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THERMAL CONDITIONING SYSTEMS AND METHODS FOR VEHICLE
REGIONS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This patent application claims the benefit of priority to U.S. provisional
patent application number 62/094.852, filed December 19, 2014, and to U.S. provisional
patent application number 62/241,514, filed October 14, 2015, the entire disclosure of each

of which 1s incorporated by reference herein for all purposes.

BACKGROUND
Field
[0002] This disclosure relates generally to thermal systems, in particular to vapor
compression systems for heating and cooling components of a vehicle.

Description of the Related Axt

[0003] Thermal conditioning, te heating and/or cooling, of components in
vehicles 18 desirable in many situations. In the cold climates, 1t 1s desirable to have a warmed
seat. In hot chmates, it 15 deswrable to have cup holders that keep drinks cool. Various
approaches to thermally conditioning components within a vehicle are known. One approach
uses the vehicle’s radiator to provide thermal conditioning to components in the vehicle.
This approach requires complex configurations to route the thermal medium, such as air or
hquid, to the various components within the interior of the vehicle. Other approaches use
thermal electric devices that are dedicated to a target device for conditioning. However, such
devices have a limited power output and multiple devices may be required to meet power
requirements.  Another approach uses large compressors that are dedicated to the component
they are conditioning. For example, some vehicles use a large compressor that is dedicated
to a single component and cools it by conduction. Such systems are bulky and are limited to
servicing a single component. Further, such large compressors are noisy and must be

acoustically 1solated, such as with sound prootfing,

SUMMARY
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6004} There 15 a need for systems for thermally conditioning vehicle components
that overcome the drawbacks of conventional approaches. Several embodiments of a system
for thermally conditioning various components in a vehicle are described herein. The system
1s configured to service the various components independently, at varyimg temperatures and
power demands, in cooperation with one or more similar or different convective and
conductive conditioners. The thermally conditioned components may be a seat, and thermal
convenience components such as a storage bin, a cup holder, or may be other components in
a vehicle. The system includes a thermal bus having, 1n some embodiments, a single mamn
hine for circulating a thermal medium, which may be a hquid or gas.

6005} The thermal mediom can be heated or cooled by a vapor compression
system that has a numature compressor, an evaporator and a condenser. The muniature
compressor may be any of a number of comnmercially available miniature compressors, and it
may be reciprocating, rotary screw, centrifugal, scroll, or others. In some embodiments, the
miniature compressor may have an cutput from about 100-300 watts. In some embodiments,
the numature compressor may have an output of about 100 watts. The minature
compression system can be relatively nwmature, small, nucro, or compact to fit into a
desired/predetermined location, area, or compartment of a vehicle, such as for example, a
cenier console, dashboard, under a seat, etc. of the vehicle. In some embodiments, the
numiature compressor has a size comparable to a twelve ounce soda can.

[0006] The vapor compression system is in thermal communication with one or
more thermal regions within the vehicle. The mimature compressor may have vanable speed
control to vary the thermal energy provided to the thermal medium from the numature vapor
compression system. For providing cooling, the evaporator of the vapor compression system
is in thermal communication with the thermal regions. For providing heating, the condenser
of the vapor compression system 1s in thermal communication with the thermal regions. The
thermal regions may each include a heat transfer device (e.g., a heat exchanger) and the
component to be heated or cooled. Branches from the main line service the various regions
and are configured to circulate the thermal medium from a mam line to the heat exchangers.
The branches may each 1include a flow control device, such as a valve or pump, configured to
regulate the flow of the thermal mediwm through the branch and thereby control the

temperature of the heat exchanger.
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[6087] The thermal regions may nclude a fan (e.g., a fhud moving device such a
fluid flow control device, including a pump) configured to blow air over the heat exchanger
in either an “open loop air” system, where conditioned air 1s emitted from the component, or
m a “closed loop air” system where the conditioned awr 15 recirculated through the thermal
region. The thermal regions may also be conductive regions where the heat exchanger and
the component contact each other such that the component is thermally conditioned via
conduction {e.g., the heat exchanger, such as for example a plate, 1s in substantially direct
thermal communication with the conditioned component). The systermn may also mnclude a
thermal battery coupled with the main hine that provides thermal conditioning when the
vapor compression system is not operating. These are merely some aspects of the disclosure,
and further aspects and details are provided herein.

[0008] Various embodiments of this disclosure relate to a thermal conditioning
system for heating or cooling within a thermal zone of a vehicle. The system can include the
following: a fluid circunt configured to circulate a first working fluid in the fluid circuit; a
thermal energy source n thermal communication with the fluid circut, the thermal energy
source configured to heat or cool the first working fluid; a first conduit in flnd
communication with the fluid circuit, the first conduit configured to convey at least some of
the first working fluid in the first conduit; a first heat transfer device in thermal
communication with the first conduit; a first component within the thermal zone of the
vehicle, the first component in thermal communication with the first heat transfer device,
wherein the first heat transfer deviceheats or cools the first component via thermal energy
transferred from or to the at least some of the first working fluid 1o the first condut; a second
conduit in fluid communication with the fluid circuit, the second conduut configured to
convey at least some of the first working fluid i the second conduit; a second heat transfer
device in thermal communication with the second conduit; and a second component within
the thermal zone of the vehicle, the second component in thermal communication with the
second heat transter device, wherein the second heat transfer device heats or cools the second
component via thermal energy transferred from or to the at least some of the first working
fluid in the third conduit.

6009 In some embodiments, the thermal conditioning system can include one or

more of the following: a third conduit in thermal communication with the first heat transfer
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device and the first component, wherein the first heat transfer device transfers thermal energy
between the first conduit and the third conduit; the third conduit 15 configured to convey a
second working fluid in the third conduit that 1s different than the first working fluid, the
second working fhud heated or cooled via thermal energy transferred from or to the first
working flwid m the first conduit by the first heat transfer device, the first working fhad
comprises a liquid and the second working fluid includes air; a fan configured to move the
atr in the third conduit; the fan blows air toward the first component without recirculating the
air to heat or cool the first component; the first component comprises a first one of a seat, a
cup holder, and a bin of the vehicle; the third conduit 15 configured to recirculate the air m
the third conduit; the fan moves the air in the second conduit to heat or cool the fust
component; the first component includes an enclosure; the third conduit s configured to
recirculate the air between the enclosure and the first heat transfer device: the first
component comprises an enclosure, and the third conduit 18 configured to recurculate the air
within the enclosure; the second conduit includes a duct connected to a wall of the enclosure;
the duct includes a first opening to draw the air from the enclosure and a second opening to
direct air mto the enclosure; the fan s positioned at the first opening or the second opening;
the second heat transfer device includes a conductive plate having a first surface configured
to thermally connect to a second surface of the second component to form the substantially
direct thermal communication; the second component includes a cup holder of the vehicle;
the thermal conditioning system includes a thermal battery and a fourth condwit 10 flud
communication with the fluid circust, the fourth conduit is configured to convey the furst
working fluid in the fourth conduit, the fourth conduit in thermal communication with the
thermal battery; the thermal battery is configured to store thermal energy while the vehicle 1s
operating and configured to release thermal energy when the vehicle 1s not operating, the
thermal energy source includes a vapor compression system; the fluid circuit 15 m thermal
communication with an evaporator of the vapor compression system to cool the first working
fluid; the fhad circuit 15 tn thermal communication with a condenser of the vapor
compression systemy to heat the first working fluid; the fhud circuit 18 m thermal
communication selectively with either an evaporator of the vapor compression system or a
condenser of the vapor compression system to cool or heat, respectively, the first working

fluid; the evaporator or the condenser of the vapor compression system s positioned within a
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passenger compartment of the vehicle, the vapor compression system is positioned within
the thermal zone of the velicle; the thermal zone 15 contamed within a passenger
compartment of the vehicle; the thermal zone is smaller than the passenger compartment of
the vehicle; a plurality of the thermal conditioning systems is provided; the plarality of
thermal conditionung systems positioned within a passenger compartment of the vehicle; the
thermal conditioning system includes an other thermal energy source in selective thermal
communication with the fluid circuit; the other thermal energy source includes a heat source
configured to heat the first working fhuid; the thermal conditioning system includes an other
thermal energy source n selective thermal communication with the first conduit; the other
thermal energy source includes a heat source configured to heat the first working fluid in the
first conduit to heat the first component; the second component is in substantially direct
thermal communication with the second heat transfer device; the thermal conditioning
system includes one or more temperature sensors configured to determine a temperature of at
least one of the first component or the second component; the system is configured to heat or
cool the at least one of the first component or the second component to a predetermined
temperature; the thermal conditioning system includes one or more temperature sensors
configured to determine a temperature of at least one of the first heat transfer device or the
second heat transfer device; the system 15 configured to heat or cool the at least one of the
first heat transfer device or the second heat transfer device to a predetermined temperature;
the thermal conditioning system includes a temperature sensor configured to determine a
temperature of the first working flud; the system is configured to heat or cool the first
working fluid to a predetermined temperature; and/or the second component comprises a
second one of a seat, a cup holder, and a bin of the vehicle different than the first one of a
seat, a cup holder, and a bin of the vehicle.

[0010] Various embodiments of this disclosure relate to a system for thermally

o ventilation and air

o0

conditioning a component in a vehicle having a central heatin
condittoning {HVAC) system. The system can nclude the following: a thermal bus and a
vapor compression system in thermal communication with the thermal bus. The thermal bus
can mclude the following: a main line configured to circulate a thermal medium
therethrough; a thermal region mcluding a first heat exchanger and the component; and a first

branch coupled with the main hine and configured to circulate at least some of the thermal
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medium from the main line to the thermal region; a second thermal region including a second
heat exchanger and a second component; and a second branch coupled with the main line and
configured to circulate at least some of the thermal medium from the main line to the second
thermal region. The vapor compression system is separate from the central HVAC system
and can mclude the following: a muature compressor; a condenser coupled with the
compressor; and an evaporator coupled with the condenser and the compressor, wherein the
miniature vapor compression system provides thermal energy to the thermal medium
circulating in the main line of the thermal bus.

(0011} In some embodiments, the system for thermally conditioning a component
can include one or more of the following The thermal bus including the following: a second
thermal region including a second heat exchanger and a second component; a second branch
coupled with the main line and configured to circulate the thermal mediom from the main
line to the second thermal region; the thermal bus includes a thurd thermal region mcluding a
third heat exchanger and a third component; a third branch coupled with the main line and
configured to circulate the thermal medium from the main line to the third thermal region;
the first and second components are two of a seat, a bin, and a cup holder; the fust
component is a seat; the second component is a bin; the third component is a cup holder; the
system for thermally conditioning a component includes the vehicle; the thermal bus and the
numiature vapor compression system are installed in the vehicle; the minature compressor
has a variable speed to vary the thermal energy provided to the thermal medium from the
miniature vapor compression system; the first branch includes a valve, and the first branch
circulates the thermal medium adjacent to the heat exchanger and the valve is configured to
regulate the flow of the thermal medium therethrough and thereby control the temperature or
other heat transfer properties of the heat exchanger; the thermal medium 15 a liquid; the
thermal region includes a fan configured to blow air over the heat exchanger; the thermal
region 1s an open loop air system contigured to emit conditioned air therefrom; the thermal
region inchudes a fan configured to blow air over the heat exchanger; the thermal region s a
closed loop air system configured to recirculate conditioned air; the heat exchanger and the
component contact each other such that the component is thermally conditioned via

conduction; the condenser 1s configured to mtegrate with the vehicle air conditioning system;
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and/or the system for thermally conditioning a component inchudes a thermal battery coupled
with the main line.

[0012] Various embodiments of the disclosure relate to a thermal conditioning
system for heating or cooling within a thermal zone of a vehicle. The system can include the
following: a first fluid circuit of a vapor compression system, and the first fluid circuit can be
configured to circulate a first working fluid in the first fluid circuit; a first heat transfer
device in thermal commumnication with the first fhuid circuit, the vapor compression
configured to heat or cool the first heat transfer device via the first working fluid 1o the furst
fluid circuit; a second fld circuit configured to circulate a second working flind 1n the
second fluid circuit, the second fluid circuit in thermal communication with the first heat
transfer device to heat or cool the second working fluid via thermal energy transferred from
or to the first working fluid; a first conduit v fhud communication with the second fluid
circutt, the furst conduit configured to convey the second working fluid 1n the first conduit; a
second heat transfer device in thermal communication with the first conduit; a second
conduif in thermal communication with the second heat transfer device, wherein the second
heat transfer device transfers thermal energy between the first conduit and the second
conduit; a first component within the thermal zone of the vehicle, the first component in
thermal communication with the second conduit, wherein the second conduit heats or cools
the first component via thermal energy transferred from or to the second working fluid in the
first conduit by the second heat transfer device; a third conduit in fluid communication with
the second fluid circuit, the third conduit configured to convey the second working fluid in
the third conduit; a third heat transfer device in thermal communication with the third
conduit, and a second component within the thermal zone of the vehicle, the second
component i substantially direct thermal communication with the third heat transfer device,
and the third heat transfer device can heat or cool the second component by transferring
thermal energy between the second working fhud in the third condwit and the second
component.

[0013] In some embodiments, the thermal conditioning system for heating or
cooling within a thermal zone of a vehicle can include one or more of the following. The
first working fhuid includes refrigerant of the vapor compression system; the second working

fluid includes ethylene glycol; the first heat transfer device mncludes a condenser or an
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evaporator of the vapor compression system; the condenser or the evaporator ts configured to
heat or cool, respectively, the second working fluid via the first heat transfer device; the
vapor compression system is operated reversibly for the first heat transfer device to perform
as either the condenser or the evaporator; the system includes a fourth heat transfer device in
thermal commumication with the second fluid circuit;the fourth heat transfer device is in
thermal communication with the first heat transfer device to transter thermal energy between
the first and second working fluids; the fourth heat transfer device includes a conductive
plate in substantially direct thermal communication with the first heat transfer device; the
second conduit 1s configured to convey a third working flund n the second conduit; the third
working fluid is heated or cooled via thermal energy transferred from or to the second
working fluid in the first conduit by the second heat transfer device; the third working fluid
meludes airjthe systemn includes a fan configured to move the air in the second conduit; the
fan blows air toward the first component without recirculating the air to heat or cool the furst
component; the first component includes a seat of the vehicle; the second conduit is
configured to recirculate the air in the second conduit; the fan moves the air in the second
conduit to heat or cool the first component; the first component includes an enclosure; the
second conduit 15 configured to recirculate the air within the enclosure; the second conduit
includes a duct connected to a wall of the enclosure; the duct includes a first opening to draw
the air from the enclosure and a second opening to direct air back into the enclosure; the fan
1s positioned at the fust opening or the second opening; the third heat transfer device
meludes a conductive plate having a first surface configured to thermally connect to a second
surface of the second component to form the substantially direct thermal communication; the
second component includes a cup holder of the vehicle; the system includes a thermal battery
and a fourth conduit in fluid communication with the second fhuid circuit; the fourth condut
is configured to convey the second working fluid in the fourth conduit; the fourth conduit is
in thermal communication with the thermal battery; the thermal battery 1s configured to store
thermal energy while the vehicle 1s operating and configured to release thermal energy when
the vehicle 1s not operating; the evaporator or the condenser of the vapor compression system
15 positioned within a passenger compartment of the vehicle; the thermal zone 15 contained
within a passenger compartment of the vehicle; the thermal zone is smaller than the

passenger compartment of the vehicle; a plurality of the thermal conditioning systems are

8-
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provided; the plurality of the thermal conditioning systems are positioned within a passenger
compartment of the vehicle; the system or systems include a thermal energy source in
selective thermal communication with the second fluid circuit; the thermal energy source
includes a heat source configured to heat the second working fhud; the system or systems
include a thermal energy source in selective thermal communication with the first conduit;
the thermal energy source includes a heat source configured to heat the second working fluid
in the first conduit to heat the first component; the system or systems include one or more
temperature sensors configured to determine a temperature of at least one of the first
component or the second component; the system s configured to heat or cool the at least one
of the first component or the second component to a predetermined temperature; the system
or systems include one or more temperature sensors configured to determine a temperature of
at least one of the second heat transfer device or the third heat transfer device; the system or
systems are configured to heat or cool the at least one of the second heat transfer device or
the third heat transfer device to a predetermined temperature; and/or the system or systems
include a temperature sensor configured to determine a temperature of the second working
fluid, and the system or systems are is configured to heat or cool the second working fluid to
a predetermined temperature.

[6014] The foregoing i1s a summary and contains simphifications, generalization,
and onussions of detail.  Those skilled 1o the art will appreciate that the summary 13
itlustrative only and 1s not intended to be 10 any way limiting.  Other aspects, features, and
advantages of the devices and/or processes and/or other subject matter described herein will
become apparent in the teachings set forth herein. The summary is provided to iniroduce a
selection of concepts in a simplified form that are further described below n the Detailed
Description.  This summary 15 not intended to 1identify key features or essential features of
any subject matter described herein.

[6015] The summary 15 provided to miroduce a selection of concepts in a
simplified form that are further described below in the Detailed Description.  This summary
is not intended to 1dentify key features or essential features of any subject matter described
herein.

BRIEF DESCRIPTION OF THE DRAWINGS

0.
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[6016] Non-himiting and nown-exhaustive embodiments will be described with
reference to the following figures, wherein like reference numerals refer to like parts
throughout the various figures, unless otherwise specified.

[6017] FIG. 1A 15 a side view of an embodiment of a system for thermally
servicing a vehicle having thermal systems that service various components in various
thermal zones of the vehicle.

[6018§] FIG. 1B 15 a top view of the systern of FIG. 1 AL

[0019] FIG. 2 1s a perspective view of an embodiment of various vehicular
components serviced by a thermal bus that may be used in the system of FIG. 1A

[06020] FIGS. 3A-3B are perspective views of an embodiment of a thermal
conditioning device of a thermal bus that may be used in the system of FIG 1A,

[6021] FIGS. 4A-4B are perspective views of another embodiment of a thermal
conditionung device of a thermal bus that may be used 1n the system of FIG. 1A,

6022} FIG. SA 15 a perspective view of an embodiment of a vehicle center
console region of a thermal bus having a bin, a cup holder and a thermal energy source, that
may be used 1n the system of FIG. 1A

[6023] FIGS. 5B and 3C are perspective and exploded views, respectively, of the
bin of FIG. SA.

[0024] FIGS. 5D and 5E are perspective and exploded views, respectively, of the
cup holder of FI(G. SA.

[6025] FIG. 5F 13 a perspective view of an embodiment of a thermal energy
source that may be used in the system of FIG. 1A

[6026] FIG. 6 15 a schematic of an embodiment of a thermal bus having a
nuniature vapor compression system as the thermal energy source and a single thermal
medium hine that services three different thermal regions that may be used o the system of
FIG 1A

[8027] FI(. 7 15 a schematic of an embodiment of a miniature vapor compression
system that may be used 1o the system of FIG. 1A,

[6028] FIG. 8 1s a schematic of an embodiment of a control system for controlling

a thermal conditioning system.

-10-
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[6029] FIG. 9 s a schematic of another embodiment of a thermal conditioning

system.

DETAILED DESCRIPTION

16030} Reference throughout this specification to "one embodiment” or "an
embodiment" means that a particular feature, structure, or characteristic described m
connection with the embodiment 18 mncluded n at least one embodiment of claimed subject
matter. Thus, the appearances of the phrase " one embodiment” or "an embodiment” n
various places throughout this specification are not necessartly all referring to the same
embodiment. Furthermore, the particular features, structures, or characteristics may be
combined in one or more embodiments {e.g., some embodiments).

[0031] The systems and methods disclosed herein provide features for thermally
conditioning components in a vehicle using a vapor compressor. Although presented n the
context of a vehicle, similar systems may be used m other contexts as well, such as homes
and offices. The system mcludes at least one region having one or more components
serviced by a thermal energy source that uses, for example, a vapor compressor. In some
embodiments, the system has two, three, or more regions with each region having several
components that are thermally conditioned. The system can 1nclude a single fluid loop for
servicing the one or more regions and the components therein. In some embodiments, the
single loop circulates hquid thermal medium conditioned by a vapor compression system as
the thermal energy source, e.g., a miniature vapor compressor, to each of the one or more
regions. The liquid medium branches off of the loop to each region. Each region can include
a heat transfer device {(e.g., a heat exchanger) that transfers heat to or from the various
components. For example, a first region may have a seat, a second region may have a
storage bin in a center console, and a third region may have a cup holder. The single, hiqund
medium loop can service all three regions. Further, each region may thermally condition

3?2 ¢

their respective components with a variety of mechanisms, including “open loop air,” “closed
loop air,” conductive, or other types, including fluid thermal system with circuits and
conduits conveying, for example, liquud. The conditioning may be controlled, such that the
components are heated or cooled to a predetermined temperature. In some embodiments, the

conditioning systems disclosed herein may be controlled using the various methods and

-11-
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techmiques disclosed in UK. provisional patent application number 62/241,514, filed October
14, 2015, the entire contents of which are mncorporated heremn by reference.

[0032] As used herein, the term “lines,” “loops” and similar terms and phrases are
used 10 their broad and ordinary sense and include, for example, any suitable piping, tubes,
circutts, conduits, channels, passageways, etc. for conveving and/or directing a desired
medum or fluid {e.g, ligmd, gas, coolant, air}. As used herein, the term “coolant” and
similar terms and phrases are used in their broad and ordinary sense and include, for
examptle, fluids such as refrigerant or glycol that transfer thermal energy within a heating or
cooling system. As used herein, the term “heat transfer device” or “heat exchanger” and
similar terms and phrases are used in thewr broad and ordinary sense and include, for
example, a heat exchanger, a heat transfer surface, a heat transfer structure, heat exchanger
fins, and other suitable apparatuses for transferring thermal energy between media, or any
combination of such devices. As used herein, the terms “thermal energy source,” and “heat
source” and similar terms and phrases are used in their broad and ordinary sense and include,
for example, a condenser, a vehicle engine, a bumer, an electronic component, a heating
element, a battery or battery pack, an exhaust system component, a device that converts
energy into thermal energy, or any combination of such devices. In some embodiments, the
terms “thermal energy source” and “heat source” can refer to a negative thermal energy
source, such as, for example, a chiller, an evaporator, another cooling component, a
combination of components, and so forth,

>

(6033} As used herein, the terms “sufficient” and “sufficiently,” and similar terms
and phrases, are used broadly m accordance with their ordinary meanings. For example, m
the context of sufficient heating or sufficient heat transter mvolving a fluid, these terms
broadly encompass, without limitation, a condition in which the fluid, component, or a region
is heated to a temperature that is predetermined or desired by a user such as, for example, a
passenger of a vehicle or a condition in which the fluid, component, or a region 1s heated to a
threshold teraperature.

[0034] As used herein, the terms “actuator” or “fluid flow control device” and
similar terms and phrases are used broadly mn accordance with their ordinary meaning. For

example, the terms broadly encompass fluid control devices, such as, for example, valves,
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regulators, pumps, and other suitable structures or combination of structures used to control
the flow of fluids.

[8035] As used herein, the term “control device” and similar terms and phrases
are used broadly in accordance with their ordinary meaning. For example, such terms and
phrases broadly encompass a device or system that is configured to control flind movement,
electrical energy transfer, thermal energy transfer, and/or data communications among one or
more components. 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.

[6036] FIGS. 1A-1B illustrate an embodiment of a system 1 for thermally
servicing a vehicle 10 having thermal buses 20, 40 that service various components n
various thermal zones 22, 42 of the vehicle 100 The vehicle 10 may be a passenger car,
truck, sport utility vehicle, semi-truck, limousine, mobile agricultural or construction vehicle,
or any other suitable vehicle. The vehicle 10 may be propelled by a combustion engine, an
electric motor, or combination thereof. The system 1 may be operated during perieds the
vehicle 10 15 operated {e.g. moving) and/or when the vehicle 10 is not operated (eg
stationary). During periods when the vehicle 10 1s not operated, the system 1 can be
powered by a vehicle power source such as an onboard battery or a generator powered by a
combustion engine or an electric motor. In this way, the system 1 can provide an engine off
thermal management system, for example for a cabin, bed, refrigerator or other region of a
commercial or over-the-highway truck.

[8037] The system 1 inclades a first thermal bus 20 located m a first thermal zone
22 of the vehicle 10. The first thermal bus 20 is a system for servicing components located
within the first thermal zone 22. As shown, components in the first thermal zone 22 include a
first front seat 24 and at least part of a front row seating area within a front passenger
compartment of the vehicle 10, The front passenger compartment may be a location of the
vehicle 10 where a driver sits and drives the vehicle 10 or where a front row passenger siis
and rides along. The bus 20, zone 22 and seat 24 are shown in dashed lines because they are
mside the vehicle 10. The first thermal zone 22 may also include other components of the
vehicle 10. The first thermal bus 20 services the components in the first thermal zone 22 by

heating or cooling them. For instance, the first thermal bus 20 may circulate thermal medium
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for cooling the first front seat 24. The first thermal bus 20 may further circulate thermal
medium for cooling other components within the first thermal zone 22 In some
embodiments, the first thermal bus 20 may circulate thermal medium for heating in addition
to or instead of cooling. Therefore, as used herein, “thermally servicing” and simular phrases
include providing thermal mediam for cooling and/or heating,

[0038] The system 1 includes a first control module 6. As shown, the first control
module 6 may be located on or near the first front seat 24. However, the first control module
6 may be in any number of locations, such as another location of the seat 24, on a dashboard,
center console, steering wheel or other locations 1o the vehicle 10. The first control module 6
may be used to control the thermal conditioning of components within the first thermal zone
22. For example, the servicing of the seat 24 by the first thermal bus 20 may be adjusted
using the first control module 6. If the seat 24 15 too cold, it may be made warmer using the
first control module 6. It the seat 24 1s too hot, 1t may be made cooler by using the first
control module 6. Other components may likewise be serviced in this manner. Further, the
first control module 6 may be used to adjust the thermal conditioning of componenis within
other thermal zones of the vehicle 10. There may also be multiple control modules 6.

[0039] The first control module 6 may include a user interface that may be
accessed by a user of the system 1 to adjust the thermal output to various components. The
interface may be any number of suitable user interfaces, such as a digital interface with
touchscreen mput and/or a number of other components including a knob that rotates, a
switch that s flipped, a button or buttons that are depressed, etc. The first control module 6
may further have or be coupled with a display showing the current setting for thermal
conditioning. For instance, a digital display may show the temperature that the seat 24 15 set
to along with the current temperature of the seat 24, and other suitable information. The
display may also be in a different location from the first control module 6, such as the
dashboard or mtegrated with the vehicle’s various mstrument panels.

(0040} The first control module 6 may include various electronic and/or
computing components. Those of skill 1n the art will appreciate that the term “control
module” as used heremn can refer to, be a part of, or comprise a processor that executes code,
an Application Specific Integrated Circuit {ASIC), an electronic circuit, a combinational

logic circuit, a field programmable gate array (FPGA), a hard-wired feedback control circuit,
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other suitable components that provide the described functionality, or a combination of some
or all of the foregoing. The control unit can further comprise memory (shared, dedicated, or
group) that stores code executed by the control unit. Thus, in some embodiments, the first
control module 6 may include a microprocessor, memory storage and programs to execute
control logic. The first control module 6 may receive input from a number of sensors and
may adjust various operating parameters of the svstem 1 based on such mput. Any suitable
control algorithms may be implemented. The first control module 6 may be coupled with
various sensors and/or devices of the first thermal zone 22, such as with thermal sensors ora
miniature compressor, heat transfer device, etc. to adjust the thermal cutput to certam
components. In some embodiments, the first control module & may be near or part of an
electronic control unit or module of the vehicle 10 for controlling various operations of the
vehicle 10 over, tor example, a controller area network (CAN) bus of the vehicle 10, Further
detatls of the various sensors and devices that may be coupled with the control module 6 are
discussed herein, for example with respect to FIG. 8.

[6041] As shown, the system 1 includes a second thermal zone 42 In some
embodiments, the systern 1 may include only one thermal zone or more than two thermal
zones. As shown, the second thermal zone 42 includes a first rear seat 44 and 1s at least part
of a rear passenger compartment of the vehicle 10. The rear passenger compartment may be
a second or third row seating area behind a front row seating area where one or more
passengers sit in the rear of the vehicle 10. As shown in FIG. 1A, the system 1 also includes
a second thermal bus 40 located within the second thermal zone 42 and separate from the
first thermal bus 20. The second thermal bus 40 thermally services various components of the
vehicle 10 within the second thermal zone 42. The second thermal bus 40 and the second
thermal zone 42 are similar to the first thermal bus 20 and the first thermal zone 22, except
the second system 40 and zone 42 service different components of the vehicle 10. As shown,
the second thermal bus 40 thermally services the first rear seat 44, The second thermal bus
40 may also service other components of the vehicle 10 within the second thermal zone 42.

[0042] The system 1 includes a second control module 8. The second control
module & may be similar to the first control module 6. In some embodiments, the second
control module 8 18 used to control the thermal settings of components within the second

thermal zone 42. For example, the servicing of the first rear seat 44 by the second thermal
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bus 40 may be adjusted using the second control module 8 The second control module 8
may, instead or i addition to components within the second thermal zone 42, be used to
control thermal servicing of components outside the second thermal zone 42, As shown, the
second control module 8 may be located on or near the first rear seat 44 However, the
second control module 8 may be mn any number of locations. The second control module 8
may further have any or all of the features and functionalities as the first control module 6,
including but not limited to electronic control components and/or configurations discussed in
further detail herein, for example with respect to FIG. 8.

[0043] The thermal buses 20, 40 of the system 1 may be thermally coupled
indirectly or directly with a condenser or radiator 2 located outside the passenger
compartment 1, for example, an engine compartment at the front of the vehicle. The
condenser 2 may be part of a thermal energy source 604, as discussed in further detail heremn,
for example with respect to FIG. 6. In some embodiments, the radiator 2 may be the
condenser 720 of the mimature vapor compression system 700 as discussed in further detail
herein, for example with respect to FIG. 7. The condenser or radiator 2 can be located in
front of or otherwise near an engine radiator. The radiator 2 can be a heat transfer device,
such as for example, a low temperature core. Accordingly, ambient air can be passed over
the condenser or radiator 2 to remove thermal energy with the condenser or radiator 2
providing a heat sink to ambient. The condenser or radiator 2 may emit or radiate heat
absorbed by (e.g., thermal energy transferred to) the thermal buses 20, 40 from the devices
and components therein. As shown, the system 1 may be thermally coupled with a battery 4.
The battery 4 may be a thermal battery as discussed in further detail herein, for example with
respect to FIG. 6. The battery 4 may be thermally coupled with the thermal buses 20, 40
such that main lines withun each bus 20, 40 circulate thermal medium through the battery for
thermal energy storage.

[6044] FIG. 1B 15 a top view of the systern 1. As shown, the system 1 includes
multiple components of the vehicle 10 being serviced by a single thermal bus within a single
thermal zone. The first thermal bus 20 services various {(one or more} components within the
first thermal zone 22. These components include the first front seat 24 as well as a second
front seat 25 and a first center console 26. The first front seat 24 may be a driver side seat in

the front row seating area of the vehicle 10. The second front seat 25 may be a passenger side
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seat 1n the front row seating area of the vehicle 10, The center console 26 15 located between
the two front seats 24, 25 and includes a first bin 28. The first bin 28 includes a compartment
for cooling and/or heating articles that 1s thermally serviced by the first thermal bus 20. The
first thermal bus 20 provides thermal medium for cooling or heating the compartment or
compartments within the first bin 28, The first center console 26 also inclades first cup
holders 30 for cooling and/or heating beverages. The first cup holders 30 are serviced by the
first thermal bus 20. For instance, the first thermal bus 20 may provide thermal medium for
cooling or heating the first cup holders 30.

[0045] The system 1 also includes a first thermal energy source 32 As shown,
the first thermal energy source 32 may be located in, on or otherwise with the first center
console 26, The first thermal energy source 32 provides thermal energy to the thermal
medium of the first thermal bus 20. Therefore, in some embodiments, the first thermal energy
source 32 1s located within the first center console 26 and 1s in thermal communication with
the first thermal bus 20. In some embodiments, the first thermal energy source 32 may be
located within the first thermal zone 42, The first thermal bus 20 uses the first thermal
energy source 32 to thermally service the first front seat 24, the second front seat 25, the furst
bin 28 and the first cup holders 30. Therefore, the first thermal bus 20 can service multiple
components of the vehicle 10 writhin the first thermal zone 22, In some embodiments, the
first thermal energy source 32 can service components of the vehicle 10 outside the fust
thermal zone 22, for example by serving as a backup thermal energy source for components
in the second thermal zone 42. In some embodiments, the first thermal energy source 32 can
directly service {e.g., act as the primary thermal energy source for} the components of the
vehicle 10 the second thermal zone 42.

[0046] Similarly, the second thermal bus 40 may service one or more components
of the vehicle 10, which components may be within the second thermal zone 42, As shown,
the second thermal bus 40 services the first rear seat 44, the second rear seat 45, and the
second center console 46. Further, the second center console 46 includes a second bin 48 and
second cup holders 50. The second thermal bus 40 may be thermally coupled with a second
thermal energy source 52, which may be focated within the second center console 46. The
second thermal bus 40 can be m thermal communication with the second thermal energy

source 32 and use energy from the energy source 32 1o service the various components of the
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second thermal zone 42. As shown, the second thermal bus 40 may use thermal energy from
the second thermal energy source 52 to thermally service the first rear seat 44, the second
rear seat 45, the second bin 48 and the second cup holders 50. The first rear seat 44 may be a
driver side rear seat in the vehicle 10. The second rear seat 45 may be a passenger side rear
seat 1 the vehicle 10, In some embodiments, the second thermal bus 40 may use thermal
energy from the first thermal energy source 32 solely or in combination with other thermal
energy sources, such as the second thermal energy source 52.

[6047] In some embodiments, there may be fewer or more than two thermal zones
22, 42 and/or two thermal buses 20, 40. For example, there may be a third thermal zone
and/or a third thermal bus. A third thermal zone and bus may thermally service other areas
of the vehicle, such as a third row seating area, the trunk, components in the doors, etc.

[0048] FIG. 2 15 a perspective view of an embodiment of a thermal zone 200 that
includes various components serviced by a thermal bus 205 that may be used in the vehicle
10 of the system 1 shown in FIGS. 1A-1B. As shown in FIG 2, the thermal zone 200
melodes a thermal bus 205, The components serviced by the thermal bus 205 include a seat
210, and a center console 220 that includes a bin 230 and two cup holders 240.

[0049] The components shown in the thermal zone 200 may be located within an
mterior compartment of a vehicle. For example, the seat 210 and the center console 220 may
be within the vehicle 10 of FIG. 1A, As shown 1o FIG. 2, the seat 210 is located adjacent to
the center console 220 The center console 220 includes the bin 230 located near the rear of
the center console 220. The cup holders 240 are located in front of the bin 230 in the center
console 220,

[0050] As shown, a thermal energy source 250 is located in front of the cup
holders 240. In some embodiments, the thermal energy source 250 can be positioned in other
locations of a vehicle while remaiming sufficiently proximate to thermally conditioned
components to achieve thermal conditioning as discussed herein. The thermal energy source
250 15 in thermal communication with thermal medium of the thermal bus 205, The thermal
energy source 250 thus absorbs or provides thermal energy to the thermal medium of the
thermal bus 205. The thermal energy source 250 absorbs heat from the thermal bus 205 to
provide cooling and provides heat to the thermal bus 205 to provide heating. In this way, the

thermal energy source 250 provides thermal energy for the thermal bus 205 to service the

18-



WO 2016/100697 PCT/US2015/066432

seat 210 and the components of the center console 220, The thermal bus 205 can service
these components via, for example, a single fluid line or circuit that extends to the thermal
energy source 250, as discussed in further detail herein, for example with respect to FIG. 6.
The single fluid line or circuit can be a loop system that recirculates a cooling medium or
fluid, such as for example, a coolant. Further details of thermal systems and thermal energy
sources that may be used in the thermal zone 200 are provided herein, for example, with
respect to FIGS. 6 and 7. The zone 200 shown in FIG. 2 1s merely one example of a possible
arrangement of the components and thermal bus 205 within the thermal zone 200, Other
suitable configurations may be implemented.

(60511 The seat 210 can include occupant support surfaces having multiple
thermal conditioning areas 212. The argas 212 are portions of the seat 210 that are thermally
conditioned, for example by conduction, convection, or a combimnation of both. By
"thermally conditioned” it i1s meant that the areas 212 are thermally cooled or heated.
Further, the areas 212 are the primary locations that are thermally conditioned, but other
parts of the seat may receive such thermal conditioning.  As shown, the seat 210 has
perforations or other openings 1o the thermal conditioning areas 212 on a seat bottom portion
214 and on a seat back portion 216 through which conditioned air passes. The perforations in
the areas 212 are arranged in a generally linear configuration along the lengths of the
portions 214, 216, This arrangement 1s merely one example, and the perforations within the
thermal conditioning areas 212 may be arranged in a number of different configurations
within or on the seat 210, Further, the conditioning areas 212 may be implemented in a
number of ways besides using perforations. In some embodiments, the conditioning areas
212 may wmclude other openings such as slots, and/or other components to condition and/or
distribute the conditioned air, such as heating mats. Thus, the conditioning areas 212 may
include portions of the various thermally conditioned components besides those portions in
the immediate vicinity of the conditioning areas 212, Further details of such embodiments,
for example those that include heater mats, are discussed herein, for mstance with respect to
FIG 6.

[6052] The bin 230 1s an apparatus within the center console 220 that allows for
storage of items to be thermally conditioned. In some embodiments, the bin 230 may be an

mtegrated cooler, such as with thermal osulation, 1 a vehicle within which items may be
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placed to be kept cool or warm. The bin 230 may also be an enclosure. In some
embodiments, the bin 230 15 an enclosure that may be opened and closed to access the
mterior of the enclosure. The bin 230 mcludes a thermal conditioning area 232, The area 232
is thermally conditioned by the thermal bus 205 Therefore, the area 232 may be a cooled
volume within the bin 230, For example, the area 232 may be a cavity defined by the bin 230
in which drinks and other ttems may be placed to be kept cool or warm.

(6053} The cup holders 240 include thermal conditioning areas 242 within
respective beverage receptacies. As shown, there are two cup holders 240 and two areas 242
with each cup holder 240 having an area 242, The areas 242 are thermally conditioned by the
thermal bus 205, The thermal bus 205 provides heating and/or cooling to items placed within
the thermal conditioning areas 242. For example, cups may be placed within the areas 242
and kept cool or heated by the thermal bus 205,

[0054] The thermal energy source 250 provides the thermal energy for the
thermal bus 205 to thermally service these and other components. The energy source 250
may use a hiquid thermal medium within a single hine to service the seat 210, the bin 230 and
the cup holders 240. Further detaids of the thermal bus 205 and the thermal energy source
250 that may be implemented within the thermal zone 200 are discussed herein, for example,
with respect to FIGS. 6 and 7.

[0055] FIGS. 3A-3B are perspective views of an embodiment of a thermal
conditioning device 300 which can be coupled to a thermal bus according to the present
disclosure and may be used in the system 1 of FIGS. 1A-1B. The thermal conditioning
device 300 can service a vehicle seat back or bottom by providing conditioned air to thermal
conditioning areas of the seat. For instance, the thermal conditioning device 300 may be part
of the first front seat 24, or any other seats. As another example, the thermal conditioning
device 300 may also be part of the seat back portion 216 to provide thermally conditioned air
1o the conditioning areas 212 as shown in FIG. 2.

[6056] As shown in FIG. 3A, the thermal conditioning device 300 includes a
cover 310, The cover 310 encloses the mternal components of the thermal conditioning
device 300. The depicted cover 310 encloses a heat transfer device 320, which may be a heat
exchanger, and a fan 330. In FIG. 3B, the cover 310 has been removed from the thermal

conditioning device 300. As shown, the heat transfer device 320 includes a convective heater
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substrate 325. Other heat transfer device components may be implemented. The fan 330
draws i air through an inlet 350 and forces the air over the heat transter device 320, where
the air 1s conditioned, and out through an outlet 352,  In some embodiments, the device 320
may also incorporate a thermal electric device (“TED™).

[6057] The thermal conditioning device 300 may also include lines to receive
and/or circulate thermal medium therein. As shown, the thermal conditioning device 300
may include a first line 302 and a second line 304, Thermal mediom may be in thermal
commumnication with and be thermally conditioned by a thermal energy source, such as the
thermal energy source 250 of FIG. 2, and circulated into the thermal conditioning device 300
through the first line 302 and may exit through the second line 304, The lines 302, 304 may
be coupled with corresponding inlet and outlet hines of the thermal energy source, for
example with the incoming line 580 and the outgoing hine S82 of the thermal energy source
570 described with respect to FIG. SF. The thermal medium may be used by the heat transfer
device 320 to exchange heat. The lines 302, 304 may therefore extend along, near, on, or
otherwise in proximity to the heat transfer device 320 such that the lings 302, 304 or
extensions thereof are m thermal communication with the heat transfer device 320, In some
embodiments, the first line 302 and the second line 304 may be two ends of the same, single
line that extends through the thermal conditioning device 300. The configuration shown is
merely one example, and other suitable arrangements may be moplemented, such as more
than the two lines 302, 304 and/or located in other locations of the thermal conditioning
device 300.

[6058] FIGS. 4A-4B are perspective views of an embodiment of a thermal
conditioning device 400 that may be used in the svstem 1 of FIGS. 1A-1B. For instance, the
thermal conditioning device 400 may be part of the first front seat 24, or any of the other
seats 25, 44, 45, As another example, the thermal conditioning device 400 may also be part
of the seat bottom portion 214 shown in FIG. 2.

0059 As shown in FIGS. 4A-4B, the thermal conditioning device 400 includes
an adjustable channel 415 connecting a duct 420 to a fan 430, The fan 430 moves air
through the adjustable channel 415 and into an nlet 450 of the duct 420, The adjustable
channel 415 may be flexible such i can be contorted, directed, moved, or positioned into

different configurations. As shown, the channel 415 is generally straight, but 1t may be bent
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or combinations of straight, bent, curved, etc. After flowing through the adjustable channel
415, the av flows through the duct 420 and over a heat transfer device 460 (see FIG. 4B),
which may be a conductive plate such as a cold plate. The air is conditioned as it moves over
the heat transfer device 460, for example the air may be cooled by a cold plate. The air then
moves through the duct 420 and exits through the outlet 452, The duct 420, the heat transfer
device 460, and/or other components may be covered by a housing 410, as shown mn FIG.
4B, In some embodiments, the thermal conditioning device 400 may also incorporate a
thermal electric device ("TED”). The TED may also be covered by the housing 410.

[0060] The thermal conditioning device 400 may also include one or more lines
to receive and/or circulate thermal medum therein. Thermal medium may be in thermal
communication with and be thermally conditioned by a thermal energy source, such as the
thermal energy source 250 of FIG. 2, and circulated through the hines into the thermal bus
205, The lines may be coupled with corresponding inlet and outlet lines of the thermal
energy source, for example with the incoming line 580 and the outgoing line 582 of the
thermal energy source 570 described with respect to FIG. 5F. The thermal medium may be
used by the heat transfer device 460 to exchange heat. For mnstance, the heat transfer device
460 may be cooled by the thermal medium (e.g., thermal energy transferred from the heat
transfer device 460 to the thermal medium) such that the air 1s cooled flowing over the heat
transfer device 460. The cooled air may then flow to thermally condition a component.

[0061] The thermal conditioning devices 300, 400 may be "open loop au”
systems that do not reuse thermally conditioned air. For instance, the thermal conditioning
devices 300, 400 may move thermally conditioned air, such as cooled or warmed atr, through
the regions of a seat and exit the seat, such as through the thermally conditioned areas 212 of
the seat 210 shown in FIG. 2. This 1s in contrast to a "closed loop air” system that reuses the
conditioned air, as further described herein, for example, with respect to FIGS. 5B and 5C.
However, the “open loop atr” system 1s merely one example of the subsystems 300 and 400
that may be mmplemented. Other switable systems, such as the “closed loop air” system,
conductive plates, or others described herein, may be implemented for a seat as well.

[6062] FIG. SA 13 a perspective view of an embodiment of a vehicle center
console thermal subsystem SO0 that may be used in the system of FIG. 1A, As shown, the

center console thermal subsystem 500 includes a bin 510, two cup holders 540, and a thermal
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energy source 570, The bin 510, the cup holders 540, and/or the thermal energy source 570
may be used in the center console 220 of FIG. 2 or in the center consoles 26, 46 of FIGS. 1A-
18. Details of the bin 510 are further described with respect to FIGS. 5B and SC. Further
details of the cup holders 540 are discussed with respect to FIGS. 5D and 5E. The thermal
energy source S70 1s discussed in further detail with respect to FIG. 5F.

[0063] FIGS. 5B and 5C are perspective and exploded views, respectively, of the
bin 510 of FIG. SA. As shown in FIG. 5B, the bin 510 includes a structural body 512. The
body 512 defines a cavity 514 on the mterior of the bin 510, The cavity 514 15 a thermal
conditioning area where items placed therein may be thermally conditioned. Therefore, the
cavity 514 may be similar to the thermal conditioning area 232 of FIG. 2. As further shown
in FIG 5B, the bin 510 includes a thermal conditioning device 520, The thermal
conditioning device 520 forms part of a thermal bus that services the multiple components.
For example, the thermal conditioning device 520 may be part of the first thermal bus 20 or
second thermal bus 40 of FIGS. 1A-1B. Further, the thermal conditioning devices 300, 400,
and 520 may all be part of the same thermal bus, for instance the thermal bus 20 or 40

[0064] Referring now to FIG. SC, the thermal conditioning device 520 15 shown
in an exploded view. The thermal conditioning device 520 includes a grill 522 The grill 522
is instalied 1n or on the bin 510, such as along an interior wall of the structural body 512 The
grill 522 provides a series of openings for air to enter and/or exit the cavity 514 of the bin
510.

[6065] As shown, the thermal conditioning device 520 also includes a heat
transfer device 524, such as a heat exchanger. The heat transfer device 524 1s located
adjacent to the grill 522, The heat transfer device 524 thermally conditions the air that is
blown into the bin 510. The thermally conditioned air 1s blown into the bin 510 by a fan 526
adjacent to the heat transfer device 524. For example, the air may be drawn from the bin 510
across the heat transfer device 524 to be heated or cooled by the heat transfer device 524 and
then blown by the fan 526 back into the bin 510.

[6066] The fan 526 blows the thermally conditioned air into a doct 528 The duct
528 defines a channel for air to flow through. The duct 528 recirculates air from mside the
cavity 514 of the bin 510. For example, air from inside the cavity 514 may flow through an

inlet defined by an upper section of the grill 522 and into the duct 528, The air may then be
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blown by the fan 526 over the heat transter device 524 and mto an outlet defined by a lower
section of the grill 522, such that thermally conditioned air 15 provided back to the cavity 514
of the bin 510. Therefore, the thermal conditioning device 520 1s a "closed loop air” system.
This is merely one example of how the bin thermal conditioning device 520 mayv be
mplemented with the bin 510, Gther types of thermal systems, such as the “open loop air”
subsvstems 300, 400 described with respect to FIGS. 3A-4B, conductive plates, or others
described herein, may also be implemented.

[8067] The thermal conditioning device 520 may also include one or more lines
to receive and/or circulate thermal medium therein. As shown in FIG. 5C, the subsystem 520
may include a first line 521 and a second line 525, Thermal medium may be received from a
thermal energy source, such as the thermal energy source 250 of FIG. 2, and circulated into
the subsystemn 520 through the first line 521 and may exit through the second hine 525. The
lines 521, 525 may be coupled with corresponding inlet and outlet lines of the thermal energy
source, for example with the incoming line 580 and the outgoing line 582 of the thermal
energy source 570 described with respect to FIG. 5F. The thermal medium may be used by
the heat transfer device 3524 to exchange heat. The lines 521, 525 may therefore extend
along, near, on, or otherwise in proximity to the heat transfer device 524 such that the lines
521, 525 or extensions thereof are in thermal communication with the heat transfer device
524, In some embodiments, the first line 521 and the second ling 525 may be two ends of the
same, single hine that extends through the subsystem 520 The configuration shown is
merely one example, and other suitable arrangements may be implemented, such as more
than the two lines 521, 525 and/or located in other locations of the subsystem 520,

[0068] FIGS. SD and 5E are perspective and exploded views, respectively, of one
of the cup holders 540 of FIG. 5A. The cup holder 540 includes a cup recepiacle or insert
542. The cup insert 542 defines a cavity 544 on the interior of the cup holder 540. The cavity
544 1s the location where items such as a cup may be placed to be thermally conditioned. For
example, a cup may be placed within the cavity 544 to be kept cool or warm. Further, the
cavity 544 may be the thermally conditioned area 242 of FIG. 2.

[6069] As shown in FIG. 5D, the cup holder 540 inclades a thermal conditioning
device 550, which may be mounted on part of the cup insert 542, The cavity 544 13 thermally

conditioned by the subsystem 550 via conduction between the cup insert 542 and the thermal
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conditioning device 550. By thermally conditioning the insert 542, the cavity 544 and any
ttems therein will also be thermally conditioned.

[8078] FIG. 5E 18 an exploded view of the cup holder 540 and the thermal
conditioning device 550, The thermal conditioning device 550 mcludes a heat transfer
device 552, such as a conductive plate, and a mounting housing 554, The heat transfer device
552 can directly contact the cup msert 542 to have substantially direct thermal
communication with the cup msert 542, Thermal energy such as heat may be removed from
or added to the cup msert 542 by conduction through the adjacent, contacting heat transfer
device 552, for example, via two facing, contacting surfaces of the cup insert 542 and the
heat transfer device 552. The heat transfer device 552 may have the mounting housing 554
mounted thereto. The mounting housing 554 may have insulation preventing heat loss or
exchange between the heat transfer device 552 and surroundings other than the cup insert
342,

(6071} The thermal conditioning device 550 may also include one or more lines
to circulate thermal medium therein.  As shown in FIGS. 5D and 5E, the subsystem 550 may
melude a first line 553 and a second line 555 fluidly coupled with a conductive plate 556 (see
FIG. SE), which may be a hollow conductive plate. Thermal medium may be received from
a thermal energy source, such as the thermal energy source 250 of FIG. 2, and circulated into
the thermal conditioning device 550 through the first line 553 and the conductive plate 556,
and may exit through the second line 555 The hines 553, 555 may be coupled with
corresponding inlet and outlet lines of the thermal energy source, for example with the
incoming hine 580 and the outgoing line 582 of the thermal energy source 570 described with
respect to FIG. 5F. The thermal medium may be used by the heat transfer device 552, such
as the conductive plate 556, to exchange heat. The lines 553, 555 may therefore extend
along, near, on, or otherwise in proximity to the heat transfer device 552 such that the lines
521, 525 or extensions thereof are n thermal communication with the heat transfer device
552, In some embodiments, the first line 553 and the second line 555 may be two ends of the
same, single line that extends through the thermal conditioning device 550  The
configuration shown i1s merely one example, and other suitable arrangements may be
mplemented, such as more than the two lings 553, 555 and/or located in other locations of

the thermal conditioning device 550, Further, the thermal conditioning device 550 along
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with the thermal conditioning devices 300, 400, and/or 520 and may all be part of the same
thermal bus {e.g, in thermal communication with the same thermal bus), for mnstance the
thermal bus 20 or 40 shown m FIGS. 1A-1B. The thermal conditioning devices 300, 400,
520 and/or 550 may also be thermally coupled (e.g., in thermal communication} with the
same thermal energy source, for example a thermal energy source 570 discussed below with
respect to FIG. SF.

16072} FIG. 5F s a perspective view of an embodiment of a thermal energy
source 570 that can absorb heat from or provide heat to a thermal bus according to the
present disclosure. The thermal energy source 570 may be used in the thermal zone 200 of
FIG. 2 or the system 1 of FIGS. 1A-1B. The thermal energy source 570 is configured to be
in thermal communication with the thermal bus and, more particularly, the thermal medium
used to condition the various thermal regions of a vehicle and various components theremn,
The thermal energy source 570 provides thermal energy to be used for heating and/or cooling
the thermal medium. Further details of the interaction of the thermal energy source 570 with
the various thermally conditioned components are provided herein, for example with respect
to FIGS. 6 and 7.

[0073] As shown, the thermal energy source 570 is coupled with an incoming line
580, an outgoing line 582, and a conductive plate 584, which mayv be a hollow conductive
plate. The thermal medium flows into the conductive plate 584 via the ncoming line 580
and out of the conductive plate 584 via the outgoing line 582, The lines 580, 582 may be
coupled, directly or indirectly, with corresponding lines on components to be thermally
condittioned. For example, the lines 580, 582 may be coupled with the hines 302, 304 of the
thermal conditioning device 300 of FIGS. 3A-3B, and/or with the lines of the thermal
conditioning device 400 of FIGS. 4A-4B, and/or with the lines 521, 525 of the thermal
conditioning device 520 of FIGS. 5B-5C, and/or with the hines 553, 555 of the thermal
conditioning device 550 of FIGS. 5D-5E. The thermal energy source 570 further includes a
numiature compressor 572, The energy source 570 may have a total volume of about 512
cubic inches. For example, the energy source 570 may generally occupy an area or volume
of about 8 by 8 by 8 inches. Other sizes can be accommuodated, such as for example, areas or
volumes having dimensions (e.g., sides} ranging from about 4 to 12 inches. The mmiature

compressor 372 may be any of a number of commercially available miniature, small or micro
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compressors.  In some embodiments, the mimature compressor 572 is about the size of a
typical twelve ounce soda can.

[0074] The thermal energy sowrce 570 also includes a condenser 574 and an
evaporator 576. The condenser 574 and the evaporator 376 are coupled with the muniature
compressor 572, The condenser 574 or the evaporator 576 provides the thermal energy to
the medium circulating through the lines 580, 582, As shown, the evaporator 576 is used as
the thermal energy source to provide cooling.  In some embodiments, the condenser 574 1s
used as the thermal energy source to provide heating. As shown, the evaporator 576 may be
i direct contact with the conductive plate 584, such that heat is conductively absorbed from
the conductive plate 584 by the evaporator 576, thereby removing heat from, 1.e. cooling, the
conductive plate 584. The thermal energy source 570 may also include a fan 578 The fan
578 may move air over the condenser 574 to remove heat bemng emutted by the condenser
5374, Other approaches to removing the heat emitted by the condenser 574 may be
implemented and are discussed in further detail herein, for example, with respect to FIGS.
1A and 7.

[6075] The conductive plate 584 therefore thermally communicates with the
evaporator 576, Heat may be removed from the conductive plate 584 by the evaporator 576,
as mentioned. In this manner, the conductive plate 584 may be used for providing heating or
cooling to the thermal medium circulating 1n the hines 580, 582 The components of the
thermal energy source 570 used to provide cooling or heating to the conductive plate 584
may be components of what may be referred to as a “mimature vapor compression system.”
Further details of the mumature vapor compression system and its interaction with a thermal
bus for thermally conditioning various vehicle components are discussed heremn, for example
with respect to FIGS. 6 and 7.

[6076] FIG. 6 18 a schematic of an embodiment of a thermal conditioning system
for heating or cooling multiple thermal zones or regions of a vehicle. The thermal
conditioning system includes a thermal bus 600 with thermal medium that is conditioned by
a thermal energy source 604 comprising a miniature vapor compression system. The thermal
bus 600 inchudes a single main line or circuit 605 that services three different regions 601,
602, 603 within the vehicle. The bus 600 and thermal energy source 604 may be used in a

variety of embodiments for thermally conditioning one or more components in a vehicle, for
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example it may be used in the system 1 of FIGS. 1A-1B, in the thermal zone 200 such as for
the thermal bus 205 in FIG. 2, or other embodiments described herein.

(6077} As shown, the thermal bus 600 includes a first region 601, a second region
602 and a third region 603. The regions 601, 602, 603 include corresponding components of
a vehicle that are thermally conditioned, such as a seat, a bin and a cup holder, respectively.
For example, the first region 601 may correspond to the first front seat 24 from FIGS. 1A-1B
or the seat 210 from FIG. 2. The second region 602 may correspond to the first bin 28 of
FIG. 1B or the bin 230 of FIG. 2. The third region 603 may correspond to the first cup holder
30 of FIG 1B or the cup holders 240 of FIG. 2. As shown in FIG. 6, the regions 601, 602,
603 are indicated by dashed lines that surround various components included with the
respective regions. Further detail of the various components within each region 601, 602, 603
are discussed below, however, these are merely examples and the regions 601, 602, 603 may
mclude fewer or more components than are shown and described herein.  Further, in some
embodiments, there may be more or fewer than three regions. There may be one, two, four or
more regions in the thermal bus 600

[6078] As shown, the thermal bus 600 includes thermal medium that 1s heated
and/or cooled by the thermal energy source 604. The thermal energy source 604 may be
similar to the thermal energy source 570 described with respect to FIG. SF. The thermal
energy source 604 can provide heating or cooling via an evaporator or a condenser of a vapor
compression system. In some embodiments, an evaporator is used in the thermal energy
source 604 to provide cooling. In some embodiments, a condenser is used i the thermal
energy source 604 to provide heating. Further detad of the thermal energy source 604 1s
described herein, for example with respect to FIG. 7.

(6079} As shown in FIG. 6, the thermal bus 600 has a single main line or circuit
605 that carries a thermal medium which 15 heated and/or cooled by the thermal energy
source 604 and used to condition the various regions 601, 602, 603. The line 605 1s, for
example, a tube or piping comprising conduits that carries fluid, such as a liquid, gas, vapor
or other thermal media, to the various regions. The line 605 extends from the thermal energy
source 604 1n a loop and returns to the thermal energy source 604. The line 605 may be m
thermal communication with the thermal energy source 604 1n a variety of locations. In

some embodiments, a portion of the line 605 may be in thermal communication with an
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evaporator of the thermal energy source 604 and another portion of the line 605 may be
thermal communication with a condenser of the thermal energy source 604. A valve may
control which portion receives the working fluid in the line 605, In this manner, the thermal
energy source may selectively provide heating or cooling. Such a system may be selectively
controlied, for example, by the control system 800, as described herein.

[0080] The line 605 may include a pump 6006 or other fluid moving device
designed to circulate the thermal media. The pump 606 causes the thermal medium within
the line 603 to circulate through the bus 600, Further, the pump 606 and/or other parts of the
bus 600 may include a flow detection sensor or device. Such a sensor may detect if the pump
606, or other components such as the various flow control devices, becomes non-functional
and prevents or reduces the flow of fluid through the bus 600. The flow detection sensor may
also detect a catastrophic leak in which a tube has become disconnected or burst. Tn addition,
the bus 600 may include a reservoir that contains the working fluid. The reservowr may
include a fluid level sensor, for example to detect a lack of fluid in the bus 600 and to protect
the pump 606 from damage by running dry. The thud level sensor may be a float valve
sensor, or a more advanced sensor that would monitor actual fluid levels and make a
diagnostic decision based on change in fluid levels over time if there 15 a slow leak.

[6081] The thermal bus 600 further includes various temperature sensors. An
outgoing temperature sensor 607 can be coupled to the line 605 at a location adjacent the
thermal energy source 604 as illustrated, for example downstream in a direction of flow of
the thermal mediom through the hine 605. The ouigoing temperature sensor 607 senses the
termperature of the thermal medium within the line 605 as the thermal medium leaves thermal
communication with the thermal energy source 604, An incoming temperature sensor 608
can be coupled to the line 605 at a location adjacent the thermal energy source 604 as
ittustrated, for example upstream of the direction of flow. The incoming temperature sensor
608 senses the temperature of the thermal medium in the line 605 as the thermal medium
comes into thermal communication with the thermal energy source 604, The sensors 607,
608 may be used to determine if adjustments to the thermal energy source 604 are necessary.
For example, if the temperatures sensed by the sensors 607, 608 are too low or too high,

operation of the thermal energy source 604 may be adjusted to increase or decrease the
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amount of heating or cooling provided and thereby adjust the temperature of the thermal
medium, respectively.

[0082] As shown, the thermal bus 600 can also include a bypass line 609 The
bypass line 609 may be a continuation of the hine 605 beyond the three regions 601, 602,
603. The bypass line 609 may also be a separate line coupled with the line 60S. The bypass
line 609 can include a flow control device 610, such as a valve or other device, that regulates
the flow of the thermal medium through the bypass line 609. In some embodiments, the flow
control device 610 1s normally open. The bypass lineg 605 can be used to help regulate
thermal conditioning of the regions 601, 602, 603 as discussed herein.

6083} In some embodiments, flow into the bypass line 609 may be controlied
with flow control device(s) in other parts of the bus 600. For example, flow into the bypass
line 609 may be controlled with flow control device(s) in the line 605, or 10 other hives. Flow
into and/or through the bypass line 609 may be controlied passively. For example, flow into
and/or through the bypass line 609 may be controlled by varying the size of the tubing in the
bypass line 609. For example, a smaller diameter section n portion(s) of the bypass line 609
may provide flow restriction to the bypass line 609, Such restriction could be approximately
the same as the other lines.

6084} As shown, the bypass line 609 can connect to a thermal battery 611, The
thermal battery 611 15 heated or cooled, 1.e. thermally charged, by the thermal energy source
604. The thermal battery 611 can condition one or more of the interior components during
pertods when the thermal energy source 604 is not operating. The thermal battery 611 can be
charged via one or more of a refrigerant circuit, a hiquid circust, and an air curcuwit, such as the
main line 605 via the bypass line 609. The thermal battery 611 can be a reservoir within the
bypass line 609 The thermal battery 611 may be cooled by the thermal medium within the
bypass line 609, The thermal battery 611 may be used to provide smaller amounts of cooling
to the bus 600. For example, if the car 15 off, an auxiliary pump may be run to provide some
thermal conditioning to various components of the vehicle As another example, when the
bus 600 1s providing cooling, a fan may be run for a period of time after the car has been shut
off to provide air to the evaporator in the thermal energy source 604 and prevent it from
wing. In some embodiments, the thermal battery 611 may be or include a thermal storage

device that, for example, contams either or both a high and low temperature phase change
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material, such as for example, wax {a higher temperature phase change material} and water (a
lower temperature phase change material) to store thermal energy for later use.

[0085] The bypass line 609 may continue bevond the thermal battery 611 and
couple with {e.g., return to) the main hine 605, In some embodiments, the bypass hine 609 and
the main line 605 may be different regions of the same, monolithic line.

[6086] The thermal bus 600 thermally services the regions 601, 602, 603. As
shown, the main hne 605 may service each region via a branch Iine. A first branch 612 15
connected to the line 605 and services the first region 601, A second branch 632 1s connected
to the line 605 and services the second region 602, A third branch 652 is connected to the
line 605 and services the third region 603, In some embodiments, more than one branch line
may service a single region, or a smgle branch line may service more than one region.

[0087] The first region 601 receives thermal medium that flows through the first
branch 612 from the line 605. The first branch 612 includes a fluid flow control device 614,
such as, for example, a valve. The flow control device 614 1s configured to control, direct,
allow, inhibit, prevent or otherwise regulate a flow of the thermal medium flowing through
the first branch 612 to the first region 601, In some embodiments, the flow control device
614 may selectively open and/or close to regulate the flow of the medium through the first
branch 612, Further, the flow control device 614 may be configured to be normally closed
and then opened as needed. In some embodiments, the flow control device 614 could be
replaced or work with an in-line pump for variable control. A commercially available pump
may be used, such as, for example, the Micro AC/DC Water Pump manufactured by Alita
Industries, Inc., of Arcadia, California.

[0085] The first region 601 includes a heat transfer device 616, a fan 618 and a
first thermal node 628 such as a seat in a vehicle. The thermal medium within the first branch
612 1s circulated to the heat transfer device 616, The heat transfer device 616 13 a heat
exchanger or other similar device configured to exchange heat between the thermal medium
within the first branch 612 and air supplied by the fan 618 to the first thermal node 628. For
example, the heat transfer device 616 may have multiple fins coupled to the branch 612
through, on, around, or otherwise within proxinmuty of which the awr flows. The thermal

medium then flows through and exits the heat transfer device 616 in the first branch 612 and
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reconnects with the main hine 603, through which the thermal medium returns to the thermal
energy source 604,

[6089] The heat transfer device 616 15 in thermal communication {(e.g., thermally
coupled or connected) with the first branch 612 such that the thermal medium flowing
through the first branch 612 thermally conditions a fluid, such as air, flowing through an
adjacent or conditioning line 620, such as a duct, that 15 in thermal communication {e.g,,
thermally coupled or connected) with the heat transfer device 616. As shown, the ling 620
connects the fan 618 to the heat transfer device 616, The fan 618 blows awr through the line
620 such that it 1s thermally conditioned by the heat transfer device 616

6096} The temperature of the heat transfer device 616 depends on a set,
predetermuned, or desired temperature point for the first thermal node 628 For instance, the
controls 6, 8 of FIG. 1A mav be used to set a desired temperature. Based on the set
temperature, a particular amount of thermal power, 1.e. thermal energy transfer with respect
to time, may be applied. For instance, for the first node 628, the temperature of the heat
transter device 616 may be set to be at twenty six degrees Celsius (26°C} and to deliver sixty
watts (60 W) of thermal power to the first node 628, Dedicated control valves, such as the
flow control device 614, may be selectively opened and closed to regulate the temperature of
the heat transfer device 616. In some embodiments, the temperature of the heat transfer
device 616 may be limited to mamtain condensation production below a predetermined
amount that can be evaporated inside the vehicle interior. The temperature limit may be
based on sensors providing data on ambient air temperature and/or humidity. The desired
temperature may affect the working fluid temperature, e.g. the thermal medium temperature,
and the tlow rate of the working fluid. For nstance, the working fluid temperature and flow
rate may depend on peak or total thermal power requirements. The temperature of the
conditioned fluid, such as the air blown out from the first node 62 such as a seat, may
depend on the desired temperature for the node 628. Further details of a control system that
may be implemented are discussed herein, for example with respect to FIG. 8.

[0091] The thermally conditioned air then flows from the heat transfer device 616
and mnto the line 626 that thermally connects the heat transfer device 616 to the first thermal
node 628. The thermally conditioned air then circulates through the first thermal node 628

and exits the first thermal node 628 as shown. In this manner, a person near the first thermal
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node 628, such as a person sitting on a seat, may recetve cool air. For example, the first
branch 612 may have cold thermal medium flowing to the heat transfer device 616 such that
the air blown by the fan 618 through the heat transfer device 616 via the line 620 is cooled.
The cooled air then flows through the line 626 to the first thermal node 628, The first
thermal node 628 may include various parts of a single component. For instance, for a
vehicle seat, the first thermal node 628 may include the seat bottom portion 214 and/or the
seat back portion 216 of FIG 2. In some embodiments, the first thermal node 628 may
imclude a fan, similar to the fan 618, therein to facilitate movement of the conditioned air
through the node 628, Further, the first thermal node 628 may be a vent that s located
separate from the occupant and that blows conditioned air towards the occupant. For
example, the first thermal node 628 may be a vent that is located separate from the seat.

[6092] In some embodiments, the first region 601 also includes a heater mat 630
with the first thermal node 628, The heater mat 630 may be used to provide heat to the first
thermal node 628 The mat 630 may heat up conditioned or unconditioned air that is blown
over and around the mat 630. The mat 630 may be used to heat air which has been cooled to
remove moisture to a desired temperature for conditioning the first thermal node 628,

[0093] The first region 601 also includes various temperature sensors. As shown,
a first temperature sensor 622 15 located at the heat transfer device 616, The temperature
sensor 622 senses the temperature of the heat transfer device 616 for diagnostic/operational
purposes, for example. If the temperature is too high or too low, adjustments may be made to
the bus 600, such as adjustments to the thermal energy source 604 or maintenance or repaurs
to parts of the bus 600. A second terperature sensor 624 can be connected to the hine 626
which extends from the heat transfer device 616 to the first thermal node 628 The second
temperature sensor 624 senses the temperature of the fluid, such as air, flowing through the
line 626 for similar diagnostic/operational purposes. This s merely one example of how
various temperature sensors may be arranged for providing temperature feedback and
control, and other suitable configures configurations may be implemented. Further, there
may be one, three or more such sensors located within the first region 601, The temperature
sensors 622, 624 may provide feedback to a control system that can adjust the level of
thermal conditioning provided, as 1s discussed in further detail herein, for example with

respect to FIG. 8.

-33.



WO 2016/100697 PCT/US2015/066432

6094} The first region 601 1s shown as an "open loop an™ system. However,
other types of systems, such as a "closed loop air" system, or others as discussed herein, may
be implemented. The second region 602 1s shown as such a "closed loop air™ system. That 1s,
the air used m the second region 602 15 recirculated and reused within the second region 602
and does not leave the second region 602, as the air does in the "open loop anr” first region
601,

[6095] The second region 602 1s conditioned by the second branch 632 connected
to the line 605, The second branch 632 includes a fluid flow control device 634 such as, for
example, a valve, which may be simuilar to the flow control device 614 in the first region 601
or may be a pump or other fluid moving device. The flow control device 634 controls,
directs, allows, inhibits, prevents or otherwise regulates a flow of the thermal medium
circulating through the second branch 632 and to the second region 602.

[6096] The second region 602 includes a heat transfer device 636, afan 638 and a
second node 648 such as, for example, a bin. The bin may be a storage container, cooler, or
the like. In some embodiments, the second node 648 1s the bin 510

6097} The heat transfer device 636 i1s a heat exchanger or similar device
configured to transfer heat between the thermal medium within the second branch 632 and
air circulated by the fan 638, The heat transfer device 636 may be similar to the heat transfer
device 616 in the first region 601, As shown, the second branch 632 extends through and
exits the heat transfer device 6306 and reconnects with the line 605, which returns the thermal
medium to the thermal energy source 604, Thermal medium circulates through the second
branch 632 from the line 605 to the heat transfer device 636 and back to the line 605. The
heat transfer device 636 uses the thermal medium to thermally condition the second region
602. The temperature of the heat transfer device 636 depends on a set, predetermined, or
desired temperature pomt for the second thermal node 628, For instance, the controls 6, 8 of
FIG. 1A may be used to set a desired temperature. Based on the set temperature, a particular
amount of thermal power, 1.e. thermal energy transfer with respect to time, may be apphed.
For mstance, the temperature of the heat transfer device 636 for conditioning the second
node 648 may be set to four degrees Celsius (4°C) and to provide forty watts (40 W) of
thermal power. Similar controls as described with respect to the first region 601 may be

implemented with the second region 602.
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[6098§] As shown, the fan 638 blows air through a line 640 connected to the heat
transfer device 636. The air blown through the heat transfer device 636 by the fan 638 via the
line 640 1s thermally conditioned by the heat transfer device 636 and then exits the heat
transter device 636 via the line 646, The line 646 thermally connects the heat transfer device
636 to the second node 648, such as, for example, a bin. In this manner, thermally
conditioned atr circulated by the fan 638 reaches the second node 648 through the line 646
The second node 648 is also thermally connected to a line 650. The ling 650 connects the
second node 648 to the fan 638, thereby completing a closed loop air circunt. In this manner,
thermally conditioned fluid such as air within the second node 648 recirculates back through
the second region 602 to the fan 638 via the line 650, For example, the bin 510 may have
thermally conditioned air theremn recirculated back through the second region 602 as
discussed herein. Further, the second node 648 may nclude a fan, similar to the fan 638,
therein to faciitate movement of the conditioned air through the node 648.

[8099] The second region 602 can also include various temperature sensors. As
shown, the second region 602 mcludes a first temperature sensor 642 coupled with the heat
transfer device 636. The furst sensor 642 senses the temperature of the heat transter device
636 for diagnostic purposes, simular to the temperature sensors 622, 624 described above
with respect to the first region 601. The second region 602 can also include a second
temperature sensor 644. The second temperature sensor 644 is connected to the second node
648. The temperature sensor 644 senses the temperature of the air inside the second node 648
for similar diagnostic purposes. This 15 merely one example of how various temperature
sensors may be arranged, and other suitable configurations may be implemented. The
temperature sensors 642, 644 may provide feedback to a control system that can adjust the
level of thermal conditioning provided, as 1s discussed in further detail herein, for example
with respect to FIG. 8. Feedback from the temperature sensors 642, 644 can be used by the
control system to determine whether an article has been placed 1o the second region 602 or,
for example, a bin 310, For example, the control system can detect a new article within the
second region 602 based on a change or rate of change in the temperature sensed by the
temperature sensor 644. Articles at a temperature different than a temperature of the second
region 602, for example a temperature of the air mside the second node 648, can cause a

change or increase in a rate of change m the temperature of the inside air.
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[616¢] The third region 603 1s conditioned by the third branch 652 connected to
the line 0605, The third branch 652 includes a tluid flow control device 654 such as, for
example, a valve, which may be similar to the valves 634, 614 or pumps in the other
respeciive regions 602, 601. The fluid flow control device 654 may control, direct, allow,
mhibit, prevent or otherwise regulate a flow of the thermal medium flowing through the third
branch 652 and to the third region 603

[01681] The third region 603 ncludes a heat exchanger 656 and a third node 660
such as, for example, one or more cup holders. The heat exchanger 656 15 connected to the
line 6035 via the third branch 652. Thermal medium flows to and exits the heat exchanger 656
through the third branch 652, The third branch 652 reconnects with the line 605 and returns
the thermal medium to the thermal energy source 604.

[0102] The thermal medium flowing through the heat exchanger 656 is used to
thermally condition the third node 660. As shown, the third node 660 contacts the heat
exchanger 656, Therefore, the third region 603 can be conditioned by conduction. That 1s,
thermal conditioning 1s provided via conduction of heat from the third node 660 to the heat
exchanger 656. For example, cooled thermal medium may flow through the third branch 652
and to the heat exchanger 656. The cooled thermal medium in the heat exchanger 656
removes heat from the third node 660 by conduction, thereby cooling the third node 660. For
example, the third node 660 may be the cup holder 540 (see FIGS. 5D-SE) where the cup
holder body 542 is conductively cooled to provide cooling within the cup holder cavity 544,
Although the third region 603 1s shown as a conductive system, it may also be implemented
with other types of thermal systems, such as the "open loop air” system used in the first
region 601, the "closed loop air" system used in the second region 602, or other systems. In
some embodiments, the third node 660 may include a fan, similar to the fans 618 or 638,
theremn to facilitate recirculation or other movement of air through the node 660,

[0103] The temperature of the heat transfer device 656 depends on a set,
predetermined, or desired temperature point for the third thermal node 660. For instance, the
controls 6, & of FIG. 1A may be used to set a desied temperature. Based on the set
temperature, a particular amount of thermal power, 1.e. thermal energy transfer with respect
to time, may be applied. For instance, the temperature of the heat transfer device 656 for

conditioning the third node 660, may be set to four degrees Celsius (4°C) and to provide
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twenty-five watts (25 W) of thermal power. Swumilar controls as described with respect to the
first and/or second regions 601, 602 may be implemented with the third region 603,

[0104] The third region 603 can also include various temperature sensors. As
shown, the third region 603 mcludes a temperature sensor 658 coupled with the heat transfer
device 656. The temperature sensor 658 may have similar features and functionality as the
temperature sensors 622, 642, The temperature sensor 658 senses the temperature of the heat
transfer device 056 for diagnostic/operational purposes. The temperature sensor 658 may
provide feedback to a control system that can adjust the level of thermal conditioning
provided, as 1s discussed in further detail herein, for example with respect to FIG. 8.

[6165] Generally, the thermal bus 600 has been described with respect to a single
thermal energy source 604 for conditioning the various regions 601, 602, 603. In some
embodiments, the thermal bus 600 can be coupled with a second heat source 670 and a
second thermal bus 671 including branches through which a thermal medium flows. A pump
672 or other fluid moving device can cause, control, pump, move, convey, direct, or
otherwise regulate a flow of the thermal medium. A flud flow control device 674 such as,
for example, a two-position control valve, can inhibit flow to one of the thermal buses 600,
671 while allowing flow through the other of the thermal buses 600, 671, In this way, each
of the thermal buses can be dedicated to providing heating or cooling, and the fluid flow
control device 674 can be used to selectively use the thermal buses 600, 671 for
independently servicing the various regions 601, 602, 603 based on desired temperatures
within the regions.

[8106] Heating may also be provided with a separate heater or heat sowrce n
other locations of the bus 600. For instance, a separate heater or heat source may be
implemented to be in thermal communication with the lines 620 or 626 to provide heating to
the first thermal node 628. In some embodiments, a fan, such as the fan 618 or another
separate fan, may run to move the heated air in the lines 620 or 626 to the first thermal node
628. Further, the bus 600 may also be operated in conjunction with a separate heat source,
such as with the aforementioned separate heater and/or with the heater mat 6306 For
mstance, the thermal bus 600 may be operated to condition or precondition {e.g. dry out the
air) which may then be moved to one or more of the separate heat sources to provide heating

to the first thermal node 628.
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[6167] The thermal bus 600 may also mclude a humidity sensor 662, The
hunuidity sensor 662 senses a humidity of air, such as vehicle interior air, used to condition
the various regions 601, 602, 603. The sensor 662 may be used to adjust a temperature of the
thermal mediom within the main line 605 and/or ndividual branches 612, 632, 652 of the bus
600 to prevent excessive condensate removal from the conditioning air.

[0108] Further, the various lines of the bus 600 may include insulation to prevent
excessive condensation from forming on the lines. For instance, the line 605 may include
msulation to prevent condensation from formung on the outside of line 605 The other lines 1n
the bus 600 may likewise include msulation. In some embodiments, commercially available
insulated hines or bundles may be used, such as, for example, the Parflex Multitube®
manufactured by Parker Hannifin Corp. of Stafford, TX, or the Pomnt of Use tubing
manufactured by Saint Clair Systems of Washington, Michigan.

[6169] In some embodiments, condensation may be removed using drain tubes.
The drain tubes may route any condensation through one or more of the vehicle body drain
plugs. Vehicles typically include one or more drain plugs to seal drain holes located in the
vehicle underbody. The drain holes are used during vehicle manufacture, and they may be
used 1in some embodiments here to route any condensation from the interior to outside the
vehicle.  In some embodiments, wicking type materials may be emploved fo remove
condensate. In some embodiments, such materials may transport the condensate to a warm
section of the vehicle to facilitate evaporation.

[611Q] FIG. 7 13 a schematic of an embodiment of a mumature vapor compression
system 700 having a mimuature vapor compressor 710, The system 700 may be used in the
system 1 of FIG. 1A such as to condition thermal medium in the thermal bus 20 or 40, in the
thermal bus 205 of FIG. 2 such as with the thermal energy source 250, or in the thermal
energy source 570 of FIG. SF. Circulating thermal media, such as a refrigerant, enters the
miniature compressor 710 as a vapor, 1s compressed to a higher pressure and temperature,
and exits the miniature compressor 710 as a superheated vapor at a temperature and pressure
at which 1t can be condensed.

(0111} The minature compressor 710 1s connected with a condenser 720 via a
line 712. The muiniature compressor 710 circulates the superheated vapor to the condenser

720 via the line 712, The compressed air 13 then cooled and condensed into a liqud by the
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condenser 720, Heat 1s thus rejected from the medium in the condenser 720, and the medium
becomes a saturated hiquid and vapor muxture.

[0112] The heat rejected by the condenser 720 may be controlled to reduce or
eliminate heating of the vehicle from the rejected heat. In some embodiments, conditioned air
from a central air conditioning system may be ducted to the condenser 720 to cool it down.
in some embodiments, the heat from the condenser 720 may be routed out of the vehicle.
For instance, the condenser 720 may be thermally insulated and coupled with a duct, tubing,
or the like, that extends to the exterior of the vehicle, such as to body vents in the trunk or
doors of the vehicle. The tubing may also include a one-way valve to allow the heated air to
exit the vehicle but prevent ocutside air from entering the vehicle through the tubing. The
tubing may also include a fan that can be selectively turned on or off to circulate the air. In
some embodiments, the tubing may extend to a radiator or fan at the front of the vehicle m
the engine compartment. When the vehicle moves or when the fan is turned on, the awr that
passes through it may expel the heated air from the tubing.

[6113] The condenser 720 1s connected to an expansion valve 730 via a hine 714,
The saturated liquid from the condenser 720 flows through the line 714 to the expansion
valve 730, The saturated liquid and vapor mixture undergoes a reduction in pressure in the
expansion valve 730 that lowers the temperature of the mixture,

(0114} The expansion valve 730 1s connected to an evaporator 740 by a hine 716,
which ts connected back with the compressor 710 by a line 718, The liquid and vapor
muixture in the evaporator 740 evaporates and thereby draws in heat from the surroundings. A
conductive plate 750, such as a cold plate, 15 coupled to the evaporator 740. The cold plate
750 1s cooled due to heat being drawn out of the conductive plate 750 by the evaporator 740.

[6115] The evaporator 740 may also be used to form part of a dehumidifier. The
dehumudifier may employ the evaporator 740 to cool mtake air below tts dew point and
supply dehurmdified air to an air circut, such as in the “open loop au” or “closed loop ar”
systems described herein.

6116} In some embodiments, the evaporator 740 may act as a condenser to
provide heating when the direction of flow of the thermal medium 15 reversed. As shown

FIG. 7, the thermal medium flows counterclockwise as illustrated by the arrowheads on lines
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712, 714, and 718, However, the thermal medium may flow n the opposite direction,
whereby the flow would be in the clockwise direction as illustrated.

[0817] A second thermal medium circulates through the conductive plate 750 via
a line 752 and exits the conductive plate 750 via a line 754, In this manner, the evaporator
740 and the conductive plate 750 together provide the thermal energy which may be used
with another system, such as in the system 600. In some embodiments, the condenser 720
may instead be used to provide heated thermal energy. For instance, the conductive plate
750 or other heat transfer device may be provided with or near the condenser 720,

[0118] The system 700 may be controlled by one or more thermal controls to
regulate the temperatures of the various components in the vehicle that are thermally
condittoned. The controls, such as the controls 6, 8 of FIG. 1A, may regulate the
temperatures by controlling operation of the vapor compression system 700 and/or the
thermal bus 600. The controls may also regulate heat exchange between the vapor
compression system 700, the thermal bus 600, and the various thermally conditioned
components. The controls may also adjust various system control parameters, such as
compressor speed, condenser and evaporator temperatures, and temperature and flow rate of
fluid circulating in the thermal bus 600. The controls regulate the temperatures based on
inputs, such as vehicle occupant inputs, and based on feedback from various sensors which
measure these and other system parameters. The controls may sense condenser temperature
and/or an ambient temperature at vehicle and/or system startup, and regulate operation based
on the condenser temperature. For example, the conirols may select a heating or cooling
mode of operation and/or a heating or cooling profile, and/or regulate a rate of heating or
cooling. Further details of a control system that may be implemented are discussed herein,
for example with respect to FIG. 8

[0119] The vapor compression system 700 may be used in the various thermal
systems described herein. For example, the vapor compression system 700 may provide the
thermal energy source 604 of FIG. 6. In some embodiments, the vapor compression system
700 1s implemented within the thermal energy source 604. The vapor compression system
700 may be in thermal communication with the main line 605 of the thermal bus 600. For
example, the lines 752 and 754 of the vapor compression system 700 may be the line 605 of

the thermal bus 600, The vapor compression system 700 may also be used in other
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embodiments, for example n the fust thermal energy source 32 or second thermal energy
source 52 of FIGS. 1A and 1B, in the thermal energy source 250 of FIG. 2, in the thermal
energy source 570 of FIG. 5A, or others. Accordingly, in some embodiments, the thermal
energy source 604 may use the evaporator 740 of the vapor compression system 700, for
example to provide cooling. In some embodiments, the heat source 670 may be the
condenser 720 of the vapor compression system 700, as discussed herein.

6128} Therefore, there may be multiple thermal buses 600 and vapor
compression systems 700 implemented 1 a single vehicle, each dedicated to servicing
respective components within respective regions. For example, the system 1 of FIGS. 1A
and 1B may include two thermal buses 600, one for each of the thermal zones 22, 42, with
each thermal bus 600 including a vapor compression system 700. In this manner, there may
be multiple nmumature compressors, such as the compressor 710, within a single vehicle.
Therefore, i some embodiments, a segmented compression system may be embodied where
there are multiple such miniature compressors each servicing several thermal components in
close proximity to the compressor. Such an arrangement aliows for a more efficient and less
costly thermal system, as less thermal energy and infrastructure, for example shorter flind
lines, 1s required to thermally service the nearby components.

6121} FIG. 8 1s a schematic of an embodiment of a control system 800 for
controlling the thermal output of a thermal bus. The control system 300 may be coupled with
and control various sensors and control devices. The sensors provide feedback on the
thermal state of various components, and the control devices are used to adjust the provision
of thermal conditioning accordingly {e.g., flow through or rate of a working fluid).

(6122} As shown, the control system 800 may include a controller 805, The
controller 805 may include or be in electrical communication with the control modules 6 or 8
from FIGS. 1A-1B, for mstance for a user to set desired temperature levels. The controlier
80S may receive input from the control modules 6 or 8 and control one or more components
in various regions. As shown, the controller 805 may be coupled (eg, in electrical
communication) with a first region 810, a second region 820, a third region 830 and/or a
fourth region 840. The first region 810 may correspond to a thermal energy source, such as
the thermal energy source 604, or a vapor compression system, such as the vapor

compression system 700, The first region 810 may therefore include a miniature vapor
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compressor 8312 to which the controller 805 15 electrically coupled. The controller 805 may
adjust the operation of the miniature vapor compressor 812, for example by altering the
speed of the working medium. This adjustment may be based on feedback from various
sensors, either within the first region 810 or within the other regions 820, 830, 840,

[0123] The controller 805 can be further electrically coupled with and control
various components and sensors in the second region 820, including a fluid flow control
device 822, a fan 824, a heat transfer device 826, and temperature sensors 827 and 828 The
temperatire sensor 827 i3 coupled {e.g., n thermal communication) with the heat transfer
device 826. In some embodiments, the temperature sensor 827 may correspond with the first
temperature sensor 622 and the heat transfer device 826 may correspond to the heat transfer
device 616, for mstance a heat exchanger, from the first region 601 of the thermal bus 600
shown m FIG 6.  The temperature sensor 828 may be coupled (eg., m thermal
communication} with a vanety of features, ncluding the various lines of the thermal
conditioning system, such as the line 626 shown in FIG. 6. The temperature sensors 827,
828 provide temperature feedback to the controller 8G5 for the respective devices to which
the temperature sensors 827, 828 are coupled The controller 805 then analyzes the
temperature data, along with other operating parameters or information such as a desired set
temperature of a component, and if necessary adjusts the operation of one or more devices,
such as the fluid flow control device 822 and/or the fan 824 The controller 805 may also
adjust the operation of one or more devices in other regions, such as within the fust, third or
fourth regions 810, 830, 840. In some embodiments, the second region 820 may correspond
to the first region 601, and the various devices and sensors therein, of the thermal bus 600
shown in FIG. 6.

[0124] The controller 805 can be further electrically coupled with and control
vartous components and sensors in the third region 830, inchuding a fluid flow control device
832, a fan 834, a heat transfer device 836, and temperature sensors 837 and 838, The
mteraction of the controller 805 with the third region 830 may be similar to the interaction of
the controller with the second region 820, as discussed above. The temperature sensor 837 is
coupled (e.g., in thermal communication) with the heat transfer device 836, In some
embodiments, the temperature sensor 837 may correspond with the first temperature sensor

642 and the heat transfer device 836 may correspond to the heat transfer device 636, for
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mstance a heat exchanger, from the second region 602 of the thermal bus 600 shown m FIG.
6. The temperature sensor 838 may be coupled {(e.g., in thermal communication) with a
variety of features, including the various nodes of the thermal conditioning system, such as
the second thermal node 648 shown in FIG. 6. The temperature sensors 837, 838 provide
temperature feedback to the controller 805 for the respective devices to which the
temperature sensors 837, 838 are coupled. The controller 805 then analyzes the temperature
data, along with other operating parameters or information such as a desired set temperature
of a component, and if necessary adjusts the operation of one or more devices, such as the
fluid flow control device 832 and/or the fan 834, The controller 805 may also adjust the
operation of one or more devices in other regions, such as within the first, second or fourth
regions 810, 820, 840. In some embodiments, the third region 830 may correspond to the
second region 602, and the various devices and sensors therein, of the thermal bus 600
shown n FIG. 6.

[0125] The controller 805 can be further electrically coupled with and control
various components and sensors in the fourth region 840, including a fluid flow control
device 842, a heat transfer device 844, and temperature sensors 845 and 846. The interaction
of the controller 805 with the fourth region 840 may be similar to the interaction of the
controller with the second region 820 and third region 830, as discussed above. The
temperatire sensor 845 i3 coupled {e.g., n thermal communication) with the heat transfer
device 844, In some embodiments, the temperature sensor 845 may correspond with the
temperature sensor 6538 and the heat transfer device 844 may correspond to the heat transfer
device 656, for instance a heat exchanger, from the third region 603 of the thermal bus 600
shown m FIG 6.  The temperature sensor 846 may be coupled (eg., m thermal
communication} with a variety of features, ncluding the various nodes of the thermal
conditioning system, such as the third thermal node 660 shown in FIG. 6. The temperature
sensors 845, 846 provide temperature feedback to the controller 8035 for the respective
devices to which the temperature sensors 845, 846 are coupled.  The controller 805 then
analyzes the temperature data, along with other operating parameters or mformation such as
a desired set temperature of a component, and if necessary adjusis the operation of one or
more devices, such as the fluid flow control device 842, The controller 805 may also adjust

the operation of one or more devices 1n other regions, such as withun the first, second or third
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regions 310, 820, 830. In some embodiments, the fourth region 840 may correspond to the
third region 603, and the various devices and sensors therein, of the thermal bus 600 shown
in FIG. 6.

[6126] FIG. 9 s a schematic of another embodiment of a thermal conditioning
system 1400 for thermally servicing multiple components. The thermal conditioning system
1400 may be controlled using various control systems and methods. The system 1400 may
have the same or similar features as the system 600 described herein, unless otherwise stated.

(6127} The system 1400 may have components that are analogous, 1.e. have the
same and/or similar feature as, components of the system 600. As shown, the system 1400
may have a thermal energy source 1404, which may be analogous to the thermal energy
source 604, In some embodiments, the thermal energy source 1404 may be a chilling unit
that cools thermal media inside the main line or circuit 1405, which may be analogous to the
line 605,

[6128] The system 1400 may have a coolant tank 1407, which may store coolant,
such as a glveol. The tank 1407 may also be implemented with the system 600 in FIG. 1, for
example in between the thermal energy source 604 and the pump 606 along the line 605, In
FIG. 9, the hine 1405 may be connected to the tank 1407 on one end and on another end
connect the tank 1407 to a pump 1472, The pump 1472 may be analogous to the pump 606,
The line 1405 may then continue to branches 1432, 1412 and 1452, which may be analogous,
respectively, to branches 632, 612 and 652.

6129} The branches 1432, 1412 and 1452 may contain valves 1434, 1414 and
1454, respectively, which may be analogously, respectively, to valves 634, 614 and 654. The
branch 1432 may connect to a first thermal node 1448, which may be analogous to the
second thermal node 648, The first thermal node 1448 may thermally condition a bin or
other storage container. As shown, the first thermal node 1448 may contain a fan 1438 for
providing thermal conditioning. The fan 1438 may be analogous to the fan 638 or 834,
Further, any discussion herein of use of the fan 638 or 834, such as use with the various
control systems, methods and/or technigues described herein, applies equally to the fan 1438,
and vice versa. The branch 1432 then continues and connects back with the main line 1405,

which then connects back to the thermal energy source 1404
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[613¢] The branch 1412 may connect to a heat transfer device 1416 that services
a second thermal node 1428, which components may be analogous, respectively, to the heat
transfer device 616 and the first thermal node 628. The second thermal node 1428 may
thermally condition one or more seats or portions thereof. In some embodiments, the second
thermal node 1428 may include one or more fans 1418, As shown, there may be four fans
1418 In some embodiments, each portion of a seat may use one of the fans 1418 For
example, there may be two seats, each having two portions, such as a bottom or cushion
portion and a seatback portion. A single fan 1418 may be used for each of the four portions
in that example. In some embodiments, there may be more or fewer than four fans 1418 and
distributed in a variety of configurations among the seats or portions thereof. The fans 1418
may be analogous to the fan 618 or 824 Further, any discussion herein of use of the fan 618
or 824, such use with the various control systems, methods and/or techniques described
herein, applies equally to the fan 1418, and vice versa. The branch 1412 then continues and
connects back with the main line 1405, which then connects back to the thermal energy
source 1404.

[0131] The branch 1452 may connect to a heat transfer device 1456 that services
a third and fourth thermal node 1460 and 1462, The heat transfer device 1456 may be
analogous to the heat transfer device 656,  The third and fourth thermal nodes 1460 and
1462 may each be analogous to the first thermal node 628, In some embodiments, the thurd
and fourth thermal nodes 1460 and 1462 may be, respectively, first and second cup holders.
As shown, the third thermal node 1460 may include one or more fans 1461, and the fourth
thermal node 1462 may mclude one or more fans 1463, Thus, one difference between the
system 1400 and the system 600 15 that the systern 1400 may use convection to provide
thermal conditioning to cup holder components. Further, any discussion herein of use of a
fan with the third region 603 or the fourth region 840 may employ the arrangement as shown
m the system 1400, In particular, any discussion herein of use of the various control
systems, methods and/or techniques described herein to thermally condition one or more cup
holder components using one or more blowers, such as a fan, may employ the third thermal
node 1460 as the first cup holder and the fourth thermal node 1462 as the second cup holder,
along with corresponding fans 1461 and 1463, The branch 1452 then continues and connects

back with the main line 1405, which then connects back to the thermal energy source 1404.
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[6132] Further dlustrated 10 FIG. 9 are various control points 1470, 1472, 1474,
1476, 1478 and 1480. The control points indicate components of the system 1400 that may
be controlled using any of the various control systems, methods and/or techniques described
herein.  In some embodiments, the control point 1470 may be controlled for mstance to
control a thermal energy source. For example, a compressor speed may be adjusted. Other
components of the thermal energy source may be controlled. Therefore, any discussion
herein of controf of the thermal energy source or components thereof mayv be performed by
applying the various control systems, methods and/or techniques described herein to the
control point 1470,

[6133] In some embodiments, the control point 1472 may be controlled for
mstance to control a pump. For example, a pump speed may be adjusted. Therefore, any
discussion heremn of control of a pump may be performed by applying the various control
systems, methods and/or techniques described herein to the control point 1472,

[6134] In some embodiments, the control point 1474 may be controlled for
mstance to control one or more valves. For example, a valve may be opened or closed.
Therefore, any discussion herein of control of a valve may be performed by applying the
various control systems, methods and/or techniques described herein to the control point
1474,

[0135] in some embodiments, the control point 1476 may be controlled for
instance to control thermal conditioning of a first thermal node or components thereof. For
example, one or more blower speeds may be adjusted for controlling thermal conditioning of
a bin.  Other components of the first thermal node may be controlled. Therefore, any
discussion herein of control of a first thermal node or components thereof may be performed
by applying the various control systems, methods and/or techniques described herein to the
control point 1476

[0136] In some embodiments, the control point 1478 may be controlled for
instance to control thermal conditioning of a second thermal node or components thereof.
For example, one or more blower speeds may be adjusted for controlling thermal
conditioning of a seat. Other components of the second thermal node may be controlled.

Therefore, any discussion herein of control of a second thermal node or components thereof

-46-



WO 2016/100697 PCT/US2015/066432

may be performed by applying the various control systems, methods and/or techniques
described herein to the control point 1478

[0137] In some embodiments, the conirol point 1480 may be controlled for
mstance to control thermal conditioning of a third and/or fourth thermal node or components
thereot. For example, one or more blower speeds may be adjusted for controlling thermal
conditioning of one or more cup holders. Other components of the third and/or fourth
thermal nodes may be controlled. Therefore, any discussion hergin of control of a third
and/or fourth thermal node or components thereof may be performed by applying the various
control systems, methods and/or techniques described herein to the control point 1480

[6138] While there has been illustrated and described what are presently
considered to be example embodiments, 1t will be understood by those skilled m the art that
various other modifications may be made, and eqguivalents may be substituted, without
departing from claimed subject matter. Additionally, many modifications may be made to
adapt a particular situation to the teachings of claimed subject matter without departing from
the central concept described herein. Therefore, 1t 15 intended that claimed subject matter not
be linuted to the particular embodiments disclosed, but that such claimed subject matter may
also include all embodiments falling within the scope of the appended claims, and
equivalents thereof

[0139] It 15 contemplated that various combinations or subcombinations of the
specific features and aspects of the embodiments disclosed above may be made and still fall
within one or more of the inventions. Further, the disclosure herein of any particular feature,
aspect, method, property, characteristic, quality, attribute, elerment, or the like 1 connection
with an embodiment can be used in all other embodiments set forth herein. Accordingly, it
should be understood that various features and aspects of the disclosed embodiments can be
combined with or substituted for one another 10 order to form varying modes of the disclosed
mventions. Thus, it is intended that the scope of the present inventions herein disclosed
should not be limited by the particular disclosed embodiments described above. Moreover,
while the imventions are susceptible to various modifications, and alternative forms, specific
examples thereof have been shown in the drawings and are herem described i detadd. [t
should be understood, however, that the inventions are not to be limited to the particular

forms or methods disclosed, but to the contrary, the invention s to cover all modifications,
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equivalents, and alternatives falling within the spinit and scope of the various embodiments
described and the appended claims. Any methods disclosed herein need not be performed in
the order recited.

[6140] The ranges disclosed heremn also encompass any and all overlap, sub-

39 ¢ 2 (L

ranges, and combinations thereof. Language such as “up to,” “at least,” “greater than,” “less
than,” “between,” and the like mcludes the number recited. Numbers preceded by a term
such as “approximately”, “about”, and “substantially” as used herein include the recited
numbers, and also represent an amount close to the stated amount that still performs a desired

3

function or achieves a desired result. For example, the terms “approximately”, “about”, and
“substantially” may refer to an amount that is within less than 10% of, within less than 5%
of, within less than 1% of, within less than 0.1% of, and within less than 0.01% of the stated

amount.  Features of embodiments disclosed heremn preceded by a termn such as

25 3

“approximately”, “about”, and “substantially” as used herein represent the feature with some
variability that still performs a desired function or achieves a desired result for that feature.

[0141] With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art can translate from the plural to the singular and/or from
the singular to the plural as is appropriate to the context and/or application. The various
singular/plural permutations may be expressly set forth herein for sake of clarity.

[0142] It will be understood by those within the art that, in general, terms used
herein, are generally intended as “open’” terms (e.g., the term “including” should be
interpreted as “including but not hmited t0,” the term “having” should be mterpreted as
“having at least,” the term “includes” should be interpreted as “includes but is not himited
to0,” etc.}. It will be further understood by those within the art that if a specific number of an
introduced embodiment recitation 1s intended, such an intent will be exphicitly recited in the
embodiment, and in the absence of such recitation no such intent 18 present. For example, as
an aid to understanding, the disclosure may contain usage of the ntroductory phrases “at
least one” and “one or more” to introduce embodiment recitations. However, the use of such
phrases should not be construed to imply that the introduction of an embodiment recitation
by the indefinite articles “a” or “an” limts any particular embodiment contamming such
mtroduced embodiment recitation to embodiments containing only one such recitation, even

when the same embodiment includes the introductory phrases “one or more” or “at least one”
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and mdefinite articles such as “a” or “an” {eg, “a” and/or “an” should typically be
mterpreted to mean “at least one” or “one or more”); the same holds true for the use of
definite articles used to introduce embodiment recitations. In addition, even if a specific
number of an mtroduced embodiment recitation 1s explicitly recited, those skilled in the art
will recognize that such recitation should typically be interpreted to mean at least the recited
number {e.g., the bare recitation of “two recitations,” without other modifiers, typically
means at least two recitations, or two or more recitations). Furthermore, in those instances
where a convention analogous to “at least one of A, B, and C, etc.” is used, in general such a
construction 13 mtended in the sense one having skill in the art would understand the
convention {e.g., “a system having at least one of A, B, and C” would include but not be
limited to systems that have A alone, B alone, C alone, A and B together, A and C together,
B and C together, and/or A, B, and C together, etc.}. In those instances where a convention
analogous to “at least one of A, B, or C, etc” is used, in general such a construction is
intended in the sense one having skill in the art would understand the convention {e.g., “a
system having at least one of A, B, or € would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C together, B and C together,
and/or A, B, and C together, etc). Tt will be further understood by those within the art that
virtually any disjunctive word and/or phrase presenting two or more alternative terms,
whether in the description, embodiments, or drawings, should be understood to contemplate
the possibilities of ncluding one of the terms, etther of the terms, or both terms. For
example, the phrase “A or B” will be understood to include the possibilities of “A” or “B” or
“Aand B.”

[0143] Although the present subject matter has been described herein 1o terms of
certain embodiments, and certain exemplary methods, it 15 to be understood that the scope of
the subject matter is not to be limited thereby. Instead, the Applicant intends that variations
on the methods and materials disclosed herein which are apparent to those of skill in the art

will fall within the scope of the disclosed subject matter.
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WHATIS CLAIMED IS;

I A thermal conditioning system for heating or cooling within a thermal zone of
a vehicle, the system comprising:

a fluid circuit configured to circulate a first working fluid in the thud circuit;

a thermal energy source in thermal communication with the fluid circuit, the
thermal energy source configured to heat or cool the first working fluid;

a first conduit in fluid communication with the fluid circuit, the first conduit
configured to convey at least some of the first working fluid in the first condut;

a first heat transfer device in thermal communication with the first conduit,

a first component within the thermal zone of the vehicle, the first component
in thermal communication with the first heat transfer device, wherein the first heat
transfer device heats or cools the first component via thermal energy transferred from
or to the at least some of the first working fluid i the first condunt;

a second conduit in fluid communication with the fluid circuit, the second
conduit configured to convey at least some of the first working fluid in the second
conduit;

a second heat transfer device in thermal communication with the second
conduit; and

a second component within the thermal zone of the vehicle, the second
component in thermal communication with the second heat transfer device, wherein
the second heat transfer device heats or cools the second component via thermal
energy transferred from or to the at least some of the first working fluid in the third
conduit.

2. The system of Claim 1, further comprising a third conduit i thermal
communication with the first heat transfer device and the first component, wherein the first
heat transfer device transfers thermal energy between the first conduit and the third conduit.

3. The system of Claim 2, wherein the third condutt 15 configured to convey a
second working fluid in the third conduit that 1s different than the first working fluid, the
second working fluid heated or cooled via thermal energy transferred from or to the first

working fluid in the first conduit by the first heat transfer device.
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4. The system of Claim 3, wherein the first working fluid comprises a hquid and
the second working fluid comprises air, and wherein the system further comprises a fan
configured to move the air in the third conduit.

5. The system of Claim 4, wherein the fan blows atr toward the first component
without recirculating the air to heat or cool the first component.

6. The system of any of Claims 1-5, wherein the first component comprises a
first one of a seat, a cup holder, and a bin of the vehicle.

7. The system of Claim 4, wherein the third conduit ts configured to recirculate
the air in the third conduit, and wherein the fan moves the air in the second conduit to heat or
cool the first component.

8. The system of any of Claims 4 and 7, wherein the first component comprises
an enclosure, and wherein the third conduit 1s configured to recirculate the air between the
enclosure and the first heat transfer device.

9. The system of any of Claims 4 and 7-8 wherein the fust component
comprises an enclosure, and wherein the third conduit 1s configured to recirculate the air
within the enclosure.

10. The system of any of Claims 1-9, wherein the second component comprises a
second one of a seat, a cup holder, and a bin of the vehicle different than the first one of a
seat, a cup holder, and a bin of the vehicle.

Pt The system of any of Claims 1-10, further comprising a thermal battery and a
fourth conduit in fluid communication with the fluid circut, the fourth conduit configured to
convey the first working fluid in the fourth conduit, the fourth conduit in thermal
communication with the thermal battery, wherein the thermal battery is configured to store
thermal energy while the vehicle 1s operating and configured to release thermal energy when
the vehicle 1s not operating.

1z The system of any of Claims 1-12, wherein the thermal energy source
COMPrises a8 vapor compression system.

13. The system of Claim 13, wherein the fluid circut 1s in thermal communication
with an evaporator of the vapor compression system to cool the first working fluid.

14. The system of Claim 13, wherein the fluid circust 1s in thermal communication

with a condenser of the vapor compression system to heat the first working fhud.
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5. The system of Claim 13, wherein the fhnd circuit 18 1n thermal communication
selectively with either an evaporator of the vapor compression system or a condenser of the
vapor compression system to cool or heat, respectively, the first working flnd.

16. The system of any of Claims 13-15, wherein the evaporator or the condenser
of the vapor compression system 18 positioned within a passenger compartment of the
vehicle.

17. A plurality of thermal conditioning systems according to any of Claims 1-16,
the plurality of thermal conditioning systems positioned within a passenger compartment of
the vehicle.

18. The system of any of Claims 1-17, further comprising an other thermal energy
source in selective thermal communication with the tluid circuit, the other thermal energy
source comprising a heat source configured to heat the first working fluid.

19, The system of any of Claims 1-17, further comprising an other thermal energy
source in selective thermal communication with the first conduit, the other thermal energy
source comprising a heat source configured to heat the first working fluid in the first conduit
to heat the first component.

20. The system of any of Claims 1-19, wherein the second component is in
substantially direct thermal communication with the second heat transfer device.

21 A system for thermally conditioning a first and second component in a vehicle
having a central heating, ventilation and aw conditioning (HVAC) system, the system
COMPrising;

a thermal bus comprising:

a main line configured to circulate a thermal mediom therethrough;

a thermal region including a first heat exchanger and the component;

a first branch coupled with the main line and configured to curculate at
least some of the thermal medium from the main line to the thermal region;

a second thermal region including a second heat exchanger and a
second component;

a second branch coupled with the main line and configured to circulate
at least some of the thermal medium from the main line to the second thermal

region; and
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a vapor compression system separate from the central HVAC system
thermal communication with the thermal bus, the vapor compression system
comprising

a miniature COMpPressor;
a condenser coupled with the compressor; and
an evaporator coupled with the condenser and the compressor,

wherein the miniature vapor compression system provides thermal energy to
the thermal medium circulating in the main line of the thermal bus.

22 The system of Claim 21, wherein the first and second components are two of a
seat, a bin, and a cup holder.

23. The system of any of Claims 21-22, wherein the vapor compression system
can be operated reversibly for the first heat transfer device to perform as either the condenser

or the evaporator.

-83.
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