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TEMPERATURE CONTROL SYSTEM WITH THERMOELECTRIC DEVICE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit under 35 U.S.C. § 119(e) of U.S.

Provisional Patent Application No. US 61/179,314, titled TEMPERATURE CONTROL

SYSTEM USING THERMOELECTRIC DEVICE AND SHARED HEAT EXCHANGER,

filed May 18, 2009, the entire contents of which are incorporated by reference herein and

made a part of this specification.

BACKGROUND

Field

[0002] The present invention generally relates to climate control, and more

specifically to temperature control in vehicles.

Description of Related Art

[0003] A passenger compartment of a vehicle is typically heated and cooled by a

heating, ventilating, and air conditioning (HVAC) system. The HVAC system directs a flow

of air through a heat exchanger to heat or cool the air prior to flowing into the passenger

compartment. Energy for heating and cooling of the passenger compartment of the vehicle

can be supplied from a fuel fed engine such as an internal combustion engine, for example.

In the heat exchanger, energy is transferred between the air and a coolant such as a water-

glycol coolant, for example. The air can be supplied from ambient air or a mixture of air re-

circulated from the passenger compartment and ambient air.

SUMMARY

[0004] Embodiments described herein have several features, no single one of

which is solely responsible for their desirable attributes. Without limiting the scope of the

invention as expressed by the claims, some of the advantageous features will now be

discussed briefly.

[0005] Certain disclosed embodiments pertain to controlling temperature in a

passenger compartment of a vehicle. For example, a temperature control system (TCS) can

include an air channel configured to deliver airflow to the passenger compartment of the

vehicle. The TCS can include a one thermal energy source and a heat transfer device



connected to the air channel. A first fluid circuit can circulate coolant to the thermal energy

source and a thermoelectric device (TED). A second fluid circuit can circulate coolant to the

TED and the heat transfer device. A bypass circuit can connect the thermal energy source to

the heat transfer device, bypassing the TED. An actuator can cause coolant to circulate

selectively in either the bypass circuit or the first fluid circuit and the second fluid circuit. A

control device can operate the actuator when it is determined that the thermal energy source

is ready to provide heat to the airflow.

[0006] Some embodiments provide a system for controlling temperature in a

passenger compartment of a vehicle, the system including at least one passenger air channel

configured to deliver a passenger airflow to the passenger compartment of the vehicle, at

least one thermal energy source, at least one heat transfer device connected to the passenger

air channel, at least one thermoelectric device (TED), a first fluid circuit configured to

circulate coolant to the thermal energy source and the TED. a second fluid circuit separate

from the first fluid circuit, the second fluid circuit configured to circulate coolant to the TED

and the heat transfer device, at least one bypass circuit configured to connect the thermal

energy source to the heat transfer device, at least one actuator configured to cause coolant to

circulate in the bypass circuit instead of the first fluid circuit and the second fluid circuit, and

at least one control system. The control system may be configured to operate the at least one

actuator when it is determined that the thermal energy source is ready to provide heat to the

passenger airflow, thereby causing coolant to circulate in the bypass circuit instead of in the

first fluid circuit and the second fluid circuit.

[0007] Additional embodiments may include a pump configured to circulate

coolant in the second fluid circuit. The system may also include an evaporator operatively

connected to the passenger air channel. The thermal energy source may be a vehicle engine a

heater core supplied with thermal energy from a vehicle engine, an exhaust system, another

suitable heat source, or a combination of sources. Another embodiment may include a blend

door operatively connected in the passenger air channel and configured to route the passenger

airflow across the heat transfer device. In some embodiments the actuator may be a fluid

control device, a valve, a regulator, or a combination of structures.



[0008] Further embodiments may include a third fluid circuit configured to

connect the TED to a low temperature core. The low temperature core may be a radiator

configured to dissipate heat from a fluid to ambient air. The third fluid circuit may also

include a pump to provide adequate movement of fluid. The control system may also be

further configured to determine whether the system is operating in a heating mode or a

cooling mode; and operate at least one actuator to cause coolant to circulate in the third fluid

circuit when it is determined that the system is operating in the cooling mode.

[0009] In some embodiments the thermal energy source is ready to provide heat to

the passenger airflow when the thermal energy source reaches a threshold temperature. The

controller may also determine the thermal energy source is ready to provide heat to the

passenger airflow when the coolant circulating through the thermal energy source reaches a

threshold temperature.

[0010] Some embodiments provide a method of controlling temperature in a

passenger compartment of a vehicle, the method including moving a passenger airflow across

a heat transfer device operatively connected within a passenger air channel of the vehicle;

operating a temperature control system of the vehicle in a first mode of operation, in which a

thermoelectric device (TED) transfers thermal energy between a first fluid circuit including

the heat transfer device and a second fluid circuit including a thermal energy source; and

switching the temperature control system to a second mode of operation after the temperature

control system has been operated in the first mode of operation. In the second mode of

operation, the temperature control system opens a bypass circuit in thermal communication

with the heat transfer device and the thermal energy source. The bypass circuit is configured

to transfer thermal energy between the heat transfer device and the thermal energy source

without the use of the TED.

[0011] In other embodiments the temperature control system switches to a second

mode when the thermal energy source has reached a threshold temperature. The thermal

energy source may be an automobile engine. The temperature control system may switch to a

second mode based on other criterion, such as, when the temperature of the fluid within the

second fluid circuit reaches a threshold temperature, when a specified amount of time has



elapsed, when the temperature of the passenger airflow reaches a threshold temperature, or

any other specified condition or combination of conditions.

[0012] Certain embodiments provide a method of manufacturing an apparatus for

controlling temperature in a passenger compartment of a vehicle, the method including

providing at least one passenger air channel configured to deliver a passenger airflow to the

passenger compartment of the vehicle, operatively connecting at least one heat transfer device

to the passenger air channel, providing at least one thermal energy source, providing at least

one thermoelectric device (TED), operatively connecting a first fluid circuit to the thermal

energy source and the TED, wherein the first fluid circuit is configured to circulate coolant,

operatively connecting a second fluid circuit to the TED and the heat transfer device, wherein

the second fluid circuit is configured to circulate coolant, operatively connecting at least one

bypass circuit to the thermal energy source to the heat transfer device, wherein the at least

one bypass circuit is configured to circulate coolant, providing at least one actuator

configured to cause coolant to circulate in the bypass circuit instead of the first fluid circuit

and the second fluid circuit, and providing at least one control device configured to operate

the at least one actuator when it is determined that the thermal energy source is ready to

provide heat to the passenger airflow.

[0013] In some embodiments the passenger air channel may include a first air

channel and a second air channel. The second air channel can be at least partially in a parallel

arrangement with respect to the first air channel. The passenger air channel may also include

a blend door configured to selectively divert airflow through the first air channel and the

second air channel. The heat transfer device may be disposed in only the second air channel.

[0014] In other embodiments an evaporator may be operatively connected to the

passenger air channel. Some embodiments may also include a low temperature core. A third

fluid circuit may be operatively connected to the low temperature core and the TED. The

third fluid circuit can be configured to circulate coolant.

BRIEF DESCRIPTION OFTHE DRAWINGS

[0015] The following drawings and the associated descriptions are provided to

illustrate embodiments of the present disclosure and do not limit the scope of the claims.



[0016] FIG. 1 is a schematic illustration of an embodiment of a temperature

control system.

[0017] FIG. 2 is a flowchart related to an embodiment of a temperature control

system with a bypassable TED.

[0018] FIG. 3 is a schematic illustration of an embodiment of a temperature

control system including a cooling circuit and a heating circuit.

[0019] FIG. 4 is a flowchart related to the embodiment of a temperature control

system illustrated in FIG. 3.

[0020] FIG. 5 is a schematic illustration of an embodiment of a temperature

control system in a heating mode corresponding to the period during which the engine is

warming up.

[0021] FIG. 6 illustrates schematically an embodiment of a temperature control

system in a heating mode when the engine is sufficiently warm.

[0022] FIG. 7 illustrates schematically an embodiment of a temperature control

system in a cooling mode.

[0023] FIG. 8 illustrates an embodiment of a temperature control system in an

alternative cooling mode.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0024] Although certain preferred embodiments and examples are disclosed

herein, inventive subject matter extends beyond the specifically disclosed embodiments to

other alternative embodiments and/or uses of the inventions, and to modifications 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.

[0025] 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 suggested herein. While some of the embodiments are

discussed in the context of particular temperature control and/or fluid circuit configurations,

it is understood that the inventions may be used with other system configurations. Further,

the inventions are limited to use with vehicles, but may be advantageously used in other

environments where temperature control is desired.

[0026] The temperature of a vehicle passenger compartment is typically

controlled using a heating, ventilating, and air conditioning (HVAC) system. When the

system is used for heating, the vehicle engine can provide thermal energy to passenger

compartment airflow via a fluid circuit. A heat exchanger (such as, for example, a heater

core) disposed in the airflow can be configured to transfer thermal energy to the airflow that

crosses the heat exchanger before entering the passenger compartment. In such

configurations, the engine or heater core of a vehicle can take a substantial amount of time

after the engine is started, such as several minutes, to reach a temperature at which the heater

core is able to sufficiently heat air directed into the vehicle passenger compartment such that

the temperature of the air is comfortable to vehicle occupants. When the heater core has

reached a temperature at which it can transfer sufficient thermal energy to the passenger

compartment airflow for it to be comfortable, it can be said that the heater core and/or engine

is "ready" to heat the airflow.

[0027] Cooling can be achieved using a compressor-based refrigeration system

(including various components, such as an evaporator) to cool the airflow 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. For example, a

cooling system typically is connected to the passenger compartment airflow using a heat

exchanger separate from the heater core.

[0028] Automotive HVAC architectures can include one or more thermoelectric

devices (TED) that supplement or replace one or more portions of a heating and cooling

system for the passenger compartment. By supplying electrical energy to a thermoelectric

device, thermal energy can be transferred to or from passenger airflow via one or more fluid

circuits and/or heat exchangers. As a stand alone heater, a thermoelectric device can remain



energized even after the compartment and engine have reached a desired temperature. In a

system using such a configuration, the energy applied to the thermoelectric device once the

vehicle engine reaches a temperature sufficient to heat the passenger compartment may be

wasted because waste heat from the engine may be sufficient to heat the passenger

compartment.

[0029] In some embodiments, TEDs can be configured to supplement the heating

and cooling of a passenger compartment. In an example configuration, an engine and a

thermoelectric device can transfer heat to one or more heat exchangers that connect to

passenger airflow. However, adding thermoelectric devices to a heating and cooling system

typically 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 efficiently 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 it could selectively

provide heating from an engine and/or thermoelectric device, while also being able to provide

cooling from the thermoelectric device, through a common heat exchanger connected to

passenger airflow.

[0030] Some automotive HVAC systems provide a demisting function, in which

humidity is removed from air during a heating mode to remove fogging and/or prevent

condensate formation on a windscreen. In some systems, the demisting function is achieved

by forcing air first through an evaporator to lower the air temperature below the dew point,

thus condensing 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 passenger comfort.

[0031] As used herein, the terms "sufficient "' and "sufficiently," are used broadly

in accordance with their ordinary meanings. For example, in the context of heating or heat

transfer, these terms broadly encompass, without limitation, a condition in which a passenger

airflow is heated to a temperature that is comfortable to a passenger (e.g., when the airflow is

forced into the passenger compartment via one or more λ'ents) or a condition in which the

passenger airflow is heated to a threshold temperature.



[0032] As used herein, the term "ready,'" is also used broadly in accordance with

its ordinary meaning. For example, in the context of a heat source, the term broadly

encompasses, without limitation, a condition in which one or more criteria for determining

when the heat source can sufficiently heat the passenger airflow are met. For example, a heat

source can sufficiently heat the passenger airflow when a heater core can transfer enough

thermal energy to the airflow for it to be comfortable when directed at or in the vicinity of a

vehicle occupant. The airflow may be comfortable when it is about room temperature equal

to or somewhat higher than room temperature, greater than room temperature, or greater than

or equal to a suitable threshold temperature. A suitable threshold temperature can be about

70 0F, about 72 °F, about 75 0F, room temperature, a temperature that depends on the

ambient temperature, or another temperature.

[0033] As used herein, the term "coolant" is used broadly in accordance with its

ordinary meaning. For example, the term broadly encompasses fluids that transfer thermal

energy within a heating or cooling system.

[0034] As used herein, the term "heat transfer device" is used broadly in

accordance with its ordinary meaning. For example, the term broadly encompasses a heat

exchanger, a heat transfer surface, a heat transfer structure, another suitable apparatus for

transferring thermal energy between media, or any combination of such devices.

[0035] As used herein, the terms "thermal energy source" and "heat source'" are

used broadly in accordance with their ordinary meanings. For example, the terms broadly

encompass a vehicle engine, an exhaust system, a heating element, any suitable device that

converts energy into thermal energy, or a combination of devices.

[0036] As used herein, the term "passenger air channel" is broadly used in its

ordinary sense. For example, a passenger air channel encompasses components through

which air can flow, including ducts, pipes, vents, ports, connectors, an HVAC system other

suitable structures or combination of structures.

[0037] As used herein, the term "thermoelectric device" is used broadly in

accordance with its ordinary meaning. For example the term broadly encompasses any

device that incorporates thermoelectric material and is used to transfer thermal energy or to

produce an electrical output based on a temperature differential. A thermoelectric device may



be integrated or used in conjunction with other temperature control elements, such as a heater

core, an evaporator, an electrical heating element, a thermal storage device, a heat exchanger,

another structure, or a combination of structures.

[0038] As used herein, the term "actuator" is used broadly in accordance with its

ordinary meaning. For example, the term broadly encompasses fluid control devices, such as

valves, regulators, and other suitable structures or combination of structures used to the

control the flow of fluids.

[0039] As used herein, the term "control device" is used broadly in accordance

with its ordinary meaning. For example, the term broadly encompasses a device or system

that is configured to control fluid movement, electrical energy transfer, thermal energy

transfer, and/or data communications among one or more. The control device may include a

single controller that controls one or more components of the system, or it may include more

than one controller controlling various components of the system.

[0040] Referring now to FIG. 1, illustrated is an embodiment of a temperature

control system including an engine 100, a thermoelectric device (TED) 12, a heat transfer

device 150, and a passenger air channel 18. The heat transfer device 150 is disposed in the

air passenger channel 18. The passenger air channel 18 is configured such than an airflow

may pass through the channel 18 and be in thermal communication with the heat transfer

device 150. In some embodiments, an air handling unit (e.g., a fan) is configured to convey

the airflow. At least some of the components of the system can be in fluid communication via

thermal energy transport means such as fluid conducting tubes, for example. Actuators, such

as valves 120, 130 and 160 can be used to control the thermal energy transfer through the

tubing. A control device, such as a controller can be configured to control the various

components of the system and their relative fluid communication.

[0041] In the illustrated embodiment, in a first mode, when valve 130 is open and

valve 160 is open, there is thermal communication between the heat transfer device 150, the

TED 12, and the engine 100. In a first circuit, or thermal source circuit, 110, a fluid, such as

coolant, is circulated and thermal energy is transferred between the engine 100 and the TED

12. The TED 12 is provided with electrical energy of a specific polarity that allows it to

transfer thermal energy between the first circuit 110 and a second circuit, or heat transfer



circuit, 140. Fluid is circulated in the second circuit 140 and thermal energy is transferred

between the heat transfer device 150 and the TED 12. In the first mode, the TED pumps

thermal energy from the first circuit 110 to the second circuit 140, where it is transferred to

the airflow via the heat transfer device 150.

[0042] In a second mode, a bypass circuit actuator 120 is open, and other

actuators 130, 160 are closed, allowing fluid to circulate in a bypass circuit. The circulating

fluid permits thermal communication between the engine 100 and the heat transfer device

150. The TED 12 is bypassed and is no longer in thermal communication with the engine 100

or the heat transfer device 150. In this mode of operation, fluid flow is stopped in the first

circuit 110 and the second circuit 140, and electrical energy is not supplied to the TED. In

some embodiments, the system can switch between the first mode and the second mode of

operation. In some embodiments, a low temperature core (not shown) can be operatively

connected or selectively operatively connected to the first fluid circuit 110 and used to

transfer thermal energy to ambient air from the heat transfer device 150, the TED 12, or other

elements of the temperature control system. For example, the low temperature core could be

connected parallel to or in place of the engine 100 in at least some modes of operation.

[0043] The TED 12 can include one or more thermoelectric elements that transfer

thermal energy in a particular direction when electrical energy is applied. When electrical

energy is applied using a first polarity, the TED 12 transfers thermal energy in a first

direction. Alternatively, when electrical energy is applied using a second polarity opposite

the first polarity, the TED 12 transfers thermal energy in a second direction opposite the first

direction. The TED 12 can be configured to transfer thermal energy to the heat transfer

device 150 when electrical energy of a first polarity is applied by configuring the system such

that the heating end of the TED 12 is in thermal communication with the heat transfer device

150. Further, the cooling end of the TED 12 can be place in thermal communication with the

engine 100 so that the TED 12 draws thermal energy from the circuit to which the engine is

connected. In certain embodiments, a control system (not shown) regulates the polarity of

electrical energy applied to the TED 12 to select between a heating mode and a cooling mode.

In some embodiments, the control system regulates the magnitude of electrical energy applied

to the TED 12 to select a heating or cooling capacity.



[0044] FIG. 2 illustrates a method of controlling temperature in a passenger

compartment of a vehicle. The method includes moving airflow across a heat exchanger.

The airflow can travel through one or more passenger air channels, such as ducts, before

entering the passenger compartment. Initially, the control system operates in a first mode, in

which a TED pumps thermal energy from a heat source to a circuit connected to the heat

exchanger or directly to the heat exchanger. The control system continues to operate in the

first mode until one or more switching criteria are met. When the one or more criteria are met

the control system switches to a second mode of operation. In one embodiment, the control

system switches to the second mode when coolant circulating through an engine or another

heat source is ready to heat the airflow. In the second mode thermal energy is transferred

from the engine or other heat source to the heat exchanger. The TED is bypassed and is not in

substantial thermal communication with the heat source or the heat exchanger. In this

configuration, a fluid, such as coolant, flows through a bypass circuit so that thermal energy

transfer occurs in the bypass circuit. The system can also operate one or more actuators, such

as valves, in order to cause the fluid flow to bypass the TED. In one embodiment a

controller controls valves to switch between modes of operation. In the second mode of

operation, the heat exchanger can act much the same as a heater core in a conventional

vehicle HVAC system.

[0045] The one or more criteria for switching modes of operation can be any

suitable criteria and are not limited to characteristics of the vehicle or temperature

parameters. In some embodiments, the criteria for switching the fluid flow include one or

more of the following: algorithms, user action or inaction the temperature of a thermal

energy source, fluid temperature, an amount of time elapsed and air temperature. In certain

embodiments, the criteria can also be user-specified or user-adjusted according to preference.

In one embodiment, switching from a first mode to a second mode occurs when the engine

reaches a threshold temperature. In another embodiment, the switch occurs when a fluid

circuit reaches a threshold temperature. In yet another embodiment, the switch occurs when

the air temperature reaches a threshold temperature.

[0046] Referring to FIG. 3, an embodiment of a temperature control system is

illustrated which can be configured to heat and cool an airflow in a passenger air channel 18.



The system comprises a TED 12, a heat transfer device 150, a low temperature core, or heat

sink, 171, a thermal energy source 181, and a plurality of actuators 160, 175, 185. The heat

transfer device 150 is disposed in the air passenger channel 18. The passenger air channel 18

is configured such than an airflow may pass through the channel 18 and be in thermal

communication with the heat transfer device 150. In some embodiments, an air handling unit

(e.g., a fan) is configured to convey the airflow. The system further comprises a heat sink

circuit 170 which includes the low temperature core 171 and at least one valve 175. The

TED 12 is in thermal communication with the heat sink circuit 170 at the thermal junction

190. The system also comprises a heat source circuit 180 which includes the thermal energy

source 181 and at least one valve 185. The TED 12 is in thermal communication with the

heat source circuit 180 at a thermal junction 190. Some embodiments also comprise a heat

transfer circuit including the heat transfer device 150 and at least one valve 160. The heat

transfer circuit 140 is in thermal communication with the TED 12 and heat is transferred

between the airflow and the heat transfer device 150. In one embodiment, the thermal energy

source 181 is an automobile engine and the low temperature core is a radiator. It is also

contemplated that pumps can be configured to function with the system in order to cause

fluid flow.

[0047] The system may be configured for operation in different modes by

operating at least one of the valves 175 and 185, which causes coolant to flow through the

heat source circuit or the heat sink circuit depending on whether a heating or cooling mode is

selected. In a heating mode, opening valve 185 and closing valve 175causes coolant to flow

through the heat source circuit 180 and not through the heat sink circuit 170. In this mode,

the TED 12 operates in a first polarity and is configured to transfer thermal energy from the

heat source circuit 180 to the heat transfer circuit 140, which, in turn, transfers thermal

energy to the airflow in the passenger air channel 18.

[0048] In a cooling mode, the closing valve 185 and the opening valve 175 cause

coolant to flow through the heat sink circuit 170 and not through the heat source circuit 180.

In this mode, the TED 12 operates in a second polarity, which is opposite the first polarity,

and is configured to transfer thermal energy from the heat transfer circuit 140 to the heat sink



circuit 170, which lowers the temperature of the airflow by transferring thermal energy from

the airflow to the heat sink circuit 170.

[0049] FlG. 4 illustrates another embodiment of a method of operation for a

temperature control system, in which the embodiment of the system illustrated in FIG. 3

could follow. In this embodiment, an airflow moves across a heat transfer device and into a

passenger compartment. In certain embodiments, the system circulates a fluid, such as

coolant in a first circuit, or heat transfer circuit, which is in thermal communication with the

heat transfer device and a thermoelectric device (TED). The system receives an indication as

to whether a heating mode or a cooling mode is selected. If the heating mode is selected

then the system causes fluid to flow in a heat source circuit which is in thermal

communication with a thermal energy source and the TED at a thermal junction. In the

heating mode, the TED transfers thermal energy between the heat source circuit and the heat

transfer circuit. If the cooling mode is selected, then the system causes fluid to flow in the

heat sink circuit which is in thermal communication with a low temperature core and the

TED at the thermal junction. In the cooling mode, the TED transfers thermal energy between

the heat sink circuit and the heat transfer circuit. The system designates a selected polarity

based on whether the heating mode or cooling mode is selected and electrical energy of the

selected polarity is provided to the TED. In the heating mode, a polarity is selected that

causes the TED to transfer thermal energy from the heat source circuit to the heat transfer

device. In the cooling mode, a polarity is selected that causes the TED to transfer thermal

energy from the heat transfer device to the heat sink circuit.

[0050] As discussed in relation to the embodiment of the system illustrated in

FIG.3, the heat sink circuit and the heat source circuit can include actuators which can be

used to control the flow of fluid or coolant within the system. In one embodiment, the system

causes fluid to flow through the heat sink circuit by operating an actuator associated with the

heat source circuit. In another embodiment, the system can cause fluid to flow through the

heat sink circuit by operating an actuator associated with the heat sink circuit. Further, in

some embodiments, an actuator associated with the heat sink circuit can be opened and an

actuator associated with the heat source circuit can be closed in order to cause fluid to flow in

the heat sink circuit. It is also contemplated that a plurality of pumps can be configured to



function with the heat transfer circuit, heat sink circuit and the heat source circuit in order to

facilitate fluid flow.

[0051] FIG. 5 illustrates an embodiment of a temperature control system 10 used

for providing temperature controlled air to a passenger compartment. In this embodiment,

the system 10 comprises a thermoelectric device (TED) 12, an engine 13, a heat transfer

device, such as a heat exchanger 16, and a passenger air channel, such as an HVAC system

62. In some embodiments the system additionally comprises a low temperature core 40. The

system further comprises one or more pumps 20, 52 and actuators 24, 26, 28, 32, 34, 36 that

are configured to transfer fluid, such as coolant, among the different components. The engine

13 can be any type of vehicle engine, such as an internal combustion engine, that is a source

of thermal energy. The system 10 can be controlled by a controller, plurality of controllers,

or any other device which can function to control the pumps, valves, heat source. TED, and

other components of the system. By controlling the components, valves and pumps, the

controller can operate the system in various modes of operation. The controller can also

change the mode of the system in response to input signals or commands.

[0052] In one embodiment, a fluid such as a liquid coolant transfers thermal

energy among the system components and is controlled by one or more pumps. The liquid

coolant can carry the thermal energy via a system of tubes that provide fluid communication

among the various components. The actuators can be used to control which components are

in thermal communication with the heat exchanger 16 at a given time. Alternatively, a

temperature control system might use other materials or means to provide thermal

communication among components.

[0053] In this embodiment, the system 10 uses a single heat exchanger 16, which

allows for minimal impact on the HVAC design because it can maintain a typical

configuration without the need for an additional heat exchangers. However, it is also

contemplated that the system 10 could be configured with a plurality of heat exchangers

and/or a plurality of HVAC systems or airflow channels. Depending on the mode of the

system 10, the heat exchanger 16 may be in thermal communication with the engine 13 or the

low temperature core 40. In a heating mode the heat exchanger 16 may be in thermal

communication with the engine 13 and/or the thermoelectric device 12. In a cooling mode



the heat transfer device 16 may be in thermal communication with the low temperature core

or radiator 40 and/or the thermoelectric device 12.

[0054] Also illustrated in FlG. 5 is an embodiment of the HVAC system 62

through which an airflow passes before entering the passenger compartment. In this

embodiment the heat transfer device 16 is functionally coupled to or disposed within the

HVAC system 62 so that it can transfer thermal energy to or from the airflow. The airflow in

the HVAC system 62 can flow through one or more channels 52, 54 separated by a partition

60. In certain embodiments, the first and second channels 52. 54 are of the same approximate

size (e.g., same approximate height, length, width, and/or cross-sectional area). In other

embodiments, the first and second channels 52, 54 are of differing sizes, as illustrated in FIG.

5. For example, the width, height, length, and/or cross-sectional area of the first and second

channels 52, 54 can be different. In some embodiments, the first channel is larger than the

second channel. In other embodiments, the first channel is smaller than the second channel.

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 configuration. The

partitions can serve to partially or completely separate the conduits or channels and may have

apertures, gaps, valves, blend doors, other suitable structures, or a combination of structures

that allow for fluid communication between channels. At least a portion of the partition can

thermally insulate the first channel 52 from the second channel 54.

[0055] In certain embodiments, the HVAC system 62 comprises a first movable

element configured to be operable to control the airflow passing through the first and second

channels 52, 54. For example, a blend door 56 can be configured to control the airflow

passing through the channels 52, 54. The blend door can be rotatably coupled proximate the

entrance of the channels 52, 54. By rotating, the blend door can control the airflow through

the channels 52, 54. The blend door 56 can selectively modify, allow, impede, or prevent

airflow through one or both of the first and second channels 52, 54. Preferably, the blend

door 56 can prevent airflow through one of the channels while directing all of the airflow

through the other channel. The blend door 56 can also allow airflow through both channels

in varying amounts and ratios. In some embodiments, the blend door 56 is coupled to the

partition 60 and rotates relative to the partition 60. It is also contemplated that more than one



blend door could be used in the HVAC system 62 in order to direct airflow and improve

heating and/or cooling of the airflow.

[0056] In some embodiments an evaporator 58 may be disposed in the HVAC

system 62 in the path of the airflow in order to remove moisture from the airflow before it

enters the passenger compartment. In some embodiments, the evaporator 58 may be

positioned before the channels 52, 54 so that it may condition the entire airflow. In other

embodiments the evaporator may be positioned within one of the channels so that it may

condition only the airflow in a certain channel. Other devices such as condensers can also be

used to prepare or cool the airflow before it enters the passenger compartment.

[0057] In one embodiment, the system works in different modes including a first

mode, or a heating mode for the period while the engine is warming up ("start up heating

mode"), a second mode, or a heating mode for when the engine is sufficiently warm ("warm

engine heating mode"), and a third mode for cooling the passenger compartment ("cooling

mode"). In some embodiments, a single system can perform each of the various modes, but it

is also contemplated that embodiments of the invention can be configured to perform only

one of the modes described below. For example, one embodiment might be configured to

only perform the mode of providing thermal energy from the thermoelectric device while the

engine warms. Another embodiment might be configured to only provide cooling as

described in the cooling mode.

[0058] FlG. 5 illustrates an embodiment of a temperature control system 10 in the

first mode, which may also be referred to as the "start up heating mode." In this mode heat

is provided to the passenger compartment while the engine 13 is warming up and has not yet

reached a temperature sufficient to heat the passenger compartment. When the engine 13 is

first started, it does not generate enough heat to sufficiently increase the temperature within

the passenger compartment. A vehicle engine can take several minutes or more to warm up

to the necessary temperature to provide comfort air to the passenger compartment. In this

mode, a controller provides electrical energy to the TED 12 which generates a thermal

gradient and transfers heat from the heating end of the TED 12 to the heat transfer circuit 14.

Liquid coolant within the heating circuit 14 is moved through the heating circuit by pump 20.

The valve 24 is open and the heating circuit 14 is in fluid communication with the heat



exchanger 16, which thermally connects the TED 12 and the heat exchanger 16. The heat

exchanger 16 is disposed in the HVAC system 62. In this manner, the thermal energy

transferred to the coolant by the thermoelectric device 12 is transferred by the heat exchanger

16 to the airflow entering the passenger compartment. In one embodiment, the TED 12 is the

sole source of thermal energy for the heat exchanger 16 and no thermal energy is taken from

the engine 13.

[0059] In an alternate embodiment, in the start up heating mode, thermal energy

from the engine 13 is also used to heat the coolant in the heat transfer circuit 14. Valves 26

and 28 can be opened and a pump within the engine 13 can be configured to circulate the

coolant between the engine 13 and the TED 12. The heated coolant from the engine 13

transfers thermal energy to the TED 12. The polarity of the TED 12 is configured to transfer

thermal energy from the engine to the heat transfer circuit 14 and the heat exchanger 16.

Thus, the heat exchanger 16 is receiving thermal energy from both the engine 13 and the TED

12.

[0060] As illustrated in FIG. 5, some valves 32, 34, and 36 can be closed during

the start up heating mode. The controller can also disengage the pump 52 that circulates

coolant in the circuit connected to the low temperature core 40. In some embodiments, the

low temperature core 40 is not needed during the start up heating mode because the airflow

into the passenger compartment is being heated.

[0061] In this embodiment, the HVAC system 62 can include a blend door 56 or

other device that is configured to direct the airflow into different channels 52. 54 leading to

the passenger compartment. In this embodiment the heat exchanger 16 is located in the

second channel 54 and in the start up heating mode and the blend door 56 is positioned so

that at least a portion of the airflow is directed through the second channel 54. In an

alternative embodiment, the heat exchanger 16 may be operatively coupled to or placed

within more than one channel of the HVAC system 62.

[0062] During the start up heating mode, the system 10 can be configured to

provide demisting of the airflow before it enters the passenger compartment. The evaporator

58 can be configured within the HVAC system 62 so that the airflow passes through the



evaporator 58, thereby cooling and removing moisture from the airflow before it is heated by

heat exchanger 16.

[0063] FIG. 6 illustrates an embodiment of a temperature control system 10 in a

second mode, which can also be referred to as the "warm engine heating mode." In this

mode, the engine 13 has reached a sufficient temperature and is the sole source of thermal

energy for the system. In this mode, the engine 13 is in thermal communication with the heat

exchanger 16. Thermal energy from the engine 13 is transferred via coolant through the

tubing to the heat exchanger 16. A pump within the engine 13 may be configured to circulate

coolant between the engine 13 and the heat exchanger 16. The controller operates to open

actuators 24, 32, and 34 in order to allow fluid communication between the heat exchanger

16 and the engine 13. In some embodiments, actuators 24 and 26 may be closed to allow

more efficient flow of the coolant, and actuator 36 is closed so that there is no coolant flow to

the radiator 40.

[0064] In the warm engine heating mode, the controller can stop the electrical

energy supplied to the TED 12 and can disengage the pump 20. When the engine 13 is at a

sufficient temperature, the TED 12 is no longer needed and the electrical energy applied to

the TED 12 can be conserved. By controlling the operation of the actuators, the system 10 is

able to bypass the TED 12 and thermally connect the heat exchanger 16 to the engine 13. In

this embodiment, it is not necessary to have multiple heat exchangers 16 or multiple sets of

heat exchangers in the passenger air channel 62. Instead, the system 10 can operate in

various cooling and/or heating modes while being connected to a single heat exchanger 16 or

to a single set of heat exchangers.

[0065] When the temperature control system is in the warm engine heating mode,

an evaporator 56 can be configured to remove moisture from the airflow. Therefore,

demisting is possible during the entire heating process. Similar to the configuration of the

start up heating mode, the evaporator 56 can be positioned in the HVAC system 62 so that

the airflow passes through the evaporator 56 before being heated by the heat exchanger 16.

[0066] A blend door 56 can direct at least a portion of the airflow through a

channel 54 in which the heat exchanger 16 is located so that the airflow is heated before

entering the passenger compartment. To heat the passenger compartment at a slower rate, the



blend door 56 can be adjusted to allow less of the airflow to pass through the heat exchanger

16 channel 54 and/or allow more of the airflow to pass through the other channel 52 which is

not heated. To increase the heating rate, the blend door can be adjusted so that more of the

airflow is directed through the channel 54 with the heat exchanger 16 and less of the airflow

is allowed into the other channel 52.

[0067] If desired, it is also possible to use the TED 12 as a thermal energy source

during the warm engine heating mode. Although a warm engine 13 can typically supply

enough thermal energy to the heat exchanger 16 for heating the passenger compartment, a

TED 12 can be used as a supplemental thermal energy source. The actuators in the system 10

can be configured such that the engine 13 and the heating circuit 14 are placed in thermal

communication with the heat exchanger 16. Electric energy can continue to be supplied to

the TED 12 so that it transfers thermal energy to the heating circuit 14 which is moved to the

heat exchanger by pump 20. The thermal energy from the TED 12 is supplemental because

the engine 13 also transfers thermal energy to the heat exchanger 16 via heated coolant

moved by a pump within the engine 13.

[0068] FIG. 7 illustrates an embodiment of a temperature control system 10 in a

third mode or "cooling mode." In this mode, the system 10 cools the airflow in the HVAC

system 62 by transferring heat from the airflow to the heat exchanger 16. In one

embodiment, valve 24 is opened and pump 20 engaged to allow coolant flow through the heat

transfer circuit 14, transferring thermal energy from the heat exchanger 16 to the TED 12.The

TED 12 receives electric energy with a polarity opposite the polarity used in the heating

modes. When electrical energy of the opposite polarity is applied to the TED 12, the direction

of the thermal gradient is reversed. Instead of providing heat or thermal energy to the heat

exchanger 16, the TED 12 cools heat exchanger 16 by transferring thermal energy away from

the heat transfer circuit 14.

[0069] In another embodiment of the system 10, a low temperature core or

radiator 40 is configured to assist in cooling the airflow. As part of the system 10, a heat sink

circuit or cooling circuit 50 is configured so that the TED 12 is in thermal communication

with the low temperature core or radiator 40. In this embodiment, actuators 28, 32, and 34

are closed, actuators 26 and 36 are open, and pump 52 is engaged so that coolant flows



through the low temperature core 40. In this configuration the engine 13 is bypassed by the

coolant system and is not in thermal communication with the TED 12 or heat exchanger 16.

Thus, -the cooling circuit 50 and radiator 40 transfer heat from the TED 12 in an efficient

manner.

[0070] Preferably, the cooling circuit 50 and/or the radiator 40 are located

proximate the thermoelectric device 12 as to provide efficient transfer of thermal energy.

The direction of the thermal gradient of the TED 12 during cooling transfers thermal energy

from the heat transfer circuit 14 to the cooling circuit 50 and the radiator 40. The heating end

of the TED 12 is directed toward the cooling circuit 50 and the cooling end of the TED is

directed toward the heating circuit 32. Therefore, heat is transferred from the airflow,

through the heat exchanger 16 and heating circuit 14, to the cooling end of the TED 12.

From the TED 12, heat is transferred from its heating end to the cooling circuit 50 and into

the radiator 40. Preferably, the radiator 40 or low temperature core is exposed to airflow or

another source for dissipating heat.

[0071] During the "cooling mode," an evaporator 58 may be used as part of

cooling the airflow before it enters the passenger compartment. The evaporator 58 can be

configured so that the airflow passes through it and moisture is removed before it reaches the

heat exchanger 16. Also, the heat exchanger 16 can be located within one of a plurality of

channels 52, 54. A blend door 56 can be configured to direct airflow into the channel 54 in

which the heat exchanger 16 is located. Similar to the heating modes, in the "cooling mode"

the blend door 56 can adjust the rate of cooling by adjusting how much air flow is allowed

through the channels 52, 54. Alternatively, the heat exchanger 16 could be configured to

transfer heat from the entire airflow without the use of separate channels.

[0072] FIG. 8 illustrates an alternate embodiment of a temperature control system

that can be used to cool the passenger compartment of a vehicle. In this embodiment the

airflow can be cooled without the use of a heat exchanger 16. All of the valves can be closed

and all of the pumps turned off. No electrical energy is applied to the TED 12 and there is no

thermal energy transfer from the engine 13 to the heat exchanger 16. Instead of using the

heat exchanger as a source of heat transfer, the airflow is directed into a channel 52 and then

into the passenger compartment. In one embodiment, a blend door 56 is configured to direct



substantially all of the airflow into channel 52 so that the airflow does not pass through the

heat exchanger 16 before entering the passenger compartment. In some embodiments, airflow

may pass through an evaporator 58 before entering into the channel 52. Alternatively, an

evaporator 58 may be located within the channel 52 through which the airflow passes. In this

manner, the airflow is cooled without system 10 providing any heat transfer to the HVAC

system 62.

[0073] Reference throughout this specification 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 specification 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 combined in any suitable manner, as

would be apparent to one of ordinary skill in the art from this disclosure, in one or more

embodiments.

[0074] 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.

[0075] Similarly, it should be appreciated that in the above description of

embodiments, various features are sometimes grouped together in a single embodiment,

figure, or description 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 reflecting 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.

[0076] 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 specifically disclosed embodiments to other



alternative embodiments and/or uses of the invention and obvious modifications 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 passenger compartment of a vehicle,

the system comprising:

at least one passenger air channel configured to deliver a passenger airflow to

the passenger compartment of the vehicle,

at least one thermal energy source,

at least one heat transfer device connected to the passenger air channel,

at least one thermoelectric device (TED),

a first fluid circuit configured to circulate coolant to the thermal energy source

and the TED,

a second fluid circuit separate from the first fluid circuit, the second fluid

circuit configured to circulate coolant to the TED and the heat transfer device,

at least one bypass circuit configured to connect the thermal energy source to

the heat transfer device,

at least one actuator configured to cause coolant to circulate in the bypass

circuit instead of the first fluid circuit and the second fluid circuit, and

at least one control system configured to operate the at least one actuator when

it is determined that the thermal energy source is ready to provide heat to the

passenger airflow, thereby causing coolant to circulate in the bypass circuit instead of

in the first fluid circuit and the second fluid circuit.

2. The system of Claim 1, wherein the second fluid circuit comprises at least one

pump configured to circulate coolant in the second fluid circuit.

3. The system of Claim 1, further comprising at least one evaporator operatively

connected to the passenger air channel.

4. The system of Claim 1, further comprising at least one blend door operatively

connected in the passenger air channel and configured to route the passenger airflow across

the heat transfer device.

5. The system of Claim 4, wherein the at least one passenger air channel

comprises a first air channel and a second air channel in at least partial parallel arrangement

with respect to the first air channel, wherein the at least one blend door is configured to



selectively divert the passenger airflow such that it flows through the first air channel,

through the second air channel, or through both the first air channel and the second air

channel.

6. The system of Claim 1, wherein the at least one thermal energy source

comprises a vehicle engine.

7. The system of Claim 1, further comprising a third fluid circuit configured to

connect the TED to at least one low temperature core, the at least one low temperature core

configured to dissipate thermal energy to ambient air.

8. The system of Claim 7, wherein the at least one low temperature core

comprises a radiator configured to dissipate heat.

9. The system of Claim 7, wherein the third fluid circuit comprises at least one

pump to circulate fluid in the third fluid circuit.

10. The system of Claim 7, wherein the at least one control system is further

configured to:

determine whether the system is operating in a heating mode or a cooling

mode; and

operate the at least one actuator to cause coolant to circulate in the third fluid

circuit when it is determined that the system is operating in the cooling mode.

11. The system of Claim 1, wherein the at least one thermal energy source is ready

to provide heat to the passenger airflow when the thermal energy source reaches a threshold

temperature.

12. The system of Claim 1, wherein the at least one thermal energy source is ready

to provide heat to the passenger airflow when the coolant circulating through the at least one

thermal energy source reaches a threshold temperature.

13. The system of Claim 1, wherein the at least one actuator comprises a fluid

control device, a valve, a regulator, or a combination of structures.

14. A method of controlling temperature in a passenger compartment of a vehicle,

the method comprising:

moving a passenger airflow across at least one heat transfer device operatively

connected within a passenger air channel of the vehicle;



operating a temperature control system of the vehicle in a first mode of

operation, in which at least one thermoelectric device (TED) transfers thermal energy

between a first fluid circuit connected to the at least one heat transfer device and a

second fluid circuit connected to at least one thermal energy source; and

switching the temperature control system to a second mode of operation after

the temperature control system has been operated in the first mode of operation;

wherein, in the second mode of operation, the temperature control system

opens a bypass circuit connected to the at least one heat transfer device and to the at

least one thermal energy source; and

wherein the bypass circuit is configured to transfer thermal energy between the

at least one heat transfer device and the at least one thermal energy source without the

use of the at least one TED.

15. The method of Claim 14, wherein switching the temperature control system to

the second mode occurs when at least one of the at least one thermal energy source has

reached a threshold temperature.

16. The method of Claim 14, wherein the at least one thermal energy source

comprises an automobile engine.

17. The method of Claim 16, wherein switching the temperature control system to

the second mode occurs after a threshold time period has elapsed since the automobile engine

was last started.

18. The method of Claim 14, wherein switching the temperature control system to

the second mode occurs when the temperature of the fluid within the second fluid circuit

reaches a threshold temperature.

19. The method of Claim 14, wherein switching the temperature control system to

a second mode occurs when the temperature of the passenger airflow reaches a threshold

temperature.

20. A method of manufacturing an apparatus for controlling temperature in a

passenger compartment of a vehicle, the method comprising:

providing at least one passenger air channel configured to deliver a passenger

airflow to the passenger compartment of the vehicle,



operatively connecting at least one heat transfer device to the passenger air

channel,

providing at least one thermal energy source,

providing at least one thermoelectric device (TED),

operatively connecting a first fluid circuit to the at least one thermal energy

source and to the at least one TED,

operatively connecting a second fluid circuit to the at least one TED and to the

at least one heat transfer device,

operatively connecting a bypass circuit to the at least one thermal energy

source and to the at least one heat transfer device,

providing at least one actuator configured to cause fluid to circulate in the first

fluid circuit and in the second fluid circuit in a first mode of operation and to cause

fluid to circulate in the bypass circuit in a second mode of operation, and

providing at least one control device configured to operate the apparatus in the

first mode of operation before it is determined that the at least one thermal energy

source is ready to provide heat to the passenger airflow and to operate the apparatus in

the second mode of operation after it is determined that the at least one thermal

energy source is ready to provide heat to the passenger airflow.

2 1. The method of Claim 20. wherein providing at least one passenger air channel

comprises providing a first air channel and a second air channel.

22. The method of Claim 21. further comprising operatively connecting at least

one blend door to the passenger air channel configured to selectively divert airflow to the first

air channel, to the second air channel, or to both the first air channel and the second air

channel.

23. The method of Claim 22. wherein operatively connecting the at least one heat

transfer device comprises disposing the at least one heat transfer device in only one of the

first air channel and the second air channel.

24. The method of Claim 20. further comprising operatively connecting an

evaporator to the passenger air channel.

25. The method of Claim 20, further comprising:



providing at least one low temperature core configured to transfer thermal

energy from a fluid flowing within the low temperature core to ambient air;

operatively connecting a third fluid circuit to the at least one low temperature

core and to the at least one TED; and

providing at least one actuator configured to cause fluid to circulate in the

third fluid circuit in a third mode of operation;

wherein the at least one control device is configured to operate the apparatus

in the third mode of operation when it is determined that cooling is desired in the

passenger compartment of the vehicle.
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