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THERMOELECTRIC GENERATOR ASSEMBLY
FOR FIELD PROCESS DEVICES

BACKGROUND OF THE INVENTION

Field instruments are typically widely distributed throughout a

process plant and are connected by process control loops to a control system.

Field instruments typically require a supply of electrical power for operation.

The electrical power can be provided by the control loops themselves or by

separate power wiring to the instruments. The amount of power required by each

field instrument is usually quite small, and is typically on the order of about 50

milliwatts or less.

When wiring is used for control loops, the wiring is typically

enclosed in electrical wiring conduits which require mechanical mounting for

support on the framework of process equipment over long distances. Often, the

cost of wiring a field instrument over long distances exceeds the cost of the field

instrument itself.

When a wireless communication loop is used to communicate

with a field instrument, the wireless communication loop does not provide a

power supply to the field instrument, and separate power supply wiring is

needed.

While the power required for a typical field instrument is

extremely low, field instruments are often located in very hot, dangerous or

inaccessible locations in the process plant. In such locations, it may be

impractical to use a chemical battery as a source of low power in a field

instrument. The environments in such locations are often dirty or shielded from

sunlight, making use of solar cells for power supply impractical. Solar cells and

batteries, in the plant environment, require too much maintenance to be usable

for power supply in many field instrument applications.

Process equipment in plants typically include boilers, steam

piping, heated tanks, hot oil and gas pipelines, refrigerated liquids (e.g., liquid

nitrogen, liquid helium, etc.) and other equipment that are heated or cooled to a



temperature that is different than ambient air temperature in the process plant.

Large temperature differentials are present, and waste heat flows between the

ambient air and the process equipment. The amount of energy lost due to a

waste heat flow often greatly exceeds the amount of electrical power required by

a field instrument.

The power and voltage of thermoelectric generators are generally

directly proportional to the temperature difference or temperature gradient

between hot and cold plates of a thermoelectric generator. The use of heat flows

in conjunction with a thermocouples to provide power is known, for example

from German Gebrauchsmusterschrift DE 201 07 112 U l and US Patent

6,891,477 B2. However, there are a number of practical problems that arise.

SUMMARY OF THE INVENTION

A thermoelectric generator assembly includes a thermoelectric

generator. The thermoelectric generator has spaced-apart hot and cold junction

flanges. The hot junction flange has an adapter shaped for thermally coupling to

a process vessel. The thermoelectric generator produces a thermoelectric power

output for use in powering a process device. In one example construction, the

thermoelectric generator assembly includes a heat sink. The heat sink thermally

couples to ambient air and has a heat sink flange. In another example

construction, the thermoelectric generator assembly includes a heat pipe

assembly. The heat pipe assembly comprises a fluid in a circulation chamber.

The circulation chamber has an evaporator flange mounted to the cold junction

flange. The circulation chamber has a condenser flange mounted to the heat sink

flange. At least a portion of the fluid transports heat from the evaporator flange

to the condenser flange. In embodiments where a heat pipe assembly on a cold

junction flange is used with many of the types of heat flows that are available in

process industries, more efficient thermoelectric power generation can be

provided in the process industries.



BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a thermoelectric generator assembly that

includes a heat pipe.

FIG. 2 illustrates a graph of temperature differentials associated

with one thermoelectric generator that includes a heat pipe, and a comparable

thermoelectric generator that does not include a heat pipe.

FIG. 3 illustrates an embodiment of a heat pipe.

FIG. 4 illustrates a graph of voltage at a thermoelectric output as

a function of temperature differential between hot and cold junction flanges of a

thermoelectric generator.

FIG. 5 illustrates a field data concentrator coupled to a

thermoelectric output of a thermoelectric generator.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

In the embodiments described below, a thermoelectric generator

has a hot junction flange, or a hot junction flange adapter, that is shaped to

couple to a heated process vessel such as a pipeline or a tank. The shaping of the

hot junction flange provides good thermal conductance between the hot junction

and the process vessel. The thermoelectric generator has a cold junction flange

that is coupled to an evaporator flange of a heat pipe. A condenser flange of the

heat pipe is coupled to a heat sink. The use of the heat pipe reduces the

temperature of the cold junction flange, which provides an increased

temperature differential between the hot junction flange and the cold junction

flange. The increased temperature differential increases the voltage at a

thermoelectric power output to more than 5 volts. The increased temperature

differential increases the efficiency of the thermoelectric power generation. The

thermoelectric power output can be used to power field process devices or field

process data concentrators directly without the use of either voltage multipliers

or batteries. Field process devices are thus locally energized by the

thermoelectric generator, and power wiring from a central control room is not



needed. The thermoelectric power is adequate to energize wireless

communication between the field device and the control room, and the need for

communication wiring between a field device and the control room is

eliminated.

The embodiments described below can also be used with process

fluids that are colder than the environment, with the heat pipe functioning as a

"cold pipe."

FIG. 1 illustrates a thermoelectric generator assembly 200. The

thermoelectric generator assembly 200 comprises a thermoelectric generator

202. The thermoelectric generator 202 has a hot junction flange (hot side) 204

and a cold junction flange 206. (cold side) The flanges 204, 206 are spaced apart

from one another. The hot junction flange 204 couples to (or includes) an

adapter 208 that is shaped for thermally coupling to a process vessel 210. The

process vessel 210 carries heated process fluid and provides a source of waste

heat for the thermoelectric generator assembly 200. The thermoelectric

generator 202 produces a thermoelectric power output 212 at a voltage level V.

The thermoelectric generator comprises a thermoelement 203. In one

embodiment, the thermoelectric element 203 comprises a semiconductor

material. The thermoelectric element 203 can comprise elements Si, Ge, Bi, Sb,

Te, for example, which are semiconducting. In another embodiment, the

thermoelectric element 203 comprises chalcogenides to provide a high figure of

merit. In one embodiment, the hot and cold junction flanges 204, 206 are

arranged as enlarged flat plates that are larger than the thermoelectric element

203 and that overhang the thermoelectric element 203.The overhanging flanges

204, 206 provide large thermal transfer surfaces with high thermal conductivity.

The overhanging flanges 204, 206 also include through holes for mounting bolts

205. In one embodiment, the bolts 205 are formed of stainless steel alloy with

high thermal resistance and are mounted with thermally insulating washers 207,

and the bolts 205 and washers 207 limit undesired heat flow through the bolts.



The bolts 205 securely assemble the thermoelectric generator 202 to process

adapter 208 and to heat pipe assembly 220.

The thermoelectric generator assembly 200 comprises a heat sink

214. The heat sink 214 thermally couples to ambient air and has a heat sink

flange 216. The heat sink flange 216 is fastened by bolts (not illustrated) to an

evaporator plate 228 of the heat pipe assembly 220. In one embodiment, the heat

sink 214 comprises multiple pins (as illustrated) or multiple fins for large

thermal radiation coupling to the ambient air.

The thermoelectric generator assembly 200 comprises the heat

pipe assembly 220. The heat pipe assembly 220 comprises a fluid 222 in a

circulation chamber 224. The heat pipe assembly 220 has an evaporator flange

226 mounted to the cold junction flange 206. The heat pipe assembly 220 has a

condenser flange 228 mounted to the heat sink flange 216. At least a portion of

the fluid 222 flows and transports heat from the evaporator flange 226 to the

condenser flange 228. The heat pipe assembly 220 is described in more detail

below in connection with an example illustrated in FIG. 3.

Interposing the heat pipe assembly 220 between the cold junction

flange 206 and the heat sink 214 increases delta T. Large Delta T is explained in

more detail below in connection with a graph in FIG. 2. In one embodiment,

delta T is enhanced by 25% when the hot junction flange 204 is in a hot junction

temperature range over 100 degrees centigrade. In another embodiment,

interposing of the heat pipe assembly 220 between the cold junction flange 206

and the heat sink maintains a delta T of at least 50 degrees centigrade when the

hot junction flange 204 is in a hot junction temperature range over 100 degrees

centigrade. In one embodiment, the voltage level V at thermoelectric power

output 212 is at least 6 volts when the hot junction flange 204 is in a hot junction

temperature range over 100 degrees centigrade. In yet another embodiment, the

thermoelectric power output 212 is at least 150 milliwatts when the hot junction

flange 204 is in a hot junction temperature range over 100 degrees centigrade.



Thermoelectric power and voltage are generally directly proportional to a

temperature difference between a hot junction flange 206 and a cold junction

flange 204 of the thermoelectric module 203.

In one embodiment, the fluid 222 has a composition that is

adapted to a hot junction temperature range between 50 degrees centigrade and

105 degrees centigrade. In another embodiment the fluid 222 comprises a

mixture of alcohol and water with a ratio of alcohol to water that is optimized

for the temperatures of the application. In another embodiment, the fluid 222

comprises a mixture of pressurized gas, alcohol, water or other heat conducting

fluid in proportions to optimize performance for a temperature range in a

particular application.

In one embodiment, the circulation chamber 224 comprises an

interior chamber surface 230 that is a porous surface. Ln another embodiment,

the circulation chamber 224 comprises an interior chamber that includes

capillaries. The circulation chamber 224 preferably comprises a central tube or

channel 232 with a bore that is aligned vertically over the evaporator flange 226.

FIG. 2 illustrates a graph of temperature differentials associated

with two different configurations of thermoelectric generators. One

configuration includes a heat pipe, and the other configuration does not include

a heat pipe.

A horizontal axis 104 represents a temperature T HOT, in

degrees centigrade, of a hot junction flange (such as hot junction flange 204

described above in connection with FIG.l). A vertical axis 102 represents

temperature differences between hot and cold junctions on a thermoelectric

module. A dashed line 106 represents a temperature differential DELTA T

TOTAL between the free ambient air temperature and the hot junction flange

temperature. This dashed line 106 represents a maximum available temperature

difference available to the thermoelectric generator assemblies. In practice, there

is high thermal conductance between the hot junction flange and the process



vessel such that the hot junction temperature is very close to the process vessel

temperature.

Due to the thermal conductance of the thermoelectric generator,

heat is conducted from the hot junction flange to the cold junction flange. The

conducted heat raises the temperature of the cold junction flange, which reduces

the temperature differential available for thermoelectric power generation. There

is a loss of temperature differential because of heating of the cold junction

flange. Only a percentage of the DELTA T TOTAL (dashed line 106) is actually

present between the hot junction flange and the cold junction flange.

A solid line 108 with circle (•) end points represents a

temperature differential DELTA T WITH HEAT PIPE between hot and cold

junction flanges 204, 206 of the thermoelectric generator 202 in FIG. 1. The

thermoelectric generator 202 (represented by solid line 108) includes the heat

pipe 220 (FIG. 1).

A solid line 110 with diamond (♦) data points represents a

temperature differential DELTA T NO HEAT PIPE between hot and cold

flanges of a thermoelectric generator that does not include a heat pipe. The

thermoelectric generator represented by solid line 110 is similar to the

thermoelectric generator 200 described above in connection with FIG. 1,

however, the heat pipe 220 is absent and the heat sink 214 is coupled directly to

the cold junction flange 206 for the solid line 110. Solid line 110 represents

DELTA T without the use of a heat pipe. It can be seen from inspection of FIG.

2 that a larger temperature differential is maintained with the use of the heat pipe

220. The heat pipe 220 reduces the temperature of the cold junction flange 206

and increases the temperature differential. A vertical distance between the

dashed line 106 and a solid line represents a loss of maximum temperature

differential due to heating of the cold junction flange. The loss of maximum

temperature differential is smaller when the heat pipe 220 is used.



In FIG. 2, dashed line 114 represents 25% of a loss of

temperature differential (indicated as 100% in FIG. 2) between lines 110 and

106 at 100 degrees and above. In FIG. 2, dotted line 116 represents a 50 degree

centigrade temperature differential. Line 108, which represents temperature

differential with the use of a heat pipe (as shown in FIG. 1) lies in a location that

is above dotted line 116 and also above dashed line 114 at 100 degrees

centigrade and above. The graph illustrates that, for process temperatures above

100 degrees centigrade, the thermoelectric generator 200 with a heat pipe

maintains a DELTA T loss that is at least 25% improved in comparison with line

110. The graph also illustrated that, for process temperatures above 100 degrees

centigrade, the thermoelectric generator with a heat pipe maintains a DELTA T

of at least 50 degrees centigrade. With these improved DELTA T values

achieved by the use of a heat pipe, the thermoelectric generator produces a

thermoelectric output of at least 150 milliwatts at a voltage that is at least 6

volts. The voltage is high enough so that the thermoelectric output can be

connected to energize a field process device (such as a pressure transmitter) that

includes nominal 5 volt electronic circuits without the use of a voltage multiplier

circuit for boosting a lower thermoelectric voltage up to a level above the 5

volts. The power output is high enough and reliable enough so that the

thermoelectric generator can be connected to energize one or more field process

devices with up to 150 milliwatts of power without the use of batteries. With the

use of heat pipes on thermoelectric generators, power supplies in field devices

can be free of both batteries and voltage multiplier circuits. The amount of

power available from the thermoelectric device is also sufficient to energize a

wireless communication circuit in the field process device. Wireless transmitters

can be energized by the thermoelectric generator. Alternatively, the

thermoelectric generator can be used to energize a wireless field data

concentrator which provides wireless transmission of process data from field

transmitters to a control system at a remote location.



FIG. 3 illustrates an embodiment of a heat pipe 300. Heat pipe

300 comprises an evaporator flange 302, a condenser flange 304 and a fluid

circulation chamber 306. A fluid 308 is introduced into the circulation chamber

306 by way of a fill tube 310 in a peripheral wall 312. The circulation chamber

306 is preferably evacuated before introduction of the fluid 308. After

introduction of a controlled amount (charge) of the fluid 308, the fill tube 310 is

sealed. Under the operating conditions of pressure and temperature in the fluid

circulation chamber 306, the fluid 308 (or a component of the fluid 308)

evaporates at the evaporator flange 302 to cool the evaporator flange 302. Heat

314 (from a hot junction flange such as hot junction flange 206 in FIG.l) is

applied to the evaporator flange 302 to evaporate the fluid. The fluid 308 (or a

component of the fluid 308) condenses at the condenser flange 304 or on the

interior surface of the peripheral wall 312. The condenser flange 304 is cooled

by a heat sink (such as heat sink 2 14 in FIG. 1) to condense the fluid 318.

The composition of the fill fluid 308 and the amount of the fill

fluid 308 are selected to optimize heat transfer in a particular process

temperature range. Any known fluid suitable for the operating temperature can

be used for fluid 308. In one embodiment, fluid 308 comprises a mixture of

alcohol and water. The interior walls of the circulation chamber 306 are

preferably coated with a porous or sintered layer 316 of metal that facilitates

condensation and flow of liquid fluid 308 back to the evaporator flange 302.

Alternatively, capillary tubes can be provided in the circulation chamber 306 in

place of the sintered layer 316.

A central pipe 318 is supported in the circulation chamber 306.

The central pipe 318 has a bore 320 that is generally vertically aligned with the

applied heat 314 so that vaporized fluid 308 flows upwardly in the bore 320.

The bore 320 is open at both the top and the bottom. A generally toroidal fluid

flow pattern is established as illustrated, providing mass transfer that carries heat

upwardly from the evaporator flange 302, through the bore 320, to the condenser



flange 304. As illustrated, the heat pipe 300 can have condensing surfaces at

condensing flange 304 and peripheral wall 312 that have a combined surface

area that is much larger than the evaporator flange 302. A large amount of heat

can be transferred, and the cold junction flange (such as cold junction flange 206

in FIG. 1) operates closer to ambient temperature than it would if it were

coupled directly to a heat sink. Using a heat pipe, a large DELTA T can be

maintained across the thermoelectric generator (such as thermoelectric generator

202 in FIG. 1), resulting in high thermoelectric power generation at a relatively

high voltage. The heat flow 314 from the cold junction flange tends to be

concentrated near a central region as illustrated in FIG. 3 due to the buildup of

heat in a central core region of the thermoelectric element.

FIG. 4 illustrates a graph of voltage V at a thermoelectric output

as a function of temperature differential between hot and cold junction flanges

of a thermoelectric generator. A horizontal axis 402 represents a temperature

differential DELTA T in degrees centigrade. A vertical axis 404 represents

voltage V at a thermoelectric output. A solid line 406 represents the voltage V as

a function of temperature differential. As illustrated in FIG. 4, the voltage V is

highly sensitive to temperature differential. Maintaining a large temperature

differential through the use of a heat pipe increases the voltage V to a level

where it can be used to energize 5 volt electronics in a field transmitter without

the use of a voltage multiplier circuit. As illustrated in FIG. 4, a temperature

differential of 50 degrees can provide a voltage V that is larger than 6 volts and

able to energize a 5 volt power supply in a field device without the use of a

voltage multiplier.

FIG. 5 illustrates a field data concentrator 502 coupled to a

thermoelectric output 504 of a thermoelectric generator 506 (such as

thermoelectric generator 200 in FIG. 1). Field process devices 508, 510, which

can be field process sensors or field process actuators, are energized by the

thermoelectric output 504. Field process devices 508, 510 include 5 volt



electronic circuitry that is energized by the thermoelectric output 504.

Thermoelectric generator 506 energizes the field process devices 508, 510,

which do not require inefficient voltage multipliers because the thermoelectric

output is greater than 5 volts. The energization of the field process devices 508,

510 can come directly from the thermoelectric output 504, as illustrated, or can

be indirectly derived from the field data concentrator 502. The field process

devices 508, 510 exchange data along lines 512, 514 with the field data

concentrator 502. The lines 512, 514 can be any know type of communication

link such as wires, wireless or optical. The lines 512, 514 can also carry

thermoelectric power to the field process devices 508, 510.

The data is exchanged along data bus 516 with wireless

transceiver 518. Wireless transceiver 518 communicates the data over a wireless

link 520 with a control system 522 that is at a location that is remote from the

field environment.

The field data concentrator 502 includes a regulator circuit 530

and an energy storage circuit 532 that receive the thermoelectric power output

504. The regulator circuit 530 provides energization to circuitry in the field data

concentrator 520 along a regulated power bus 534. The regulator circuit 530

does not include a voltage multiplier circuit and is able to provide a regulated

voltage output at 5 volts. The energy storage circuit 532 includes a storage

capacitance 536 that stores excess energy available from the thermoelectric

power output 504. When the energy storage circuit senses that inadequate power

is available at the regulated power bus 534, the energy storage circuit 532

couples makeup energy along line 538 to the regulator circuit 530.

It will be understood by those skilled in the art that the

temperature differential can be reversed in the case of process fluids that are

cooled below ambient temperature, instead of heated above ambient

temperature, and that the embodiments described herein are equally useful with



such cold process fluids. Use of the embodiments described herein with cooled

process fluids is also contemplated.

A heat pipe can be mounted between the cold junction flange and

the heat sink, enhancing efficiency of heat transfer from the thermoelectric

module to the environment. This, in turn, enhances the temperature gradient

across the thermoelectric module. As a result, the power generation by the

thermoelectric generator, using the same process heat, is much higher in

comparison to use of a conventional heat sink. In cases where the process fluid

is colder than the environment, heat pipes can also be used as "cold pipes".

Embodiments shown can be used to power sensors and transducers in remote

locations for industrial as well as domestic applications.

Although the present invention has been described with reference

to preferred embodiments, workers skilled in the art will recognize that changes

may be made in form and detail without departing from the spirit and scope of

the invention.



WHAT IS CLAIMED IS:

1. A thermoelectric generator assembly, comprising:

a thermoelectric generator having spaced-apart hot and cold junction

flanges, the hot junction flange having an adapter shaped for

5 thermally coupling to a process vessel, and the thermoelectric

generator producing a thermoelectric power output at a power

level that is at least 150 milliwatts;

a heat sink thermally coupled to ambient air and having a heat sink

flange; and

iθ a heat pipe assembly comprising a fluid in a circulation chamber, the

circulation chamber having an evaporator flange mounted to the

cold junction flange and a condenser flange mounted to the heat

sink flange, at least a portion of the fluid transporting heat from

the evaporator flange to the condenser flange.

15 2. The thermoelectric generator assembly of Claim 1 wherein interposing of the

heat pipe assembly between the cold junction flange and the heat sink increases

efficiency and maintains a delta T of at least 50 degrees centigrade in a hot

junction temperature range around 100 degrees centigrade.

3. The thermoelectric generator assembly of Claim 1 wherein interposing of the

0 heat pipe assembly between the cold junction flange and the heat sink enhances

delta T by at least 25% in a hot junction temperature range around 100 degrees

centigrade.

4. The thermoelectric generator assembly of Claim 1 wherein the voltage level is

at least 6 volts in a hot junction temperature range around 100 degrees

5 centigrade.

5. The thermoelectric generator assembly of Claim 1 wherein the thermoelectric

power output is at least 150 milliwatts in a hot junction temperature range

around 100 degrees centigrade.



6. The thermoelectric generator assembly of Claim 1 wherein the fluid has a

composition that is adapted to a hot junction temperature range between 50

degrees centigrade and 105 degrees centigrade.

7. The thermoelectric generator assembly of Claim 1 wherein the fluid

comprises a mixture of alcohol, water, pressurized gas or other heat conducting

fluid.

8. The thermoelectric generator assembly of Claim 1 wherein the circulation

chamber comprises an interior chamber surface that is a porous surface.

9. the thermoelectric generator assembly of Claim 1 wherein the circulation

chamber comprises an interior chamber that includes capillaries.

10. The thermoelectric generator assembly of Claim 1 wherein the circulation

chamber comprises a central tube aligned vertically over the evaporator flange.

11. The thermoelectric generator assembly of Claim 1 wherein the

thermoelectric generator provides power to process devices and sensors in

remote industrial/domestic locations.

12. The thermoelectric generator assembly of Claim 1 and comprising a field

process transmitter receiving the thermoelectric power output.

13. The thermoelectric generator assembly of Claim 12 wherein the field process

transmitter comprises a wireless transmitter.

14. The thermoelectric generator assembly of Claim 1 and comprising a wireless

transceiver receiving the thermoelectric power output.

15. The thermoelectric generator assembly of Claim 1 wherein the

thermoelectric generator comprises a thermoelectric element formed of a

semiconductor materials comprising Si, Ge or alloys thereof.

16. The thermoelectric generator assembly of Claim 14 wherein the

semiconductor materials comprise chalcogenides of Bi, Sb, Te, Se or alloys

thereof.



17. The thermoelectric generator assembly of Claim 1 wherein the

thermoelectric generator is adapted for corrosive environments up to 450

degrees centigrade.

18. The thermoelectric generator assembly of Claim 1 and further comprising a

field instrument that is powered by the thermoelectric power output, the field

instrument being free of a battery.

19. The thermoelectric generator assembly of Claim 1 and further comprising a

field instrument that is powered by the thermoelectric power output, the field

instrument being free of a voltage multiplier circuit for generating potential

differences larger than the voltage level.

20. A thermoelectric generator assembly, comprising:

a thermoelectric generator having spaced-apart hot and cold junction

flanges, the hot junction flange including a shape that is

thermally couplable to a process vessel shape, and the

thermoelectric generator producing a thermoelectric power output

at a power level that is at least 150 milliwatts;

a heat sink thermally coupled to ambient air and having a heat sink

flange; and

heat pipe means for evaporating a fluid in a circulation chamber to

transport heat from the cold junction flange to the heat sink

flange.

2 1. The thermoelectric generator assembly of Claim 20 wherein the heat pipe

means comprises an evaporator flange coupled to the cold junction flange.

22. The thermoelectric generator assembly of Claim 20 wherein the

thermoelectric power output is at least 6 volts.

23. A method of providing a thermoelectric power output, comprising:

shaping a hot junction flange adapter to couple to a process vessel shape;

providing a thermoelectric generator having spaced-apart hot and cold

junction flanges;



thermally coupling the hot junction flange to the hot junction flange

adapter;

providing a heat sink with a heat sink flange coupled to the cold junction

flange;

mounting a heat pipe assembly to the heat sink; and

providing the thermoelectric power output at a power level that is at

least 150 milliwatts.

24. The method of Claim 23 and shaping the hot junction flange adapter in a

cylindrical arc that fits a process vessel.

25. The method of Claim 23 wherein the thermoelectric power output is at least

6 volts.

26. A thermoelectric generator assembly, comprising:

a thermoelectric generator having spaced-apart hot and cold sides, the

hot side having an adapter shaped for thermally coupling to a

process vessel, the cold side coupling to a heat conducting

member, and the thermoelectric generator producing a

thermoelectric power output of at least 150 milliwatts; and

a field device energized by the thermoelectric power output, the field

device converting a process variable and communicating process

information via a digital protocol.

27. The thermoelectric generator assembly of Claim 26, wherein the digital

protocol is selected from the group of field protocols: Hart and Fieldbus.

28. The thermoelectric generator assembly of Claim 26 further comprising a

heat pipe assembly comprising a fluid in a circulation chamber, the circulation

chamber having an evaporator flange mounted to the cold side and a condenser

flange mounted to a heat sink, at least a portion of the fluid transporting heat

from the evaporator flange to the condenser flange.












	front-page
	description
	claims
	drawings

