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TITLE

THERMOELECTRIC ASSEMBLY

FIELD

[0001]The present disclosure relates to thermoelectric assemblies.

BACKGROUND

[0002] This section provides background information related to the present

disclosure which is not necessarily prior art.

[0003] The Peltier effect is an effect in which a heat flux is created between the

junction of two different types of materials. Thermoelectric modules (TEMs) are

semiconductor devices which use the Peltier effect to transfer heat from one side of the

TEM (the "cold side") to the other side of the TEM (the "hot side"). The TEM, a solid-

state Peltier device, effectively acts as a heat pump upon the application of a DC power

source to the TEM. Heat is moved through the TEM, from one side to the other, with

consumption of electrical energy, depending on the direction of the current. Such an

instrument may also be called a Peltier cooler or heater, a thermoelectric heat pump, a

Peltier heat pump, a solid state refrigerator, a thermoelectric cooler (TEC), or a

thermoelectric module (TEM). TEMs can be used either for heating or for cooling

(refrigeration), although in practice the main application is cooling.

[0004] Thermoelectric assemblies (TEAs) often include a pair of fan sinks that

face outwardly in opposite directions and meet at one or more TEMs at their bases. As

can be seen in Figures 1A & 1B, which represent an example of the prior art, a TEA

may comprise a cold side fan sink, a hot side fan sink, and a plurality of TEMs disposed

between the fan sinks. A cold side fan sink typically includes a fan mounted on a heat

sink, often through the use of a fan housing over the heat sink fins. The TEA may also

include a gasket, often made of a foam, that surrounds the TEMs that are in contact

with the base of the cold side heat sink. The TEMs are typically arranged in one or more

parallel circuits. A hot side fan sink is analogous to the cold side fan sink, and the two



fan sinks are both in thermal contact with the TEMs and the gasket at the heat sink

bases.

SUMMARY

[0005] This section provides a general summary of the disclosure, and is not a

comprehensive disclosure of its full scope or all of its features.

[0006] In one aspect, a thermoelectric assembly has a cold side and a hot side.

The boundary between the hot side and the cold side may be generally defined by a

plane. One or more thermoelectric modules may be in the plane and arranged in one

circuit or multiple parallel circuits, and in direct thermal contact with both the hot side

and the cold side.

[0007] The hot side comprises a single fan sink, whereas the cold side comprises

a pair of fan sinks. A fan sink is a heat sink and a fan, each fan comprising a blade, and

each heat sink comprising a fin set, where a fin set is a series of parallel protrusions on

a heat sink base, the parallel protrusions aligned in a single exhaust direction.

[0008] In an embodiment, each fan sink possesses an air intake direction defined

by an axis about which the blade is rotatably attached to the fan, and the air intake

direction is at an angle of ninety degrees from the air exhaust direction. The air intake

directions of the pair of fan sinks on the cold side are parallel. Further, the angle defined

by the air exhaust directions of the pair of fan sinks on the cold side may be selected

from the group consisting of zero degrees, ninety degrees, and one hundred eighty

degrees.

[0009] Further areas of applicability will become apparent from the description

provided herein. The description and specific examples in this summary are intended for

purposes of illustration only and are not intended to limit the scope of the present

disclosure.

DRAWINGS

[0010] The drawings described herein are for illustrative purposes only of

selected embodiments and not all possible implementations, and are not intended to

limit the scope of the present disclosure.



[001 1] Figure 1A shows a perspective view of one side of a thermoelectric

assembly of the prior art.

[0012] Figure 1B shows a perspective view of the other side of the thermoelectric

assembly of the prior art seen in Figure 1A.

[0013] Figure 2A shows a cross sectional example of a single piece heat sink.

[0014] Figure 2B shows a cross sectional example of a multi-piece heat sink.

[0015] Figure 3 shows a perspective view of an embodiment of a thermoelectric

assembly, this view showing a pair of cold side fan sinks.

[0016] Figure 4A shows an embodiment of the air flow configuration of the cold

side fan sinks, this embodiment showing the 180° air flow differential.

[0017] Figure 4B shows an embodiment of the air flow configuration of the cold

side fan sinks, this embodiment showing the 90° air flow differential.

[0018] Figure 4C shows an embodiment of the air flow configuration of the cold

side fan sinks, this embodiment showing the 0° air flow differential.

[0019] Figure 5 shows an exploded perspective view of an embodiment of a

thermoelectric assembly with a sealing layer, as well as an embodiment of the moisture

protection screw lead.

[0020] Figure 6A shows a perspective view of an embodiment of the moisture

protection screw lead.

[0021] Figure 6B shows a cross sectional view of an embodiment of the moisture

protection screw lead seen in Figure 6A.

[0022] Figure 7A shows a cross sectional view of an embodiment of a moisture

protected screw joint O-ring.

[0023] Figure 7B shows an exploded view of the embodiment of the moisture

protected screw joint O-ring seen in Figure 7A.

[0024] Figure 8A shows a diagram of an embodiment of a TEA having a single

circuit of two TEMs.

[0025] Figure 8B show a diagram of an embodiment of a TEA having two parallel

circuits of two TEMs each.

[0026] Figure 8C shows a diagram of an embodiment of a TEA having two

parallel circuits of four TEMs each.



[0027] Figure 9 shows a perspective view of an embodiment of a TEM suitable

for use in the present assembly.

[0028] Figure 10 shows a side view of the embodiment of the TEM seen in Figure

9 .

DETAILED DESCRIPTION

[0029] Exemplary embodiments will now be described more fully with reference

to the accompanying drawings.

[0030] TEAs operate generally as follows: On the cold side, the fan pulls the

surrounding air into the heat sink channels that are defined by the space between the

heat sink fins, thereby drawing substantial ambient air over the cold side fins to facilitate

an eventual air-to-metal thermal transfer on the cold side. The TEMs are in physical

thermal contact with the bases of the heat sinks. The TEMs pump thermal energy from

the cold side heat sink base onto the base of the hot side heat sink. As the hot side heat

sink warms due to the heat pumped into them by the TEMs, the hot side fan cools the

fins of the hot side heat sink by drawing ambient air across them and expelling warm air

from the hot side air channels. In essence, the TEMs pump heat from one side of the

unit to the other while the fan sinks provide substantial surface area and air flow

therethrough to enable an efficient heat transfer.

[0031] A frequent problem in the art arises from the condensation that

accumulates on the cold side heat sink during operation of the thermoelectric assembly.

As the temperature of the cold side heat sink dips below the dew point of the ambient

air around the cold side during the operation of the assembly, moisture accumulates on

the exposed surface of the cold side heat sink. This condensation can create

performance issues, reduce effective surface area of the heat sink fins, and give rise to

water-borne organic growth that can cause foul odors, among other problems.

[0032] Frequently, a TEA is to be installed on the vertical walls of a pre-existing

structure, as opposed to installation as a part of a new construction. Due to the existing

conditions of the structure, such as the placement of doors, windows, studs, wiring,

vents, etc., the TEA may need to be installed with the heat sink fins running horizontally

as opposed to vertically. Where the heat sink fins are horizontal, condensation moisture



control is difficult to achieve with a fan alone, whereas a vertical heat sink fin

arrangement may be more efficiently drained of condensate with the assistance of

gravity.

[0033]Additionally, condensation moisture may permeate the interior of the TEA

through holes in the heat sink used for wiring or bolts / screws. This moisture can cause

performance issues on the assembly, including potentially shorting out one or more of

the parallel TEM circuits or other electrical components of the unit.

[0034] Fan sinks are known mechanisms for forced air convection, which

provides a more efficient air-to-metal or metal-to-air thermal transfer. Additionally, the

forced convection mechanism aids in preventing oxidation of the heat sink material

through the continuous movement of ambient air.

[0035] Thermoelectric modules are essentially solid state heat pumps comprising

positively and negatively doped modules. They may be arranged in a single series

circuit or in several parallel circuits, or any combination thereof. In non-limiting

embodiments, for example where eight TEMs are present in the TEA, the TEMs may be

arranged in four parallel circuits of two series connected TEMs, two parallel circuits of

four series connected TEMs, or eight separate TEMs each on a single circuit.

[0036] In one aspect, a TEA comprising a hot side and a cold side is disclosed,

where the cold side comprises two or more fan sinks, while the hot side comprises a

single fan sink. A TEA may be mounted on a vertical surface of an enclosure, such as a

wall, to provide cooling of the ambient air on one side of the enclosure wall through the

transfer of heat to the other side of the enclosure wall.

[0037]As referred to herein, the terms hot side and cold side do not necessarily

indicate one side as literally "hot" or "cold." Rather, an aim of the TEA disclosed herein

is to transfer heat from the cold side to the hot side, thereby providing a relative cooling

to the cold side. For example, a rooftop electrical service room with a TEA device

installed would transfer heat from the warm inside to the potentially cooler ambient

outside. Conversely, a TEA device installed on an indoor wine cooler or wine chiller that

is colder than the surrounding ambient room temperature would be cooled by

transferring heat from the cooler cold side to the warmer hot side. As such, the terms

hot side and cold side are not intended to be limiting in the sense that the sides are



literally hot or cold, but merely intended to show an embodiment of potential thermal

flow of a TEA.

[0038]Additionally, the TEA may include a series of moisture barrier measures

that, when used in concert and installed on a TEA, substantially eliminate the moisture

problems seen in the art. Primarily, these moisture barrier measures include a sealing

layer in or near the plane that defines the hot and cold sides, an O-ring sealed screw

joint, and a moisture protected wire seal. Each of these individually may be considered

a suitable means for moisture protection. In an embodiment, each of the sealing layer,

screw joint, and wire seal together comprise a comprehensive moisture barrier system.

[0039] Though heat sinks are not so limited in shape, heat sinks suitable for use

in TEA generally comprise a rectangular base upon which a series of fins, referred to as

a fin set, protrude. Fins may be substantially parallel panels of material, often the same

material as the base. Two exemplary types of heat sinks can be seen in Figures 2A and

2B. Figure 2A shows a cross section of a single piece or one-piece heat sink 102.

Conversely, Figure 2B shows a cross section of a multi piece heat sink 104, where the

multi piece heat sink comprises a series of fins 106 that have been mounted on a base

108.

[0040]As seen in Figure 2A, a heat sink may be a block of metal, such as copper

or anodized aluminum, or thermoelectric material, such as thermally-conductive polymer

composites, that has, for example, been skived, molded, or extruded to create a series

of parallel ribs on a base. In certain instances, such as where the desired rib height is

substantial enough that skiving of the entire heat sink is inappropriate, a heat sink base

may be constructed of a skived, extruded, or molded base, whereupon individual fins

are mounted within the skived recesses of the heat sink base, as seen in Figure 2B. In

an embodiment where the heat sink is comprised of a thermally-conductive polymer

composite, the heat sink may be made through injection molding or thermoset molding.

A multi-piece heat sink may be needed if, for example, an application requires fins of

such a depth that skiving is not practical. In either case, the fan sinks of a TEA may be

suitable for either a single piece heat sink or a multi-piece heat sink.

[0041]A fan sink generally comprises a heat sink and a fan. An exemplary fan

sink can be seen as a component of the thermoelectric assembly of Figure 3 . Each fan



comprises a blade that rotates about an axis. The fan is mounted on or near a heat sink

and pulls air through each fan and onto and through the heat sink fin set. The air flows

into the heat sink channels that are defined by the space between the heat sink fins.

Each fan sink possesses an air intake direction defined by the axis about which the

blade is rotatably attached to the fan. Similarly, each fan sink comprises an exhaust

direction that is perpendicular to the intake direction and generally parallel to the linear

arrangement of the fin set. A heat sink may have a greater width than its corresponding

fan.

[0042] Referring further to the Figures, Figure 3 shows an embodiment of a

thermoelectric assembly 200 having dual cold side fan sinks 110. Comparing Figures

1A and 1B to Figure 3, the space between the dual cold side fan sinks 110 in Figure 3

has permitted the placement of an electric bay 202 between the two fan sinks.

Conversely, the electrical connections of the prior art TEA of Figure 1A is exposed and

susceptible to moisture issues. As seen in Figure 3, the electric bay 202 may be a

centralized housing containing electrical components and connections.

[0043] Referring now to Figures 4A, 4B, and 4C, two fan sinks 110 may be

aligned next to one another such that the two fan sinks have air intake directions 112

that are parallel and in the same direction. The fan sinks 110 may be arranged,

however, such that their exhaust directions 114 are parallel or perpendicular to one

another, and so that each fan sink has a single exhaust direction and one fan sink does

not blow exhaust air on the other. In this manner, bi-directional configurable air flow is

possible on the cold side of a TEA. Specifically, Figure 4A depicts two fan sinks 110 that

have exhaust directions 114 represented by opposite vectors, at 180 degrees from one

another, while the intake directions 112 are represented by parallel vectors. Figure 4B

depicts two fan sinks 110 with exhaust directions 114 represented by vectors that are

perpendicular to one another, at 90 degrees from one another. Figure 4C depicts two

fan sinks 110 with exhaust directions 114 that are represented by parallel vectors but

are zero degrees from one another. This flexibility and modular configurations of the fan

sinks 110 seen in Figures 4A, 4B, and 4C is not seen in the thermoelectric assemblies

of the prior art. Note that the embodiment of the thermoelectric assembly 200 of Figure

3 shows the 90 degree configuration of Figure 4B.



[0044] Figure 5 shows an exploded perspective view of an exemplary

thermoelectric assembly 200, including moisture barrier measures. Figure 5, in the

interest of clarity, shows dual cold side heat sinks 204 without their respective fans, as

well as a single large hot side heat sink 228 without a fan. Figure 5 more clearly

illustrates the plane that generally defines the hot and cold sides of the TEA, within

which the TEMs reside.

[0045] Further, the cold side heat sinks 204 of Figure 5 comprise generally

square protrusions 206 that descend from the base of the heat sink. The TEMs 208 are

in thermal contact with the bases of the heat sinks. As seen in the exploded view of

Figure 5, the TEMs 208 would be in direct thermal contact with the protrusions 206 of

the cold side heat sinks 204. However, the TEMs 208 would be in direct thermal contact

with a flush planar base of a large cold side heat sink 228.

[0046] Figure 5 additionally shows an insulation gasket 210. Insulation gaskets,

as can be seen in Figure 5, may be die cut or otherwise cut to permit the heat sink

protrusions 206 to pass therethrough and make contact with the TEMs 208. This

improves TEA efficiency as an insulating material, forming a perimeter seal around the

protrusions. Insulation gaskets may be made of any suitable material known in the art,

including semi-closed or closed cell foam such as neoprene. Once the TEA is fully

assembled, however, frequently the semi-closed foam's cell structure is compressed to

form a completely closed cell structure, thereby improving efficiency and partially

reducing moisture permeation. Another thinner insulation gasket 212 may be added

around the TEMs 208 to serve generally the same purpose as the larger insulation

gasket 210.

[0047] Improving upon the insulation gasket 210, however, it was found that

adding additional sealing layers 214 for each cold side heat sink 204, particularly those

with protrusions 206, to pass through to the TEMs 208 further reduced moisture

penetration. Traditional insulation gaskets are not flexible enough to seal around the

heat sinks at their base, particularly because the bases of heat sinks can be rough from

skiving or other manufacturing processes. By adding additional semi-closed or closed

foam cell insulation to the TEAs, the TEA may be further sealed against moisture

permeation.



[0048] In addition to the moisture seal improvements via the sealing layers 214

seen in Figure 5, the particularly vulnerable areas of the TEAs that would otherwise be

susceptible to moisture permeation due to the presence of holes in the heat sinks have

been addressed. Holes are present in the heat sinks to allow for physical and electrical

connections, for example, using screws and wires. As can be seen in Figures 6A and

6B, a unique wire seal 216 is disclosed. Referring to Figures 6A and 6B together, each

wire seal 216 comprises a head 218, each head comprising one or more holes 220 in

the head 218, through which a wire 226 may pass into a lead 222, each pairing of a

hole and lead comprising a membrane 224 that provides a snug seal against any wire

226. The membrane 224 may be a closed permeable membrane that is punctured by a

wire during TEA manufacture, or remains intact and impermeable to moisture if a

particular hole and lead pairing is unused during TEA manufacture.

[0049] For example, the wire seal 216 of Figure 5 shows a head with six hole and

lead pairings arranged in a 2 x 3 matrix, whereas the wire seal of Figures 6A and 6B

show a head with three hole and lead pairings arranged in a 1 x 3 matrix. In the event a

2 x 3 matrix wire seal is used in a TEA assembly, but only four wires are used, the two

unpenetrated membranes will provide a moisture barrier, while the four penetrated

membranes will provide a snug seal against any wire passing therethrough. The wire

seal 216 may further comprise a shelf 230 that snugly secures the wire seal to the TEA.

[0050] Addressing the issue of moisture passing through the screw holes, it was

found that creating a frustal surface at the top of a screw hole permitted the insertion of

an O-ring below the screw head. This may be seen in Figure 7, where a cross sectional

view of a sealed screw joint is shown. At the bottom of a heat sink 102, a series of

screw holes 300 are present to permit the passage of a screw 302 therethrough to

secure the TEA 'S hot side and cold side together. Below each screw head 304, it is

common in the art to include one or more disk springs 306 {e.g., disk springs 306A,

306B in Figure 7B, etc.) or other type of washer. However, in an effort to significantly

reduce moisture permeation, the screw hole 300 has been to include a frustal surface

308 within which an O-ring 310 may reside. The presence of the O-ring 310, in

conjunction with the other moisture barrier measures discussed herein, substantially

eliminates moisture permeation and the malfunctions related thereto.



[0051] The TEA may further comprise electrical wiring such that the TEMs, as

previously discussed, are in one or more parallel circuits, and sufficient to power the

fans. Electrical components and connections may be housed in an electrical bay 202

between the cold side fan sinks 110 as shown in Figure 3 . The TEMs, once sufficient

voltage is applied, will pump heat from the cold side heat sink bases to the hot side heat

sink base.

[0052] Referring to Figure 8A, the thermoelectric assembly power source 400

may be wired to a single circuit 404 of two thermoelectric modules 402. Figure 8B

shows an embodiment where the power source 400 is wired to two parallel circuits 404,

406, each comprising two thermoelectric modules 402. Figure 8C shows yet another

embodiment of a power source 400 wired to two parallel circuits 404, 406, each

comprising a series of four thermoelectric modules 402.

[0053] Figure 9 shows a perspective view of a thermoelectric module 402

suitable for use in a TEA disclosed herein. A typical thermoelectric module, such as the

one depicted in Figure 9, includes an upper substrate and a lower substrate oriented

generally parallel to one another, as well as a positive and negative lead wire attached

thereto. Figure 10 shows a side view detail of the thermoelectric module 402 of Figure

9 . As can be seen in Figure 10, a TEM includes alternating N-type and P-type

thermoelectric elements disposed generally between the upper and lower substrates,

these elements formed from suitable materials, such as bismuth telluride for example.

Frequently the upper and lower substrates are rectangular in shape, though other

shapes may be suitable.

[0054] As stated herein, a TEM is considered in direct thermal contact with a heat

sink base where a substrate is flush against the base of a heat sink. Frequently the

entire surface areas of each substrate of the TEM are covered by a heat sink base to

provide optimal thermal transfer. In this manner, the TEMs are sandwiched between two

heat sinks, and surrounded by thermally insulating material. It should be understood by

one of skill in the art that a TEM and heat sink may be considered in direct thermal

contact even in the presence of a thermal grease or paste or other thermal interface

material. Such paste (not shown in the Figures) may be, just for example, aluminum

oxide particles, or zinc oxide particles, in a silicone carrier.



[0055] The assembly need not be limited to only a single hot side fan sink and a

pair of cold side fan sinks. Any number of configurations of thermoelectric assemblies

that include a plurality of additional fan sinks on both the hot and cold sides are

embraced by this disclosure. For example, a thermoelectric assembly may include dual

hot side fan sinks that have air output in opposite directions as well as three cold side

fan sinks with air output directions in a variety of possible configurations. Additionally,

an assembly could have two dual hot side fan sinks as well as dual cold side fan sinks.

[0056] The assembly is additionally not limited to single directional output from

the cold side fan sinks. A single cold side fan sink may provide two directions of air

exhaust in opposite directions, depending on the housing of the fan sink, with the cold

side fan sink not exhausting air towards the electrical components that may reside

between dual cold side fan sinks. The housing of the cold side fan sink may be open on

both ends of the heat sink to permit such dual direction exhaust.

[0057] The assembly may be modularly configurable and customizable,

potentially either by the end user or the manufacturer, to permit drainage of the cold

side heat sink, even where the spatial limitations of the existing structure requires

horizontally mounting the assembly.

[0058] Replacing the single, large cold side heat sink with two separate cold side

heat sinks in the same general footprint that includes a space therebetween did not

result in a significant loss of efficiency of the cold side of the assembly or of the

assembly as a whole. In contrast to conventional TEAs of the prior art, such as that

seen in Figures 1A and 1B, the disclosed assembly has removed an inefficient portion

of the unit and made use of the resulting space to alleviate the moisture problems

known in the art. By eliminating a single, large cold side heat sink, the thermal

contraction and expansion associated with TEA operation is reduced, thereby reducing

incidence of moisture penetration into the TEA. The stress associated with the

expansion and contraction may additionally cause the TEA to be forced out of position,

causing unit failures. This change from one large heat sink to two smaller heat sinks

additionally relaxes the mechanical tolerance requirements of the heat sink material,

thereby reducing material costs. As discussed above, and as can be seen in the



Figures, the space between the two cold side sinks may be repurposed as a locale for

various electrical components, including the external electrical connections.

[0059] The hot side / cold side thermal flow could be reversed in a TEA by merely

reversing the current in the TEM circuits, thereby altering the TEM heat flow. The

assembly disclosed herein may include a switch that reverses the current of the TEMs

without the need to rewire the assembly or the power source into the assembly. Such a

reversal of current, however, may not result in equal thermal transfer efficiency in each

direction, given variables such as the size, shape, and configuration of the respective

heat sinks, as well as other factors.

[0060] In summary, among the many benefits of the disclosed device apparent to

those of skill in the art from this description, it was discovered that the replacement of a

single, large cold side heat sink with a pair of smaller cold side heat sinks provides

numerous benefits: reduced moisture penetration by virtue of reduced mechanical

stresses from expansion and contraction; reduced incidences of failure by shifting of an

installed unit shifting by virtue of those same stresses; less cost in manufacture of heat

sinks due to reduced material mechanical tolerance requirements; negligible loss of

otherwise expected thermal transfer performance; directional flexibility and modularity of

the cold side fan sinks; and the availability of space between the fan sinks for electrical

components. Further, the moisture penetration resistance of TEAs has been enhanced

through the inclusion of a series of moisture barrier measures, including a sealing layer

in or near the plane that defines the hot and cold sides, an O-ring sealed screw joint,

and a moisture protected wire seal. These and other benefits meet pressing needs in

the art, needs unmet by existing thermoelectric assemblies.

[0061]The foregoing description of the embodiments has been provided for

purposes of illustration and description. It is not intended to be exhaustive or to limit the

claims. Individual elements or features of a particular embodiment are generally not

limited to that particular embodiment, but, where applicable, are interchangeable and

can be used in a selected embodiment, even if not specifically shown or described. The

same may also be varied in many ways. Such variations are not to be regarded as a

departure from the claims, and all such modifications are intended to be included within

the scope of the claims.



CLAIMS

What is claimed is:

1. A thermoelectric assembly comprising:

a cold side and a hot side, where a boundary between the hot side and the cold

side is generally defined by a plane;

the assembly further comprising a fan sink on the hot side, and a plurality of fan

sinks on the cold side;

wherein each fan sink comprises a heat sink and a fan, each fan comprising a

blade, and each heat sink comprising a heat sink base and a fin set disposed on the

heat sink base, each fin set comprising a plurality of substantially parallel planar fins,

the fins being aligned in an exhaust direction, the exhaust direction being parallel to the

plane, wherein each fan sink is associated with an air intake direction defined by an axis

about which the blade is rotatably attached to the fan, the air intake direction being

perpendicular to the plane;

the assembly further comprising a plurality of thermoelectric modules, the

thermoelectric modules being arranged in at least one electrical circuit, with each

thermoelectric module being in thermal contact with the heat sink bases of both the hot

side and the cold side, wherein the air intake directions of the pair of fan sinks on the

cold side are substantially parallel opposing vectors; and

wherein the angle defined by the air exhaust directions of the pair of fan sinks on

the cold side is selected from the group consisting of zero degrees, ninety degrees, and

one hundred eighty degrees;

the assembly further comprising an electric bay between the dual cold side fan

sinks.

2 . The thermoelectric assembly of claim 1, further comprising at least one

moisture barrier measure, the at least one moisture barrier measure being selected

from the group consisting of a wire seal, a series of screw O-rings, and a sealing layer.

3 . The thermoelectric assembly of claim 1 or 2, further comprising a wire seal

including a head having one or more holes through which a wire may pass into a lead,

each hole comprising a membrane.



4 . The thermoelectric assembly of claim 3, wherein the head comprises a

series of holes selected from the group consisting of: three holes arranged in a 1 x 3

matrix, and six holes arranged in a 2 x 3 matrix.

5 . The thermoelectric assembly of any one of the preceding claims,

comprising a wire seal, a series of screw O-rings, and a sealing layer.

6 . The thermoelectric assembly of any one of the preceding claims,

comprising eight thermoelectric modules, the thermoelectric modules being arranged in

a one of a plurality of parallel circuits selected from the group consisting of eight circuits

of one thermoelectric module each, four circuits of two thermoelectric modules each,

and two circuits of four thermoelectric modules each.

7 . The thermoelectric assembly of any one of the preceding claims, wherein

the heat sinks comprise a material selected from the group consisting of a

thermoplastic, anodized aluminum, or copper.

8 . A thermoelectric assembly comprising:

a first fan sink, a second fan sink, and a third fan sink;

wherein each fan sink comprises a heat sink and a fan, each fan comprising a

blade, and each heat sink comprising a heat sink base and a fin set disposed on the

heat sink base, each fin set comprising a plurality of substantially parallel planar fins,

the fins being aligned in an exhaust direction, wherein each fan sink is associated with

an air intake direction defined by an axis about which the blade is rotatably attached to

the fan;

the assembly further comprising an even numbered plurality of thermoelectric

modules, the thermoelectric modules being arranged in two parallel electrical circuits

each consisting of an equal number of thermoelectric modules, where the

thermoelectric modules reside in a plane defined by first fan sink on one side of the

plane and the second and third fan sinks on the other side of the plane;

where the heat sink base of the first fan sink is in thermal contact with a first side

of each of the thermoelectric modules, and where the second fan sink is in thermal

contact with a second side of half of the thermoelectric modules, and where the third fan

sink is in thermal contact of the second side of the other half of the thermoelectric

modules;



wherein the air intake directions of the first fan sink is a substantially parallel

opposing vector from that of the second fan sink and the third fan sink; and

wherein the angle defined by the air exhaust directions of the second and third

fan sinks is selected from the group consisting of zero degrees, ninety degrees, and one

hundred eighty degrees;

the thermoelectric assembly further comprising at least one moisture barrier

measure, the at least one moisture barrier measure being selected from the group

consisting of a wire seal, a series of screw O-rings, and a sealing layer.

9 . The thermoelectric assembly of claim 8, further comprising a wire seal

including a head having one or more holes through which a wire may pass into a lead,

each hole comprising a membrane.

10 . The thermoelectric assembly of claim 9, wherein the head comprises three

holes arranged in a 1 x 3 matrix or six holes arranged in a 2 x 3 matrix.

11. The thermoelectric assembly of claim 8, 9 , or 10, comprising eight

thermoelectric modules, the thermoelectric modules being arranged in a series of

parallel circuits selected from the group consisting of eight circuits of one thermoelectric

module each, four circuits of two thermoelectric modules each, and two circuits of four

thermoelectric modules each.

12 . The thermoelectric assembly of claim 8, 9 , 10, or 11, wherein the heat

sinks comprise a material selected from the group consisting of a thermoplastic,

anodized aluminum, or copper.

13 . A thermoelectric assembly for enhancing thermal communication across a

conceptual boundary plane having a hot side and a cold side, the assembly comprising:

a plurality of fan sinks including a hot side fan sink and a plurality of cold side fan

sinks, each fan sink comprising;

a heat sink including a heat sink base and heat sink fins, the heat sink fins

being generally parallel and extending at least in a first air flow direction generally

parallel to the boundary plane, and

a fan oriented with an axis of rotation along a second air flow direction

generally perpendicular to the boundary plane and further oriented with respect



to the heat sink such that when air flows in the second air flow direction, air also

flows in the first air flow direction;

a plurality of thermoelectric modules electrically coupled to a power source, each

thermoelectric module being in thermal contact with the hot side fan sink and at least

one cold side fan sink; and

a moisture barrier measure;

wherein the first air flow direction for each fan sink is substantially parallel to the

first air flow direction of another fan, and the second air flow direction for each cold side

fan sink has an angle with regard to the second air flow direction of another cold side

fan sink, the angle being selected from the group consisting of zero degrees, ninety

degrees and one hundred eighty degrees.

14. The thermoelectric assembly of claim 13, wherein the first air flow direction is

an exhaust air flow direction and the second air flow direction is a fan intake air

direction.
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