd 1¥ nm;ld 19 the cddl@ng34£Auvid assehdigtid, ebechtamnal
si de viewnfe IS 51 Xy e ﬁfe Mgﬂftaﬁt%ﬁgﬂ' 3&%&&’031, and the

| owt her ma conduct VIt ect devi Ce FI G
34B is a s‘iﬂ?elﬂ'é‘f? gnds tqfoﬁ'§F Eﬂ?ﬂldv‘f’é%" &° PRe %We’fﬁﬁ% in th@l EEFFEn%@net
straddl i ngvrd otolevapbrates giving fE ifters vapdiragbatbatoolViee 6ol iwg

ther noed ecl{d G3 of BROCLEIP" I ng and cooling sources and current flow
in the SO%rus ggeratl n ‘ls)nfitl{?%tsomer generation ppde with heat sugé)l i ed

to the system In FIG. 20 ghg °381il§gafjcﬂlébrlz§rrﬁa%+%“’vﬁe\ﬁ"cﬁh figewater
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cool i ng e t n r e t t lng it to
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al t er nat i VAPHBE rPéW@““Inéﬁﬁtmg twidhmathe omand £p¥et y33e-l emethe f dumpd &%

abutting to¥rdvdlates t€he liquid throudh HR434ARAifold 83, the 1liquiad
PCT/USQ?/Q;%&%cting and drawing heat from the cold fins 65. The warmed
water 84 exiting the manifold 83 may be circulated through an

external radiator 86 to heat another system and cool the water,

then the pump 85 recirculates the water through the manifold 83.

15 In FIGs. 22-27 a means for drawing an electrical output
current from the torus 60. The power output means depicted in

these FIGs. include a switch 70 having a longitudinally vibrating
threaded armature 131. The armature 131 is coupled through a
connecting rod to a solenoid 115 capable of moving the armature

20 131 in one direction. A spring 138 urges the armature 131 to
move in direction opposite to that of the solenoid 115. A
threaded hole 139, larger than the armature, is formed between
a hot fin 66T and a cold £in 65T both made of similar electrical-
ly conductive metals such as commercially pure copper. The hot

25 and cold fins 66T and 65T are separated by threaded ceranic
spacers 134 (in FIG. 27). The threaded armature 131 moves
longitudinally within the threaded hole 139. The armature 131
is preferably made of a metal that is a thermoelectrically
different material from the material forming the hot and cold

30 fins 66 or 65. Both the armature 131 and the threaded hole
formed into the hot and cold fins 66T and 65T are threaded with
the same pitch, and all together they form an on/off switch for
interrupting the circulating electric current flowing through the
torus 60.

35 The longitudinal movement of the dissimilar metal armature
131 results in the production of a Seebeck voltage due to contact
of the metallic armature 131 with the material of the hot and
cold fins 66T and 65T when the switch is in an electrically



- 21 - form an el ectricall y-conducti ve, | ow-t her mal - conductivity

| ongi tudi nal surface; - FIG 38A - 38C are plan views illustrating
alternative enbodi ment thernoel ectric junctions formed using the
alternative 5 enbodi nent | owt hermal -conductivity el enent depi ct ed in FIG
37, ‘g z%gj{s a diagrammatic view depicting an altemppa

technl que for 23 9 ng electrical power fromthe torus depict eg

FIG 2, 3, 4, and 5; and FIG 4029s~a di agrammatic view depi ctl ng

operation of the 10 torus depicted in FIG 2, 3, 4, and 5 for
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closed so no current flows into the output circuit 130. The

alternation between open and closed positions supplies an
alternating current to the load 95. A capacitor tank circuit 133
(in FIG. 26) incorporated into the output circuit 130 filters out
20 glitches in the output AC, and improves the quality of the
electrical output making it more like a sinewave.
The hot and cold switch fins 66T and 65T as illustrated in
FIG. 27 provide output terminals 135 for energizing a household
or a commercial electrical load 95. Alternatively opening and
25 closing the electrical loop provided by the torus 60 produces an
alternating voltage in the range of 120/208 volts at 50/60 Hertz.
The armature 131 <vibrates longitudinally at one-half the
frequency of the output wvoltage that is induced by collapse of
a magnetic field 143 illustrated in FIG. 30 caused by breaking
30 circulating electric current.
In FIG. 22, to power the solenoid 115 a sinewave generator
116 receives power through electrical contacts 114 from the
thermoelectric generator 40 after it is operating. To start the
thermoelectric generator 40 by mechanical means, a hand operated
35 one-way spring powered pendulum 120 is mechanically coupled ta
the solenoid 115. Rotating on pivot 123, the pendulum 120 is
normally biased by a spring 122 against a stop 124. Depressing
the end of the pendulum loaded with a mass 121 causes a lifter



across thernoelectric junctions included in the torus 60 to a 35 heat sink

151 induce an electric current to circulate through the torus 60 as
indicated by the letter | and arrow in FIG 35. In FIGs. 6 and 7
each hot fin 66 is formed into an el ongated el enent havi ng a cont act
end 52 and a heating end 51 and each WO 97/ 43790

PCT/ US97/ 0792¥0 97/437 - 22 - coPATPPNEHE21 or med
into an el ongated el enment having a coAtagt- end 54 and a cooling end 53.
Each of the fins 65 and 66 is forned of the same material, i.e. a netal
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powerlng the 51newave generator 116 to activate the solenoid 115

connected to the vibrating switch 70 as in FIG. 22,
In FIGs. 28-34 the means for drawing an electrical output
15 current from the torus 60 includes a Hall effect generator 140.
The Hall effect generator 140 includes an electromagnet 147 for
applying a magnetic field 137 perpendicular to the current I
flowing in the torus 60. Electrical contacts 149 connect in
series with a number of thermoelectric Hall effect elements 146
20 disposed between hot and cold fins 66 and 65 along a segment of
the torus 60. As illustrated in FIG. 31, heat flow indicated by
small arrows 144 flows from the hot fin 66 through the thermo-
electric Hall effect element 146 to the cold fin 65. Concurrent-
ly, a large current indicated by large arrows 145 circulates
25 through the torus 60. The external magnetic field 137 applied
perpendicularly to the current 145 induces a voltage across the
thermoelectric Hall effect element 146. An.electrical output
circuit 142 depicted in FIG. 32 connects to the series connected
thermoelectric Hall effect elements 146 so that electrical energy
30 to operate an electrical load 95 can be withdrawn from the
thermoelectric generator 40 without interrupting current flow I
in the torus 60. A preferred form for the thermoelectric
elements 146 is an oval shaped piece of nickel and copper, for
low-thermal-conductivity elements and conductors respectively,
35 having a dissimilar metal plated on the oval shaped piece in a
threaded configuration
FIG. 28 illustrates a magnetic field 137, applied perpendic-
ular to current I flowing in the torus 60, generates a voltage



20 layer 67T are formed wth threads on the exterior surface contacting

the hot and cold fins 66 and 65. “As illustrated in the graph in FIG 8,
the threaded rod | owthernal -conductivity el enents 64T and el ectrically
conductive material |ayer 67T produce a tenfold increase in tenperature

di fference acr 25 hot and cold thernoelectric junctionge Jobda29 i N
I ncr eased t%%i?-’?f’g 0 electrical conversion effici ency ove? ir:{g%ﬁt hhgad d

| ow-t her mal - conductivity elenments 64 showdlin FIG 9. In FIGs.
and 14 the | owthermal -conducti vi 64FT
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t hreaded to ltedaneekhernlastmgmztlc flieldean7t heThos transoiubd ivoltag@ asd

65G and the %:‘%?ggp%gfto as %@%ﬁnt h%cwé%ﬂ{,&% cabikel! 'a&re t

t hrough the conducti v ty el emants 4T an
64FT-and el edBFi EEPWALNG cBpRRe oF ideyr b0 { Hhe LRAYIRE /t RSt andipsivd
ni ckel and 3apptopfechagnesirectiedd 37.t hatt ghe pagheticyfidkd tnmeobhamgmsan

oval sha g al; nc [

i mum t enpECAPELEY Pt BaCe NI din AR GTC eI TBIEREE WTh Sigo
and by reducPﬁgs%‘Pfésqjé’rﬁt hPSPd‘E“FJa%IA%f hpdldystaated in FIGs. 29, 33pand
97/ 43790 34, the magnetlc field 137 is generaled/ hﬁ%ﬂr&waonnected coils

- 23 - I 11, 1 r t enat

of L, each ofutshe&ﬁ%‘lf q'}%(t):ltd 7 ?aé%gqe& é%p%%clté& es gyggas%h%lle%%gh
groove 380 thﬁHmGﬁl%’éW%l’(%lbfeéﬁ%%fﬂﬁm%n%ﬂ%G At mogfet 1lddnt &kscend
52 and 54. Thengeotu@sSimGdraed wethhehe aeilernm,- pebmi o8 digtémhipt BBt s

64FT cont act iee.gc{:p%ceé@xgxterﬂtcgl.l.l 8 ntqyr%ulg\ﬁethe coils 148 that produces the
external applied magnetic field 137. Thus, by opening and
closing the mosfet 141, the external applied magnetic field 137

15 can alternatively be applied and then removed from the thermo-
electric Hall Effect elements 146. In this way electrical power
drawn from the torus 60 powers both the external load 95 and
production of that electrical power by the Hall effect elements
146.

20 Three phase power may be generated with three different
outputs is available by using three independent Hall effect
generators 140 each comprising Hall effect elements 146, coils
148 for generating the external applied magnetic field 147, and
the mosfet 141. Coordination of the external applied magnetic

25 fields 137 for each of the Hall effect generators 140 required
for the production of three phase power is achieved by switching
the wmosfet 141 on and off in response to signals from a
microprocessor-controller. Generation of three phase power in
phase with an electrical power grid may be achieved by sensing

30 operation of the power grid and matching the output frequency and
phase produced by the generator 40 to those of the grid.

FIG. 39 depicts an alternative technique for producing
electrical power from the torus 60. In the illustration of FIG.
39 a capacitor 160 connects diametrically across the torus 60

35 thereby forming a parallel resonant circuit Colpits oscillator
159 with inductances of the torus 60. An electrically operated
shorting switch 161 connects across several thermoelectric
junctions located on one half of the torus 60. Alternatively



material |ayer 67FT thereby reducing the length of travel L of t he
current as shown in FIGs. 11 and'12. In FIGs. 15 and 16, each of
the threaded | owt hernal - conductivity elenents 64T and electrically
conductive material 10 layer 67T and each of the grooves 38 of the hot and
cold fins 66G and 65Gis plated with a noble netal Iayers 94Au and/ or
94Ag sel WO%®7¢ om t he group consisting of silver, and¥GdIoteyo22

i ncrease electrical conductivity at thez wncti on between the | ow

t hermal - conductivity el enent 64 and the grooves 38 in the fins 15 65 and
66. opeftimgchnd celosfing bise enviidichs ¥61 emmdidesi the Bdpidst pagillator

t her noel ectygd Qo%&e?ﬁ‘iétéﬁ'@ s L&Paéd’f‘a]? Q-"e%%nﬁﬂt' &é@%&&y deteﬁﬂﬂﬁéﬂ%y ng
whet her a materi al V\n%g%rglowe ectrj resi stiv- but

cont ri but iMF Y 28EER JdectIngs °§oﬁ‘i‘?|tﬁﬁ“€ ﬁBr%“‘bd‘hteoZFﬂE?é‘é%?% t he
el ectri calofc hecpapacitor aiong Comsemierttly, ant A€ uBRgeol6@hibfbcated

materi ad qfy @QPASEHLLE ﬁélﬁé@%&-i‘-s{vriﬁ ﬁ:}tpeag aﬁ%&&r&%ﬁdé@&% EHHQQ 163

conpl i nenta Seeheck voltage tq offset mat er | al el ectrical

resi stivi t5RIRGHRE FQ dMey Capacitgar JLefand ?tﬁ?%a&@ﬁ“ﬁoﬁﬁer The AC

| ow t her matolduagedu atei2v ican e:leermpplaad@tprsamdma@eﬁhbeéw&emimtmaml a9] d
copper f'q§ ég%ﬁ¥¥9%ﬁ dﬂonrfgﬁceéoﬂHE€§§§“¥a<dﬁglEQQQhebHErﬁQﬁa%§Si§§JV'ty
of copper . 2 Is very low conpared to a netal
li ke nﬁﬂé’é’l tiesg, ‘@Eﬁ(lﬁ?el”ﬂl‘:ﬂiﬁ} Sfhidieata weaPaCHERHLAE5a renekRer y
Seebeciko Vd’écagﬁleﬁoncatbopnsdﬁ@e US i Dy voltempeddross kevmihelsnles 3that

conducti vi QERES géei_rﬁ%tf&r %Q’%gl%hg?%%%ﬁ rgbocar‘f g’\é.)ol ts/[err]C,

with a resi t|V|ty of [err] heloglcal
choice to maxim ze the circulating current. The difficulty is, however ;
that the Imfiudtrdalaxpbh 8chei (A3 99% pure) produces only 3. OxlO[err]

i or o-vol €5/ C goli18a0xd0L etk Mpl0 Yol SehSELLG: LaoMLeY Yardh Bisn

material limta tér ol ce woul per'
| ow t HE? nERMSKSIRNGYt hope W"é‘!eé"rren%méﬁh?‘be ADd ﬁ??éeatlg%’etarlﬁcﬁpnéaﬁi@m -
circul ati nighd harl roridt@ructies, 6@o rhfrall eMcRrifipatson| ent ehobaawerbett er

iron at Eigéﬁﬁ%?}%@te Qﬁgcﬁéﬁgygtor 40 is all solid state, with no moving

parts to wear, makes no noise in operation, construction is

stainless steel. This a 5-kW generator 40 weighs 12 kg (27 lbs),

20 including a one hour fuel supply. Thermal-to electrical

efficiency is approximately 12% at this time, far greater than

traditional thermoelectric generators, yet half the efficiency

of a gasoline/diesel powered generator. At one-~tenth the weight

of an engine-powered generator, this type thermoelectric

25 generator has far greater utility for portable applications
because of size, weight, capacity, and cost.

As illustrated in FIG. 36, if an electric current flows
through thermoelectric junctions making up the torus 60, the
Peltier effect causes a temperature gradient. Heat is absorbed

30 on a cold side 151A and rejected at the hot side 150A, thus
producing a gquiet refrigeration capability. Thermoelectric
coolers are also very stable and can be used for temperature
stabilization of laser diodes or electronic components such as
charge-coupled devices, infrared detectors, low-noise amplifiers,

35 and computer chips. In view of the harmful effect of standard
chlorofluorocarbon and greenhouse refrigeration gases on the
environment and the need for small-scale localized cooling in
computers and electronics, the field of thermoelectrics is in
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- 24 - produces Seebeck voltage as set forth in handbooks, iron

t hr eaded | owt hermal - conductivity elenments 64 could be used f or form ng
t hermoel ectric junctions in the torus 60. FIG 37 depicts a
particularly preferred enbodi nent of the 5 | owthernmal - conduc iy ment
64 to be interﬁ%%%ﬂﬂ t ween I mredi atel y adj acent hot and c%#gh%¥ﬁ§b 6
and 65. The | ow t her mal - conducti virt $3etenent 64 is preferably shaped
as a cylindrical pin that fits into the grooves 38 fornmed_in the hot

and col d finBeed HhaigherTpestorpadics rean™r barpHeAtine Fafetiel§i tham these
el ements 64 enatf orcwgebylyhereie@npr ensi oadaitides nohESi dthe  Phelld ng off

two semicirc hal ves . t e ot < 2
electricalIyg%géﬁggﬁﬁﬁéﬂf Ioﬁgﬁﬁgﬁﬁgpgconﬁggyivi éansrﬁ%ﬁg?tLﬁﬁﬁﬂﬁrature
surface. Befvpercerduciping aterdalal . e deask £or lewWer ntRRpRFaAie {160

L herlmm(‘]I ussontbornad kp %aqaﬂ Riddy pEerdbmandd aﬁnsntr\]@em\j\chﬁwd ﬁaasedeﬁr las

nurled to create.ri S tha i nt ersect eac ot her en the two hal ves
are j uxtapos §-° 1ng%$§§?nﬁﬁ%%&%§§§?on or thernofusion bondiqg fuses peaks
of the i nt er sSBoermeekachyis aoneebss wyeprdFoddeddad consddered! inodec-

tivity betweg@tbRbi e 1usis breusdeiy At hexkehbRePat 1eh AHidiGES not

remain open as.aif _holes 89. After the two halves_have en_j.oine
Fopet her -t hEP R EPRATE R SEE: GLITAES G EIons VoLl o G RRFRIAMRecn
adj acent 8ot aghdmebive fuses GGnged f3®mpolver gehberatige tusin|wasdred eridiniet y

| ongi t udi nal ngdtf acs peweeBasbdtiibbolers Wr BehtBee drhe1Betranfc Cinbdrent 66
and 65. 25 0 establish thernoel ectri.c tunctégnﬁ%eeach | ow t.her -
| ati Kg;

conduct i vi t y S8PENERL eI Tl Be TRy 2ERLIC2EIOD SR Lals teay of

mat eri al thatisptbeishsllh, ddheyinosdactric hiaple3catagmier, which sells for $80

- to $100 at many local stores. It provides cooling to about 25°C

15 below and warming to about 55°C above ambient temperature with

just a flip of a switch. It can be plugged into a car cigarette

lighter or operated by a small DC power socurce, useful at remote

locations far from AC outlets or supplies of ice. A larger

version of this cooler could be important, for example, in

20 biological applications for temperature stabilization of

specimens, as well as just keeping a favorite beverage cold. The

high-performance thermoelectric unit 40 initially developed for

a 5000W generator, while it was not intended to be a cooler, will

provide thermoelectric refrigeration because the same advanced

25 material systems used in the 5000W generator design can also
function well as a solid-state cooler.

FIG. 40 illustrates one approach for operating the thermo-

electric unit 40 for refrigeration. In the illustration of FIG

40 a magnetic coil 170 encircles the torus 60. A winding 171 on

30 the magnetic coil 170 connects in series with an electronic

switch 172 and with a series connected capacitor 173 and resistor

174. A driving signal supplied to the electronic switch 172

alternatively closes and opens the series circuit to apply a

voltage V across the series connected resistor 174, capacitor 173

35 and winding 171. The voltage applied across this series

connected circuit periodically and repetitively injects an

~ electric current 175, indicated by a small arrow in FIG. 40, into

the torus 60 to be superimposed upon a much larger circulating



vol tage. The coating materials may be selected fromthe group
consi sting of bisnuth, constantan, nickel, selenium tellurium 30 silicon,

germani um antinony, nichrone, iron, cadm um tungsten, gol d, copper,
zinc, and silver with bisnuth and anti nony being the preferred
materials to respectively provide p-type and n-type junctions. The
preferred n- WHE43WAti ng woul d be a bisnuth |ayer 67Bi HeP¥radn FiG
38A. The preferred p-type coating woul d3435 be an antinony |ayer 67Sb in
FIG 38A. As illustrated in FIG 38A, the layers 67Bi and 67Sb are

di fferent dreai;r;imsbtxerehtlelga)f(e g. 10000 rmpetreand bpebsated diydaslatgeol d

fins 65 ASddd Yst ﬁr@&edm. ik Fi@ctidc &Hff&ql@dlmééaah%%dthareagﬁg

gc%yﬂggi?d nééyggls way causes heat to be transg;rggp from the cold fins

t her mal - ccﬁﬁjutol they leitentins 64 dherabygo apeataddngi tthecotoras i 60 as | ayers
67 of the ﬁﬁetﬁ; 'e%t ; LS}-E£r daq, oreferably either bi smut h and
a t

ant i nony, t are t en_arrange o have | owt hermal - conducti vi t
el enents 64 haPthgrdPPPALEAtiPRS FAr he FhFeelestyis ypitof Ot ABCABAe ang
cold fins dihdﬁaid&5and storagéSpeff¢EﬁdﬁﬁéﬁinIhﬁﬂﬁicaﬁaanlBuaﬁdaktOﬁhéO or

i nst ead Cﬁchaﬁﬁfﬁg Igh ee%WEEh%ﬁngngegdPS&E¥'E¥8§h§n§9£saﬁ4ﬁwﬁggrfc

conpl e- volta
t her noel e@utom 'j hcReIFrsshaviex gfr% AURELY, t?leuf-?'hst£5p§ﬁ§e€81%y be
10 coaied sypidtent hedr rraher Icﬂ:lmmefbﬁagr gevtodd Qlihdt hees f ar 0051 MK OBiurnatach

fin 65 oroﬁqq %.e%ﬁ% M-t@h '?f/ A fInﬁEE%H( e.g. 88Bi, t hat

provi des ernDe j unction While the groove 38 on the
opposite side d\flté'ﬁ’@ﬁhf FHGGEfQﬁeTBB lmyeeﬁapedhas been described in terms

of the presently preferred embodiment, it is to be understood
that such disclosure is purely illustrative and is not to be
15 interpreted as 1limiting. For example, while the present
invention has been described in terms of a torroidal arrangemeht
of thermoelectric junction groups, it is to be understood that
the torroidal form of the invention is preferred for symmetry of
forces, and for ease of fabrication and assembly. That is, all
20 or substantially all of the elements arranged sequentially in
groups to form the thermoelectric generation and/or refrigeration
unit are shaped identically thereby simplifying their fabrication
and assembly into an operable unit. However, the thermoelectric
groups of the present invention may be arranged in shapes other
25 than that of the torus 60, e.g. an elliptically shaped closed-
loop of thermoelectric elements, a rectangularly shaped closed-
loop, a hexagonally shaped closed-loop, etc. Accordingly, it is
intended that the following claims encompass all geometrical
arrangement of groups of thermoelectric elements in which form
30 a closed loop in which an electric current circulates through
such closed loop. Conseguently , without departing from the
spirit and scope of the invention, various alterations, modifica-
tions, and/or alternative applications of the invention will, no
doubt, be suggested to those skilled in the art after having read
35 the preceding disclosure. Accordingly, it is intended that the
following claims be interpreted as encompassing all alterations,
modifications, or alternative applications as fall within the
true spirit and scope of the invention.



with a layer of material , e.g. 88Sh, that provides the other 15 type of
thernoel ectric junction. The fins 65 and 66 are then arranged so the
sanme nmaterial forms the |ayer coating grooves 38 that receive the sane
| ow-t hermal - conductivity el enent 64. |f the | owthermal -conductivity
elenment 64 is not coated with a high conpl ement ary Seebec

material, it iswgtgi‘”l‘q”%ecessary to 20 match material types folri’C;f esg‘gér;-'g%zves
38 of the hot and cold fin 66 and 65 8&ntacting a conmon

| ow-t her mal - conductivity el ement 64. However, if the

| ow-t her nal - @58dGdaimsty el enents 64 are coated with a high

conpl enentary Seelpgk ¥vo! épgimamtieri al, then the coating on both the
el enent 64 and the juxtaposed coating on 25 the fin 65 or 66 should be the
same material . As depicted in FIG 38C,_the |layer of high .
conpl enent ary 1. A s¢hisrmpelertate Waddr i afapbableg <dithgsr fRe fg‘?fée’@ot%
66 or thes elle@tribetynl ofOrEbict ireErigeratior,s Ghemayhbembeléderic unit

d Mt h f, ' : | j gh
puerconted e iigh L3VEh Mo SOTIEL e 1Y sao BIESERR pES IR
88Bi and/or %eGked thermecougdes gthe thernpeleetr o Unity campsaging:

el SCE L i c?! cog%‘éﬂi@@ bet ¥Rermsiplle@VatbahGBAR - €O 16l BVl ¥sed 1648 BaHcHE4
an e I NS

4, and 5 a cir cu%qgerrg'%‘%g‘f%&ﬁég%g'%ggg&%sgfﬁ‘%%g?ﬁ flas"dGSa aﬁ‘al%Glfgﬁg lﬁé at
| owt her el - conduekgctinipadlyneandugive, lowttkermplre@@uckdydtyi relgment e
strap 61 encircl esaddii dheUSeffeen eabh SRR dtdIREabaeshE gzBCOLr R6H! 4y
];r:a'?g]l t Bgl fl 1[8;“ atcl:o% finse,I egg%cgc?:,u_zr o 'fc-:rrhmee Iv?i‘é}tx "4R 6e:ll’cm%ra(%.]:.a rastl'lxglpea
PCT/ US97/ 07922 having a contact end and a heatefig end, and each cold fin
formed with an elongated shape having a contact end and a
15 cooled end; and each hot fin and cold fin being formed of a
high electrical conductivity material, being spaced apart by
and in contact at the contact end with at least one low-
thermal-cohductivity element, materials forming junctions
between the fins and the low-thermal-conductivity elements
20 providing a complementary high Seebeck voltage for the
thermocouple whereby upon heating the heated ends of the hot
fins and cooling the cooled end of the cold fins an electric
current circulates through the closed loop of thermocouples;
and
25 a circumferential means for maintaining the thermocouples

arranged in the closed loop.

2. The thermoelectric unit of claim 1 wherein the low-thermal-

conductivity elements are structured to have low surface area

30 contact with the hot and cold fins to reduce heat transfer
therebetween.

3. The thermoelectric unit of claim 2 wherein the low-thermal-
conductivity elements have a threaded exterior surface that
35 contacts the hot and cold fins.

4. The thermoelectric unit of claim 3 wherein the low-thermal-
conductivity elements are partially flattened thereby reducing

AR R




strength, is secured around the torus 60 (which is a current storage
device) to maintain a prestress on the electrical junction connecti ons.
The tie strap 61 includes an insulating gap 63, preferably a dielectric
material such as a ceramic, built 5 into the tie strap 61 with a buckle 68
and spring washers 69 (in FIG 4) to naintain a prestress in the torus
60. The i nsuM@P#B™0 gap 63 de-couples the tie strap 61 toPPFE¥EN2t from
becom ng a secondary wi nding of the §erus 60. A dielectric and thernal
insul ation layer 62 is secured to the tie strap 61 between the 10 tie
strap 61 amddisbancer useBfedro pijawmerit thot tamd scohd Ginsr for elekctrtcatal |y

or ther mal by S tflmlhgetﬁpgﬁégpcg{g)lcqgsédn 16bE. 5 the | oop further
conprises a plurality of coiled springs 72 Secured between the torus 60

of thernocouples and the tie strap 61. The conpressed coiled springs 72
enabl e the %i eThértipefidlectricnanbtaoh tlﬁﬁmn3wmh£naﬁmeeaahyototheehotne

the LorgntgdQfig fﬁnge:?é)'{o‘i-n&%”%% tion %X @88%%%] py%e 1! g§ﬁ§$ due

to terrperat ure cnanges fter the to n asse
with the etti PaFPnfin P?erﬁﬁéﬁ%f%&%é&edl%%‘é' “COIGEiVAEY
| ow t her meeéteritéhtec otitewd by | Fyawdingena s didtanter s eﬂ:d)mwveﬂar pelesteichot

and cold urdd:dis fq@wqgg4gg %?%@ ?&% l%gzg?%s%ﬁpgy I S thernoconpression

bonded I n vacuum at After thernoconpression
bondi ng, the entire torus 60 is plated with an el ectrol ess ni ckel

mat eri @b sueh TRe E&Nﬁomfécthhghuﬁhb&;mmmwsomsﬁum@uw-l&ueiﬁal-

MacDer m d, e e r n ticut . 1 and
17 a neans +%#§§éé¥#ﬂ¥ %l%%eﬁ%% %gﬁsy%%cpkéhiig(i Pnﬁgagﬁdcgidc$lpﬁe hot
fins 66 coMfierated vehhua &isgimidpr metmhrﬂﬂrngharmnq@w drtweenhthef i ns
ﬁ6 Wit h ang fxdaasd ﬁ’l}%nlﬂﬁ-'lgférmal-w\dﬁctﬁeléyeélbﬁéﬂir:]élg}:ﬁé'lea pedigech
eating en t Qsi ti.one e fue urnlng area
79. An 9011231%?&%%@ mgh Qe%bé%ur noelg-' Koy fﬁe ueI %’Fnr'l?cnou%r ed, as in a
cat al ytPc burner 77. As |IIustrated in FIG 15 each of the hot fins 66G

may plated 7. Tn'et’aharﬂ\@yﬂcﬁﬁdolxﬂiﬂtnwﬂ ¥1a3al lsadineFeih @Rel G sBIRiFRPOVEd
oo 09, ety Vs LOFliola 'ehBa’y RN CLAN P BRBL LA SR tRneh, 5OV
as a cataly IC Conver or ex n asses rom
nlckel selen1um, tellurium, 3111con, germanium, antimony,
nichrome, iron, cadmium, tungsten, gold, copper, zinc, and

20 silver.

8. The thermoelectric unit of claim 1 wherein:
the hot and cold fins are formed with at least a groove in both
a first side and in a second side of each fin, each groove
25 receiving one of the low-thermal-conductivity elements thereby
reducing a distance of travel for electric current flowing
through the closed loop; and
the low~thermal-conductivity elements being formed with two
halves that abut each other along an electrically-conductive,
30 1low-thermal-conductivity longitudinal surface, the low-thermal-
conductivity elements being oriented so the low-thermal-conduc-
tivity surface is disposed between the hot and cold fins that
contact the low-thermal-conductivity element thereby reducing
thermal conductivity between the hot and cold fins.
35
9. The thermoelectric unit of claim 8 wherein each low-thermal~-
conductivity element is coated with a layer of material for the
junctions between the fins and the low-thermal-conductivity

AT




burning area. Coating the hot fin 66 with the layer 71 reduces

pollution and prevents oxidation of the hot fin 66. The el ectrical
out put current produced by the thernoelectric WO 97/ 43790
PCT/ US97/ 07922 - 27 - . generahgh;4;bnay
be controlled Eﬁﬁglling t he amount of fuel supplied t it
burni ng area. WoSA he fuel burning area 79 is provided mﬁ?ﬁ&a %urner 56
whi ch in the iIIustration of FIG 191 87a “series of gas Jets and t he 5d
fuel supplied the h h a tube 57 conprises a stre resse
gas fedpPron1 5% % °%*F?F3(§°Wﬁle Eﬁﬁshlghfﬁ%?bﬁﬁﬁpY?%ﬁP? 9%

bur ner 56, pﬁ@hertalﬂry!oneuham thatpiseselected) utzome q;agromecmmlr@ mlay

al so be 5Upp|]d1%d|u‘6’hth é‘o%’iﬁdned nlckégu' dséi@{uﬁ&mhtéilﬁ i GméNes 1.&?&‘?
fuel, fuel oil, Jet- 10 JP:6, JP.!B and gasadline. ter natlve t he

means for heZ&Fm "mmt h@“ﬁb’f‘mw'r\smﬁ%h’%ﬂmet'henﬁé‘htl?@d 5 1EHREAYRN Wear
powered 5 hewppevurginc, and silviewr.FIG 17, a bl ack box re- heater.75
covers the fuel burning area 79 around the hot fins 66 tgGreradlate

i nfrared heat 15 produced by the fuel back to the hot fins _to increase

t her mal ef fi%i ency. TH% %%Eﬂﬂ?%ﬁﬁfrﬁg-HB&PePf751?H%I%d@%e%ﬁﬂQnﬁhﬁck?YQEuﬂ
of thermal i matangmcm1mwmmlb4mhuundeisyreflmﬁﬁisalwe&-coaba&fv}i&hm

to prevent raf gibcbflal {AUBAMAEISL! BPLE out an - exhaust opening 90.

In FIG 1 the thernoelectric generator further conprising a _
supporti r?é) base 44 that encl oses the torus 60, a cover 43, and a grill
42 above the haat exhertsé thEamioddet@ric unit of claim 8:

wherein the groove on the first side of each fin is coated with
a layer of material for the junctions between the fins and the
low-thermal-conductivity elements that provide a complementary
15 high Seebeck voltage for the thermocouples that is selected from
a group consisting of bismuth, constantan, nickel, selenium,
‘tellurium, silicon, germanium, antimony, nichrome, iron, cadmium,
tungsten, gold, copper, zinc, and silver; and
wherein the groove on the second side of each fin is coated
20 with a layer of material for the junctions between the fins and
the low-thermal-conductivity elements that provide a complementa-
ry high Seebeck voltage for the thermocouples that is also
selected from a group consisting of bismuth, constantan, nickel,
selenium, tellurium, silicon, germanium, antimony, nichrome,
25 iron, cadmium, tungsten, gold, copper, zinc, and silver, and the
material forming the layer on the second side of each fin having
opposite Seebeck voltage with respect to the material .forming the
layer on the first side of each fin, the fins being arranged so
the same material forms the layer coating grooves that receive
30 the same low-thermal-conductivity element.

12. The thermoelectric unit of claim 11 wherein the layers
coating the grooves on each fin is over-coated with an electri-
cally-conductive layer.

35

13. The thermoelectric unit of claim 1 wherein the
c1rcumferent1a1 means for maintaining the thermocouples arranged
in the closed loop comprises a tie strap that encircles the

M




recei ve pots and pans used in cooking. A handle 41 on the out si de of

the thernoel ectric generator 40 enabl es easy transpor- tation of the
relatively light unit. 25 In FIGs. 17-19 a neans for cooling the cold
fins 65 at the cooling end 53 of the cold fins 65 conprises a cooling
chanber 81 or 102. The cooling chanber 81 or 102 contains a fluid 82 or
100 for dr aniWRIMBZ0 away fromthe cooling end 53 of the coFETUS7M2Rs 65
positioned in the fluid. 30 In FkCzgl8, the fluid is air 100 and the
means for cooling includes an air inlet opening 104 into the cooling

chanber, aelosed algomuf dthet@bcbnpieshbocoohtain cthentizrerdizd Faxricen tha8 i n
comuni caty L .0t |d h r c'{fgg ' 0

t hrough t hié@g%)o idr% %a‘ﬁ{)&e)rdlggae\%i %%ﬁéagggmgi)eférom tﬂée%:\%)!lté? ?5rr°“f“|dn§i‘%5.
The air frBhP%%k 1008 F‘H@lgh’é‘?rt?erprﬁ%}rﬁﬁsc"r? et B the hot angdiFedf &P nal
heat i ng syah@ho¥SSherhalaconduating tof €laments of tiee therheal eotr by sindty, and

e ol s! Sahd Pt i6l SR b S inshdBe NG PP enbl! UL ARl N0

PCT/ US97/ 09683P as a secondary winding coupled %g an electric Currest 17
and 19 t hecirobilaigird tihdraugha theqolosed udoppof theaiecotigles he cool i ng
chanber is an open trough 81, and the cooling ends 53 of the cold fins

65 are imMmersed in the water 82 whi ch evaporates giving off water vapor
80 to cool fAe cool i Mhsthpamaslegtricoupdt Pk phaigsl3 further qoppriiging) t he

cool i ngof | §i phiralady @fi oised spdingat seclred betiWtRrnCghki PosddMivip oF a
cl osed nan{ﬂ&%ﬁ%égﬁﬁiggr&%&”@héhgie strap, the coiled springs normally
under compression enable the tie strap to maintain the stress
necessary to overcome the Lorentz Force despite contraction and
expansion of the closed loop due to temperature changes.
15
15. The thermoelectric unit of claim 1 further comprising:
a fin heating means for supplying heat to the heated end of the
hot fins;
a fin cooling means for removing heat from the cooled end of
20 the cold fins; and
a power output means for drawing an electrical output current
from the closed loop whereby the thermoelectric unit becomes a
thermoelectric generator.

25 16. The thermoelectric unit of claim 15 wherein the heated
end of the hot fins is coated with a material selected from a
group consisting of platinum and palladium to provide a catalytic
converter for gases exhausted from the fin heating means thereby
reducing both pollution and oxidation of the hot fin.

30

17. The thermoelectric unit of claim 15 wherein the fin
heating means comprises a ventilated fuel burning area below the
hot fins with an exhaust opening above the fuel burning area,
heated end of hot fins being positioned in the fuel burning area.

35

i8. The thermoelectric unit of claim 17 wherein the fuel
burning area further comprises a series of gas jets which receive

\\\\\\\\\\\\\\\\\\\\\\\\\\\[\\ |
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cooling ends 53 of the cold fins 65, and further conprising a punp 85
comuni cating with the manifold -83. The punp 85 10 circul ates the

|l iquid through the manifold 83, the liquid contacting and draw ng heat
fromthe cold fins 65. The warned water 84 exiting the manifold 83 may
be circul ated throu‘gh an - external radiator 86 to heat anagf ﬁ)ﬁgzﬁm
and cool the WP {nen the punp 85 recircul ates the water %roug 't he
mani fold 83. 15 In FIGs. 22-27 a means-for drawing an el ectrical

out put current fromthe torus 60. The power output nmeans depicted in
these Fl Gs. fnEnredicamrridiseghofo? nekrerp £1 Gogrrearadl 935 195 dmhey the gas

t hreaded arnpetse 131. The armature 131 is coupled through a connecti ng
rod to a solenoid 115 capable of noving the armature 20 131 in one
direction. A spring 138 urges the armature 131 to . nove in direction
opposite to tRAt of tr@%ortgﬁwael%t.nc Aunit i eof eLdddmolt® 1gereldy gdhe

than the 8rnablpPesssd f ghgeeelebv8eN from & Ngolp Ncbhdistihar 60! thethanedT

bot h nade of S|m'II1ar e L;trlcal- | y conductive nmetals such as
comer ci al | yPHEPY %o?}b‘%e ULANE“hot 25 and cold fins 66T and 65T are
separated by threaded ceramc spacers 134 (in FIG 27). The t hreaded

armature 131 goyes — THORGelHEeN@dtyidwinitnot heldin eadegrtivde chadritiag
armature 131

.5 preferabl de . of a netal that i her gpel ectrically
i 11 erent maPedFALlr i (90 Th BRT o BPERRT RGOTTRS nopiSnanelf o BE Shmnuets
or 65. 1Bot hpehingrmtxeceivel patid and pane Ly ussl dn cookpnged into the
hot and cold fins 66T and 65T are threaded with the sanme pitch, and all

together they _forman gn/off switch for . ipterrupting the circulatin
o oot G curt@te 11 owiThE heptgRLener e unig, oB GliEa " Bul ek b ting,
nmovenent of ahbldcksbok| ne-nedatdr aimuthe efuel ghings@res irrouhd fghedhoti on

of a Seeb?Ckfiﬁét@&eréilﬁiTaQeCi?ﬂf?&fed h_ean LbgusEs & itﬁeafﬁgi%fc)é-a::’a \ﬁ/:lﬁah_
t he materlalpgé ngshot and cold fins gGT and 65T when t he svvltch isin

an el ect FPca

22. The thermcelectric unit of claim 17 wherein the fuel
burning area further comprises a burner that receives a gassified
ligquid fuel selected from a group consisting of kerosene, diesel

20 fuel, fuel oil, Jet-A, JP-4, JP-6, JP-8 and gasoline.

23. The thermoelectric unit of claim 15 wherein the fin
heating means comprises a nuclear powered heat source.

25 24. The thermoelectric unit of claim 15 wherein the fin
cooling means comprises a cooling chamber included in the
thermoelectric unit, the cooled end of cold fins being positioned
in the cooling chamber, the cooling chamber being adapted to
retain a fluid for drawing heat away from the cooled end of the

30 cold fins positioned in the cooling chamber.

25. The thermoelectric unit of claim 24 wherein the fluid
is air and further comprising an air inlet opening into the
cooling chamber and an air outlet opening from the cooling -

35 chamber, and a fan in communication with the cooling chamber to
circulate the air through the cooling chamber for drawing heat
away from the cold fins.
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- 29 - cl osed position. - Movenent of the armature 131 to an upper
electrically closed position illustrated in FIG 25A is effected by the
sol enoi d 115, and novenent to a down electrically closed position

illustrated in FIG 25C is effected by the spring 138. 5 Wen_the armature
131 i s bet wee&7 R electrically closed positions, t he PERSTWE is in
the open position illustrated in FFG4025B with no thread contact, and
the flow of current circulating through the torus 60 is |nterrupted to
produce an 26.e| ect rThal thermaalegdrigganitacti sladwf @b Mbergdinyithg air

ext er nal 1Qr6ineQ‘IHé cadaoim;i aﬁamber is HArdlRdksl oalr&igtpuanmé:éﬁéztnah?:o

as deplcte(_j1 gm B 4, an togﬁg_gv@ n& Lglctrlcaltoutl ts 39
on e out SPABLRY Tyt the iz POV PR ot RERE £ U7 PRPRSPRLTE T G 1
FI G 23thapwdeaing vébrenlatedswby cEhe) Balen bagkgearauah ctheeodling 15

t he out gut cRamperf 130. In FIG 24, the vibrating switch 70 is cl osed so
no current flows into the output circuit 130. The al ternati on between
open and cl osed positions supplies an alternating current to the | oad
95. A capaci?fer t ankThe thermoelgctri¢ivnit @f 28pimn2érypvene bul the o luid

output cirgyily JieiQ;Jl'd' t e %801%91 Qlﬂén{ﬂ&%s 1é“ 41 €opith p't!i:o@Eh agflql EeOVes

t he quallté & é ‘el ectrical ut nek I t. nore a. Si newave.
The hot anH°BoFd €9FS A fShes °8d¢ 5?18 63he a’é““?ei S5t ARt EBe ?llq‘“dFl G 27

provi ddoout put termnals 135 for energizing a househol d or a commerci al

el ectrical lgad 95. gjd ecrm&do&%xtepsw& £l caélﬁl 98! Gﬂewfn e&xfé:tfmﬁ'

| oop provided by_the,torus 60 produces al ternatln%
range of 128/ 2”081?781‘% f““§0/t6’(? I—fé‘??]zmg C’Fﬁ’ébﬁ’F mafurd ¥3ese¢fp
| ongi t udi nehtyralinmethmidoclled endfof quhen o laf fnhs,omn@uthe'cﬁhag&:etﬂmi— i's

nggggdbgygggg:(%ec Ofurtnér "ARkiSel! & dphfd |ddutrididatdny F1& e

manlfolg the pump pumping the liguid through the manifold, the
liguid contacting and drawing heat from the cold fins.

29, The thermoelectric unit of claim 28 wherein the fluid

from the closed manifold circulates through an external radiator

20 for cooling the fluid, and then recirculates through the
manifold.

30. The thermoelectric unit of claim 15 wherein the power

output means for drawing an electrical output current from the
25 closed loop comprises:

a switch that includes an electrically-~conductive, longitudi-
nally-vibrating threaded armature, a solenoid for ,urging the
armature to move longitudinally in one direction, and a spring
for urging the armature to move longitudinally in an opposite

30 direction;

a threaded hole larger than the armature that is formed
between a pair of fins that are held apart by threaded ceramic
spacers, within which larger threaded hole in the armature may
move longitudinally, both the armature and the hole being

35 threaded with the same pitch, and all together forming an on/off
switch for opening and closing the current loop responsive to
longitudinal movement of the armature, the armature moving from
one electrically closed position by the solenoid to an alterna-

enote o an atere

Ly



30 circulating electric current. In FIG 22, to power the solenoid

115 a sinewave generator 116 ‘recei ves power through electrical contacts
114 fromthe t hernoel ectric generator 40 after it is operating. To
start the t hernoel ectric generator 40 by nmechani cal neans, a hand
operated 35 one ring powered pendul um 120 is mechani cal

the sol enoid 11%%)&&%5% ng on pivot 123, the pendulum 120 is IP ng’?dna Iy
bi ased by a spring 122 agai nst a stop 12'441Depre55| ng the end of the
pendul um | oaded wi th a nmass_121 causes a ljifte WD 97/ 43790

PCT/USQ?/O?gfﬁve electrically closed p051tion by ?ﬂ? sprlnqmﬂ?qﬂ Qﬁp the
opposi t e end armazatreviasein hnmmeleanentlhéﬁ5e1ecfﬁfne:allypeﬁdsbdnpd:§®tlensaip&bl e

of exciting tﬂ%ws%eeetﬂeﬁl%% @nd BhakEa 1odp BURY 1%fteegﬁb‘ééaueé'ﬂar6&?ce

el ectrical output of er rme ec- tric generator

the sinewave deRPEEEECAY PWRULSTRF | dping,ansexkenat ff{?"trlcal 1°$§

21 an al t & nalre greaseital Shitgpit g ricudtt her noel ec- tric generator
conprises a finger operated piezoelectric generator 110 that is used for
supplying a burner flane igniting spark 118 by pushjng activating button
111. The piezoBectri cTh® Hher@oslgrtrio Miita €5 pelaiked ¥0r wheseifg the

el ectrical enare@tritidl outpit ciRfdd iaelldds & oFdead b amgleizcudkt age
regul ator 113 for powering the sinewave generator 116 to activate the

sol enoi d 115 connected to the vibrating switch 70 as in FIG 22.
In Fl Gs. ¥B-3482he neafbefthermaslies§rin Wik ofi ednin i} furtbercaerpnisinom

the torus 60 d neinelaved gadnkrabt e€hat JeHeeéAiPled 4b the solenocid and that
receives electrical power from the thermoelectric unit after the
thermoelectric unit is operating to drive an external electrical
load, and a hand operated exciting means mechanically couplead to
15 the threaded armature and to the solenoid for starting oscilla-
tion of the threaded armature and solenoid until the electrical
output of the thermoelectric unit can power operation of the
sinewave generator.

20 33. The thermoelectric unit of claim 30 further comprising:
a sinewave generator that is coupled to the solenoid and that
receives electrical power from the thermoelectric unit after the
thermoelectric unit is operating to power the solenoid; and
a finger operated piezoelectric means for storing electrical
25 energy to power the sinewave generator.

34. The thermoelectric unit of claim 30 wherein materials
forming Jjunctions between the threaded armature and of the
threaded hole provide a complementary high Seebeck voltage.

30 '

35. The thermoelectric unit of claim 15 wherein the power
output means for drawing an electrical output current from the
closed loop comprises a Hall-Effect switch that includes means
for applying a magnetic field perpendicular to the current

35 flowing in the closed loop , electrical contacts connected across
a segment of the closed loop, and an electrical output circuit
connected to the contacts, so that electrical energy for

) O D R



The Hal |l effect generator 140 includes an el ectromagnet 147 for app! yi ng

a magnetic field 137 perpendicular to the current | flowng in the torus
60. Electrical contacts 149 connect in series with a nunber of
thernoelectric Hall effect elenents 146 20 disposed between hot and cold
fins 66 and 65 al ong a segnent of the torus 60. As illustrated in FIG
31, heat fl| oWOi@7&ted by smal|l arrows 144 flows from tHEFYB70P4 66

t hrough the therno- electric Hall efghect el enment 146 to the cold fin 65.
Concurrent - ly, a large current indicated by |arge arrows 145 circul ates

25 througheirAeihgr 8 éRterndlr eddctiridialmigaat canf bel ditBdrappl wethout

per pendi c r .1 he 45 .1.n e I age across t he

t her noel eg#’%%%?fﬁgf?%é’gnefr%oﬁt lh?4g1.’{8 i}lgse%(cgc% rircal out put circuit
142 depicted in FIG 32 connects to the series connected t hermoel ectric
Hal | ef f ectzeal enent Bhd 46tlsexridellectirdet r updk eder gy1ddm t @50peoMpLiding

el ectrigal C \ r org. 1. trj tor
30°w { FoUCTARSE IS Wy Ly Feat Fron T IvitEhes, W IRRcS! bfeBEHEE 0,
form for ONEPUREr bRl &8er i glosed gleppntand 48PPEoRKLaLRLY s RPPLY ipPechef

ni ckel angespepbicul & magnéttit ifienaBtoCoalbiEdte/ ithre®l pRBBESeRBEtEDESILICE OF S
respectivel &,e§35 having a dissimlar netal plated on the oval shaped piece
e

in a ded configuration FIG 28 illustrates a nagnetic
field 137, applied perpendic- ular to current | flowing in the torus
60, generates, a vol rAgethermoelectric ulPr9df 43/ h 15 wherein the power

/ / , ) - - ,
per pendi cAUAPOQTPRRSC EPF AF2AHIP 1 Sheftrioar odteut curBEhBSErbntund’ e

closed loop comprises:

an electronic switch connected across a plurality of

thermocouples of the closed loop that may be closed for electri-
15 cally shorting the plurality of thermocouples;

a capacitor connected across a plurality of thermocouples of
the closed loop thereby forming a parallel resonant circuit with
inductances of the closed loop; and

electronic switch driving means for causing the electronic

20 switch to alternatively open and close thereby inducing an
alternating current ("ACY) voltage across the capacitor for
driving an external electrical load.

- 38. The thermoelectric unit of claim 37 further comprising
25 a rectifier for converting the AC voltage across the capacitor
into a direct current ("DC") voltage.

39, The thermoelectric unit of claim 1 further comprising:
a fin cooling means for removing heat from the heated end of
30 the hot fins;
a fin heatiﬁg means for supplying heat to the coocled end of the
cold fins; and
a power supply means for supplying an electrical input current
to the closed loop whereby the thermoelectric unit becomes a
35 thermoelectric refrigerator.
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to an external magnetic field 137. This transverse voltage is referred

to as the Hall voltage. The voltage is caused by current 136 crowding to
one side in the conductor, as a result of the 5 applied nagnetic field 137.
If the magnetic field 137 changes polarity (or be sinusoidal in nature),

the Hall volta . | so be sinusoidal, producing AC. As |l at ed
in FIGs. 29, 3%?Ogﬁghmﬁ 34, the magnetic field 137 is generatJETgﬁgéé es

connected coils 148 that connect in parallel across the series connected
10 thermoelectric Hall effect elenments 1%3. A nosfet 141, also

connected in series with the coils 148, permts interrupting an

electric current flowing through the coils 148 that produces the

external applied rggnetic fighd 137. Thus, by opening and closing the
nosfet 141, the‘ﬁgternal 20pl 1 ed magrdBic field 137 15 can alternatively
be applied and tHaneem S electric Hall Effect

el ements 146. 1 drawn fromthe torus 60
powers both the production of that electrical power
by the Hall effecg Three phase power may be
generated with th I's avail abl e by using three

I ndependent Hal | P each conprisin |1 effect

el enents 146, coi 441e external applied magnetic

field 147, and ation(g t hé6-¢xt er *@ppl i ed
magnetic 25 fig al | ef fect haesmrmeeair 4 140 required
for the product“o slifhi- {Eﬁﬁ{&?}ﬁ?ﬁ?ﬁ?& t he
mosfet 141 on and A Lo f N \Aléé/'”éig
M Cr opr ocessor - COANE ' t hr efy :Q$§§§§Uuhé§%2§;f‘.sgo
with an electri @gl , i e 50 eved RSS2 of
the power grid and matc ut pyt fr equqd el o bd by
the generator 40 to those of th EBJS. 'T:/75/9$n§§§§§§1
alternative techni que for producing el ect\\@ 5255&%%“\§S§§? grus 60.
In the illustration of FIG 39 a capaci t oS '”#h#&&&k&ﬁi’ ‘ dd V
across the torus 60 35 thereby form ng a par4g \ .h%.mﬂﬁ%$>’/u; Col pits
osci |l | at or 159 with inductances of the torsglp
operat ed shorting switch 161 connects acros
Fig. 2
63 .

62
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junctions | ocated on one half of the torus 60. Alternatively

WO 97/ 43790 PCT/ US97/ 07922
- 32 - opening and closing the switch 161 excites the Colpits
oscillator 159 to oscillate at its natural resonant frequency determ ned

by one- quar he inductance of the torus 60 and the ¢ SRS
of the capacitgﬁiT@%ﬁ%Cbnsequently, an AC vol tage 162-indi cated by a
doubl e headed arrow in FIG 39 appears a%kg;s termnals 163 connected to
t he capacitor 160 and to the torus 60. AC vol tage 162 can be

supplied for driving the external |oad 95. A rectifying diode 164,
connected to one of the termnals 163, rectifies the AC voltage while a
capacitor 165 filters the 10 rectified AC to produce a DC vol tage across
term nals 166 that may al so be supplied for driving the external | oad
95. I ndustrial Applicability Applicatigns for this new
generator product range 88Qm 15 , honmg~power, not or-hone and

recreational air condition-
electrification in Third-
state, with no noving
construction is st ai nl™d
(27 1bs), 20 including

ion, to rural

dNgenerator 40 is all solid
s Jjjoi se6t n operati on,
yAdrEr at or 40 wei ghs 12 kg

Thermal -to el ectri cal

efficiency is approximatel : i et greater than
traditional thernoelectric generators,a/pE nalf the efficiency
63 69
Fig. 4
2
6
72
64
67
61
62
Fig. 5
65 66 &
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of a gasoline/diesel powered generator. At one-tenth the wei ght of an
engi ne- powered generator, this type thernoelectric 25 generator has far
greater utility for portable applications because of size, weight,
capacity, and cost. As illustrated in FIG 36, if an electric
current flows ugh thernoel ectric junctions neking up

t he Peltievmgaégéf causes a tenperature gradient. Heat gk%@ﬁ%%@g?

on a cold side 151A and rejected at the gps si de 150A, thus produ0|ng a
qui et refrigeration capability. Thernoel ric coolers are also very
stabl e and can be used for tenperature stabilization of |aser diodes or

el ectroni c conponents such as char ge- coupl ed devices, infrared
detectors, |ow noise anpllflers 35 and conmputer chips. In view of the

har nf ul effect &n mem chtorof ocar bon and gr eemqouse
refrigeration gases e nvironnment\and the need for | | -scal e
| ocal i zed cooling i ut er $63nd JECTTpnics, the field of

t hernoel ectrics is in WO 97/ 43§90

PCT/ US97/ 07922 Ni - 33 - Ni ¢ hi gher
per formance roomtenpefaturg t Han t hose that ¢urrently

exi st. In addition, as| th igld] of cgy oel ec roni cs
(utilizing hi gh transitjon ar atjur e supereqnqucii ng jmateri al s),

the need for |ower tenperat
t hernoel ectric devicesjis

Thernoel ectric conceptg are
i ndustry for use in the nex

n—/

Ni Ni

4~ 7A

Fe Fe Fe
. 51\_19/ ///

FIG. 7
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only for traction, for clinmate control as well. Qher possible 10

aut onotive uses range from power generation using waste engine heat, to
power ed seat coolers for confort or el ectronic conponent cooling. The
nost common application of these material s today is the small,

t her noel ectri ¢ w@ehfhgwar mer, which sells for $80 to $100 g&,l.,ggsplwzgcal
stores. It provides cooling to about 25[er1}t 15 bel ow and warm ng 10 about

55[err] C above anbient tenperature with ust a flip of a switch. It can

be plugged into a car cigarette | ighter or operated by a small DC power
source, useful at renote | ocations far from AC outlets or supplies of
i ce. A | ar ger ver si on this cooler could be inportant, for exanple,

on of

in 20 biological applica
[ e cold. The

speci nens, as well as | a favorite bevef

hi gh- per f or mance t herm 40 initially pevel oped for a 5000w
generator, while it wap integded to be a coolef, wll provi de

t hernmoel ectric refrigefat|i 67rRecquse the sanme advahcdd 25 material systens
used in the 5000W gene i an al so fupctli on |1 as a
solid-state cooler. =——ftel 4D illustrates o pach for operating
t he therno- electric Bt EAR refrigeration the illustration of
FI G 40 a magnetic ;ok } 70EEgciycles the torus| 6 A Mruﬁép 171 on 30
the magnetic coil 170 forgEEeyt SEE ries with an e|e on switch 172

itpr 173 and resifpt
itch 172 a

vol tage V
3 35 and w nd

174. A driving
at{vely closes and
he series
| . The vol t age
nnected circuit perijodjcally and

ST

and with a series connpctfEs
signal supplied to the|elE:sH
opens the series circujt kB
connected resistor 174—c9Ms
applied across this

repetitively injects an ectrrc current 175, bd by a snal
arrow in FIG 40, into torus 60 to be superinpogefl upon a nuch
| arger circulating
4
500C
AT 300C
asoc | - ¥AT
100C
v
FIG. 8 FIG. 9

51 A

FIG. 10
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- 34 - electric current 176 (e.g. 10,000 anperes), indicated by a |arge
arrow in FIG 40. The electric current injected into the torus 60 in
this way causes heat to be transferred fromthe cold fins 65 to the hot
fins 66 therebywgReuasd N the torus 60 as a 5 thernoel ectric refrigaralor.
O her applications for the thernoelectric unit 40 include generatoi and
storage performance in applications such &$17 he chargi ng and use as an
alternate power supply for an electric aut onobi | e, a peak-shaver f or
industry, a utility protection 10 systemfor the commercial sector, and as
a 600 MM\ di urnal grid-leveler for the Uil ify—rgd or 65G

Al t hough the present invention has been descrifed ir/terns of/ t he
presently preferred geRodinment, it is to be yhders{épd hat &4ich

di sclosure is purelylilflustrative and is not |t¢ be|lp ipterpré¢ted as
limting. For exarplle, while the present i pven{i dn hfqs|been
described in ternms off § torroidal arrangenent pf { t hegnpel e¢t |ic
junction groups, it i|s fro—¥ under st ood t hat t he| torfofdal |f ¢rrm@F the
invention is preferrgd|for symetry of forges,|apd forjease¢ ¢f
fabrication and assenblly. That is, all 20 or{spbstpniial{yjall]of the

el ements arranged sequgntially in groups jo|formjhe {hernogl gctric
generation and/or refjrijgeration unit are ghpped}ifbentfcally]thereby
simplifying their fabrijcation and assenbly [nto] ah opgr pbl efunit.
However, the thernoe L groups ofTThe| pfeseht{inveniion| npy be
arranged i n shapes of ;5 t hap-Lhat of Xhe|tpfu3{ 6D g Eﬂ ell :;Eéally
shaped cl osed- NN =t her L C  SHEOMREN &) /R B e\ aped
cl osed- | oopsTR ﬁ y shaped cl &’f““?).‘ (‘g)) (Q.J) ﬁ \ , 1t 1s
i ntended that the fol i g c3gi s enconpass*-eyll {Jeenpt § eal

arrangenent of groups ¢f] tihernoel ectric el eneAt$ ifn whi ¢h f¢rm 30}a|cl osed

ijc lcurrent circul as4®”t hjoggh

U LU\

|
T

e B~

+
FIG. 11 —_

FIG. 12
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such cl osed | oop. Consequently , w thout departing fromthe spirit and
scope of the invention, various alterations, nodifica- tions, and/or
alternative applications of the invention will, no doubt, be suggested
to those skilled in the art after having read 35 the precedi ng discl osure.

Accordi ngly, itwogsffegnded that the foll owi ng clains be ng;ﬁ;ﬁd as

enconpassing all alterations, nodi fi cations, or alternati

applications as fall within the true sgypfs t and scope of the invention.
WD 97/ 43790 PCT/ US97/ 07922

- 35 - The d ai ns What is clainmed i;-L 1. A

t hernoel ectric up adap-table either for gener®ing 5 electricity or for
refrigeration, t Rer noel eCtI’iC}Lﬂtl I zing a high circulating
current in a closed iggpp of tlght& er nocoupl es, the

cU
t hernoel ectric onpri si ng: I ES Jf therrmcoupl es arranged to

Y =
forma closed | o each thele conprising a hot fin and a
cold fin and an €& ' -‘-1?;;.." | ow-t her mal - conductivity
el enent R ""‘_‘,_ edi at el y adjacent pair of hot
and col d ) FeryW th an el ongat ed shape

havi ng a cont act 5 At od = each cold fin f ormed
with an el ongat e§&ES, [ Seeet—tmd and a 15 cool ed end; and

g d fin belng for
A

FIG. 13

65G R \

FIG. 16
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hi gh el ectrical conductivity material, being spaced apart by and in
contact at the contact end with at |east one | ow

t hermal - conductivity elenment, materials form ng junctions bet ween
the fins and the | owthermal -conductivity el ements -20 provi ding a
conpl enment ary 'dﬁg beck voltage for the t her nocou /M?

upon heati ng tﬁé gg?@d ends of the hot fins and cooﬁ%ﬁb ﬁgﬁ?%oled
end of the cold fins an electric current circul ates through the

cl osed | oop of thernocoupl es; and’/48 a circunferential means for
mai nt ai ni ng the thernocoupl es arranged in the closed | oop. 2. The
thernoel ectric unit of claim1l wherein thg\lowthernal- conductivity

el enents are structured to have |ow gurfa area 30 contact with the hot
and cold fins to reduce heat transfer her ebet ween. 3. The

thernoel ectric unit of claim2 wherein conductivity
el enents have a threaded exterior s : fcts the hot and cold
fins. 4. The thernoel ectrie i : Qerein the | owthermnal -

conductivity elenments are partidlly S cici ng
WD 97/ 43790 X/ 07922
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- 36 - a di stance between adjacent hot and cold fins for electrical
current flowi ng through the cl osed | oop. 5. The thernoelectric unit
of claim3 wherein each of the hot 5 and cold fins is forned with at | east
a groove on opposite sides of each fin to receive one of the

| ow-t her mal - conglg@t/dsbd v el enments thereby reducing a dlstag%g %f travel
for electric current flowi ng through the cl osed | oop. FSHY,

thernoel ectric unit of claim5 wherein the | owthernmnal - conduct|V|ty

- elements and the grooves in the hot and cogg7ins are coated with a
dissimlar netal for the junctions between the fins and the

| ow-t hermal -conductivity elenents that provide a conpl enentary high
Seebeck voltage for the thernocouples. 15 7. The thernoel ectric unit
of claim6 wherein the dissimlar nmetal is selected froma group

consi sting of bisnmuth, constantan, ni ckel, selenium tellurium silicon,
ger mani um anti nony, ni chrone, iron, cadm um tungsten, gold, copper,
zinc, and 20 silver. 8. The thernoelectric unit of claim21 wherein:
the hot and cold fins are formed with at | east a groove in both a
first side and in a secongggi de of e in, each groove 25 receiving one
of the | owthermal -conductivity el enent i gdUC|ng a di stance of

travel for electricggyrent f}ow ng f O U he cl® 65and
t he IOMFthernaI-conduct'v%t enment’ s  Del f pmed wrTh ; Dpkﬂbs t hat

abut each other along a | §CPIH = uct i 30

o9 . . 82
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tivity surface is disposed between the hot and cold fins that cont act

the I owthermal -conductivity el enent thereby reducing t her mal
conductivity between the hot and cold fins. 35 9. The thernoel ectric
unit of claim8 wherein each | owthernal - conductivity elenent is
coated with a | material for the junctions betwee | and
the | owther nal‘-%égxri{‘ u%:ot Ivity WO 97/ 43790 9&%9%7%
PCT/ US97/ 07922 9/17 - 37 - el ement s t hat
provi de a conpl enentary hi gh Seebeck vol t‘age for t he thernocoupl es that
I's selected froma group consisting of bi snut h, constantan, nickel,
selenium tellurium silicon, ger mgi um anti nony, nichrone, iron,
cadnmium tungsten, gold, 5 copper, zins, and 33 ver. 10. The

t hernoel ectric unit of claim9 wherss
| ow-t hermal - conductivity el enent i

each

electrically-conductiveIayerl.m% -—e-funijt of
cl aim 8: wherein the groove j i is]co ed
W th a layer of material for sre—gnd Jt
| ow-t her mal - conductivity el ement gk 15 high 415
Seebeck voltage for the thernocoupl 116
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a group consisting of bisnuth, constantan, nickel, selenium tellurium
silicon, germanium antinony, nichronme, iron, cadm um tungsten, gold,
copper, zinc, and silver; and wherein the groove on the second side of
each fin is coated 20 with a layer of material for the junctions between
the fins and wddRsjopw t hermal -conductivity elenments that prp%,”ﬁl
conpl enent a- ry high Seebeck voltage for the thernocoupl es B2 so
selected froma group consisting of bisnmuth, constantan, nickel,
selenium tellurium silicon, germani um aﬂ?(%ny, ni chrome, 25 iron,
cadm um tungsten, gold, copper, zinc, and silver, and the mat eri al
formng the |layer on the second side of each fin having opposite
Seebeck vol tage with respect 14p~thg teriggh Lorm t he | ayer on the

t?ﬁ% »

0

first side of each fin, the fi g arran S terial
recei V&~ 39 same

| ow-t hermal -conductivity el emenf. & 12. e the GEERC junit of
claim 1l wherein the | ayers o&EERH tlhe glo {E:}é' eéﬁ [ ;
over-coated with an electri- 5:"; cqnducti :_;'3‘ ef. 3 . The
thermoel ectric unit of claj :;’,”, rdin {h $5§§ i fcunf ef R ri;ans
for maintaining the ther rmcg%mbs éﬁy. nge®T IEERe ¢68Eed g=Ronpri ses
a tie strap that encircles th :;":2‘, - SE7 43790
PCT/ US97/ 07922 X R -
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cl osed | oop of thernocouples to contain the Lorentz Force that bui l ds up

in the closed loop, the tie strap secured around the cl osed | oop
applying a prestress to the to the hot and cold fins and

| ow-t her mal - conductivity elements of the thernmoelectric unit, 5 and the tie
strap includi nggyyqisap! @ting gap that de-couples the stra 3707922
secondary wi nding coupled to an electric current circul ating through the
cl osed | oop of thernocoupl es. 14. 1/1pe thernoelectric unit of
claim13 further conprising 10 a plurality of coiled springs secured

bet ween the cl osed | oop of t hernocouples and the tie strap, the coiled
springs normally under conpression enable the tie strap to maintain the
stress necessary to overconethe Lorentz Force despite action and

The thernoel ectric unit
means for supplying he

15 wherein the heated
selected froma
catal ytic convgyte

t her eby reduci ng bo

17. The thernoel ectris
means conprises a vexti laged
an exhaust openi ng above the f

FIG. 29

143

145

FIG. 30
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35 18. The thernoelectric unit of claim17 wherein the fuel
burning area further conprises a series of gas jets which receive

WD 97/ 43790 PCT/ US97/ 07922

- 39 - a fuel conprised of a stream of conpressed gas fed into the gas
jets. 1 he thernoelectric unit of claim 18 | e 5
conpr essed gas%%%?"é"épgd froma group consisting of nethane, m“@lrp,ﬁ%%g?\%gand
but ane. 20. The thernoelectric unit of claim17 further

conpri sing agrill on top of the thernﬁglﬁftric uni't above the exhaust
10 opening to receive pots and pans for AL cooki ng. 21. The
thernoel ectric unit of claim 17 further conprising a bl ack box
re-heater in the fuel burning area around the hot fins to reradi ate

i nfrared heat produced by the fuel back to the 15 hot fins. 22.

The thernoel ectric unit of clain11i/rcgpeﬂﬁ5 e fuel
- 66
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burning area further conprises a burner that receives a gassified l'iquid
fuel selected froma group consisting of kerosene, diesel 20 fuel, fuel
oil, Jet-A JP-4, JP-6, JP-8 and gasoli ne. 23. The

thernoel ectric unit of claim15 wherein the fin heati ng nmeans conpri ses
a nucl ear power. sour ce. 25 24. The t her noel ect f
claim 15 V\hereﬁggﬂmén cool i ng neans conprises a cooli ngbgﬁg%&”ﬁ

i ncluded in the thernoel ectric unit, the cooled end of cold fins being
positioned - in the cooling chanber, the EUBYing chanber being adapted to
retain a fluid for drawing heat away fromthe cooled end of the 30 cold
fins positioned in the cooling chanber. 25. . The thernoel ectric
unit of claim?24 wherein the fluid is air and further conprising an
air inlet opening into the cool ing chanber and an air outl et opening
fromthe cooling 35 chanber, and a fan in communication with the cooling
chanber to circulate the air through the cooling chanber for draw ng
heat away fromthe cold fins. WO 97/ 43790

PCT/ US97/ 07922 40 - : The

t hernoel ectric unrr—v '
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fromthe cooling chanber is circulated through an external heat i ng
system the air giving off heat to the heating system and t hen bei ng
circulated by the fan back through the cooling 5 chanber. 27.

The thernoelectric unit of claim?24 wherein the fluid is aliquid, the
cool i ng chamber pen trough, and the cool ed ends of

fins are innersg%§?ﬂa?ﬁe liquid. 10 28. The thernnele% rléﬁﬁﬁﬁf of
claim?24 wherein the fluid is aliquid, and the cooling chanber is a
cl osed mani fold encircling the cooleqazpp of the cold fins, and the

t her noel ec- tric unit further conpriseS a punp comruni cating with the
15 manifold, the punp punping the liquid through the manifold, the

liquid contacting and drawi ng heat fromthe cold fins. 29. The

t hernmoel ectric unit of claim28 wherein the fluid fromthe cl osed

mani fol d circul ates through an external radiator 20 for coolipg 64 he
fluid, and then recirculates through the ma bfolo
thernoel ectric unit of claim15 wherein the power q
drawing an el ectrical output current fromthe 25 cl O™ | oop Qonpri ses:

a switch that includes an electrically-conductive, | oh¥

nal |l y-vibrating threaded arnmature, a solenoid for ,urgj ng the armat ure
to nove longitudinally in one direction, and a spring urging the
armature to nove longitudinally in an opposite 30 directi on;ﬂg ;751

t hreaded hole larger than the armature that is forned bet 3 air of
fins that are held apart by threaded ceramc spacers, within which

| arger threaded hole in the armature B ggT fdi nal |y, both the
armature and the hol e being

SZ\\\

7Sb 64

FIG. 38A
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35 threaded with the sanme pitch, and all together formng an on/off
switch for opening and closing the current | oop responsive to

| ongi tudi nal novenent of the armature, the armature noving from one

el ectrically closed position by the solenoid to an alterna-

WO 97/ 43790 PCT/ US97/ 0792

- 41 - tive SPEE cal y closed position by the spring, %STV\F: m%’ﬁe
armature is in between either electricallysgfosed positions the fl ow of
current in the closed | oop being interrupted to produce an el ectri cal
output for driving an external electrical load via 5 an electrical output
circuit. 31. The thernoelectric unit of claim 30 wherein the
el ectrical output circuit includes a capacitor tank circuit. 10 32.
The thernoel ectric unit of claim30 further conprising a sinewave
generator that is coupled to the solenoid and that receives electrical
power fromthe thernoelectric unit after the thernoel ectric unit is
operating to drive an external electrical | oad, and a hand operated
exciting means™~nechanically coupled to 15 the threaded armature and to the
solenoid for starting oscilla- tion of the threaded armature and
solenoid until the electrical out put of the thernoelectric unit can
power operation of the si newave gener at 8&5 64

- | -
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20 33. The thernoelectric unit of claim30 further conprising:
a sinewave generator that is coupled to the solenoid and that recei ves
el ectrical power fromthe thernoelectric unit after the t her noel ectric
unit is operating to power the solenoid; and a finger operated

i ezoel ectric storing electrical 25 ener to power t ] ve
generat or. n%q%ﬂ;ﬁ& " The '?her noel ectric unit g? cl a:om 30 ﬁ&%&'ﬂw
materi al s form ng junctions between the threaded arnature and of the
t hreaded hol e provi de a conpl enentary hig 6§?ﬁbeCk vol tage. 30 35.
The thernoelectric unit of claim15 wherein the power out put means for
drawi ng an el ectrical output current fromthe cl osed | oop conprises a
Hal | -Ef fect switch that includes neans for applying a magnetic field
perpendicular to the current 35 flowing in the closed |oop , electrical
contacts connected across a segnent of the cl-osed | oop, and an
el ectrical output circuit connected to the contacts, so that electrical
energy for WO 97/ 43790

PCT/ US97/ 07922 - 42 - operating an
external electrical |oad can be mnthdramn wi t hout errupting current

flowin the closed | oop. 87Cu

Lo

e

FIG. 38C
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36. The thernoelectric unit of <claim 35 conprising 5 connecting
three Hal |l -Effect swtches with three different outputs to the cl osed

| oop and appropriately applying the per pendi cul ar magnetic field to
generate three phase el ectrical power . 10 37. The thernoel ectric
unit of claim lp,¢hpiel N the power out put neans for draw ngcq\ﬁ,sg-,,o-mz

el ectrical output current fromthe cl osed Ioop conpri ses:

el ectronic switch connected across a pluralit t her nocoupl es of t he
cl osed | oop that may be cl osed for electr|J7ié'caIIy shorting the plurality
of thernocoupl es; a capacitor connected across a plurality of

t her nocoupl es of the closed | oop thereby formng a parallel resonant
circuit with i nduct ances of the closed | gop; and el ectronic switch
driving means for causing the electronic 20lgwitch to alternatively open
and cl ose thereby inducing an alternati eg—current ("AC') voltage across
t he capacitor for driving an exje+Rot——et-eetr+ecat—eqd. 38.

The thernoelectric unit of claim3f further conprising|25 a rectifier for
converting the AC volt cross the capacitor intq a direct cuyeeent

("DC") vol tage. 39. Theg, t herqoel ectric unit ¢f clalgg further
conpri si ng: a fin coolin nﬁghs forn r Vi htat f|r om d64d $nd
of 30 the hot fins; i atin ®opl i

cool ed end of the col d ¥dns; and a~powes - supgl y ans fo

supplying an el ectricalf 1 np
t her moel ectri c ummrbecdhes:

current td the clo ﬁﬂheLfEZ t he
35 t her | ectric refrj erator
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