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cooling the interior climate of a vehicle. In some embodi 
ments, the system comprises a conduit having a ?rst ?uid 
channel, a second ?uid channel, a ?uid diversion channel 
con?gured to divert ?uid ?ow between the ?rst and second 
channels, and a thermoelectric device operatively connected 
to the ?uid conduit. In certain embodiments, the thermoelec 
tric device comprises a plurality of thermal Zones. In some 
embodiments, the plurality of thermal Zones comprises a ?rst 
thermal Zone connected to a ?rst electric circuit switchable 
between a ?rst polarity and a second polarity and a second 
thermal Zone connected to a second electric circuit switchable 
between the ?rst polarity and the second polarity independent 
of the polarity of the ?rst electric circuit. 
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MULTI-MODE HVAC SYSTEM WITH 
THERMOELECTRIC DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t under 35 U.S.C. 
§l 19(e) of Us. Provisional Patent Application No. 61/ 108, 
004, titled HEATER-COOLER WITH BITHERMAL 
THERMOELECTRIC DEVICE, ?led Oct. 23, 2008, the 
entire contents of Which are incorporated by reference herein 
and made a part of this speci?cation. 

BACKGROUND 

[0002] 1. Field 
[0003] This disclosure relates to the ?eld of heating and 
cooling systems and, more particularly, to cooling and heat 
ing systems incorporating a thermoelectric device. 
[0004] 2. Description of RelatedArt 
[0005] A passenger compartment of a vehicle is typically 
heated and cooled by a heating, ventilating, and air condition 
ing (HVAC) system. The HVAC system directs a ?oW of air 
through a heat exchanger to heat or cool the air prior to 
?oWing into the passenger compartment. In the heat 
exchanger, energy is transferred betWeen the air and a coolant 
such as a Water-glycol coolant, for example. The air is nor 
mally supplied from ambient air or a mixture of air re-circu 
lated from the passenger compartment and ambient air. 
Energy for heating and cooling of the passenger compartment 
of the vehicle is typically supplied from a fuel fed engine such 
as an internal combustion engine, for example. 
[0006] Some automotive HVAC architectures include a 
thermoelectric device that provides supplemental heating 
and/ or cooling of air ?oWing to the passenger compartment. 
Existing automotive thermoelectric device HVAC architec 
tures suffer from various drawbacks. 

SUMMARY 

[0007] Embodiments described herein have several fea 
tures, no single one of Which is solely responsible for their 
desirable attributes. Without limiting the scope of the inven 
tion as expressed by the claims, some of the advantageous 
features Will noW be discussed brie?y. 
[0008] Disclosed embodiments include systems for heating 
and cooling the interior climate of a vehicle. In some embodi 
ments, a system for controlling temperature in a passenger 
compartment of a vehicle includes a main ?uid channel and 
one or more thermoelectric devices operatively connected to 
the main ?uid channel. The thermoelectric devices can 
include at least one thermoelectric element con?gured to heat 
a ?uid ?oWing in the main ?uid channel upon application of 
electrical energy in a ?rst polarity and to cool the ?uid upon 
application of electrical energy in a second polarity. The 
thermoelectric devices can be subdivided into a plurality of 
thermal Zones. The plurality of thermal Zones can include a 
?rst thermal Zone connected to a ?rst electric circuit sWitch 
able betWeen the ?rst polarity and the second polarity and a 
second thermal Zone connected to a second electric circuit 
sWitchable betWeen the ?rst polarity and the second polarity 
independent of the polarity of the ?rst electric circuit. 
[0009] The system can include a ?rst heat exchanger dis 
posed in the main ?uid channel and thermally connected to 
one or more thermoelectric devices. As an example, the main 
?uid channel can be connected to a single thermoelectric 
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device in Which a ?rst main surface in the ?rst thermal Zone of 
the thermoelectric device and a second heat exchanger dis 
posed in the main ?uid channel and thermally connected to a 
second main surface in the second thermal Zone of the ther 
moelectric device. The system can include a Working ?uid 
channel; a third heat exchanger disposed in the Working ?uid 
channel and thermally connected to a ?rst Waste surface in the 
?rst thermal Zone of the thermoelectric device; and a fourth 
heat exchanger disposed in the Working ?uid channel and 
thermally connected to a second Waste surface in the second 
thermal Zone of the thermoelectric device. The thermoelectric 
device can be con?gured to transfer thermal energy betWeen 
the ?rst main surface and the ?rst Waste surface in the ?rst 
thermal Zone and to transfer thermal energy betWeen the 
second main surface and the second Waste surface in the 
second thermal Zone. 

[0010] The system can include a controller con?gured to 
operate the system in one of a plurality of available modes by 
controlling the polarity of the ?rst electric circuit and the 
polarity of the second electric circuit. The plurality of avail 
able modes can include a demisting mode, a heating mode, 
and a cooling mode. The controller can be con?gured to 
operate the ?rst electric circuit in the second polarity and the 
second electric circuit in the ?rst polarity of one or more 
thermoelectric devices independently When at least one ther 
moelectric device is operating in the demisting mode. 
[0011] The system can include a ?rst Working ?uid circuit 
thermally connected to a ?rst Waste surface in the ?rst thermal 
Zone of one or more of the thermoelectric devices and a 
second Working ?uid circuit independent from the ?rst Work 
ing ?uid circuit, the second Working ?uid circuit thermally 
connected to a second Waste surface in the second thermal 
Zone of one or more of the thermoelectric devices. Each of the 
?rst Working ?uid circuit and the second Working ?uid circuit 
can be selectively connected betWeen either one or more 
thermoelectric devices and a heat sink or one or more ther 

moelectric devices and a heat source. The ?rst Working ?uid 
circuit can be connected to a heat source When the ?rst electric 
circuit is sWitched to the ?rst polarity and can be connected to 
a heat sink When the ?rst electric circuit is sWitched to the 
second polarity. The second Working ?uid circuit can be 
connected to the heat source When the second electric circuit 
is sWitched to the ?rst polarity and can be connected to a heat 
sink When the second electric circuit is sWitched to the second 
polarity. The system can include a controller con?gured to 
operate the system in a demisting mode by sWitching the ?rst 
electric circuit to the second polarity and sWitching the sec 
ond electric circuit to the ?rst polarity. 

[0012] In certain embodiments, a method of delivering 
temperature controlled air to a passenger compartment of a 
vehicle using an HVAC system includes operating the system 
in one of a plurality of available modes to provide an air?oW 
to the passenger compartment. The plurality of available 
modes can include a demisting mode, a heating mode, and a 
cooling mode separately operable in one or more Zones 
Within the vehicle. The method can include delivering air to at 
least a portion of the passenger compartment during the 
demisting mode of operation by directing an air?oW into a 
main ?uid channel; cooling the air?oW in the main ?uid 
channel by removing thermal energy from the air?oW in a ?rst 
thermal Zone of a thermoelectric device; and subsequently 
heating the air?oW by adding thermal energy to the air?oW in 
a second thermal Zone of the thermoelectric device. The 
method can include delivering a heated air?oW to at least a 
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portion of the passenger compartment during the heating 
mode of operation by directing an air?oW into a main ?uid 
channel; and heating the air?oW in the main ?uid channel by 
adding thermal energy to the air?oW in the ?rst thermal Zone 
and in the second thermal Zone of the thermoelectric device. 
The method can include delivering a cooled air?oW to at least 
a portion of the passenger compartment during the cooling 
mode of operation by directing an air?oW into a main ?uid 
channel and cooling the air?oW in the main ?uid channel by 
removing thermal energy from the air?oW in the ?rst thermal 
Zone and in the second thermal Zone of the thermoelectric 
device. 

[0013] Delivering air can include removing thermal energy 
from the ?rst thermal Zone of at least one of the thermoelectric 
devices by circulating a ?rst Working ?uid betWeen the ?rst 
thermal Zone and a heat sink and adding thermal energy to the 
second thermal Zone of the thermoelectric device by circulat 
ing a second Working ?uid betWeen the second thermal Zone 
and a heat source. Each of the ?rst Working ?uid and the 
second Working ?uid can comprise a liquid heat transfer ?uid. 
For example, the ?rst Working ?uid can comprise an aqueous 
solution, and the second Working ?uid can comprise the same 
aqueous solution but at a different temperature. 

[0014] Delivering a heated air?oW further can include pro 
viding electrical energy having a ?rst polarity to the ?rst 
thermal Zone of a thermoelectric device and providing elec 
trical energy having the same polarity to the second thermal 
Zone of the thermoelectric device. The electrical energy pro 
vided to the thermoelectric device can cause thermal energy 
to be transferred from at least one Working ?uid to the air?oW 
via the thermoelectric device. 

[0015] In some embodiments, a method of manufacturing a 
system for conditioning passenger air in a vehicle includes 
providing an air ?oW channel; operatively connecting one or 
more a thermoelectric devices to the air ?oW channel; provid 
ing at least one Working ?uid channel in thermal communi 
cation With at least one Waste surface of one or more thermo 
electric devices; and connecting a ?rst electric circuit to a ?rst 
thermal Zone of the thermoelectric devices. The ?rst electric 
circuit can be con?gured to selectively supply electrical 
poWer to the ?rst thermal Zone in a ?rst polarity or in a second 
polarity. The method can include connecting a second electric 
circuit to a second thermal Zone of a thermoelectric device. 
The second electric circuit can be con?gured to selectively 
supply electrical poWer to the second thermal Zone in the ?rst 
polarity or in the second polarity. 
[0016] The method can include providing a controller con 
?gured to control the system at least in part by selecting the 
polarity of the ?rst electric circuit and the polarity of the 
second electric circuit in one or more thermoelectric devices. 

[0017] The method can include con?guring the at least one 
Working ?uid channel to selectively move thermal energy 
betWeen at least one thermoelectric device and a heat source 
or a heat sink. 

[0018] Operatively connecting a thermoelectric device to 
the air ?oW channel can include disposing a ?rst heat 
exchanger in the air ?oW channel; disposing a second heat 
exchanger in the air ?oW channel; connecting the ?rst thermal 
Zone of the thermoelectric device to the ?rst heat exchanger; 
and connecting the second thermal Zone of the thermoelectric 
device to the second heat exchanger. Connecting the ?rst 
thermal Zone of the thermoelectric device to the ?rst heat 
exchanger can include connecting a main surface in the ?rst 
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thermal Zone to the ?rst heat exchanger, the main surface 
being opposite a Waste surface in the ?rst thermal Zone. 

[0019] In certain embodiments, a system for controlling 
temperature in at least a portion of the passenger compart 
ment of a vehicle includes a ?rst ?uid channel; a second ?uid 
channel at least partially separated from the ?rst ?uid channel 
by a partition; a cooling apparatus operatively connected to 
cool air in the ?rst ?uid channel; a heater core operatively 
connected to heat air in the second ?uid channel; a thermo 
electric device operatively connected to the second ?uid 
channel doWnstream from the heater core; and a ?oW diver 
sion channel disposed betWeen the ?rst ?uid channel and the 
second ?uid channel. The ?oW diversion channel can be con 
?gured to selectively divert air that the cooling apparatus has 
cooled in the ?rst ?uid channel to the second ?uid channel 
such that the air ?oWs past at least one of the heater core and 
the thermoelectric device after passing through the ?oW 
diversion channel. A controller can be con?gured to operate at 
least one such system in at least a cooling mode, a heating 
mode, and a demisting mode. The controller can cause the 
?oW diversion channel to divert air from the ?rst ?uid channel 
to the second ?uid channel during the demisting mode. 
[0020] The ?oW diversion channel can include a diversion 
blend door con?gured to rotate betWeen at least an open 
position and a closed position. Air can be diverted from the 
?rst ?uid channel to the second ?uid channel When the diver 
sion blend door is in the open position. Air can be permitted to 
?oW Without diversion through the ?rst ?uid channel When 
the diversion blend door is in the closed position. 
[0021] The system can include an inlet channel selection 
apparatus con?gured to direct at least a portion of the air 
entering the system to at least one of the ?rst ?uid channel and 
the second ?uid channel. The inlet channel selection appara 
tus can be con?gured to direct an air?oW into the second ?uid 
channel, and the thermoelectric device can be con?gured to 
transfer thermal energy to the air?oW, during the heating 
mode of operation. The inlet channel selection apparatus can 
include an inlet blend door. The inlet blend door can be 
operable to move betWeen a ?rst position, a second position, 
and all positions in betWeen the ?rst and second positions. 
The position of the inlet blend door can be independent of the 
position of the diversion blend door. 
[0022] At least one cooling apparatus can absorb thermal 
energy from an air?oW, and the thermoelectric device can 
transfer thermal energy to the air?oW during the demisting 
mode of operation. At least one cooling apparatus can be 
con?gured to absorb thermal energy from the air?oW, and the 
thermoelectric device can be con?gured to absorb thermal 
energy from the air?oW during the cooling mode of operation. 
[0023] The ?oW diversion channel can include an aperture 
formed in the partition. The aperture can be con?gured to be 
selectively blocked. 
[0024] One or more thermoelectric devices can be subdi 
vided into a plurality of thermal Zones, the plurality of ther 
mal Zones including a ?rst thermal Zone con?gured to heat a 
?uid ?oWing in the second ?uid channel upon application of 
electrical energy in a ?rst polarity and to cool the ?uid upon 
application of electrical energy in a second polarity and a 
second thermal Zone sWitchable betWeen the ?rst polarity and 
the second polarity independent of the polarity of the electri 
cal energy applied to the ?rst thermal Zone. 

[0025] One or more heater cores can be in thermal commu 
nication With poWer train coolant during at least the heating 
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mode. In some embodiments, heater cores are not in thermal 
communication With power train coolant during at least the 
cooling mode. 
[0026] At least one surface of one or more thermoelectric 
devices can be connected to a heat exchanger in thermal 
communication With the air?oW. The cooling apparatus can 
also be connected to one or more heat exchangers in thermal 
communication With the air?oW. 
[0027] In certain embodiments, a method of delivering 
temperature controlled air to a passenger compartment of a 
vehicle using an HVAC system includes operating at least a 
portion of the system in one of a plurality of available modes 
to provide an air?oW to at least a portion of the passenger 
compartment. The plurality of available modes can include 
demisting modes, heating modes, and cooling modes. The 
method can include delivering air to the passenger compart 
ment during the demisting mode of operation by directing the 
air?oW into at least a ?rst ?uid ?oW channel; cooling the 
air?oW in the ?rst ?uid ?oW channel With a cooling apparatus; 
subsequently diverting the air?oW from the ?rst ?uid ?oW 
channel to a second ?uid ?oW channel; and subsequently 
heating the air?oW in the second ?uid ?oW channel With a 
heater core, With a thermoelectric device, or With both the 
heater core and the thermoelectric device. The method can 
include delivering a heated air?oW to at least a portion of the 
passenger compartment during the heating mode of operation 
by directing the air?oW into at least the second ?uid ?oW 
channel; and heating the air?oW in the second ?uid ?oW 
channel With a heater core, With a thermoelectric device, or 
With both the heater core and the thermoelectric device. The 
method can include delivering a cooled air?oW to at least a 
portion of the passenger compartment during the cooling 
mode of operation by directing the air?oW into at least one of 
the ?rst ?uid ?oW channel and the second ?uid ?oW channel 
and cooling the air?oW by cooling the air?oW in the ?rst ?uid 
?oW channel With the cooling apparatus, cooling the air?oW 
in the second ?uid ?oW channel With the thermoelectric 
device, or cooling the air?oW in the ?rst ?uid ?oW channel 
With the cooling apparatus While cooling the air?oW in the 
second ?uid ?oW channel With the thermoelectric device. 
[0028] Delivering the air during the cooling mode can 
include determining Whether a ?rst amount of energy to be 
provided to the thermoelectric device to cool the air?oW to a 
desired temperature using the thermoelectric device is less 
than a second amount of energy to be provided to the cooling 
apparatus to cool the air?oW to the desired temperature using 
the cooling apparatus and cooling the air?oW in the second 
?uid ?oW channel With the thermoelectric device When it is 
determined that the ?rst amount of energy is less than the 
second amount of energy. 

[0029] Delivering a heated air?oW can include determining 
Whether the heater core is able to heat the air?oW to a desired 
temperature; heating the air?oW in the second ?uid ?oW chan 
nel With the heater core When it is determined that the heater 
core is able to heat the air?oW to the desired temperature; and 
heating the air?oW in the second ?uid ?oW channel With a 
thermoelectric device When it is determined that the heater 
core is not able to heat the air?oW to the desired temperature. 

[0030] In some embodiments, a method of manufacturing 
an apparatus for conditioning passenger air in at least a por 
tion of a vehicle includes providing an air ?oW channel 
divided at least partially into a ?rst air conduit and a second air 
conduit; operatively connecting a cooling apparatus to the 
?rst air conduit; operatively connecting a heater core to the 
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second air conduit; operatively connecting at least one ther 
moelectric device to the second air conduit such that the 
thermoelectric device is doWnstream from the heater core 
When air ?oWs through the channel; and providing a ?uid 
diversion channel betWeen the ?rst air conduit and the second 
air conduit such that the ?uid diversion channel is positioned 
doWnstream from the cooling apparatus and upstream from 
the heater core When air ?oWs through the channel. The ?uid 
diversion channel can be con?gured to selectively divert air 
from the ?rst air conduit to the second air conduit. 

[0031] Operatively connecting a cooling apparatus can 
include disposing a heat exchanger in the ?rst ?uid channel 
and connecting the heat exchanger to the cooling apparatus. 
Operatively connecting a heater core can include disposing a 
heat exchanger in the second ?uid channel and connecting the 
heat exchanger to the heater core. Operatively connecting a 
thermoelectric device can include disposing a heat exchanger 
in the second ?uid channel and connecting the heat exchanger 
to the thermoelectric device. 

[0032] The method can include providing a channel selec 
tion apparatus, Wherein the channel selection apparatus is 
disposed near the inlet of the ?rst air conduit and the second 
air conduit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] The folloWing draWings and the associated descrip 
tions are provided to illustrate embodiments of the present 
disclosure and do not limit the scope of the claims. 

[0034] FIG. 1 illustrates a schematic illustration of an 
example embodiment of an HVAC architecture incorporating 
a thermoelectric device. 

[0035] FIG. 2 illustrates a schematic illustration of another 
example embodiment of an HVAC architecture incorporating 
a thermoelectric device. 

[0036] FIG. 3 illustrates a schematic illustration of an 
example embodiment of an HVAC system incorporating a 
dual channel architecture. 

[0037] FIG. 4 illustrates a schematic illustration of an 
example embodiment of an HVAC system incorporating a 
dual channel architecture in a heating con?guration. 

[0038] FIG. 5 illustrates a schematic illustration of an 
example embodiment of an HVAC system incorporating a 
dual channel architecture in a cooling con?guration. 

[0039] FIG. 6 illustrates a schematic illustration of an 
example embodiment of an HVAC system incorporating a 
dual channel architecture in a demisting con?guration. 

[0040] FIG. 7 is a chart related to an example embodiment 
of an HVAC system incorporating a bithermal thermoelectric 
device. 

[0041] FIG. 8 is a schematic illustration of an example 
embodiment of an HVAC system incorporating a bithermal 
thermoelectric device. 

[0042] FIG. 9 is a chart related to the poWer con?guration of 
an example embodiment of a bithermal thermoelectric 
device. 

[0043] FIG. 10 is a schematic illustration of an example 
embodiment of a temperature control system incorporating a 
bithermal thermoelectric device. 
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[0044] FIG. 11 is a schematic illustration of an example 
embodiment of a bithermal thermoelectric circuit. 

DETAILED DESCRIPTION 

[0045] Although certain preferred embodiments and 
examples are disclosed herein, inventive subject matter 
extends beyond the speci?cally disclosed embodiments to 
other alternative embodiments and/ or uses of the inventions, 
and to modi?cations and equivalents thereof. Thus, the scope 
of the inventions herein disclosed is not limited by any of the 
particular embodiments described beloW. For example, in any 
method or process disclosed herein, the acts or operations of 
the method or process may be performed in any suitable 
sequence and are not necessarily limited to any particular 
disclosed sequence. 
[0046] For purposes of contrasting various embodiments 
With the prior art, certain aspects and advantages of these 
embodiments are described. Not necessarily all such aspects 
or advantages are achieved by any particular embodiment. 
Thus, for example, various embodiments may be carried out 
in a manner that achieves or optimiZes one advantage or group 
of advantages as taught herein Without necessarily achieving 
other aspects or advantages as may also be taught or sug 
gested herein. While some of the embodiments are discussed 
in the context of particular ?uid circuit and valve con?gura 
tions, it is understood that the inventions may be used With 
other system con?gurations. 
[0047] As used herein, the term “coolant” broadly refers to 
?uids that transfer thermal energy Within a heating or cooling 
system. As used herein, the term “heat transfer device” 
broadly refers to a heat exchanger, a heat transfer surface, a 
heat transfer structure, another suitable apparatus for trans 
ferring thermal energy betWeen media, or any combination of 
such devices. As used herein, the terms “thermal energy 
source” and “heat source” broadly refer to a heater core, a 
vehicle engine, any suitable device that converts energy into 
thermal energy, or any combination of such apparatus. 
[0048] The temperature in a passenger compartment of a 
vehicle or other carrier of persons or things is typically con 
trolled using a heating, ventilating, and air conditioning 
(HVAC) system, Which can also be called a comfort air sys 
tem. When the system is used for heating, a source of heat 
such as from a vehicle engine can act as a heater core, and 
thermal energy can be transferred from the heater core to a 
heat exchanger via a coolant circuit. The heat exchanger can 
transfer the thermal energy to an air?oW that crosses the heat 
exchanger before entering the passenger compartment. In 
some con?gurations, the engine or heater core of a vehicle can 
take a substantial amount of time, such as several minutes, to 
reach a temperature at Which the heater core is able to su?i 
ciently heat air directed into the vehicle passenger compart 
ment. For example, in certain types of vehicles, such as plug 
in hybrids, the engine may not even turn on until the vehicle 
has been driven a substantial distance, such as 50 miles. 
[0049] Cooling can be achieved using a compressor-based 
refrigeration system (including various components, such as 
an evaporator) to cool the air?oW entering the passenger 
compartment. The vehicle engine can provide energy to 
poWer the components of a cooling system (e.g., via a 
mechanical or electrical linkage). Many components of a 
cooling system are often separate from the components of a 
heating system. 
[0050] Some automotive HVAC systems provide a demist 
ing function, in Which humidity is removed from air during a 
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heating mode to remove fogging and/or prevent condensate 
formation on a Windscreen. In some systems, the demisting 
function is achieved by forcing air ?rst through an evaporator 
to loWer the air temperature beloW the deW point, thus con 
densing and removing moisture. The evaporator can, for 
example, be cooled by a tWo-phase vapor compression cycle. 
After passing through the evaporator, the air can be forced 
through a heater to achieve a suitable temperature for passen 
ger comfort. 
[0051] Automotive HVAC architectures can include one or 
more thermoelectric devices (TED) to supplement heating 
and cooling of a passenger compartment. HoWever, adding 
thermoelectric devices to a heating and cooling system typi 
cally has a large impact on the HVAC system design, and 
designs can include tWo or more heat exchangers. Therefore, 
a need exists for an improved temperature control system that 
is able to heat and/or cool a passenger compartment quickly 
and e?iciently Without requiring additional heat exchangers 
or large numbers of other components not used in a typical 
HVAC system design. A system Would be advantageous if 
TEDs could selectively boost heating or cooling poWer pro 
vided by other subsystems, and alloW the HVAC system to 
rely on the evaporator core to dehumidify air When demisting 
is desired. 

[0052] System architectures need to be re-evaluated to 
develop optimum arrangements of subsystems because ther 
moelectric devices provide dual functionality in a single 
device. Some system architectures have been developed to 
optimize TE HVAC systems in order to overcome issues 
related to placement of TEDs in series With the evaporator and 
heater cores. In some embodiments, a ?rst and second ?uid 
conduit is utiliZed in conjunction With a plurality of blend 
doors in order to optimiZe the position of the subsystems. 
[0053] Referring noW to FIG. 1, illustrated is an example 
embodiment of an HVAC system 100 including a heater core 
130, an evaporator 120, and a thermoelectric device (TED) 
140. At least some of the components of the HVAC system 
can be in ?uid communication via thermal energy transport 
means such as ?uid conducting tubes, for example. Control 
devices such as valves 150, 160, and 170 can be used to 
control the thermal energy transfer through the tubing. A 
controller can be con?gured to control the various compo 
nents of the system and their relative ?uid communication. In 
the illustrated embodiment, When valve 160 is open, there is 
a thermal circuit connecting the heater core 130 and the TED 
140. An air handling unit (e.g., a fan) is con?gured to convey 
an air?oW 110; the air?oW is in thermal communication With 
the evaporator 120, the heater core 130, and the TED 140. The 
TED 140 can include one or more thermoelectric elements 

that transfer thermal energy in a particular direction When 
electrical energy is applied to the one or more TE elements. 
When electrical energy is applied using a ?rst polarity, the 
TED 140 transfers thermal energy in a ?rst direction. Alter 
natively, When electrical energy of a second polarity opposite 
the ?rst polarity is applied, the TED 140 transfers thermal 
energy in a second direction opposite the ?rst direction. 

[0054] In a ?rst mode, Which can be called a heating mode, 
valve 150 is open to alloW the heater core 130 to be in thermal 
communication With a thermal energy source (not shoWn), 
such as a vehicle engine, a separate fuel-buming engine, an 
electrical heat generator, or any other heat source. The evapo 
rator 120 is not in ?uid communication With a thermal energy 
sink in order to minimiZe the thermal energy transferred 
betWeen the air?oW and the evaporator 120. Thermal energy 
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from the heater core 130 is transferred to the air?ow 110. In 
order to provide supplemental heating to the air?ow, valve 
160 may be opened, Which opens the thermal circuit betWeen 
the TED 140 and the heater core 130, in Which case the TED 
140 is in thermal communication With the thermal energy 
source. Electric energy is applied to the TED 140 in a polarity 
that transfers thermal energy to the air?oW 110. 

[0055] In a second mode, Which can be called a cooling 
mode, valves 150 and 160 are closed, and valve 170 is open. 
Accordingly, ?uid ?oW betWeen heater core 130 and the 
thermal energy source is stopped in order to minimize thermal 
energy transferred from the heater core 13 0 to the air?oW 1 10. 
The evaporator 120 is in ?uid communication With a thermal 
energy sink (not shoWn), such as a compressor-based refrig 
eration system, causing a ?uid, such as coolant to ?oW 
through the evaporator 120. The evaporator 120 transfers 
thermal energy aWay from the air?oW 110. The TED 140 is 
noW in ?uid communication With a thermal energy sink via 
the valve 170, such as an auxiliary radiator or cooling system, 
and can be used to transfer additional thermal energy aWay 
from the air?oW 110. The polarity of the TED is opposite the 
polarity that Was used in the ?rst mode. 

[0056] In a third mode, Which can be called a demisting 
mode, valve 150 is open and valve 170 is closed. The heater 
core 130 is in thermal communication With the thermal 
energy source. The evaporator 120 is in thermal communica 
tion With the thermal heat sink. In order to provide supple 
mental heating to the air?oW 110, valve 160 may be opened so 
that the TED 140 is in thermal communication With the ther 
mal energy source, in Which case the TED 140 transfers 
thermal energy from the thermal energy source into the air 
?oW 110. The third mode functions as a demister Where, ?rst, 
the air?oW 110 is cooled beloW the deW point, condensing the 
air and removing moisture, by the evaporator 120. Second, 
the air?oW 110 is heated by the heater core 130 and, if needed, 
the TED 140 to achieve a suitable temperature for passenger 
comfort. 

[0057] FIG. 2 illustrates an example embodiment of an 
HVAC system 200 including a heater core 230, an evaporator 
220, a radiator 260, a thermoelectric (TE) core 250, and a 
thermoelectric device (TED) 240. The embodiment of the 
HVAC system 200 illustrated in FIG. 2 can operate in tWo or 
more modes of operation. In a ?rst mode, Which can be called 
a “start up heating mode,” heat is provided to the passenger 
compartment While the engine is Warming up and has not yet 
reached a temperature su?icient to heat the passenger com 
partment. When the engine is started from a cold state, it may 
not generate enough heat to increase the temperature Within 
the passenger compartment suf?ciently to provide a comfort 
able compartment climate. A vehicle engine can take several 
minutes or more to Warm up to the desired temperature. In the 
?rst mode, a heater core valve 280 is closed and a TED valve 
270 is open, thereby putting the radiator 260 in thermal com 
munication With one side of the TED 240. The TED 240, 
Which is also in thermal communication With the TE core 250, 
operates to transfer thermal energy from a radiator circuit 
(e. g., connecting the TED 240 to the radiator 260) to a TE core 
circuit (e.g., connecting the TE core 250 to the TED 240). The 
TE core 250 passes thermal energy to an air?oW 210 entering 
the passenger compartment. 
[0058] The system 200 can operate in the ?rst mode until 
the engine Warms up enough to provide su?icient heat to the 
comfort air?oW 21 0. When the engine is ready to heat comfort 
air, the system 200 can operate in a second mode or a “steady 
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state heating mode.” In the second mode, the heater core valve 
280 is open, and the heater core 230 may be used to heat the 
air?oW 210. A demisting mode of operation can be engaged 
during either the start up heating mode or the steady state 
heating mode. In the demisting mode, the evaporator 220 can 
be used to dehumidify the air?oW 210 before it is heated by 
the heater core 230 or the TE core 250, thereby permitting the 
system 200 to provide demisted, heated comfort air to the 
passenger compartment. 
[0059] FIG. 3 illustrates an example embodiment of an 
HVAC system 2 through Which an air?oW 18 passes before 
entering the passenger compartment (not shoWn). The HVAC 
system 2 includes a cooling apparatus 12, a heater core 14, 
and a thermoelectric device (TED) 16. At least some of the 
components of the HVAC system 2 can be in ?uid commu 
nication With one another via thermal energy transport means, 
such as ?uid conducting tubes, for example. A controller can 
be con?gured to control the various components of the HVAC 
system 2 and their relative ?uid communication. The heater 
core 14 is generally con?gured to be in thermal communica 
tion With a thermal energy source, such as a vehicle engine, a 
separate fuel-burning engine, an electrical heat generator, or 
any other heat source. Thermal energy from the heat source 
may be transferred via coolant through tubing to the heater 
core 14. 

[0060] The cooling apparatus 12, such as an evaporator or a 
thermoelectric device, is in thermal communication With a 
thermal heat sink, such as a compressor-based refrigeration 
system, a condenser, or any other cooling system. The TED 
16 can include one or more thermoelectric elements that 

transfer thermal energy in a particular direction When electri 
cal energy is applied. When electrical energy is applied using 
a ?rst polarity, the TED 16 transfers thermal energy in a ?rst 
direction. Alternatively, When electrical energy of a second 
polarity opposite the ?rst polarity is applied, the TED 16 
transfers thermal energy in a second direction opposite the 
?rst direction. The TED 16 is con?gured such that it can be in 
thermal and ?uid communication With a thermal energy 
source, such as a vehicle engine, a separate fuel-burning 
engine, an electrical heat generator, or any other heat source. 
The TED 16 is also con?gured such that it can be in thermal 
and ?uid communication With thermal energy sink, such as a 
loW temperature core or radiator, a compressor-based refrig 
eration system, or any other cooling system. The TED 16 is 
con?gured to either heat or cool the air?oW 18 dependent 
upon a mode of the HVAC system 2, such as heating, cooling, 
or demisting. 

[0061] The air?oW 18 in the HVAC system 2 can ?oW 
through one or more channels or conduits. In some embodi 

ments, a ?rst channel 4 and a second channel 6 are separated 
by a partition 20. In certain embodiments, the ?rst and second 
channels 4, 6 are of the same approximate siZe (e.g., same 
approximate height, length, Width, and/or cross-sectional 
area), as shoWn in FIG. 3. HoWever, in other embodiments, 
the ?rst and second channels 4, 6 are of differing siZes. For 
example, the Width, height, length, and/or cross-sectional 
area of the ?rst and second channels 4, 6 can be different. In 
some embodiments, the ?rst channel 4 is larger than the 
second channel 6. In other embodiments, the ?rst channel 4 is 
smaller than the second channel 6. In further embodiments, 
additional partitions may be used to create any number of 
channels or conduits. The partitions may be of any suitable 
material, shape, or con?guration. The partitions can serve to 
partially or completely separate the conduits or channels and 
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may have apertures, gaps, valves, blend doors, other suitable 
structures, or a combination of structures that alloW for ?uid 
communication betWeen channels. At least a portion of the 
partition can thermally insulate the ?rst channel 4 from the 
second channel 6. 

[0062] In certain embodiments, the HVAC system 2 com 
prises a ?rst movable element con?gured to be operable to 
control the air?oW passing through the ?rst and second chan 
nels 4, 6. For example, a ?rst blend door 8, Which may also be 
called an inlet blend door, may be located upstream of the ?rst 
and second channels 4, 6 (e.g., proximate the entrance of the 
?rst and second channels 4, 6) and is operable to control the 
air?oW passing through the ?rst and second channels 4, 6. The 
?rst blend door 8 can selectively modify, alloW, impede, or 
prevent air?oW through one or both of the ?rst and second 
channels 4, 6. In certain con?gurations, the ?rst blend door 8 
can prevent air?oW through one of the channels While direct 
ing all of the air?oW through the other channel. The ?rst blend 
door 8 can also alloW air?oW through both channels in vary 
ing amounts and ratios. In some embodiments, the ?rst blend 
door 8 is coupled to the partition 20 and rotates relative to the 
partition 20. Other ?rst movable elements are also compatible 
With certain embodiments disclosed herein. 
[0063] A second movable element (e.g., a second blend 
door 10) may be positioned doWnstream from the cooling 
apparatus 12 and upstream from the heater core 14 and the 
TED 16. The second movable element is operable to control 
the air?oW passing through the ?rst and second channels 4, 6 
by selectively diverting air from the ?rst channel 4 to the 
second channel 6. In some embodiments, the second blend 
door 10 is coupled the partition 20 and rotates relative to the 
partition 20 betWeen an open position, in Which ?uid (e.g., 
air) is permitted to ?oW betWeen the ?rst and second channels 
4, 6, and a closed position, in Which ?oW betWeen the ?rst and 
second channels 4, 6 is substantially impeded or prevented. 
The ?rst and second blend doors 8, 10 can be controlled by the 
controller or a separate control system. In some embodi 
ments, the ?rst and second blend doors 8, 10 can operate 
independently from one another. Other second movable ele 
ments are also compatible With certain embodiments dis 
closed herein. 
[0064] In the illustrated embodiment, the cooling apparatus 
12 is located upstream and in a separate conduit or channel 
than are the heater core 14 and the thermoelectric device 16. 
The ?rst and second channels 4, 6 are con?gured such that 
When the HVAC system 2 is used to selectively heat, cool, 
and/or demist, the ?rst and second blend doors 8, 10 may 
selectively direct air?oW betWeen the ?rst and second chan 
nels 4, 6. 
[0065] In some embodiments, one or more of the cooling 
apparatus 12, the heater core 14, and the thermoelectric 
device 16 may be in thermal communication With a heat 
exchanger con?gured to be in thermal communication With 
the air?oW. 

[0066] FIG. 4 illustrates an example embodiment of an 
HVAC system 2 con?gured in a ?rst mode, Which may be 
called a heating mode. In this mode, a ?rst blend door 8 is 
con?gured in a position such that it substantially prevents or 
blocks an air?oW 18 from entering a ?rst channel 4, thereby 
forcing substantially all of the air?oW 18 into a second chan 
nel 6. In some embodiments, a portion of the air?oW 18 may 
pass through the ?rst channel 4. A second blend door 10 is 
con?gured so that it does not alloW a substantial portion of the 
air?oW 18 to pass betWeen the ?rst and second channels 4, 6. 
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Preferably, in this mode, a substantial portion of the air?oW 
18 does not pass through a cooling apparatus 12. In this mode, 
the cooling apparatus 12 may be con?gured so that it is not in 
thermal communication With a thermal energy sink, such as a 
coolant system, Whereby the resources, such as coolant, may 
be more e?iciently used elseWhere. Additionally, directing 
the air?oW through the second channel 6 and bypassing the 
cooling apparatus 12, reduces unWanted transfer of thermal 
energy from the air?oW 15 and into the cooling apparatus 12. 
Even When the cooling apparatus 12 is not actively in thermal 
communication With a thermal heat sink, the cooling appara 
tus 12 Will generally have a loWer temperature than the air 
?oW 18, thus, if a substantial portion of the air?oW 18 Would 
be in thermal communication With the cooling apparatus 12, 
the cooling apparatus 12 Would undesirably loWer the tem 
perature of the air?oW 18 before it is heated. 

[0067] In the ?rst mode, a heater core 14 in ?uid commu 
nication With the second channel 6 is in thermal communica 
tion With a thermal heat source, such as a vehicle engine. 
Thermal energy transferred from the heat source to the heater 
core 14 is transferred to the air?oW 18. Although a Warm 
heater core 14 can sometimes supply enough thermal energy 
to the air?oW 18 for heating the passenger compartment, a 
thermoelectric device (TED) 16 can be used as a supplemen 
tal or alternative thermal energy source. The TED 16, can be 
con?gured so that it is in thermal communication With the 
same thermal energy source as is the heater core 14, or 
another thermal energy source. Electric energy is supplied to 
the TED 1 6 With a polarity that transfers thermal energy to the 
air?oW 18. In order to optimiZe supplemental heating, it is 
preferable that the TED 16 is located doWnstream of the 
heater core 14, Which can decrease differences in temperature 
betWeen a ?rst thermal transfer surface (or main surface, not 
shoWn) of the TED 16 and a second thermal transfer surface 
(or Waste surface, not shoWn) of the TED 16, thereby enhanc 
ing the coe?icient of performance. The TED 16 is generally 
used for supplemental heating, hoWever, it may be used as a 
primary heat source When the thermal heat source is not 
supplying enough heat to the heater core 14, for example, 
When the engine is Warming up. The TED 16 may also be 
disengaged When the heater core 14 is supplying enough 
thermal energy to the air?oW 18. The resulting air?oW 18 is 
accordingly heated to a desired temperature and directed to 
the passenger compartment. 
[0068] In some embodiments, the ?rst blend door 8, Which 
can also be called an inlet blend door, may be con?gured so 
that it can direct at least a portion of the air?oW 18 through the 
second channel 6 so that the portion of the air?oW 18 is heated 
before entering the passenger compartment. To heat the pas 
senger compartment at a sloWer rate, the inlet blend door 8 
can be selectively adjusted to alloW less of the air?oW to pass 
through the second channel 6 and/ or alloW more of the air?oW 
to pass through the ?rst channel 4, in Which the air?oW is not 
heated. To increase the heating rate, the blend door can be 
selectively adjusted so that more of the air?oW is directed 
through the second channel 6 and less of the air?oW is alloWed 
into the ?rst channel 4. 

[0069] FIG. 5 illustrates an example embodiment of an 
HVAC system 2 con?gured in a second mode, Which may be 
called a cooling mode. In this mode, a ?rst blend door 8 is 
con?gured so that it can direct at least a portion of an air?oW 
18 (e.g., all, substantially all, or a substantial portion of an 
air?oW 18) through a ?rst channel 4 to Which a cooling 
apparatus 12 is operatively connected so that the portion of 
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the air?ow 18 is cooled before entering the passenger com 
partment. A second blend door 10 is con?gured so that it does 
not alloW a substantial portion of the air?oW 18 to pass 
betWeen the ?rst and the second channels 4, 6. The amount of 
air?oW 18 passing through the ?rst and second channels 4, 6 
may be adjusted by selectively varying the position of the ?rst 
blend door 8. 

[0070] In the second mode, the cooling apparatus 12, such 
as an evaporator, is thermally connected to a thermal heat sink 
(not shoWn), such as an auxiliary radiator, for example. In this 
mode, the HVAC system 2 cools the air?oW 18 by transferring 
heat from the air?oW 18 to the cooling apparatus 12. In some 
embodiments, a thermoelectric device (TED) 16 may be used 
to provide supplemental cooling to the air?oW 18 in the 
second channel 6. The TED 16 can be con?gured so that it is 
in thermal communication With a thermal energy sink (not 
shoWn), such as a loW temperature core or auxiliary radiator. 
Electric energy is supplied to the TED 16 With a polarity that 
causes the TED 16 to absorb thermal energy from the air?oW 
and, in turn, transfer thermal energy to the thermal heat sink. 
In the second mode, the heater core 14 is inactive; for 
example, the heater core 14 is not actively in substantial 
thermal communication With a thermal heat source (e.g., 
poWer train coolant). In certain embodiments, activation of 
the heater core 14 can be controlled using a valve or other 
control system (not shoWn), and the heater core 14 can be 
operatively decoupled from the thermal heat source. 
[0071] To cool the passenger compartment at a sloWer rate, 
the ?rst blend door 8 can be selectively adjusted to alloW less 
of the air?oW 18 to pass through the ?rst channel 4 and/or to 
alloW more of the air?oW 18 to pass through the second 
channel 6. To increase the cooling rate, the ?rst blend door 8 
can be selectively adjusted so that more of the air?oW 18 is 
directed through the ?rst channel 4 and less of the air?oW is 
alloWed into the second channel 6. In some embodiments, the 
?rst blend door 8 may be positioned such that it substantially 
prevents or blocks the air?oW 18 from entering the second 
channel 6, thereby forcing at least a substantial portion or 
substantially all of the air?oW 18 into the ?rst channel 4. In 
certain of such embodiments, the TED 16 is operatively 
decoupled from the air?oW 18, and the electrical energy that 
the TED 16 Would otherWise use can be directed elseWhere. 

[0072] FIG. 6 illustrates an example embodiment of an 
HVAC system 2 con?gured in a third mode, Which may be 
called a demisting mode. In this mode, a ?rst blend door 8 is 
con?gured so that it can direct at least a portion of an air?oW 
18 (e.g., all, substantially all, or a substantial portion) through 
a ?rst channel 4 With a cooling apparatus 12 so that the air?oW 
18 is cooled in order to remove moisture from the air?oW 18. 
In this mode, a second blend door 10 is con?gured in a 
position such that it substantially prevents or blocks the air 
?oW 18 from continuing through the ?rst channel 4, thereby 
diverting at least a portion of the air?oW 18 from the ?rst 
channel 4 into a second channel 6 after the air?oW 18 has 
passed through the cooling apparatus 12. 
[0073] In the third mode, the cooling apparatus 12, such as 
an evaporator, can be in ?uid communication With the ?rst 
channel 4 and in thermal communication With a thermal heat 
sink, such as, for example, an auxiliary radiator (not shoWn). 
In this mode, the HVAC system 2 cools the air?oW 18 by 
transferring heat from the air?oW 18 to the cooling apparatus 
12. In some embodiments, the cooling apparatus 12 may be a 
thermoelectric device. When the cooling apparatus 12 is a 
thermoelectric device, electric energy is supplied to the ther 
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moelectric device With a polarity selected such that the TED 
absorbs thermal energy from the air?oW 18 and adds thermal 
energy to a heat sink. In some embodiments, multiple ther 
moelectric devices are operatively connected to the HVAC 
system 2. In at least some such embodiments, the polarity of 
electrical energy directed to each TED and to each thermal 
Zone of each TED can be controlled independently. 

[0074] In the third mode, a heater core 14 is in thermal 
communication With a thermal heat source, such as a vehicle 

engine (not shoWn). Thermal energy transferred from the heat 
source to the heater core is transferred to the air?oW 18. 
Although the heater core 14 can typically supply enough 
thermal energy for heating the passenger compartment, a 
thermoelectric device (TED) 16 can be used as a supplemen 
tal heat source. The TED 16 can be con?gured so that it is in 
thermal communication With the thermal energy source, such 
as the engine (not shoWn). Electric energy is supplied to the 
TED 16 With a polarity that causes the TED to transfer ther 
mal energy to the air?oW 18. In some embodiments, the 
ef?ciency of supplemental heating is increased When the TED 
16 is positioned doWnstream of the heater core. This can 
decrease differences in temperature betWeen the main surface 
of the TED 16 and the Waste surface, thereby enhancing the 
coe?icient of performance. When the air?oW 18 is already at 
the desired temperature for the passenger compartment 
before reaching the TED 16, the TED 16 may be disengaged 
and its resources diverted elseWhere. 

[0075] In certain embodiments described herein, the heat 
ing functionality and the cooling functionality of an HVAC 
system is implemented by tWo or more distinct subsystems 
that may be located at substantially different positions Within 
an HVAC system. In some alternative embodiments, a single 
TED simultaneously heats and cools to achieve increased 
thermal conditioning, human comfort and system e?iciency. 
This can be achieved, for example, by constructing a single 
TED With separate electrical Zones that can be excited With 
user selected voltage polarities to simultaneously cool and 
heat comfort air. As used herein, the terms “bithermal ther 
moelectric device” and “bithermal TED” broadly refer to 
thermoelectric devices With tWo or more electrical Zones, 
Where the electrical Zones can have any suitable electric, 
geometric or spatial con?guration in order to achieve desired 
conditioning of air. 
[0076] Bithermal TEDs, Whether they be air to air, liquid to 
air, or liquid to liquid, can be designed and constructed so that 
the thermoelectric circuit is subdivided into a plurality of 
thermal Zones. The thermoelectric devices may be con 
structed using the high density advantages taught by Bell, et 
al, or may be constructed using traditional technologies (see, 
e.g., U.S. Pat. Nos. 6,959,555 and 7,231,772). The advan 
tages of neW thermoelectric cycles, as taught by Bell, et al., 
may or may not be employed (see, e.g., L. E. Bell, “Alternate 
Thermoelectric Thermodynamic Cycles With Improved 
PoWer Generation Ef?ciencies,” 22nd Inll Conf on T hermo 
eleclrics, Hérault, France (2003); Us. Pat. No. 6,812,395, 
and Us. Patent Application Publication No. 2004/ 0261829, 
each of Which is incorporated in its entirety by reference 
herein). 
[0077] In some embodiments, a controller or energy man 
agement system operates a bithermal TED to optimiZe the use 
of poWer according to ambient conditions, climatic condi 
tions in a target compartment, and the desired environmental 
state of the target compartment. In a demisting application, 
for example, the poWer to the bithermal TED can be managed 
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according to data acquired by sensors that report temperature 
and humidity levels so that the TED appropriately uses elec 
tric energy to condition and dehumidify the comfort air. 
[0078] Some embodiments reduce the number of devices 
used to demist comfort air during cold Weather conditions by 
combining tWo or more functions, such as, for example, cool 
ing, dehumidi?cation, and/or heating, into a single device. 
Certain embodiments improve system e?iciency by provid 
ing demand-based cooling poWer according to climatic con 
ditions in order to demist comfort air. In some embodiments, 
a cooling system provides cooling poWer proportional to 
demand. In contrast, vapor compression (VC) systems can 
have only one cooling poWer level. For example, typical VC 
systems either provide full cooling poWer or no cooling 
poWer. 
[0079] Certain embodiments enable a Wider range of ther 
mal management and control by providing the ability to ?ne 
tune comfort air temperature in an energy e?icient manner. 
Some embodiments provide the ability to advantageously 
utiliZe thermal sinks and sources in a single device by further 
separating the heat exchanger Working ?uid loops according 
to sink and source utiliZation. 

[0080] In the example HVAC system 300 illustrated in 
FIGS. 7-8, heating and cooling functionality is implemented 
in a unitary or substantially contiguous heater-cooler sub 
system 306 having a ?rst thermal Zone 308 and a second 
thermal Zone 310. In some embodiments, the heater-cooler 
subsystem 306 is a bithermal thermoelectric device (or bith 
ermal TED). Each of the ?rst thermal Zone 308 and the second 
thermal Zone 310 can be con?gured to selectively heat or cool 
a comfort airstream F5 independently. Further, each of the 
thermal Zones 308, 310 can be supported by an independently 
con?gurable electrical netWork and Working ?uid network. A 
controller (not shoWn) can be con?gured to control the elec 
trical netWorks and Working ?uidnetWorks in order to operate 
the heater-cooler subsystem 306 in one of a plurality of avail 
able modes. For example, the controller can adjust the elec 
trical and Working ?uid netWorks of the HVAC system 300 
according to the con?gurations shoWn in the table of FIG. 7 
When a demisting, heating, or cooling mode is selected. 
[0081] Any suitable technique can be used to select a mode 
of operation for the HVAC system 300. For example, a mode 
of operation may be selected at least in part via a user interface 
presented to an operator for selecting one or more settings, 
such as temperature, fan speed, vent location, and so forth. In 
some embodiments, a mode of operation is selected at least in 
part by a controller that monitors one or more sensors for 
measuring passenger compartment temperature and humid 
ity. The controller can also monitor sensors that detect ambi 
ent environmental conditions. The controller can use infor 

mation received from sensors, user controls, other sources, or 
a combination of sources to select among demisting, heating, 
and cooling modes. Based on the selected mode of operation, 
the controller can operate one or more pumps, fans, poWer 
supplies, valves, compressors, other HVAC system compo 
nents, or combinations of HVAC system components to pro 
vide comfort air having desired properties to the passenger 
compartment. 
[0082] In the example embodiment illustrated in FIG. 8, the 
HVAC system 300 includes an air channel 302, a fan 304 
con?gured to direct an air?oW F5 through the air channel 302, 
a bithermal TED 306 con?gured to heat, cool, and/or demist 
the air?oW F5 ?oWing through the air channel 302, an 
optional cooling apparatus 312 con?gured to cool the air?oW 
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F5, an optional heating apparatus 314 con?gured to heat the 
air?oW F5, a poWer supply (not shoWn), electrical connec 
tions E1-E4 connected betWeen the poWer supply and the 
bithermal TED 306, a heat source (not shoWn), a heat sink 
(not shoWn), Working ?uid conduits F1-F4 con?gured to 
carry Working ?uids betWeen the bithermal TED 306 and one 
or more heat sources or sinks, other HVAC system compo 
nents, or any suitable combination of components. The heat 
source can include one or more repositories of Waste heat 

generated by a motor vehicle, such as, for example, poWer 
train coolant, a motor block, a main radiator, exhaust system 
components, a battery pack, another suitable material, or a 
combination of materials. The heat sink can include an aux 
iliary radiator (for example, a radiator not connected to the 
poWer train coolant circuit), a thermal storage device, another 
suitable material, or a combination of materials. 

[0083] In a demisting mode of operation, the ?rst thermal 
Zone 308 of the bithermal TED 306 cools and dehumidi?es 
comfort air F5. A controller causes a poWer supply to provide 
electric poWer in a ?rst polarity (or cooling polarity) via a ?rst 
electrical circuit E1-E2 connected to the ?rst thermal Zone 
308. The controller causes the ?rst Working ?uid circuit 
F1-F2 connected to the high temperature side of the ?rst 
thermal Zone 308 of the TED 306 to be in thermal communi 
cation With a heat sink, such as, for example, an auxiliary 
radiator. The polarity of electric poWer provided to the ?rst 
thermal Zone 308 of the TED 306 causes thermal energy to be 
directed from the comfort air F5 to the ?rst Working ?uid 
circuit F1-F2. 

[0084] In the demisting mode, the second thermal Zone 310 
of the bithermal TED 306 heats the dehumidi?ed comfort air 
F5 after the air has passed through the ?rst thermal Zone 308. 
The controller causes a poWer supply to provide electric 
poWer in a second polarity (or heating polarity) via a second 
electrical circuit E3 -E4 connected to the second thermal Zone 
310. The controller causes the second Working ?uid circuit 
F3-F4 connected to the loW temperature side of the second 
thermal Zone 310 of the TED 306 to be in thermal communi 
cation With a heat source, such as, for example, poWer train 
coolant. The polarity of electric poWer provided to the second 
thermal Zone 310 of the TED 306 causes thermal energy to be 
directed from the second Working ?uid circuit F3-F4 to the 
comfort air F5. The controller can regulate the thermal energy 
transferred to or from the comfort air F5 in each thermal Zone 
in order to cause the comfort air F5 to reach a desired tem 
perature and/ or humidity. The comfort air F5 can then be 
directed to the passenger compartment. 
[0085] When a heating mode of operation is selected, the 
?rst and second thermal Zones 308, 310 of the bithermal TED 
306 both heat comfort air F5. A controller causes a poWer 
supply to provide electric poWer in a heating polarity via ?rst 
and second electrical circuits E1-E4 connected to the thermal 
Zones 308, 310. The controller causes the Working ?uid cir 
cuits F1-F4 connected to the loW temperature side of the TED 
306 to be in thermal communication With a heat source, such 
as, for example, poWer train coolant. The polarity of electric 
poWer provided to both thermal Zones 308, 310 of the bither 
mal TED 306 causes thermal energy to be directed from the 
Working ?uid circuits F1-F4 to the comfort air F5. 
[0086] When a cooling mode of operation is selected, the 
?rst and second thermal Zones 308, 310 of the bithermal TED 
306 both cool comfort air F5. A controller causes a poWer 
supply to provide electric poWer in a cooling polarity via ?rst 
and second electrical circuits E1-E4 connected to the thermal 
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Zones 308, 310. The controller causes the Working ?uid cir 
cuits F1-F4 connected to the high temperature side of the 
TED 306 to be in thermal communication With a heat sink, 
such as, for example, an auxiliary radiator. The polarity of 
electric poWer provided to both thermal Zones 308, 310 of the 
bithermal TED 306 causes thermal energy to be directed from 
the comfort air F5 to the Working ?uid circuits F1-F4. 
[0087] The HVAC system 300 illustrated in FIGS. 7-8 can 
optionally include a cooling apparatus 312, such as, for 
example, an evaporator, and a heating apparatus 314, such as, 
for example, a heater core. The cooling apparatus 312 and the 
heating apparatus 314 can be con?gured to supplement or 
replace one or more of the cooling, demisting and heating 
functions of the bithermal TED 306 While the HVAC system 
is operated in a particular mode. For example, a heater core 
314 can be used to heat the comfort air F5 instead of the 
bithermal TED 306 When the poWer train coolant has reached 
a su?iciently high temperature to make the comfort air F5 
reach a desired temperature When it passes through the heater 
core 314. While the example embodiment illustrated in FIG. 
8 shoWs that the cooling apparatus 312 and/or the heating 
apparatus 314 can be positioned upstream from the bithermal 
TED 306, it is understood that at least one of the cooling 
apparatus 312 and the heating apparatus 314 can be posi 
tioned doWnstream from the bithermal TED 306. For 
example, in some embodiments, When the HVAC system 300 
is operated in a demisting mode, at least one of the thermal 
Zones 308, 310 ofthe bithermal TED 306 can be used to cool 
or dehumidify the comfort air F5 While a heating apparatus 
positioned doWnstream from the TED 306 heats the dehu 
midi?ed air. 

[0088] In an example embodiment of a heater-cooler 400 
illustrated in FIGS. 9-11, a ?rst ?uid stream F1 passes through 
tWo heat exchange Zones 404, 410 located on a ?rst side of a 
bithermal TED having tWo thermoelectric circuit Zones 402, 
408. A second ?uid stream F2 passes through tWo heat 
exchange Zones 406, 412 located on a second side of the 
bithermal TED. Each of the ?rst thermoelectric circuit Zone 
402 and the second thermoelectric circuit Zone 408 can be 
con?gured to selectively transfer thermal energy in a desired 
direction independently from each other. Further, each of the 
thermoelectric circuit Zones 402, 408 can be connected to an 
independently con?gurable electric circuit paths E1-E2, 
E3 -E4.A controller can be con?gured to control the electrical 
netWorks E1-E4 and ?uid streams F1-F2 in order to operate 
the heater-cooler 400 in one of a plurality of available modes. 
For example, the controller can adjust the electrical netWorks 
of the heater-cooler 400 according to the con?gurations 
shoWn in the table of FIG. 9 When a demisting, heating, or 
cooling mode is selected. 
[0089] Any suitable technique can be used to select a mode 
of operation for the heater-cooler 400, including the tech 
niques described previously With respect to the HVAC system 
300 shoWn in FIGS. 7-8. 

[0090] In the example embodiment illustrated in FIGS. 
10-11, the heater-cooler 400 includes a ?rst pair of heat 
exchange Zones 404, 406 in thermal communication With 
opposing sides of a ?rst thermoelectric circuit Zone 402. A 
second pair of heat exchange Zones 410, 412 is in thermal 
communication With opposing sides of a second thermoelec 
tric circuit Zone 408. The ?rst and second thermoelectric 
circuit Zones 402, 408 are con?gured to heat, cool, and/or 
demist ?uids ?oWing through the heat exchange Zones. A 
poWer supply (not shoWn) can provide poWer to each of the 
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thermoelectric circuit Zones 402, 408 using independent elec 
tric circuit paths E1 -E2, E3 -E4. The heater-cooler can include 
?uid conduits con?gured to carry ?uid streams F1-F2 through 
the heat exchange Zones 404 and 410, 406 and 412 in thermal 
communication With the TED. 

[0091] In a demisting mode of operation, the ?rst thermo 
electric circuit Zone 402 of the heater-cooler 400 cools a main 
?uid stream F1 ?oWing through the ?rst heat exchange Zone 
404 of a main ?uid conduit. A controller causes a poWer 
supply to provide electric poWer in a ?rst polarity (or cooling 
polarity) via a ?rst electrical circuit E1-E2 connected to the 
?rst thermoelectric circuit Zone 402. A Working ?uid stream 
F2 ?oWing through the ?rst heat exchange Zone 406 of a 
Working ?uid conduit removes heat from the high tempera 
ture side of the ?rst thermoelectric circuit Zone 402. The 
Working ?uid stream F2 can ?oW counter to the direction of 
?oW of the main ?uid stream F1 as the ?uid streams F1-F2 
traverse the heater-cooler 400. The polarity of electric poWer 
provided to the ?rst thermoelectric circuit Zone 402 of the 
heater-cooler 400 causes thermal energy to be directed from 
the main ?uid stream F1 to the Working ?uid stream P2. In 
some embodiments, the Working ?uid stream F2 is in thermal 
communication With a heat sink, such as, for example, an 
auxiliary radiator. In alternative embodiments, the controller 
can cause the Working ?uid stream F2 to be directed to a target 
compartment along With the main ?uid stream F1 When the 
demisting mode is selected. 
[0092] In the demisting mode, the second thermoelectric 
circuit Zone 408 of the heater-cooler 400 heats the main ?uid 
stream F1 after the ?uid has passed through the ?rst heat 
exchange Zone 404 and While the ?uid ?oWs through the 
second heat exchange Zone 410 of the main ?uid conduit. The 
controller causes a poWer supply to provide electric poWer in 
a second polarity (or heating polarity) via a second electrical 
circuit E3-E4 connected to the second thermoelectric circuit 
Zone 408. The Working ?uid stream F2 ?oWing through the 
second heat exchange Zone 412 of the Working ?uid conduit 
is in thermal communication With the loW temperature side of 
the second thermoelectric circuit Zone 408. When the direc 
tion of Working ?uid stream F2 ?oW is counter to the direction 
of main ?uid stream F1 ?oW, the Working ?uid stream F2 
passes through the second heat exchange Zone 412 before 
?oWing to the ?rst heat exchange Zone 406 of the Working 
?uid conduit. The polarity of electric poWer provided to the 
second thermoelectric circuit Zone 408 of the heater-cooler 
400 causes thermal energy to be directed from the Working 
?uid stream F2 to the main ?uid stream F1. 

[0093] When a heating mode of operation is selected, one 
or both of the ?rst and second thermoelectric circuit Zones 
402, 408 of the heater-cooler 400 heat the main ?uid stream 
F1 ?oWing through the ?rst and second heat exchange Zones 
404, 410 of the main ?uid conduit. A controller causes a 
poWer supply to provide electric poWer in a heating polarity 
via ?rst and second electrical circuits E1-E4 connected to the 
thermoelectric circuit Zones 402, 408. The Working ?uid 
stream F2 ?oWing through the ?rst and second heat exchange 
Zones 406, 412 transfers heat to the loW temperature side of 
the thermoelectric circuit Zones 402, 408. In some embodi 
ments, a controller causes the Working ?uid stream F2 to be in 
thermal communication With a heat source, such as, for 
example, poWer train coolant, When the heating mode is 
selected. The polarity of electric poWer provided to the ?rst 
and second thermoelectric circuit Zones 402, 408 of the 
heater-cooler 400 causes thermal energy to be directed from 
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the Working ?uid stream F2 to the main ?uid stream P1. In 
some embodiments, electric power is provided to only one of 
the thermoelectric circuit Zones 402, 408 When it is deter 
mined that the main ?uid stream F1 can reach a desired 
temperature Without both thermoelectric circuit Zones 402, 
408 being active. 
[0094] When a cooling mode of operation is selected, the 
?rst and second thermoelectric circuit Zones 402, 408 of the 
heater-cooler 400 both cool the main ?uid stream F1 ?owing 
through the ?rst and second heat exchange Zones 404, 410 of 
the main ?uid conduit. A controller causes a poWer supply to 
provide electric poWer in a cooling polarity via ?rst and 
second electrical circuits E1-E4 connected to the thermoelec 
tric circuit Zones 402, 408. The Working ?uid stream F2 
?oWing through the ?rst and second heat exchange Zones 406, 
412 removes heat from the high temperature side of the ther 
moelectric circuit Zones 402, 408. In some embodiments, a 
controller causes the Working ?uid stream F2 to be in thermal 
communication With a heat sink, such as, for example, an 
auxiliary radiator, When the cooling mode is selected. The 
polarity of electric poWer provided to the ?rst and second 
thermoelectric circuit Zones 402, 408 of the heater-cooler 400 
causes thermal energy to be directed from the main ?uid 
stream F1 to the Working ?uid stream P2. In some embodi 
ments, electric poWer is provided to only one of the thermo 
electric circuit Zones 402, 408 When it is determined that the 
main ?uid stream F1 can reach a desired temperature Without 
both thermoelectric circuit Zones 402, 408 being active. 
[0095] Reference throughout this speci?cation to “some 
embodiments,” “certain embodiments,” or “an embodiment” 
means that a particular feature, structure or characteristic 
described in connection With the embodiment is included in at 
least some embodiments. Thus, appearances of the phrases 
“in some embodiments” or “in an embodiment” in various 
places throughout this speci?cation are not necessarily all 
referring to the same embodiment and may refer to one or 
more of the same or different embodiments. Furthermore, the 
particular features, structures or characteristics may be com 
bined in any suitable manner, as Would be apparent to one of 
ordinary skill in the art from this disclosure, in one or more 
embodiments. 
[0096] For purposes of illustration, some embodiments 
have been described in the context of providing comfort air 
the passenger compartment of a vehicle, an aircraft, a train, a 
bus, a truck, a hybridvehicle, an electric vehicle, a ship, or any 
other carrier of persons or things. It is understood that the 
embodiments disclosed herein are not limited to the particular 
context or setting in Which they have been described and that 
at least some embodiments can be used to provide comfort air 
to homes, of?ces, industrial spaces, and other buildings or 
spaces. It is also understood that at least some embodiments 
can be used in other contexts Where temperature-controlled 
?uids can be used advantageously, such as in managing the 
temperature of equipment. 
[0097] As used in this application, the terms “comprising,” 
“including,” “having,” and the like are synonymous and are 
used inclusively, in an open-ended fashion, and do not 
exclude additional elements, features, acts, operations, and so 
forth. Also, the term “or” is used in its inclusive sense (and not 
in its exclusive sense) so that When used, for example, to 
connect a list of elements, the term “or” means one, some, or 
all of the elements in the list. 

[0098] Similarly, it should be appreciated that in the above 
description of embodiments, various features are sometimes 
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grouped together in a single embodiment, ?gure, or descrip 
tion thereof for the purpose of streamlining the disclosure and 
aiding in the understanding of one or more of the various 
inventive aspects. This method of disclosure, hoWever, is not 
to be interpreted as re?ecting an intention that any claim 
require more features than are expressly recited in that claim. 
Rather, inventive aspects lie in a combination of feWer than all 
features of any single foregoing disclosed embodiment. 
[0099] Although the invention presented herein has been 
disclosed in the context of certain preferred embodiments and 
examples, it Will be understood by those skilled in the art that 
the invention extends beyond the speci?cally disclosed 
embodiments to other alternative embodiments and/ or uses of 
the invention and obvious modi?cations and equivalents 
thereof. Thus, it is intended that the scope of the invention 
herein disclosed should not be limited by the particular 
embodiments described above, but should be determined 
only by a fair reading of the claims that folloW. 

What is claimed is: 
1. A system for controlling temperature in a region, the 

system comprising: 
a ?rst ?uid channel; 
a second ?uid channel at least partially separated from the 

?rst ?uid channel by a partition; 
a cooling apparatus operatively connected to cool air in the 

?rst ?uid channel; 
a heater core operatively connected to heat air in the second 

?uid channel; 
a thermoelectric device operatively connected to the sec 

ond ?uid channel doWnstream from the heater core; 
a ?oW diversion channel disposed betWeen the ?rst ?uid 

channel and the second ?uid channel, the ?oW diversion 
channel con?gured to selectively divert air that the cool 
ing apparatus has cooled in the ?rst ?uid channel to the 
second ?uid channel such that the air ?oWs past at least 
one of the heater core and the thermoelectric device after 
passing through the ?oW diversion channel; and 

a controller con?gured to operate the system in at least a 
cooling mode, a heating mode, and a demisting mode, 
Wherein the controller causes the ?oW diversion channel 
to divert air from the ?rst ?uid channel to the second 
?uid channel during the demisting mode. 

2. The system of claim 1, Wherein the ?oW diversion chan 
nel comprises a diversion blend door con?gured to move 
betWeen at least a ?rst position and a second position, 

Wherein air is diverted from the ?rst ?uid channel to the 
second ?uid channel When the diversion blend door is in 
the ?rst position, and 

Wherein air is permitted to ?oW Without diversion through 
the ?rst ?uid channel When the diversion blend door is in 
the second position. 

3. The system of claim 2, further comprising an inlet blend 
door con?gured to direct ?uid to at least one of the ?rst ?uid 
channel or the second ?uid channel, Wherein the inlet blend 
door is operable to move betWeen a ?rst position, a second 
position, and all positions in betWeen the ?rst and second 
positions, and Wherein movement of the inlet blend door is 
independent of the position of the diversion blend door. 

4. The system of claim 1, Wherein the cooling apparatus 
absorbs thermal energy from a ?uid ?oWing through the ?rst 
?uid channel and the thermoelectric device transfers thermal 
energy to a portion of a ?uid ?oWing through the second ?uid 
channel during the demisting mode. 
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5. The system of claim 4, the system further comprising an 
inlet channel selection apparatus con?gured to direct at least 
a portion of the air entering the system to at least one of the 
?rst ?uid channel and the second ?uid channel. 

6. The system of claim 5, Wherein the inlet channel selec 
tion apparatus is con?gured to direct an air?oW into the sec 
ond ?uid channel and the thermoelectric device is con?gured 
to transfer thermal energy to at least a portion of the air?oW 
during the heating mode. 

7. The system of claim 1, Wherein the cooling apparatus is 
con?gured to absorb thermal energy from a ?uid and the 
thermoelectric device is con?gured to absorb thermal energy 
from the ?uid during the cooling mode. 

8. The system of claim 1, Wherein the ?oW diversion chan 
nel comprises an aperture formed in the partition, Wherein the 
aperture is con?gured to be at least partially selectively 
blocked. 

9. The system of claim 1, Wherein the thermoelectric 
device is subdivided into a plurality of thermal Zones, the 
plurality of thermal Zones comprising: 

a ?rst thermal Zone con?gured to heat a ?uid ?oWing in the 
second ?uid channel upon application of electrical 
energy in a ?rst polarity and to cool the ?uid upon 
application of electrical energy in a second polarity; and 

a second thermal Zone sWitchable betWeen the ?rst polarity 
and the second polarity independent of the polarity of 
the electrical energy applied to the ?rst thermal Zone. 

10. The system of claim 1, Wherein the heater core is in 
thermal communication With poWer train coolant during at 
least the heating mode, and Wherein the heater core is not in 
thermal communication With poWer train coolant during at 
least the cooling mode. 

11. The system of claim 1, Wherein at least one surface of 
the thermoelectric device is connected to at least one heat 
exchanger in thermal communication With the second ?uid 
channel. 

12. The system of claim 1, Wherein the cooling apparatus is 
connected to at least one heat exchanger in thermal commu 
nication With the ?rst ?uid channel. 

13. A method of delivering temperature controlled air to a 
region using an HVAC system, the method comprising: 

operating the system in one of a plurality of available 
modes to provide an air?oW to the region, the plurality of 
available modes comprising a ?rst mode, a second 
mode, and a third mode; 

delivering air to the region during the ?rst mode of opera 
tion by: 
directing an air?oW into at least a ?rst ?uid ?oW channel; 
cooling at least a portion of the air?oW in the ?rst ?uid 
?oW channel With a cooling apparatus; 

subsequently diverting at least a portion of the cooled 
portion of the air?oW from the ?rst ?uid ?oW channel 
to a second ?uid ?oW channel; and 

subsequently heating at least a portion of the diverted 
portion of the cooled portion of the air?oW in the 
second ?uid ?oW channel With a heater core, With a 
thermoelectric device, or With both the heater core 
and the thermoelectric device; 

delivering air to the region during the second mode of 
operation by: 
directing an air?oW into at least the second ?uid ?oW 

channel; and 
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heating at least a portion of the air?oW in the second ?uid 
?oW channel With the heater core, With the thermo 
electric device, or With both the heater core and the 
thermoelectric device; 

and 
delivering air to the region during the third mode of opera 

tion by: 
directing an air?oW into at least one of the ?rst ?uid ?oW 

channel and the second ?uid ?oW channel; and 
cooling at least a portion of the air?oW in the ?rst ?uid 
?oW channel With the cooling apparatus, cooling at 
least a portion of the air?oW in the second ?uid ?oW 
channel With the thermoelectric device, or cooling at 
least a portion of the air?oW in the ?rst ?uid ?oW 
channel With the cooling apparatus While cooling at 
least a portion of the air?oW in the second ?uid ?oW 
channel With the thermoelectric device. 

14. The method of claim 13, Wherein delivering the air 
during the third mode further comprises: 

determining Whether a ?rst amount of energy to be pro 
vided to the thermoelectric device to cool the air?oW to 
a desired temperature using the thermoelectric device is 
less than a second amount of energy to be provided to the 
cooling apparatus to cool the air?oW to the desired tem 
perature using the cooling apparatus; and 

cooling the air?oW in the second ?uid ?oW channel With the 
thermoelectric device When it is determined that the ?rst 
amount of energy is less than the second amount of 
energy. 

15. The method of claim 13, Wherein delivering the air 
during the second mode further comprises: 

determining Whether the heater core is prepared to heat the 
air?oW to a desired temperature; 

heating the air?oW in the second ?uid ?oW channel With the 
heater core When it is determined that the heater core is 
prepared to heat the air?oW to the desired temperature; 
and 

heating the air?oW in the second ?uid ?oW channel With a 
thermoelectric device When it is determined that the 
heater core is not prepared to heat the air?oW to the 
desired temperature. 

1 6. A method of manufacturing an apparatus for condition 
ing air, the method comprising: 

providing an air ?oW channel divided at least partially into 
a ?rst air conduit and a second air conduit; 

operatively connecting a cooling apparatus to the ?rst air 
conduit; 

operatively connecting a heater core to the second air con 

duit; 
operatively connecting at least one thermoelectric device 

to the second air conduit such that the at least one ther 
moelectric device is doWnstream from the heater core 
When air ?oWs through the channel; and 

providing a ?uid diversion channel betWeen the ?rst air 
conduit and the second air conduit such that the ?uid 
diversion channel is positioned doWnstream from the 
cooling apparatus and upstream from the heater core 
When air ?oWs through the channel, Wherein the ?uid 
diversion channel is con?gured to at least partially selec 
tively divert air from the ?rst air conduit to the second air 
conduit. 

17. The method of claim 16, Wherein operatively connect 
ing a cooling apparatus comprises disposing the at least one 
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heat exchanger in the ?rst ?uid channel and connecting the at 
least one heat exchanger to the cooling apparatus. 

18. The method of claim 16, Wherein operatively connect 
ing a heater core comprises disposing at least one heat 
exchanger in the second ?uid channel and connecting the at 
least one heat exchanger to the heater core. 

19. The method of claim 16, Wherein operatively connect 
ing a thermoelectric device comprises disposing at least one 
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heat exchanger in the second ?uid channel and connecting the 
at least one heat exchanger to the thermoelectric device. 

20. The method of claim 16, further comprising providing 
a channel selection apparatus, Wherein the channel selection 
apparatus is disposed near the inlet of the ?rst air conduit and 
the second air conduit. 

* * * * * 


