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tioned ?uid may be placed in thermal communication With 
a variety of objects, one of Which is a vehicle seat to provide 
localized heating and cooling of a person sitting on the seat. 
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THERMOELECTRIC HEAT EXCHANGER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to temperature con 
trol devices. More particularly, the present invention relates 
to a thermoelectric heat exchanger that is particularly useful 
for controlling the temperature of a seat, such as an auto 
mobile seat. 

[0003] 2. Description of the Related Art 

[0004] Modern automobile seats may be equipped With 
temperature control systems that alloW the occupant to vary 
the temperature of the seat by ?owing temperature-con 
trolled air through the seat covering. One type of system 
comprises a seat having a heat transfer system mounted 
therein, such as a thermoelectric element con?gured to heat 
or cool air that is moved over the element using a separate 
fan unit that is also mounted Within the seat. The conditioned 
air is distributed to the occupant by passing the air through 
the seat surface via a series of air ducts Within the seat. 

[0005] The amount of space available Within, beloW and 
around the seat for such temperature control systems is 
severely limited. In some cars, to save Weight or increase 
passenger room, the seats are a feW inches thick and abut the 
adjacent structure of the car, such as the ?oorboard or the 
back of the car. Further, automobile manufacturers are 
increasingly mounting various devices, such as electronic 
components or variable lumbar supports, Within, beloW and 
around the seat. Additionally, the siZe of the seat, particu 
larly the seat back, needs to be as small as possible to reduce 
the amount of cabin space consumed by the seat. 

[0006] Present temperature control systems are often too 
large to be mounted Within, beloW or around vehicle seats. 
Conventional systems may have a squirrel cage fan ?ve or 
six inches in diameter generating an air ?oW that passes 
through a duct to reach a heat exchanger that adjusts the 
temperature of the air. The heat exchanger is several inches 
Wide and long, and at least an inch or so thick. From the heat 
exchanger the air is transported through ducts to the bottom 
of the seat cushion and to the back of the seat cushion. Such 
systems are bulky and dif?cult to ?t underneath or inside car 
seats. Using thermoelectric devices to heat and cool the heat 
exchanger helps reduce the siZe of unit, but still requires a 
large volume for the combined heating and cooling system. 

[0007] The ducting used With these systems is also bulky 
and dif?cult to use if the duct must go from a seat bottom to 
a seat back that is alloWed to pivot or rotate. These ducts not 
only use additional space Within the seat, but also resist air 
How and thus require a larger fan to provide the air ?oW, and 
the larger fan requires additional space or else runs at greater 
speeds and generates more noise. Noise is undesirable inside 
motor vehicles. Further, the ducting affects the temperature 
of the passing air and either heats cool air, or cools heated 
air, With the result of often requiring larger fans or heat 
exchangers. 

[0008] In light of these draWbacks, there is a need for a 
more compact and energy ef?cient heating and cooling 
system for automobile seats, and preferably a quieter sys 
tem. 
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SUMMARY OF THE INVENTION 

[0009] This device uses air ?oW generators, such as fan 
blades, that act as both a heat exchanger to transfer a thermal 
differential from a thermoelectric device and thereby con 
dition air passing over the heat exchanger, and that act as an 
air pump. The heat exchanger rotates and provides aerody 
namic and centrifugal force to the air passing through the 
heat exchanger to generate pressuriZed air for distribution, 
such as to the seat of a motor vehicle. 

[0010] In more detail, one embodiment of this device 
comprises at least one annular thermoelectric device (e.g., 
Peltier device) that, depending on the voltage applied, heats 
one surface and cools the opposing surface of the annular, 
thermoelectric device. Annular heat exchangers are placed 
in thermal communication With the opposing sides of the 
annular thermoelectric device by mounting them directly to 
the thermoelectric device so that each heat exchanger con 
ducts the heat or cold from the surface of the device to Which 
the heat exchanger is mounted. A resistive heating element 
may also be used to generate heat. 

[0011] In one embodiment, the annular heat exchangers 
are formed With radial slots extending through the heat 
exchanger, and form an annular cavity inside the heat 
exchangers When assembled. A motor nests inside the annu 
lar cavity formed on the inside of the assembled annular heat 
exchangers and annular, thermoelectric device, but spaced 
apart from the heat exchangers and thermoelectric device by 
an amount suf?cient to alloW air to How along the exterior 
of the motor. The motor is drivingly connected to one of the 
heat exchangers and thermoelectric device to rotate them. 
The rotating heat exchangers act as a fan, draWing air into 
the annular cavity and expelling the air through the radial 
slots of the heat exchangers at a higher pressure. The volume 
of compressed air created is determined by the motor siZe, 
the fan blade shape, the rotational speed, and the overall 
geometry of the assembly. 

[0012] This arrangement alloWs the heat exchanger to be 
directly coupled to the thermoelectric device, and to act as 
a fan to not only generate the air pressure that distributes the 
conditioned air to passenger seats, but to condition the air as 
the air passes through the fan blades/heat exchanger. This 
reduces ducting and associated pressure losses, reduces the 
siZe of the system, and increases the overall ef?ciency of the 
system Which in turn alloWs a reduction in fan siZe and 
poWer requirements. The compact arrangement alloWs the 
system to be placed underneath, and preferably inside most 
automobile seats, Which further reduces ducting and asso 
ciated pressure losses, and alloWs further reductions in 
motor siZe and poWer. The result of the various reductions is 
some combination of a smaller system volume, less poWer 
consumption, smaller siZe, and generation of less noise, than 
previously available. 

[0013] Advantageously, a seal separates the opposing 
sides of the rotating, annular heat exchangers to form a main, 
or supply side and a Waste side. Air enters the assembly near 
the axis of rotation, Which advantageously is aligned With 
the motor’s rotational axis. The air exits radially or axially 
outWard into a housing enclosing the majority of the annular 
fan/heat exchanger. An outlet in ?uid communication With 
the main (or supply) side is in ?uid communication With the 
seat of a passenger vehicle. An outlet in ?uid communication 
With the Waste side is also in ?uid communication With an 
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outlet at a location that Will not degrade performance by 
allowing the Waste air to be recirculated to the air entry 
portion. The thermoelectric creates a temperature differen 
tial betWeen the supply side air and the Waste side air. Layers 
of thermal insulation betWeen the Waste side and the supply 
side help maintain that temperature differential in portions of 
the assembly. 

[0014] PoWer is supplied to the thermoelectric device by 
brush and slip ring assemblies on the rotational axis of the 
motor. When appropriate voltages and currents are applied 
to the thermoelectric and the motor, a ?oW of either cold or 
hot air is provided to the supply side by the heat exchanger 
that conducts the temperature differential throughout the 
heat exchanger, and heats or cools the air passing over the 
heat exchanger/fan blades by conduction and convection. 
Voltage adjustments to the motor and thermoelectric control 
the pressure, temperature and ?oW rate. 

[0015] Advantageously, around a portion of the inside of 
the housing enclosing the annular fans, a Wicking material is 
placed so that the material extends from the supply side to 
the Waste side. If moisture condenses on one rotating fan, it 
is urged against the Wicking material by centrifugal force 
from the rotating fan/heat exchanger. The Wicking material 
absorbs the moisture, and transports the moisture to the 
opposing side Where heated air evaporates the moisture and 
carries the moisture out of the system. 

[0016] There is thus advantageously provided a system for 
thermally conditioning a ?uid passing over a rotating heat 
exchanger that also causes movement of the ?uid. The 
system comprises an electronic device selected to convert 
electrical energy into thermal energy producing a tempera 
ture change in response to an electrical current being applied 
thereto. The electronic device is mounted to rotate about a 
rotational axis. Aheat transfer device is placed in conductive 
thermal communication With the electronic device and is 
mounted to rotate about the axis. The heat transfer device 
has thermally radiating surfaces arranged to produce a ?uid 
?oW across the surfaces When rotated about the axis. The 
electronic device can comprise a heating resistor, or a 
thermoelectric device that can heat or cool the ?uid. Advan 
tageously, the heat transfer device comprises a ?rst series of 
outWardly-extending thermally radiating surfaces connected 
to a ?rst surface of the electric device. A second series of 
thermally radiating surfaces may be connected to an oppos 
ing, second surface of the thermoelectric device. In a pre 
ferred embodiment, the heat transfer device is contained in 
a housing having at least one outlet in ?uid communication 
With a seat. 

[0017] The present invention also includes a means for 
producing a temperature change and a rotating supply side 
heat exchanger means for conducting the temperature 
change. The heat exchanger means further comprises ?uid 
?oW generating means for causing ?uid to ?oW across said 
heat exchanger means. The ?uid advantageously comprises 
a gas and the supply side heat exchanger means is advan 
tageously in ?uid communication With a seat to provide gas 
from the heat exchanger means to the seat. 

[0018] The apparatus also comprises a device for ther 
mally conditioning a ?uid having a ?rst fan rotating about a 
rotational axis and having a ?rst plurality of heat exchange 
surfaces in conductive thermal communication With an 
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electronic device that converts electrical energy into a tem 
perature change. The fan is advantageously enclosed in a 
housing that has an outlet. 

[0019] The present invention also comprises a method for 
thermally conditioning a ?uid comprising the steps of pro 
ducing a temperature change by an electronic device, con 
ducting that temperature change to a heat exchanger having 
radiative surfaces, and rotating the radiative surfaces to 
cause ?uid to ?oW across the radiative surfaces. Advanta 
geously ?uid from the heat exchanger is placed in thermal 
communication With a seat, and the ?uid comprises a gas, 
preferably air. Alternatively, the thermally conditioned ?uid 
is circulated to the interior of a chamber Which may com 
prise a gas plenum, or circulated to a thermally insulated 
chamber provided With a closable opening to alloW access to 
the interior of the chamber—such as a cooler. 

[0020] One method for producing a very compact form of 
the invention is to form a ?rst heat exchanger having 
radiative surfaces aligned to alloW the passage of air out 
Ward from an axis about Which the heat exchanger rotates. 
The ?rst heat exchanger is placed in conductive thermal 
communication With an electrical device that generates a 
temperature change When an electrical current is applied to 
the electrical device. The ?rst heat exchanger is then rotated 
about the axis. Advantageously the electrical device com 
prises a thermoelectric device, and When placed inside a 
vehicle seat, provides a compact unit for ventilating the seat. 

[0021] The present invention further comprises means for 
producing a temperature differential and supply side heat 
exchanger means for conducting said temperature change, 
Where the heat exchanger means further comprises ?uid ?oW 
generating means for causing ?uid to ?oW across said heat 
exchanger means. Advantageously, the supply side heat 
exchanger means is in ?uid communication With a vehicle 
seat. 

[0022] A further version of the invention comprises a ?rst 
fan rotating about a rotational axis and having a ?rst 
plurality of heat exchange elements con?gured to generate a 
?uid ?oW through the heat exchange elements When rotated 
and in conductive thermal communication With an electronic 
device that converts electrical energy into a temperature 
change. The fan is advantageously enclosed in a housing that 
has an outlet in ?uid communication With a ?uid distribution 
system, and preferably the electronic device comprises a 
thermoelectric device. 

[0023] There is thus provided a system for thermally 
conditioning and pumping a ?uid having use as a ventilation 
system for vehicle seats and other applications, in Which an 
electrical resistor or thermoelectric device generates a tem 
perature change that is conducted to a heat exchanger Which 
forms an impeller to cause ?uid to ?oW across the heat 
exchanger and thermally condition the ?uid. The thermally 
conditioned ?uid may be placed in thermal communication 
With a variety of objects, one of Which is a vehicle seat to 
provide localiZed heating and cooling of a person sitting on 
the seat. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] These and other features of the invention Will noW 
be described With reference to the draWings of an embodi 
ment in Which like number indicate like parts throughout, 
and Which are intended to illustrate and not to limit the 
invention, and in Which: 
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[0025] FIG. 1 is a perspective vieW of the heat exchanger 
of the present invention; 

[0026] FIG. 2 is a perspective vieW of a rotary assembly 
of the heat exchanger of FIG. 1; 

[0027] FIG. 3 is a cross-sectional vieW of the heat 
exchanger along line 3-3 of FIG. 1; 

[0028] FIG. 4 is an enlarged cross-sectional vieW of a 
portion of the heat exchanger; 

[0029] FIG. 5 is a top vieW of a rotor used With the heat 
exchanger; 

[0030] FIG. 6 is a side vieW of the rotor of FIG. 4; 

[0031] FIG. 7 is a schematic vieW of a seat temperature 
control system incorporating the heat exchanger of the 
present invention; 

[0032] FIG. 8 is a perspective vieW of a cooler box that 
incorporates the heat exchanger; 

[0033] FIG. 9 is a cross-sectional side vieW of a lid of the 
cooler box of FIG. 8; 

[0034] FIG. 10 is a side vieW of a fan unit incorporating 
the heat exchanger of the present invention; 

[0035] FIG. 11 is a side cross-sectional vieW of the fan 
unit of FIG. 10; and 

[0036] FIG. 12 is a perspective vieW of another embodi 
ment of the heat exchanger. 

DETAILED DESCRIPTION 

[0037] As shoWn in FIG. 1, the heat exchanger unit 28 of 
the present invention includes an outer housing 32 that 
de?nes an interior cavity 29 (FIG. 3) in Which a rotor 
assembly 30 (FIGS. 2 and 3) is rotatably mounted for 
producing a conditioned air?oW into and out of the outer 
housing 32. While other shapes are suitable, the outer 
housing 32 is shoWn as resembling a generally ?at disc With 
a ?rst surface or ?rst Wall 31 that corresponds to an upper or 
top surface if the housing 32 is placed in a seat bottom 
generally parallel to the ground. As used herein, up or upper 
Will refer to a direction aWay from the ground. DoWn, loWer 
or bottom Will refer to a direction toWard the ground. The 
relative direction of parts Would alter if the entire orientation 
of housing 32 Were changed, as may occur in actual use. A 
second Wall 33, corresponding to a bottom surface, is 
opposite the ?rst Wall 31. The generally circular peripheries 
of Walls 31, 33 are joined by side Wall 35 to form an 
enclosure. 

[0038] A ?rst outlet 34 extends outWardly from the side 
Wall 35 adjacent the ?rst or upper Wall 31 of the outer 
housing 32. A second outlet 36 extends outWardly from the 
side Wall 35 adjacent the second, or loWer Wall 33. Advan 
tageously the outlets 34, 36 extend generally tangential from 
the periphery of the housing 32. The outlets 34, 36 are 
shoWn extending in generally opposite directions, about 
180° relative to each other. But depending on the particular 
direction the air needs to ?oW, the outlets 34, 36 could be 
located at other angles relative to each other, With 60°, 90° 
on either side of the housing 32, being the most likely 
relative positions. The outlets 34, 36 could exit in the same 
direction if desired, but then it Would be advantageous to 
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have insulation betWeen the outlets to help maintain the 
temperature differential betWeen the outlets. 

[0039] A set of apertures 38 are centrally formed in the 
?rst or top Wall 31 of the outer housing 32 to form a ?rst inlet 
38 that communicates With the interior cavity 29 formed and 
enclosed by the outer housing 32. Although not necessary, a 
second inlet 40 (FIG. 3) may also be located on the second 
or bottom Wall 33 of the outer housing 32 opposite the ?rst 
inlet 38. 

[0040] Referring to FIGS. 2 and 3, the rotor assembly 30 
generally comprises a plurality of components including an 
annular ?rst rotor 42, an annular second rotor 44 disposed 
beloW the ?rst rotor 42, and at least one annular thermo 
electric device 46 interposed betWeen, and in thermal com 
munication With, the ?rst rotor 42 and the second rotor 44. 
The thermoelectric device is also knoWn as a Peltier device 
Which comprises at least one pair of dissimilar materials 
connected electrically in series and thermally in parallel, and 
typically comprises a series of n-type and p-type semicon 
ductor elements connected electrically in series and ther 
mally in parallel. Depending on the direction of current 
passing through the thermoelectric device 46, one surface 
Will be heated and the opposing surface Will be cooled. The 
thermoelectric device 46 generates a temperature differential 
that causes heat to transfer by conduction through the rotors 
42, 44. The greater the temperature differential, the greater 
the rate of heat transfer. Current thermoelectric devices can 
generate a temperature differential of 70° C. across the 
opposing surfaces of the thermoelectric device, and if the 
devices are stacked, temperature differentials of 130° C. are 
currently possible. The temperature differentials and ef? 
ciencies are expected to increase as the technology 
improves. 

[0041] The rotors 42, 44 comprise annular heat exchang 
ers in direct thermal communication With the thermoelectric 
device 46 to conduct heat throughout the rotors 42, 44, 
primarily by thermal conduction to thereby form a short 
thermal path length betWeen the rotors 42, 44 and the 
thermoelectric device 46. Depending on the material and 
construction of the rotors 42, 44, the rate of thermal con 
duction Will vary. The rotors 42, 44 also alloW air to pass 
outWard, such as in a radial direction, through the heat 
exchanger, and further comprise blades of fans that cause the 
air to pass outWard through the rotors 42, 44. The heat 
exchanger thus forms the fan that causes the air to How 
through the heat exchanger. Alternatively phrased, the fan 
that generates the air ?oW also forms the heat exchanger. In 
one embodiment, the ?ns of the heat exchanger comprise the 
blades or airfoils of the fan generating the air ?oW. Alter 
nately, the heat exchanger could comprise a series of heat 
exchange surfaces that are con?gured to generate an air?oW 
When the surfaces are rotated. 

[0042] The rotors 42, 44 are advantageously formed by 
taking a length of heat exchanger of aluminum or copper that 
is formed from a ?at strip of metal having corrugated or 
accordion-like pleats folded so heat sinks and sources can be 
connected at the ends of the pleats Where the metal folds to 
change direction. The pleats are orientated so air can ?oW 
along the corrugations of the heat exchanger. The opposing 
ends of that length of heat exchanger are curved toWard each 
other, and then overlapped and fastened together either 
mechanically or by thermal or adhesive bonding. This 
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bending forms the previously straight length into a circle so 
the air ?oWs radially through What is noW a circular heat 
exchanger. In this annular con?guration the heat exchanger 
can effectively act as the blades of a squirrel cage fan or a 
circular fan. This method is advantageously used to form 
both the ?rst rotor 42 and the second rotor 44. 

[0043] In the illustrated embodiment, the ?rst rotor 42 is 
located on the supply side of the heat exchanger that supplies 
conditioned air to a user, and has an outer diameter that is 
smaller than the diameter of the second rotor 44. The second 
rotor 44 is located on the Waste side of the system and 
exhausts conditioned air, advantageously to a location that 
does not direct air to the supply side or that otherWise directs 
air to a location that could affect the user. Each of the 
components are axially aligned to rotate about a central axis 
aligned With a drive shaft or axle 52 of motor 50. A 
disc-shaped connector 51 having a central aperture is dis 
posed on top of the ?rst rotor 42 and the motor 50. The motor 
50 may be directly coupled to the axle 52 or could be 
indirectly coupled, such as via a gear assembly. 

[0044] The connector 51 mechanically couples at least one 
of the shaft 52 or motor 50 to the ?rst rotor 42 so that the 
motor 50 is con?gured to rotatably drive the ?rst rotor 42, 
the thermoelectric device 46, and the second rotor 44 about 
a common axis, as described in more detail beloW. The 
interior diameter of rotors 42, 44 is advantageously large 
enough to alloW motor 50 to be inserted inside the space 
formed inside the annular rotors 42, 44, to minimiZe the 
height of the unit along the longitudinal axis about Which 
rotors 42, 44 rotate. 

[0045] As shoWn in FIG. 3, the rotor assembly 30 is 
mounted Within the outer housing 32 on a drive axle 52 that, 
in the illustrated embodiment, is journaled at opposing ends 
of the axle on shaft bearings 54 Which are advantageously 
mounted to Walls 31, 33. The drive axle 52 of the rotor 
assembly 30 is axially aligned With the ?rst and second inlets 
38 and 40 of the outer housing 32. -The outer housing 32 
could also be equipped With only a single inlet or With more 
than tWo inlets. 

[0046] The plane of the thermoelectric device 46 de?nes a 
boundary line 56 that divides the interior cavity 29 into an 
upper portion or supply side 58 and a loWer portion or Waste 
side 60. The ?rst rotor 42 is located Within the upper portion 
or supply side 58 and the second rotor 44 is located Within 
the loWer portion or Waste side 60. 

[0047] As best shoWn in FIG. 3, the rotor assembly 30 
further includes a ?rst annular plate 63 that is disposed 
betWeen a top edge of the thermoelectric device 46 and a 
bottom edge of the ?rst rotor 42. A second annular plate 65 
is disposed betWeen a bottom edge of the thermoelectric 
device 46 and the top of the second rotor 44 so that the 
thermoelectric device 46 is interposed betWeen the ?rst and 
second plates 63 and 65. The ?rst and second plates 63 and 
65 are preferably manufactured of a material that is ther 
mally conductive but is electrically insulative, such as, for 
example, alumina. In one embodiment, a heat-resistant, 
thermally-conductive adhesive, such as silver-?lled silicon 
adhesive, is used to mount the ?rst rotor 42 to the ?rst plate 
63 and the second rotor 44 to the second plate 65. Alter 
nately, plates 63 and 65 may be omitted and the ?rst and 
second rotors 42 and 44 may be directly attached to the 
thermoelectric device 46. 
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[0048] An annular, disc-like insulation member 64 of 
thermally insulated material extends from betWeen the rotors 
42, 44, radially outWard and ends before it hits the inside of 
the side Walls 35. Advantageously the member 64 is posi 
tioned on top of the second annular plate 65 adjacent the 
inner and outer periphery of the thermoelectric device 46 
and is placed generally in the plane containing boundary line 
56. The insulation member 64 is dimensioned to extend 
radially inWard and outWard from the thermoelectric device 
toWard the motor 50 along the boundary line 56. A gap 66 
is de?ned betWeen the outer periphery of the insulation disc 
64 and the interior surface of the outer housing 32, With the 
gap 66 forming an air bearing to reduce the passage of air 
across the gap 66. 

[0049] As shoWn in FIGS. 3 and 4, a thin and ?exible 
annular seal 70 of thermally insulated material is positioned 
so as to extend radially inWard from the interior surface of 
the outer housing 32 generally along the boundary line 56. 
The annular seal 70 is preferably siZed so that it overlaps, but 
does not contact the adjacent surface of the insulation 
member 64. The annular seal 70 cooperates With the insu 
lation member 64 to de?ne a labyrinth seal around the outer 
periphery of the member 64 that thermally insulates the 
upper portion or supply side 58 of the interior cavity 29 from 
the loWer portion or Waste side 60 of the interior cavity 29. 
The insulation member 64 and annular seal 70 prevent 
signi?cant heat convection betWeen the Waste and main 
sides. The annular seal 70 can be in the form of an air 
bearing that facilitates rotation of the rotor assembly 30. The 
insulation member 64 may comprise any of a Wide variety 
of heat resistant, thermally-insulative materials, such as 
expanded polypropylene. 

[0050] With reference to FIG. 4, at least a portion of the 
interior surface of the housing 32 advantageously is coated 
With a Wicking material 78 that is adapted to absorb and 
conduct moisture. The Wicking material 78 extends betWeen 
the upper and loWer portions 58, 60, and advantageously 
comprises a Woven cotton fabric that has been texture coated 
to prevent microbe groWth. The Wicking material 78 absorbs 
condensed moisture expelled by centrifugal force from 
Whichever rotor 42, 44 produces the condensation, and 
conducts the moisture to the other rotor Where it is evapo 
rated by the heated air—in order to avoid accumulation in 
the interior cavity 33 and in passages distributing the cooled 
air. Advantageously the Wicking material 78 absorbs enough 
moisture to prevent accumulation in the doWnstream pas 
sages in ?uid communication With Whichever rotor 42, 44 is 
cooled prompting a potential for condensation. 

[0051] The annular seal 70 must alloW the Wicking mate 
rial 78 to pass. Thus, the seal 70 may be connected to an 
exterior surface of the material 78, may extend through the 
material 78 at intermittent locations, or may connect to side 
Walls 35 at locates Where the material 78 is absent. The 
material 70 could also extend outside of the interior cavity 
33. 

[0052] Referring to FIG. 3, electrically-conductive Wires 
80 are electrically coupled to the thermoelectric device 46 to 
provide an electrical potential thereto in a Well knoWn 
manner through brushes 84 that are in electrical communi 
cation With the rotating drive axle 52. Because electrical 
current must be provided to the thermoelectric device 46 in 
a closed circuit, tWo brushes 84 are in electrical communi 
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cation With the axle 52 and thermoelectric 46 through brush 
and slip-ring assemblies known in the art. Other electrical 
connections, such as, for example, an inductive coupling, 
can be devised given the present disclosure. 

[0053] FIGS. 5 and 6 are top and side vieWs, respectively, 
of the ?rst rotor 42. The structure of the second rotor 44 may 
be identical to that of the ?rst rotor 42, although the 
respective dimensions may differ. The folloWing more 
detailed description of the ?rst rotor 42 is therefore equally 
applicable to that of the second rotor 44. The ?rst rotor 42 
comprises a strip of corrugated metal having tWo connected 
ends so that the ?rst rotor 42 is annular in shape. The 
corrugations or accordion-like pleats in the ?rst rotor 42 
form a series of radially-extending ?ns or blades 91 that 
de?ne a series of radially-extending chambers or spaces 92 
therebetWeen. Referring further to FIG. 4, the Width (i.e., 
the circumferential distance betWeen adjacent ?ns 91) of the 
chambers 92 gradually increases moving radially outWard 
from a center point 90 of the ?rst rotor 42. Each rotor 42 and 
44 has an inner radius R1 and an outer radius R2. The spacing 
betWeen adjacent ?ns 91 is sufficiently Wide at the inner 
radius R1 to alloW air ?oW radially outWard through the rotor 
42. 

[0054] In the illustrated embodiment, the blades 91 com 
prise generally ?at Walls that are connected and extend 
radially outWard from a center point 90 on the rotational axis 
of the rotor 42. This design is not believed optimum from the 
aerodynamic vieWpoint of moving the maximum volume of 
air through the rotor 42 for a given rotational speed or rotor 
siZe. The blades 91 may also be aerodynamically con?gured 
to provide various air?oW pro?les. For example, the blades 
91 may be s-shaped, c-shaped, etc. Alternately, the blades 91 
may comprise any type of straight or curved surface that 
produces an air?oW When the surfaces are rotated. 

[0055] The outer radius R2 preferably ranges from 
approximately 12-75 mm When incorporated into a tempera 
ture control system for a motor vehicle seat. The radial 
length of the blade 91, the difference betWeen the inner 
radius R1 and outer radius R2, is approximately 10-40 mm 
When the heat exchanger 28 is incorporated into a tempera 
ture control system for a motor vehicle seat, as described 
beloW With reference to FIG. 7. The blades 91 may have a 
height measured along the rotational axis, in the range of 
approximately 6-15 mm When used With car seats. Adjacent 
blades 91 are preferably spaced apart a distance of approxi 
mately 0.5-2 mm for a temperature control system for a seat. 
The thickness of the blades 91 When made of copper or 
aluminum is preferably in the range of approximately 0.05 
0.2 mm When incorporated into a car seat. 

[0056] In an alternative embodiment, the thermoelectric 
device 46 is replaced by a resistive heating element Which 
converts electrical energy into heat energy. This resistive 
heating element does not have the cooling capability of the 
thermoelectric device 46, but it does provided heat air Which 
may have Wider applicability in certain climates. 

[0057] Referring to FIG. 3, in operation, the motor 50 
rotate the axle 52 by activating the poWer source through a 
control, such as a manual sWitch or a thermostatically 
controlled sWitch. The motor is in driving communication 
With the ?rst rotor 42, the second rotor 44, and the thermo 
electric device 46 so as to rotate those components about the 
rotational axis of drive axle 52. The rotation of the ?rst rotor 
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42 creates a pressure differential that draWs air into the 
supply side 58 of the interior cavity 29 through the ?rst inlet 
38. The air ?oWs into the spaces 92 and radially outWard 
across the blades 91 of the ?rst rotor 42. The rotation of the 
rotor 42 imparts centrifugal force to the air that propels the 
air radially outWard from rotor 42 so that the air travels out 
of the supply side 58 of the interior cavity 29 through the 
?rst outlet 34. 

[0058] In a similar manner, the second rotor 44 also rotates 
and draWs are into the loWer portion or Waste side 60 of the 
interior cavity 29 through the second inlet 40 (or through 
either inlet 38 or 40 if only one inlet is provided). The air 
passes through the spaces 92 betWeen the blades 91 of the 
second rotor 44, radially outWard across blades 91, and is 
propelled out of the Waste side 60 through the second outlet 
36. The divider 64 keeps the air ?oWs from intermingling, 
and because it is thermally insulated, maintains a tempera 
ture differential betWeen the supply side 58 and Waste side 
60. 

[0059] The electrical Wires 80 also supply an electrical 
current to the thermoelectric device 46, advantageously 
through shaft 52, so that the thermoelectric device 46 heats 
the rotor 42 and cools rotor 44, or cools rotor 42 and heats 
rotor 44, depending on Which direction the electrical current 
?oWs through the thermoelectric divide 46. As the air ?oWs 
across the blades 91 of the ?rst rotor 42 and the second rotor 
44, the air is either heated or cooled through a convective 
process. That is, on the hot side of the thermoelectric device 
46, heat is transferred to the air from the heated ?ns of the 
rotor as the air ?oWs thereover. On the cooled side of the 
thermoelectric device, heat is absorbed from the air as the air 
passes over the cooled rotor to thereby cool the air. The heat 
exchanger thus produces heated air through one outlet and 
cooled air through the other outlet. The heated or cooled air 
is then directed to the appropriate location in the seat for 
heating or cooling the passenger seat. The air With the 
undesired temperature is vented to a location Where it Will 
not noticeably affect the vehicle passengers. Preferably, the 
Waste air is vented to a location such that the Waste air is not 
draWn back into the outer housing 32. 

[0060] The ?rst rotor 42 and the second rotor 44 simul 
taneously function as fan units for generating an air?oW at 
a predetermined pressure and also as heat exchangers for 
transferring heat to and from the air?oW and maintaining the 
air?oW at the desired temperature. By combining the heat 
exchanger function into the fan that generates the air ?oW, 
several advantages are achieved. By forming the heat 
exchanger into an annular fan and nesting the motor inside 
the heat exchanger/fan, space and Weight savings are 
achieved. 

[0061] Currently used systems are about 45 mm in height, 
Which is too big for many motor vehicles. NeWly designed 
systems are about 30 mm in height, but a great number of 
motor vehicles still have seats too small to accommodate 
such fans underneath or around the seat, and feW can 
accommodate that siZe Within the seat. Fan and heat 
exchanger units 28 With a height beloW about 20-30 mm Will 
accommodate a majority of automotive seats, and the 
present invention can alloW such construction. But systems 
28 of the present invention having a height of about 16 mm 
are believed possible, Which is about half the height of the 
smallest systems currently available, and small enough to 
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allow the use of the heating/cooling system inside a signi? 
cant majority of seat bottoms and seat backs currently used 
in motor vehicles. 

[0062] This height reduction represents the distance 
betWeen Walls 31, 33 and associated ducting to carry the air 
to the location Within the seat. The design of rotors 42, 44 
can be used to vary the dimensions, With the heat exchanger 
surface area of blades 91 being a compromise betWeen blade 
height, blade length, and diameter, and that area must be 
offset by the change in performance and rotational speed of 
the fan. Also, shorter rotors 42, 44 can be achieved by 
increasing the diameter of the rotors or by operating the 
rotors at higher speeds, Which may increase noise. 

[0063] Further, the design eliminates the interconnecting 
ducting betWeen the fan and the heat exchanger, saving 
Weight, siZe and pressure losses in the transmitted air. The 
small siZe also alloWs placement of heating and cooling 
systems directly in the seat bottoms and backs, further 
reducing the need for ducting, and especially reducing the 
need for ducting across the pivoted joints betWeen seat 
bottoms and backs. The reduced ducting and its associated 
pressure losses and performance degradation, also alloWs 
the use of smaller fans, Which use less energy and generate 
less noise. 

[0064] Moreover, the consolidation of several parts and 
functions alloWs a reduced manufacturing cost and an 
increase in ef?ciency of the system. The drag normally 
caused by passing the air over the heat exchanger is signi? 
cantly reduced because the heat exchanger forms the fan 
blades that generate the air ?oW. Thus, savings of about 
25%-35% of the fan poWer are believed possible. Further, 
adequate heating and cooling of a motor vehicle seat are 
believed to use about 1000 Watts less than the poWer needed 
to provide the same comfort level to a passenger using the 
heating and cooling system of a motor vehicle—Which must 
heat and cool the entire passenger compartment rather than 
the localiZed environment of the seat on Which the passenger 
sits. 

[0065] A further advantage is the reduction of noise 
because tWo small fans can be used. The rotors 42 and 44 
preferably operate at a rotational speed in the range of 
approximately 2,000-5,000 revolutions per minute, although 
speeds of about 1000 rpm may be desirable in some appli 
cations, and higher speeds of up to 10,000 revolutions per 
minute in others. The rate of air?oW of the main side of the 
heat exchanger is in the range of approximately 2-6 cubic 
feet per minute at a pressure of about 0.2-1 inches of Water, 
With a How rate of about 3-4 cfm being preferred. The rate 
of air?oW of the Waste side of the heat exchanger is in the 
range of approximately 2-10 cubic feet per minute, at a 
pressure of about 0.3-0.4 inches of Water. The rotors 42, 44 
With the blades acting as conductive heat exchanger as Well 
as fan blades to move air, provide these needed air ?oWs. In 
typical automobile use, 12 volt motors drive the rotors 42, 44 
This fan ?oW rate and pressure are smaller than in prior seat 
systems Where the fan had to generate enough pressure and 
air How to provide air to both the bottom and backrest 
portions of the seat. 

[0066] To further enhance the above advantages, in a 
further embodiment the blades 91 may comprise a series of 
independent Walls mounted on an annular plate Where the 
blades 91 are contoured or curved to provide a preselected 
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air?oW pro?le When the ?rst rotor 42 rotates, advanta 
geously a pro?le that is more ef?cient than the straight 
blades 91 described above While still conducting heat Well 
and maintaining a loW manufacturing cost. Further, the 
blades 91 as illustrated and described above are not opti 
miZed for minimiZing noise, and noise reduction is an 
important consideration for equipment operating inside the 
passenger compartment of motor vehicles. A more re?ned 
design of the blades 91 could advantageously reduce noise. 
It is believed that the level of noise generated by rotation of 
the rotors 42 and 44 generally decreases as the number of 
blades 91 increases. To accommodate the thermal transfer 
use of the rotor blades 91, more blades are likely to be 
required than may be desirable for optimum performance if 
the rotors 42, 44 Were designed solely for use as fans to 
move air—Without regard to the heat transfer function and 
noise of the rotors 42, 44. 

[0067] The compact design also reduces the Weight of the 
unit. As mentioned, the blades 91 are preferably manufac 
tured of a thermally conductive material, such as pure 
annealed aluminum, carbon, and copper, Which are knoWn to 
be highly thermally conductive materials. Other material 
may be used as scienti?c advances in conductive material 
are made. While copper is heavier than aluminum, its 
increased thermal conduction properties offer advantages 
and design options in con?guring the rotor blades 91 to 
perform both heat transfer and air movement functions. The 
blades preferably have a thermal conductivity rate of greater 
than about 12 W/m~o K. 

[0068] The conditioned air that ?oWs out of the ?rst and 
second outlets 34 and 36 may be put to any of a Wide variety 
of uses. In one embodiment, the heat exchanger 28 is 
incorporated into a ventilation system for vehicle seats, such 
as for automobiles, as described beloW With reference to 
FIG. 7. It Will be appreciated that the heat exchanger 28 
could also be used in other applications as Well. 

[0069] Referring to FIG. 7, an automobile seat tempera 
ture control system 112 comprises at least one seat 114 and 
a pair of heat exchangers 28a and 28b (referred to collec 
tively as “heat exchangers 28”) mounted therein. The heat 
exchangers 28 are of the type described above With refer 
ence to FIGS. 1-6. In the illustrated embodiment, the ?rst 
heat exchanger 28a is mounted Within a seat bottom 118 and 
the second heat exchanger 28b is mounted Within a seat back 
120. The heat exchangers may also be mounted adjacent any 
portion of the seat 114, such as beloW or on the side of the 
seat 114. 

[0070] The seat 114 has a series of channels 116 for the 
passage of air. An outer covering 117 of the seat 114 
surrounds a padding layer 119 through Which the channels 
116 extend. The outer covering 117 is desirably perforated or 
air-permeable to alloW air to How therethrough from the 
channels 116. The seat 114 also includes seat bottom 118 and 
seat back 120 extending upWardly therefrom for supporting 
a human body in a sitting position. The outer covering 117 
may comprise any Well knoWn material for covering seats, 
such as perforated vinyl, cloth, perforated leather, etc. The 
padding layer of the seat 114 may comprise any Well-knoWn 
material for enhancing user comfort, such as reticulated 
foam. 

[0071] With reference to FIG. 7, the ?rst outlet 34 (FIG. 
1) of the ?rst heat exchanger 28a is attached to channels 116 
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that extend through the seat back 114. The ?rst outlet 34 of 
the second heat exchanger 28 is attached to the channels 116 
that extend through the seat bottom 118. Each of the heat 
exchangers 28 is electrically coupled to a poWer source via 
a control sWitch so that a user may selectively poWer the heat 
exchangers via the poWer sWitch. A control sWitch is also 
coupled to the heat exchangers 28 for reversing the polarity 
of the electrical current applied to the heat exchangers 28 in 
a Well knoWn manner. The control sWitch is used to sWitch 
the heat exchangers 28 betWeen a heating and a cooling 
mode. In the heating mode, the heat exchangers 28 pump 
heated air into the seat 114. In the cooling mode, the heat 
exchangers pump cooled air into the seat 114. The heat 
exchangers 28 may also be coupled to separate poWer and 
temperature controllers for providing independently-con 
trolled conditioned air?oW to the seat back 114 and the seat 
bottom 120. 

[0072] Afeedback control system including a temperature 
sensor, such as a thermocouple, may also be provided. The 
system 112 may also be equipped With a control system for 
varying the speed of the rotors 42 and 44 to vary the How 
rate. Those skilled in the art Will appreciate that any of a 
Wide variety of control devices may also be provided. 

[0073] The channels 116 may comprise a series of plastic 
ducts or pipes that are coupled to at least one of the ?rst and 
second outlets 34, 36 of the heat exchangers 28 and disposed 
Within the seat 114. Advantageously, the ducts may be 
formed by heat sealing the plastic foam of Which the seat is 
made, or by coating the duct With a sealant to reduce air loss 
through the duct. The channels could also comprise air gaps 
Within a permeable material, such as reticulated foam, that 
alloW air to How therethrough. Additionally, the channels 
may comprise any type of passage for the How of air, such 
as ducts, pipes, small holes, etc. 

[0074] Preferably, a main duct 137 is connected to the ?rst 
outlet 34 for routing the cooled or heated air to the seat 114 
surface 117 via the channels 116. A Waste duct 138 is 
connected to at least the second outlet 36 for routing the 
unWanted “Waste” air to the outside environment aWay from 
the passenger occupying seat 114. 

[0075] In operation, the poWer sWitch is activated to 
supply an electrical current to the heat exchangers 28. As 
discussed above, the thermoelectric device 46 and the main 
and second rotors 42 and 44 combine to generate a How of 
heated or cooled air Which is routed to the main ducts 137 
and throughout the seat 114. The conditioned air ?oWs out 
of the channels 116 through the permeable outer covering 
117 to thereby cool or heat the occupant of the seat 114. 
Desirably, the Waste air is routed aWay from the seats 114 
through the Waste ducts 138. 

[0076] The Waste ducts 138 can advantageously vent 
beloW the seat bottom 118 because the heating and cooling 
system in the passenger compartment can produce typically 
over 20 times the amount of heat or cool air as is exhausted 
through Waste duct 138. As long as the Waste ducts 138 do 
not vent directly on a passenger, toWard a passenger, or on 

the inlets 38, 40 the environmental heating and cooling 
equipment Will amply dissipate the output from Waste ducts 
138. A Waste duct 138 connecting unit 28a located in the 
back portion 119 can vent beloW the seat bottom 118 Without 
having a duct extend across the pivoted joint betWeen the 
bottom portion 118 and backrest 119. Because the air?oW of 
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Waste duct 138 is doWnWard toWard the seat bottom 118, tWo 
aligned openings, one at the bottom of back portion 119, and 
one in the seat bottom 118, are sufficient to convey the air to 
beloW the seat bottom 118. 

[0077] As shoWn in FIG. 8, in another embodiment, the 
heat exchanger 28 is incorporated into a cooler, such as an 
ice chest 140. In the illustrated embodiment, the ice chest 
140 comprises a rectangular box that includes a base Wall 
144 and four side Walls 146 extending upWardly therefrom. 
Alid 150 is pivotably mounted on the four side Walls 146 in 
a Well knoWn manner to provide access to a storage space 
152 de?ned by the Walls of the ice chest 140. The Walls of 
the ice chest are desirably insulated in a Well knoWn manner 
to maintain the temperature of the storage space 152. 

[0078] FIG. 9 is a cross-sectional side vieW of the lid 150 
of the ice chest 140. At least one heat exchangers 28 of the 
type described above With reference to FIGS. 1-6 is disposed 
Within the lid 150. The heat exchanger 28 is connected to a 
poWer source (not shoWn), such as a battery of the proper 
voltage and poWer, and is con?gured to operate in a cooling 
mode such that it outputs a How of cold air at the ?rst fan 42, 
as described above. The heat exchanger 28 is rotatably 
mounted Within the lid 150 such that the Waste side of the 
heat exchanger 28 is positioned betWeen top and bottom 
Walls 156, 158, respectively, With an insulation member 
positioned to thermally separate the main and Waste sides. 
The main side of the heat exchanger 28 is disposed imme 
diately beloW the bottom Wall 158. A cover unit 159 is 
positioned over the main side of the heat exchanger 28. The 
cover unit 159 includes a series of apertures to alloW air to 
How through the main side of the heat exchanger 28. The 
main side of the heat exchanger 28 is positioned Within the 
storage space 152 of the ice chest 140 When the lid 150 is 
closed. 

[0079] The Waste side of the heat exchanger 28 is disposed 
betWeen the top and bottom Walls 156 and 158 of the lid 150. 
An inlet 38 extends through the top Wall 156 to alloW air to 
How into and out of the heat exchanger 28. The lid 150 is 
preferably ?lled Within insulative material around heat 
exchanger 28. 

[0080] In operation, the heat exchanger 28 is poWered in 
the cooling mode so that the ?rst fan 42 generates a How of 
cooled air Within the storage space 152 When the lid 150 is 
closed. In this manner, the storage space 152 is maintained 
at a relatively cool temperature. The heated Waste air is 
routed to the outside environment such as through an outlet 
in the top Wall 156 of the lid 150. Any of a Wide variety of 
articles, such as food, may be stored Within the storage space 
152. 

[0081] With reference to FIG. 10, there is shoWn a fan unit 
200 that is con?gured to be mounted adjacent or Within a 
standard desk. The fan unit 200 includes a housing 202 that 
is pivotably mounted to base 204. The housing 202 is 
substantially cylindrical shaped and includes a conditioned 
air outlet 206 and one or more Waste air outlets 208 around 
the periphery of the housing 202. An air inlet 210 is located 
in the housing 200 opposite the conditioned air outlet 206. 
A control sWitch 212 and a poWer cord 214 are coupled to 
the base 204 for selectively poWering the fan unit 200 and/or 
the thermoelectric element 232 in a Well knoWn manner. 

[0082] FIG. 11 is a cross-sectional vieW of the fan unit 
200. An annular duct 216 is disposed Within the housing 202 
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and de?nes the conditioned air outlet 206. Asecond duct 218 
de?nes the Waste air outlets 208. A drive axle 220 is 
rotatably mounted Within the housing so as to be axially 
aligned With the conditioned air outlet 206. In the illustrated 
embodiment, a motor 222 is drivingly coupled to the drive 
axle 220 via a drive belt 224. A rotor assembly 226 is 
mounted to the drive axle 220 so that the rotor assembly 
rotates With the drive axle 220. 

[0083] The rotor assembly 220 comprises a main fan 228 
adjacent the conditioned air outlet 206 and an annular Waste 
fan 230 on the side of the main fan 228 opposite the 
conditioned air outlet 206. A thermoelectric element 232, 
such as a Peltier heat exchanger, is interposed betWeen the 
main and Waste fans 228 and 230. The main fan 228 has a 
circumference that is less than or equal to the circumference 
of the conditioned air outlet 206 so that the main fan is 
con?gured to cause air to How through the conditioned air 
outlet 206. The Waste fan 230 is positioned so to commu 
nicate With the Waste outlet 208. The main and Waste fans 
228 and 230 may comprise any type of device that is 
con?gured to produce an air ?oW upon rotation. 

[0084] In one embodiment, the fans comprises ?at discs 
having louvers 234 punched therethrough. The fans are 
preferably manufactured of a highly thermally conductive 
material. 

[0085] In operation, the motor 22 is poWered through a 
poWer source (not shoWn) in a Well knoWn manner. The 
thermoelectric device 232 cools the main fan 228 and heats 
the Waste fan 230 (or vice versa) in the manner described 
above With respect to the previous embodiments. The fans 
also rotate to produce a How of conditioned and Waste air 
through the conditioned air outlet 206 and the Waste air 
outlet 208, respectively. The air may be routed to cool a 
desired location, such as beneath a desk. 

[0086] If desired, ducts, hoses and other devices may be 
connected to the outlets to further direct the How of air 
therefrom. 

[0087] FIG. 12 shoWs another embodiment of a heat 
exchanger comprising a fan unit 170 having a plurality of air 
?oW generating members, such as blades 172, that rotate 
about an drive axle 174. Amotor 176 is drivingly connected 
to the axle 174, either directly or indirectly, such as through 
a gear mechanism. One or more electrical heat generating 
devices, such as electrical resistors 180, are mounted on the 
blades 172. The resistors may be embedded Within the 
blades 172 or may be painted thereon, such as With adhesive. 

[0088] In operation, the resistors 180 are heated by apply 
ing an electrical current thereto and the axle 174 is rotated 
via the motor 176. The blades 172 generate an air?oW, Which 
is heated by the resistors through a convective process. The 
fan unit 170 is thereby used to generate a heated air?oW. 

[0089] Given the above disclosure, other variations of this 
invention Will be knoWn to those skilled in the art. For 
example, the rotors 42, 44 are shoWn connected to the 
rotating shaft 52 by plate 51 located adjacent the ?rst or 
upper Wall 31. In this con?guration the interior cavity 
formed by the inner diameters of rotors 42, 44 are intercon 
nected. It is believed possible to have the plate 51 contoured 
to the exterior shape of the top portion of motor 50 and then 
extend radially outWard at about the plane containing the 
thermoelectric 46. That Would place a physical separation 
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betWeen the air ?oWs entering rotors 42 and 44. It is also 
believed possible to form the housing of motor 50 With a 
radial ?ange extending radially outWard at about the plane 
containing boundary line 56, With the motor 50 rotating, and 
thus provide a physical separation betWeen the air ?oWs 
entering the rotor 42 and 44. 

[0090] The above description refers primarily to the use of 
the method and apparatus in a vehicle seat. But the method 
and apparatus are equally applicable to other seats, includ 
ing, but not limited to, theater seats, office seats, airplane 
seats, seats found in the home such as sofas and recliners, 
hospital seats for patients, hospital beds for bedridden 
patients, and Wheelchairs. The method and apparatus is 
especially useful Where a localiZed How of conditioned air is 
desired. 

[0091] The above description refers to the passage of air 
through the heat exchangers, but the present invention is not 
limited to air as other gases may be used With the present 
apparatus and method. Indeed, some gases, such as helium, 
have greater thermal conductivity than air and are desirable 
in certain applications, While other gasses such as oxygen, 
nitrogen or argon may be more desirable in other applica 
tions. Avariety of gases and gas mixtures can be used as the 
particular application requires. 

[0092] Further, liquids can be used With the present inven 
tion by applying appropriate liquid seals and insulators 
knoWn in the art to keep the liquid circulating through the 
heat exchanger from making electrical contact With the 
thermoelectric device and any other electrical devices. Thus, 
liquids such as Water and antifreeZe are contemplated for use 
With the present method and apparatus, as are liquid metals 
such as liquid sodium. The particular liquid used Will depend 
upon the application. The increased thermal conductivity 
achieved by passing the liquids over the rotating heat 
exchanger offer the possibility of increased heat conduction 
over less dense and less conductive gases. Whether a liquid 
or gas is most advantageous Will vary With the particular 
application. For ease of reference, the term “?uid” Will be 
used to refer to a gas, a liquid or both. 

[0093] Because the temperature change available from a 
thermoelectric can be signi?cant, the rotating heat 
exchanger of the present invention has potential applicabil 
ity to a Wide variety of uses other than the seat, fan and 
cooler described herein. The method and apparatus of 
described herein are generally applicable to any situation 
Where there is a desire to pump a thermally conditioned 
?uid. Such applications include constant temperature 
devices, as for example devices using a reference tempera 
ture as in a thermocouple assembly. Constant temperature 
baths for laboratory equipment and experiments is another 
exemplary application, as for instance groWing bacteria 
cultures or cell cultures. The method and apparatus 
described herein are particularly useful Where loWer ?oW 
rates and/or smaller temperature changes are desired, but the 
invention is not so limited and may ?nd application in 
situations requiring large ?oW rates and/or substantial tem 
perature differences. 

[0094] By placing a temperature sensor at a predetermined 
location, Whether on the heat exchanger, the rotating fan, 
upstream or doWnstream of the heat exchanger, and elec 
tronically controlling the thermoelectric and the fan rotation, 
a controlled stream of thermally conditioned ?uid can be 












