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(57) ABSTRACT

Embodiments related to moisture abatement during a heat-
ing operation of a climate control system are disclosed. In
some embodiments, the climate control system includes a
thermoelectric device (TED) or other thermal condition
device having a hot side and a cold side. In certain embodi-
ments, the thermal conditioning device is operated (e.g., by
a processor or a condensate switch) to inhibit or prevent the
occurrence of condensation, and/or to abate condensation
that has already occurred, on the cold side of the thermal
conditioning device during the heating operation.
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1
MOISTURE ABATEMENT IN HEATING
OPERATION OF CLIMATE CONTROLLED
SYSTEMS

CROSS REFERENCE TO RELATED
APPLICATIONS

Any and all applications for which a foreign or domestic
priority claim is identified in the Application Data Sheet as
filed with the present application are incorporated by refer-
ence under 37 CFR 1.57 and made a part of this specifica-
tion.

FIELD OF THE INVENTIONS

This application relates generally to climate control, and
more specifically, to climate control utilizing a thermoelec-
tric circuit.

DESCRIPTION OF THE RELATED ART

Temperature modified air for environmental control of
living or working space is typically provided to relatively
extensive areas, such as entire buildings, selected offices, or
suites of rooms within a building. In the case of vehicles,
such as automobiles, the entire vehicle is typically cooled or
heated as a unit. There are many situations, however, in
which more selective or restrictive air temperature modifi-
cation is desirable. For example, it is often desirable to
provide individualized climate control for an occupant seat
so that substantially instantaneous heating or cooling can be
achieved. For example, an automotive vehicle exposed to
the summer weather, especially where the vehicle has been
parked in an unshaded area for a long period of time, can
cause the vehicle seat to be very hot and uncomfortable for
the occupant for some time after entering and using the
vehicle, even with normal air conditioning. Furthermore,
even with normal air-conditioning, on a hot day, occupant’s
back and other pressure points may remain sweaty while
seated. In the winter time, it may be desirable to quickly
warm the seat of the occupant in order to enhance an
occupant’s comfort. This is particularly true where a typical
vehicle heater is unlikely to quickly warm the vehicle’s
interior. For these and other reasons, there have long been
various types of individualized climate control systems for
vehicle seats. More recently, individualized climate control
systems have been extended to beds, chairs, wheelchairs,
other medical beds or chairs and the like.

Such climate control systems typically include a distri-
bution system comprising a combination of channels and
passages formed in one or more cushions of a seat. Climate
conditioned air can be supplied to these channels and
passages by using a climate controlled device. Climate
conditioned air flows through the channels and passages to
cool or heat the space adjacent to the surface of the vehicle
seat.

There are, however, problems that have been experienced
with existing climate control systems. For example, some
control systems utilize thermoelectric devices (TEDs) that
can have a variety of configurations on the hot and main
sides of the device. For configurations in which there is a
heat exchanger on the main side with air flowing past it,
condensation may form from water in the air. Whether or not
condensation will occur and how much condensation will
occur depends on the ambient air conditions (e.g., tempera-
ture and relative humidity) and the amount of temperature
reduction from the inlet of the main side heat exchanger to
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the outlet. This condensation often can have undesirable
consequences, from corrosion on metal parts to the creation
of mold. Condensation may also partially or totally block
airflow at the fin passages on the main side of the TED,
resulting in reduction or loss of function.

SUMMARY

U.S. Pat. Nos. 8,104,295, 8,605,763, 7,927,805 and
7,963,594 (the entirety of these patents are hereby incorpo-
rated by reference herein in their entirety) disclose systems
in which a thermoelectric (TE) device (TED) is used to heat
and/or cool a bed, vehicle seat, a chair, and/or a cup holder
or container. When running the TED in heating mode, the
waste side of the TED can achieve temperatures below that
of the main side and, if humidity levels are sufficient,
condensate can form on the heat exchanger. The formation
of the water droplets can restrict the airflow across the heat
exchanger and cause a further reduction in temperature due
to reduced airflow. If the TED temperature levels fall below
0° C., ice formation begins, further restricting or even
preventing air flow across the waste side of the heat
exchanger.

Various embodiments for addressing one or more or
additional problems described above are described herein
including a climate control system (e.g., for a climate
controlled seat, bed or other seating assembly, a thermally
conditioned cup holder or other compartment, etc.) com-
prising a thermal conditioning device (e.g., thermoelectric
device, convective heater, another type of heating device,
etc.) having at least a first surface and a second surface.
Some embodiments of the system also include a power
source (e.g., a vehicle’s electrical system, a battery, or
otherwise) configured to provide power to the thermal
conditioning device. Certain embodiments further include a
processor (e.g., a controller or other circuit configured to
execute one or more algorithms) configured to control (e.g.,
increase, decrease, generally maintain, or otherwise) the
power source based partly or completely on, for example, a
relative humidity reading, the presence or absence of con-
densation, a dew point calculation, or otherwise.

According to some embodiments, a method of controlling
a climate control system (e.g., for a climate controlled seat,
bed or other seating assembly, a thermally conditioned cup
holder or other compartment, etc.) includes providing a
climate control system configured to operate in a heating
mode. The climate control system includes a housing (e.g.,
enclosure, shell, etc.) defining an interior space, the housing
having at least one inlet and at least one outlet.

In some embodiments, the system further includes a
thermal conditioning device, such as a thermoelectric
device, convective heater, radiant heater, or another type of
heating device. The thermal conditioning device can be
positioned partially or completely within the interior space.
The thermal conditioning device can include at least a first
surface and a second surface. The second surface can be
configured to achieve a temperature that is less than (e.g., by
at least about: 1° C., 2°C,4°C.,5°C.,6°C.,7°C, 8° C,,
9° C., 10° C., values between the aforementioned values, or
otherwise) a temperature of the first surface during the
heating mode. In some embodiments, the system includes a
power source (e.g., a vehicle’s electrical system, a battery, or
otherwise) that is configured to supply power (e.g., alter-
nating or direct current electricity) to the thermal condition-
ing device. In some embodiments, the first surface is in
thermal communication with a first heat exchanger (e.g., a
main side heat exchanger) and/or the second surface is in
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thermal communication with a second heat exchanger (e.g.,
a waste side heat exchanger).

In some embodiments, the system includes a fluid transfer
device configured to selectively transfer fluid from the inlet
to the outlet of the housing, wherein fluid passing through
the interior space of the housing is heated when the thermal
conditioning device is activated (e.g., enabled, energized,
operating, turned-on, or otherwise). In some embodiments,
the fluid transfer device includes a motor assembly, such as
an electric motor, pneumatic motor, internal combustion
motor, or otherwise). In certain variants, the motor assembly
is located partially or completely within the interior space.
The motor assembly can be configured to selectively drive
(e.g., rotate) a fluid motivating device, such as an impeller.
For example, the motor assembly can be coupled, directly or
indirectly (e.g., via a gear train) with the impeller. The fluid
transfer device can include a plurality of blades, wings,
scoops, or otherwise. The fluid transfer device can be
configured to draw a fluid (e.g., heated or cooled air, ambient
air, water or another liquid, or another fluid) into the interior
space of the housing via the inlet and to discharge at least
some of the fluid from the interior space via the outlet.

Some embodiments of the method also include operating
the climate control system in the heating mode. Certain
embodiments further include detecting (e.g., measuring,
ascertaining, observing, or otherwise) the relative humidity
at or near a location, such as the interior space, the inlet or
outlet of the housing, the main or waste side heat exchanger,
or the first and/or second surface of the thermal conditioning
device. Some embodiments include detecting the relative
humidity of an occupied space (e.g., a passenger cabin).

Certain implementations of the method include compar-
ing the relative humidity to a threshold humidity value (e.g.,
greater than or equal to about: 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, values between the aforementioned values,
or otherwise). In some embodiments, the method includes
reducing (e.g., by greater than or equal to about: 50%, 60%,
70%, 80%, 90%, values between the aforementioned values,
or otherwise) an amount of power supplied to the thermal
conditioning device when the relative humidity is about
equal to or greater than the threshold humidity value. In
some embodiments, such a reduction of the power includes
substantially eliminating the power supplied to the thermal
conditioning device. Certain implementations include
increasing (e.g., by at least about: 10%, 20%, 30%, 40%,
50%, values between the aforementioned values, or other-
wise) or generally maintaining the amount of power sup-
plied to the thermal conditioning device when the relative
humidity is less than the threshold humidity value.

In some embodiments of the method, measuring the
relative humidity includes measuring the relative humidity
with a humidity sensor (e.g., analog sensor, digital sensor, or
otherwise). In certain variants of the method, reducing the
amount of power supplied to the thermal conditioning
device is accomplished by decreasing a duty cycle (e.g., by
at least about: 10%, 20%, 30%, 40%, 50%, values between
the aforementioned values, or otherwise) of the thermal
conditioning device. In some implementations of the
method, increasing or generally maintaining the amount of
power supplied to the thermal conditioning device is accom-
plished by increasing (e.g., by at least about: 10%, 20%,
30%, 40%, 50%, values between the aforementioned values,
or otherwise) or generally maintaining a duty cycle of the
thermal conditioning device. Some embodiments of the
method do not include measuring a temperature (e.g., with
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a temperature sensor). Certain implementations of the
method do not include determining (e.g., calculating) a dew
point.

According to some embodiments, a climate control sys-
tem (e.g., for a climate controlled seat, bed or other seating
assembly, a thermally conditioned cup holder or other com-
partment, etc.) that is configured to operate in a heating
mode can include a housing defining an interior space and
including an inlet and an outlet. In certain variants, the
thermal conditioning device can be positioned partially or
completely in the interior space. In some embodiments, the
thermal conditioning device has at least a first surface and a
second surface, the second surface being configured to
achieve a temperature less than a temperature of the first
surface during the heating mode. In some embodiments, the
first surface is in thermal communication with a first heat
exchanger (e.g., a main side heat exchanger) and/or the
second surface is in thermal communication with a second
heat exchanger (e.g., a waste side heat exchanger).

Some implementations of the system also include a fluid
transfer device, such as an impeller, which can include a
plurality of blades. The fluid transfer device can be config-
ured to selectively (e.g., when the climate control system is
active) transfer fluid from the inlet to the outlet of the
housing, wherein at least some of the fluid passing through
the interior space of the housing is heated when the thermal
conditioning device is activated (e.g., enabled, energized,
operating, turned-on, or otherwise). Certain variants also
include a power source (e.g., a vehicle’s electrical system, a
battery, or otherwise) configured to supply electrical power
to at least one of the thermal conditioning device and the
fluid transfer device. In some embodiments, the system
includes a humidity sensor, such as an integrated circuit
humidity sensor. Certain implementations include a proces-
sor that is configured to directly or indirectly receive a
humidity reading (e.g., a voltage signal) from the humidity
sensor and to control (e.g., to determine whether to increase
or decrease) the electrical power supplied by the power
source.

In some embodiments of the climate control system, when
the system is operating in a heating mode and the humidity
reading is about equal to or greater than a humidity threshold
(e.g., a relative humidity of between about 85% and about
95%, or greater than or equal to about: 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, values between the aforemen-
tioned values, or otherwise), the power supplied to the
thermal conditioning device is reduced (e.g., by greater than
or equal to about: 50%, 60%, 70%, 80%, 90%, values
between the aforementioned values, or otherwise). In some
implementations, the humidity threshold is a relative humid-
ity of approximately 90% (e.g., greater than or equal to
about: 89.0%, 89.1%, 89.2%, 89.3%, 89.4%, 89.5%, 89.6%,
89.7%, 89.8%, 89.9%, 90.0%, 90.1%, 90.2%, 90.3%,
90.4%, 90.5%, 90.6%, 90.7%, 90.8%, 90.9%, 91.0%, values
between the aforementioned values, or otherwise).

In some embodiments of the system, when the system is
operating in the heating mode and the humidity reading is
less than the humidity threshold, the power supplied to the
thermal conditioning device is increased (e.g., by at least
about: 10%, 20%, 30%, 40%, 50%, values between the
aforementioned values, or otherwise) or generally main-
tained.

In certain implementations of the system, the thermal
conditioning device is adapted to provide heating and cool-
ing, such as a thermoelectric device. In some implementa-
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tions, the thermal conditioning device is adapted to provide
heating only, such as a convective heater, radiant heater, or
otherwise.

In some implementations, the humidity reading is a rela-
tive humidity reading, absolute humidity reading, or specific
humidity reading. The humidity sensor can be configured to
detect (e.g., measure, ascertain, observe, or otherwise) the
humidity at various locations, such as at or near: the interior
space, the inlet or outlet of the housing, the main or waste
side heat exchanger, or the first or second surfaces of the
thermal conditioning device. In some embodiments, when
the system is operating in heating mode and the humidity
reading is about equal to or greater than a humidity thresh-
old, the power supplied to the thermal conditioning device
is reduced (e.g., to less than or equal to a duty cycle of about:
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, values
between the aforementioned values, or otherwise). In some
embodiments, when the system is operating in heating mode
and the humidity reading is less than the humidity threshold,
the power supplied to the thermal conditioning device is
increased (e.g., modulated up to a duty cycle that is greater
than or equal to about 80%, 85%, 90%, 95%, 100%, values
between the aforementioned values, or otherwise) or gen-
erally maintained (e.g., sustained at a duty cycle that is
greater than or equal to about 80%, 85%, 90%, 95%, 100%,
values between the aforementioned values, or otherwise).

In some implementations, a climate control system is
configured to operate in a heating mode and includes one or
more of: a housing, a thermal conditioning device, a fluid
transfer device, a power source, and a condensate switch.
The housing can define an interior space and can have an
inlet and an outlet. The thermal conditioning device can be
partially or completely positioned in the interior space.
Some embodiments of the conditioning device have at least
a first surface and a second surface. The second surface can
be configured to achieve a temperature less than a tempera-
ture of the first surface during the heating mode. The fluid
transfer device can be configured to selectively transfer fluid
from the inlet to the outlet of the housing, wherein fluid
passing through the interior space of the housing is heated
when the thermal conditioning device is activated. In some
embodiments, the fluid transfer device includes a plurality of
blades. The power source can be configured to supply
electric power to the thermal conditioning device, the fluid
transfer device, or both. In some embodiments, the system
does not include a processor (e.g., a controller or other
electronic circuit that executes programs). Some embodi-
ments do not include a temperature sensor.

Certain embodiments of the condensate switch can be
configured to toggle (e.g., alternate, oscillate) between a first
state and a second state. According to some embodiments,
the first state occurs when condensation is detected, such as
when a signal falls below or exceeds a limit or when a
monitored characteristic (e.g., capacitance, voltage, or resis-
tance) changes. According to certain variants, the second
state occurs when condensation is not detected, such as
when a signal does not fall below or exceed a limit, or when
a monitored characteristic (e.g., capacitance, voltage, or
resistance) has a generally constant status. In certain imple-
mentations, when the condensate switch is in the first state
and the system is operating in the heating mode, the con-
densate switch is configured to interrupt (e.g., reduce or
eliminate) power supplied to the thermal conditioning
device. In some embodiments, when the condensate switch
is in the second state and the system is operating in the
heating mode, the condensate switch is configured to allow
(e.g., increase or generally maintain) power supplied to the
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thermal conditioning device. In some embodiments, the
condensate switch is located at or near: the interior space,
the inlet or outlet of the housing, the first or second surfaces
of the thermal conditioning device, or a user-occupied space
(e.g., a vehicle interior, an upper surface of a bed, etc.). In
certain variants, the condensate switch is located at or near
an input to the thermal conditioning device.

In some embodiments, when the condensate switch inter-
rupts power supplied to the thermal conditioning device, an
amount of power is supplied to the thermal conditioning
device that is less than the power supplied to the thermal
conditioning device when the condensate switch is in the
second state. For example, the power supplied to the thermal
conditioning device can be reduced by at least about: 10%,
25% 40%, 50%, 65%, 75%, 90%, 95%, values between the
aforementioned values, or otherwise. In certain implemen-
tations, when the condensate switch interrupts power sup-
plied to the thermal conditioning device, the power supplied
to the thermal conditioning device is generally eliminated.
In some embodiments, when the condensate switch toggles
from the first state to the second state, the supply of power
to the thermal conditioning device resumes. For example,
the condensate switch can be configured to toggle back and
forth between the first and second states, whereby the
thermal conditioning device de-energized (when the switch
is in the first state) and energized or re-energized (when the
switch is in the second state).

In some embodiments, a climate control system can be
configured for use in an ambient temperature range between
(e.g., between about 0° C. and about 45° C., between about
10° C. and about 38° C., between about 14° C. and about 34°
C., or otherwise). In certain embodiments, the system
includes a housing defining an interior space, the housing
having at least one inlet and at least one outlet. The system
can also include a thermal conditioning device (e.g., ther-
moelectric device, convective heater, radiant heater, or oth-
erwise) having at least a first surface and at least a second
surface. The second surface can be configured to achieve a
temperature less than a temperature of the first surface when
the system operates in a heating mode.

Some variants of the system include a fluid transfer device
configured to selectively transfer fluid from the inlet to the
outlet of the housing, wherein fluid passing through the
interior space of the housing is heated when the thermal
conditioning device is activated. For example, certain vari-
ants of the system include an electric motor assembly
located within the interior space and including a fluid
motivating portion, such as an impeller. The fluid motivating
portion can have a plurality of blades. In some embodi-
ments, the fluid motivating portion is directly or indirectly
coupled with the motor assembly, which can be configured
to selectively rotate the fluid motivating portion to draw a
fluid into the interior space of the housing via the inlet and
to discharge the fluid from the interior space via the outlet.

In some embodiments, the system includes and/or is
configured to interface with a power supply configured to
supply electric power to the thermal conditioning device. In
certain implementations, throughout the ambient tempera-
ture range of the system, the power supply is configured to
supply a sufficient amount of power (e.g., greater than or
equal to about 60 W, 65 W, 70 W, 75 W, 80 W, 85 W, 90 W,
95 W, 100 W, 105 W, 110 W, 115 W, values between the
aforementioned values, or otherwise) to the thermal condi-
tioning device to generally maintain the second surface of
the thermal conditioning device at a temperature that is
greater than the temperature at which condensation would
occur on the second surface. For example, if it is determined
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(e.g., by a calculation, lookup table, or otherwise) that
condensation could occur at a temperature of about 60° F.,
then the power supply can be configured to supply a suffi-
cient amount of power to the thermal conditioning device to
generally maintain the second surface of the thermal con-
ditioning device at a temperature that is greater than about
60° F. In some embodiments, the power supply is configured
to supply at least about 80 Watts to the thermal conditioning
device. In some embodiments, the power supply is config-
ured to supply at least about 95 Watts to the thermal
conditioning device. In some embodiments, the power sup-
ply is configured to supply at least about 135 Watts to the
thermal conditioning device. In some embodiments, the
power supply is configured to supply at least about 150
Watts to the thermal conditioning device.

Certain variants of the system include a plurality of
thermal conditioning devices. In some variants, all or at least
some of the plurality thermal conditioning devices are
electrically connected in parallel when the system operates
in certain conditions (e.g., in the heating mode). In some
implementations, all or at least some of the plurality thermal
conditioning devices are electrically connected in series
when the system operates in certain conditions (e.g., in a
cooling mode).

In some embodiments, a climate control system includes
a housing defining an interior space, the housing having at
least one inlet and at least one outlet. Some variants include
a thermal conditioning device (e.g., a thermoelectric device,
convective heater, or otherwise) positioned in the interior
space and having a first surface and a second surface, the
second surface being configured to achieve a temperature
less than a temperature of the first surface when the system
operates in a heating mode.

Certain implementations include a fluid transfer device
(e.g., an impeller, fan, blower, or otherwise), which can have
a plurality of blades. The fluid transfer device can be
configured to selectively transfer fluid from the inlet to the
outlet of the housing, wherein fluid passing through the
interior space of the housing is heated when the thermal
conditioning device is activated. Some embodiments include
a power supply configured to supply electric power to at
least one of the fluid transfer device and the thermal con-
ditioning device.

Some embodiments also include a processor, such as a
controller or other electronic circuit that executes one or
more algorithms. The processor can be configured to control
the power supplied to the thermal conditioning device. In
some variants, the processor is configured to determine a
dew point, such as by a calculation, lookup table, or other-
wise. In some embodiments, when the climate control
system is operating in the heating mode and the temperature
of the second surface is determined to be within a range
(e.g., less than or equal to about: 0.25%, 0.5%, 1%, 2%, 3%,
4%, 5%, 6%, 7%, 8%, 9%, 10%, values between the
aforementioned values, or otherwise) of the dew point, the
processor is configured to reduce (e.g., decrease or elimi-
nate) the amount of power supplied by at least one of the
thermal conditioning device and the fluid transfer device.

In some embodiments, the climate control system
includes a temperature sensor, such as a dry bulb tempera-
ture sensor, wet bulb temperature sensor, thermistor, or
otherwise. In certain embodiments, the climate control sys-
tem includes a humidity sensor. Certain implementations of
the system are configured to determine (e.g., calculate) dew
point. For example, some embodiments are configured to
determine dew point based on ambient dry bulb temperature
data from the temperature sensor and relative humidity data
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from the humidity sensor. In some embodiments, the dew
point is determined from a table, such as a table listing
known ambient temperature and corresponding relative
humidity values at which the second side of the thermal
conditioning device achieves the dew point.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects and advantages of the
present inventions are described herein in connection with
certain preferred embodiments, in reference to the accom-
panying drawings. The illustrated embodiments, however,
are merely examples and are not intended to limit the
inventions. The drawings include the following figures.

FIG. 1 illustrates a side schematic view of a climate
controlled vehicle seat according to one embodiment;

FIG. 2 illustrates a perspective schematic view of a
climate controlled bed according to one embodiment;

FIG. 3 illustrates a partial cross-sectional view of a fluid
module according to one embodiment;

FIG. 4A illustrates a partial cross-sectional view of a fluid
module comprising a wicking separator gasket according to
one embodiment;

FIG. 4B illustrates a partial cross-sectional view of the
fluid module of FIG. 4A when condensation is present;

FIGS. SA and 5B illustrate two states of an embodiment
of an electrical circuit that can be used in connection with,
for example, the embodiments of any of FIGS. 1-4B;

FIG. 6 illustrates an embodiment of a control scheme for
abating moisture that can be used in connection with, for
example, the embodiments of FIGS. 1-5;

FIG. 7 illustrates one embodiment of a comfort zone in
relation to temperature and relative humidity;

FIG. 8A illustrates one embodiment of a climate con-
trolled seating assembly comprising a plurality of sensors
according to one embodiment;

FIG. 8B illustrates one embodiment of a climate con-
trolled bed comprising a plurality of sensors according to
one embodiment; and

FIG. 9 illustrates a chart showing various control meth-
odologies of a duty cycle of a thermoelectric device as a
function of a temperature difference between a waste side
heat exchanger and a dew point.

DETAILED DESCRIPTION OF SOME
EMBODIMENTS

A variety of examples described below illustrate various
configurations that may be employed to achieve desired
improvements. The particular embodiments and examples
are only illustrative and not intended in any way to restrict
the general inventions presented and the various aspects and
features of these inventions. In addition, it should be under-
stood that the terms cooling side, heating side, main side,
waste side, cooler side and hotter side and the like do not
indicate any particular temperature, but are relative terms.
For example, the “hot,” “heating” or “hotter” side of a
thermoelectric device or array may be at ambient tempera-
ture, with the “cold,” “cooling” or “cooler” side at a cooler
temperature than ambient. Conversely, the “cold,” “cooling”
or “cooler” side may be at ambient with the “hot,” “heating”
or “hotter” side at a higher temperature than ambient. Thus,
the terms are relative to each other to indicate that one side
of the thermoelectric device is at a higher or lower tempera-
ture than the counter or opposing side. Moreover, as is
known in the art, when the electrical current in a thermo-
electric device is reversed, heat can be transferred to the
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“cold” side of the device, while heat is drawn from the “hot”
side of the device. In addition, fluid flow is referenced in the
discussion below as having directions. When such refer-
ences are made, they generally refer to the direction as
depicted in the two dimensional figures. The terminology
indicating “away” from or “along” or any other fluid flow
direction described in the application is meant to be an
illustrative generalization of the direction of flow as con-
sidered from the perspective of two dimensional figures.

FIG. 1 is a schematic diagram of a climate controlled
vehicle seat 10. The depicted climate controlled vehicle seat
assembly 10 includes a seat back 2, a seat bottom 4, a fluid
distribution system 12 and a fluid module 14. The terms
“fluid module” and “thermal module” are used interchange-
ably herein. The fluid module 14 can include, among other
things, a fluid transfer device 16 and a thermoelectric device
(TED) 18 (or another type of thermal conditioning member
or device). The fluid module and/or its components can be
controlled by one or more processors or controllers (not
shown), which can be internal and/or external to the module.
The fluid transfer device 16 comprises, for example, a
blower or a fan. FIG. 1 illustrates one embodiment of a
climate controlled vehicle seat 10 wherein air or other fluids,
which are thermally conditioned by the fluid module 14, can
be selectively transferred from the fluid module 14, through
a fluid distribution system 12 and toward an occupant
positioned on the vehicle seat assembly 10. While compo-
nents of the fluid module 14 (e.g., the TED 18, fluid transfer
device 16, the distribution system 12) are illustrated outside
the seat 10, one or more of these components can be
positioned entirely or partially within the seat 10, as desired
or required.

As illustrated in FIG. 1, the seat assembly 10 can be
similar to a standard automotive seat. However, it should be
appreciated that certain features and aspects of the seat
assembly 10 described herein may also be used in a variety
of other applications and environments. For example, certain
features and aspects of the seat assembly 10 may be adapted
for use in other vehicles, such as airplanes, trains, boats
and/or the like. In other arrangements, as discussed in
greater detail herein, the seat assembly 10 can include a bed
(FIG. 2), a medical bed, a chair, a couch, a wheelchair,
another medical bed or chair and/or any other device con-
figured to support one or more occupants.

For instance, FIG. 2 illustrates a schematic diagram of a
climate controlled bed 10B. The depicted arrangement of a
climate controlled bed 10B includes a support portion (e.g.,
cushion) 3, one or more fluid distribution systems 12 and
one or more fluid modules 14. The fluid module 14 can
include a fluid transfer device 16 (e.g., a fan, blower, etc.),
a TED 18 and any other devices or components (e.g.,
sensors), as desired or required. FIG. 2 schematically illus-
trates a configuration of a climate controlled bed 10B
wherein the fluid module 14 is conditioned and transferred
from the fluid module 14, through the fluid distribution
system 12 to the ultimate user sitting or lying on the bed
10B.

With continued reference to FIG. 2, the bed assembly 10B
can be similar to a standard bed (e.g., a foam bed, a spring
mattress bed, a latex bed, a medical bed or topper, etc.).
However, one or more features and aspects of the bed
assembly 10B described herein may also be used in a variety
of other applications and environments. For example, certain
features and aspects of the bed assembly 10B may be
adapted for use in other stationary environments, such as a
chair, a sofa, a theater seat, and an office seat that is used in
a place of business and/or residence.
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With reference to FIG. 3, a fluid transfer device 116 of a
fluid module 114 can be configured to provide a fluid, such
as air, to an inlet 130 of a TED 118. As discussed in greater
detail herein, the TED 118 can include a hot side 124 and a
cold side 122. Fluids being directed through the fluid module
114 are generally divided between the hot side 124 and the
cold side 122. During a heating operation, the hot side 124
can be called the “main” side and the cold side 122 can be
called the “waste” side. In some embodiments, fluids can
leave the hot side 124 via a hot side outlet 134 that leads to
the fluid distribution system 12 of a seat assembly 10. On the
other hand, from the cold side 122 of the TED 118, fluids can
leave via a cold side outlet 132 that may be in fluid
communication with a waste duct. Such a waste duct can
convey the fluids to an area where they will not affect the
user of the conditioning system or the operation of the
conditioning system itself.

According to certain arrangements, fluids are selectively
thermally-conditioned as they pass across, through and/or
near the TED 118 (or another type of thermal conditioning
device, e.g., convective heater, another cooling and/or heat-
ing device, etc.). Thus, fluids leaving the TED 118 through
the cold side outlet 132 are relatively cold, and fluids leaving
the TED 118 through the hot side outlet 134 are relatively
warm. Further, a separator gasket 151 can be generally
positioned between the cold side outlet 132 and the hot side
outlet 134. The separator gasket 151 can comprise a foam
(e.g., closed cell, open cell, etc.) and/or any other material.
In certain arrangements, the separator gasket 151 is used to
both separate the hot and cold fluid flows and to thermally
isolate them. In any of the embodiments disclosed herein, a
TED can be replaced by another type of thermal condition-
ing device (e.g., a convective heater, another heating and/or
cooling device, etc.).

In order to achieve the heating/cooling effect noted above,
the TED 118 can receive electric power from a power source
(not shown). In some embodiments, the power source is
configured to supply the TED 118 with at least about: 14V,
16V, 18V, 20V, values in between the foregoing, less that
14V, more than 20V and/or any other voltage. In certain
implementations, between about 5V and about 15V is sup-
plied to the TED 118. According to some embodiments, the
power source is configured to provide between about 15V
and about 20V to the TED 118. In some variants, during a
heating mode and during operation of the TED 118, at least
about 15V is supplied to the TED 118. Certain systems are
configured to supply greater than about 18V (e.g., approxi-
mately 18V, 20V, 22V, 24V, more than 24V, values between
the foregoing values, etc.) to the TED 118. In some imple-
mentations, the power supply can provide at least about 9 A
of electric current to the TED 118.

Condensate Wicking

With continued reference to FIG. 3, problems may arise
when the temperature on the cold side 122 of a TED 118 is
less than the dew point, which is the temperature below
which the water vapor in a volume of humid air at a constant
barometric pressure will condense into liquid water. For
example, when the temperature of the cold side 122 is less
than the dew point, then condensation can form. The con-
densation may form, for example, within the TED 118, in the
cold side outlet 132 and/or at any other location within or
near the TED 118 or the fluid module 114.

Condensation formed within a fluid module 114 can cause
a number of potential problems. For example, a plurality of
fins can be provided along the cold side 122 and/or the hot
side 124 of a TED 118 to help transfer heat to or from air or
other fluids passing through a fluid module 114. Based on
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the temperature variations within a TED 118, condensation
can form on the fins, generally decreasing the effective
surface area of the fins. Consequently, the flow of air or other
fluids through the cold side 122 of the TED 118 can be
partially or completely impeded. Under such conditions, the
temperature on the cold side 122 may decrease to the point
where ice forms within the TED 118 and/or along the cold
side outlet 132. Ice formation may further limit fluid flow
through the fluid module 114, and thus, may undesirably
prevent the thermal conditioning system from functioning
properly.

Additionally, as condensation forms, it may pool or
otherwise collect on or within the TED 118 and/or other
portions of the thermal module 114. In some embodiments,
condensed water or other fluid can move to other down-
stream locations of the seat assembly where it can cause
further problems. For example, such condensate can be
transferred to the fluid distribution system and/or the cush-
ion of a seat assembly. As a result, mold, rust, oxidation,
moisture damage, stains and/or other problems may result.
The condensate may also decrease the comfort level of the
user. For example, under some conditions, moist or wet air
may be blown on a user’s legs, back and/or other portions of
an occupant’s body. Further, the condensate may create odor
problems within the automobile, room or other location
where the seat assembly 10 is located.

FIGS. 4A and 4B illustrate one embodiment adapted to
address the condensate formation and pooling problems
discussed herein. In the depicted arrangement, the fluid
module 114A comprises, inter alia, a fluid transfer device
116A and a TED 118A. As shown, the TED 118A can be
located downstream of a fan or other fluid transfer device
116A. However, in any of the embodiments disclosed
herein, a TED 118A can be alternatively located upstream of
a fluid transfer device, as desired or required. The fluid
transfer device 116 A can be adapted to transfer air or other
fluids to an inlet 130A of the TED 118A. In some arrange-
ments, the TED 118A includes a hot side 124A and a cold
side 122A. Thus, fluid flow can be selectively advanced
through the inlet 130A and into the TED 118A, where the
fluid can be divided between the hot side 124 A and the cold
side 122A. From the cold side 122A of the TED 118A, the
fluid leaves via a cold side outlet 132A toward a waste duct.
Likewise, from the hot side 124 A of the TED 118A, the fluid
leaves via a hot side outlet 134A that leads to the fluid
distribution system 12.

According to some embodiments, as illustrated in FIG.
4A, a wicking separator gasket 151A is provided generally
between the cold side outlet 132A and the hot side outlet
134A. The wicking separator gasket 151A can be configured
so that it wicks water and/or other fluids that condense or
otherwise form within a fluid module 114A away from the
cold side 122 A and to the hot side 124A. For example, FIG.
4B demonstrates one embodiment of condensed water 170A
and/or other fluids generally passing from the cold side to
the hot side through the wicking separator gasket 151A. In
some embodiments, water or other liquid entering the hot
side can be advantageously evaporated or otherwise
removed from the fluid module 114A.

According to certain embodiments, the wicking material
comprises one or more of the following characteristics that
assist in transferring water and other condensation from the
cold side to the hot side of the thermal module. The wicking
material can have a low thermal conductivity so as to
provide at least a partial thermal barrier between the cold
side and the hot side when no condensation is present.
Further, the wicking material may provide high capillary
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action. This capillary action may be in only one direction so
as to ensure that the water and other condensation are
properly transferred to the hot side of the module. In
addition, the wicking material can comprise anti-fungal,
anti-bacterial and/or other characteristics that help prevent
the growth of potentially harmful or undesirable microor-
ganisms thereon or therein.

In some embodiments, the wicking materials are config-
ured to withstand relatively large variations in temperature
(e.g., both short term and long term changes), relative
humidity and/or the like. For example, the material can be
adapted to withstand a temperature range of approximately
40to 85 degrees Celsius. The wicking material can generally
have a high resistance to air flow, while allowing moisture
to wick therethrough. As a result, passage of cooled fluid
from the cold side to the hot side of the thermal module can
be reduced or minimized. Moreover, the wicking material
can be configured so that it has little or no dimensional
distortion during use. In addition, according to certain
arrangements, the wicking material is configured to with-
stand the forces, moments, pH variations and/or other ele-
ments to which it may be subjected during its useful life. In
some embodiments, the wicking separator gasket 151A
and/or the finger wick members comprise polypropylene,
nylon, other porous or non-porous materials and/or the like.
Condensation Sensors and Switches

In some embodiments, it may be desirable, preferred or
necessary to detect the presence of condensation within or
near the TED 118 or other portion of a thermal module.
Thus, a robust yet cost effective sensor to detect the presence
of condensation can be provided. Some illustrative embodi-
ments of such condensate sensors are disclosed in U.S. Pat.
No. 8,256,236, the entirety of which is hereby incorporated
by reference. The condensate sensor can be utilized on or
within any variety of climate conditioning systems and may
be placed in any area where condensation is likely to pool or
otherwise form.

In certain variants, the condensate sensor is configured to
detect (e.g., measure, ascertain, quantify, etc.) various levels
of condensate. For example, the condensate sensor can be
configured such that an output from the sensor, such as
voltage, varies as a function of the amount of condensate
detected. In some embodiments, the condensate sensor
detects the presence of water and/or other fluids by a change
in electrical resistance. In some embodiments, the conden-
sate sensor detects the presence of condensation by a change
in electrical capacitance. Accordingly, in certain embodi-
ments, the output from the condensate sensor can comprise
an analog output.

In some implementations, the condensate sensor detects
the presence of condensation in a digital manner. For
example, the condensate sensor can toggle between a first
state, such as a de-energized (e.g., “off””) mode, and a second
state, such as an energized (e.g., “on”) mode. The conden-
sate sensor can be in the first state, (e.g., de-energized) when
the condensate sensor detects an amount of condensate that
is less than a threshold level of condensate. When the
condensate sensor detects an amount of condensate that is
equal to or greater than the threshold level, the condensate
sensor can change from the first state to the second state.

In certain implementations, once the presence of water
and/or other fluids is detected by such sensors, the system
can be configured to take one or more steps to eliminate the
condensation or to otherwise remedy the problem. For
example, according to some embodiments, once a sensor
detects a threshold level of condensate within or near a TED
118, the system is designed to reduce the voltage supplied to
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the TED 118 until the condensation has been completely or
partially removed or reduced. Such a reduction in voltage
can reduce the extent to which fluids passing through the
thermal module are cooled or heated, thereby reducing or
stopping the formation of condensate.

In certain variants, the condensate sensor comprises a
switch that is configured to toggle the power supplied to the
TED 118. Such a switch can, for example, facilitate control
of the TED 118 in a way that reduces cost and complexity.
For example, in certain implementations, the TED 118 is
controlled to be powered and depowered (e.g., to be selec-
tively turned on and off) by a hardware condensate switch,
thereby avoiding the need for a closed loop system, software
and the associated hardware (e.g., processors) that add cost,
complexity, and/or potential points of failure. In some
embodiments, the condensate switch can facilitate control of
the TED 118 without a feedback loop. For example, as will
be discussed in further detail below, the condensate switch
can be configured to energize and de-energize the TED 118
based on the presence, or lack thereof, of condensation
above a threshold amount.

For example, with reference to the circuit diagrams of
FIGS. 5A and 5B, a climate control system (which can be
used in any of the embodiments discussed above, such as the
seat assembly 10, or otherwise) can include an electrical
circuit with a power source 140, the TED 118, and conden-
sate switch 142. The power source 140, TED 118, and
condensate switch 142 can be in electrical communication
via connections 144, such as wires, traces, or otherwise. As
discussed above, the condensate switch 142 can toggle
between a first state and a second state. In certain imple-
mentations, when the condensate switch 142 is toggled to
the first state, the circuit is closed, thereby allowing power
to be supplied to the TED 118, as shown in FIG. SA. For
example, when the condensate switch 142 detects an amount
of condensate that is less than a threshold level of conden-
sate, the condensate switch 142 can be configured to allow
power to be supplied to the TED 118.

On the other hand, in some embodiments, the circuit is
interrupted when the condensate switch 142 is toggled to the
second state, thereby reducing or eliminating power from
being supplied to the TED 118, as shown in FIG. 5B. For
example, when the condensate switch 142 detects an amount
of amount of condensate that is equal to or greater than the
threshold level, the condensate switch 142 can be configured
to inhibit or prevent power from being supplied to the TED
118. In some embodiments, a reduction or elimination of
power to the TED 118 results in a decrease in the tempera-
ture gradient between the cold side 122 and the hot side 124
and/or between the cold side 122 and ambient (e.g., the
temperature of the air at the inlet 130). In certain imple-
mentations, a reduction or elimination of power to the TED
118 results in an increase of the temperature of the cold side
122 (e.g., above the dew point), which can reduce or
eliminate the generation of condensation on the cold side
122.

In some embodiments, when the condensate switch 142
inhibits or prevents power from being supplied to the TED
118, some or all of the condensation on the cold side 122A
can be evaporated or otherwise removed from the fluid
module 114 (e.g., such as by the air passing over or through
the cold side 122A). Thus, the amount of condensation can
be reduced, which in turn can decrease the amount of
condensation detected by the condensate sensor. In certain
variants, the amount of condensate can eventually decrease
to a level at which the amount of condensate detected by the
condensate switch 142 is below the threshold level. In some
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such instances, the condensate switch 142 can toggle so as
to allow power to be supplied to the TED 118 again.

FIGS. 5A and 5B are only illustrative and are not limiting.
Therefore, various other configurations of the condensate
switch 142 can be included in a variety of other electrical
circuits. In some implementations, for example, an electrical
circuit includes a configuration of the condensate switch 142
that includes leads positioned where condensation tends to
collect, such as on, near or otherwise adjacent the waste side
heat exchanger. In certain embodiments, the leads are spaced
apart or otherwise configured to form an “open” portion of
the circuit, thereby inhibiting the flow of electricity in the
circuit. When sufficient condensation (e.g., a threshold
amount) accumulates or is otherwise present on or near the
leads, the circuit can “close,” and thus facilitate the flow of
electricity across the leads and through the circuit. When all
or at least some of the condensation is removed (e.g., by
evaporation), the circuit can “open” again, thereby re-
inhibiting the flow of electricity in the circuit. In some
embodiments, the circuit is configured such that electrical
current is allowed to flow to the TED 118 when the circuit
is “closed,” and electrical current is inhibited or prevented
from flowing to the TED 118 when the circuit is “open.”
Other embodiments of the circuit are configured such that
electrical current is allowed to flow the TED 118 when the
circuit is “open,” and electrical current is inhibited or
prevented from flowing to the TED 118 when the circuit is
“closed.”

In certain implementations, the condensate switch 142 is
configured to facilitate service and/or maintenance. For
example, the leads of the condensate switch 142 can be
configured to facilitate periodic (e.g., monthly, annual, or
otherwise) cleaning, replacement, or otherwise. In certain
embodiments, the condensate switch 142 can be positioned
and/or configured such that contaminants (e.g., dirt, dust,
mineral buildup, or otherwise) on, near, or otherwise adja-
cent at least one of the leads can be removed. In certain
implementations, cleaning of the condensate switch 142 can
eliminate or reduce the chance of improper operation of the
switch 142. For example, cleaning can reduce the likelihood
of electrical current being allowed to flow between the leads
because of the presence of contaminants, rather than because
of the presence of condensation.

With reference to FIG. 6, an embodiment of a control
scheme for the TED 118 is illustrated. Some embodiments of
the control scheme include block 210, which includes pro-
viding a TED 118, condensate switch 142, and source of
electric current. In some embodiments, the condensate
switch 142 is configured to permit or interrupt the provision
of electrical current to the TED 118. In certain variants, the
method includes a decision block 215 relating to whether the
climate control system is in an active operating mode (e.g.,
a user has turned the system on). In some embodiments, if
the system is on, then the method continues; if not then the
method ends.

Some embodiments of the control scheme include detect-
ing (e.g., measuring) condensation, such as with a conden-
sation sensor or switch. In certain implementations, the
condensation sensor is located at an area in or near the TED
118. In some implementations, the condensation sensor is
located at an area remote from the TED 118, such as, for
example, in the fluid distribution system and upstream or
downstream of the TED 118, at the fluid distribution system
inlet or outlet, in the environment surrounding the system
(e.g., the vehicle interior that the automotive seat is located
in, the room that the bed is located in, etc.) and/or anywhere
else on or in proximity of the seating assembly.
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With continued reference to FIG. 6, in some implemen-
tations, as illustrated by decision block 230, the method
includes determining whether the amount of condensation
detected is greater than or equal to a threshold amount. If the
answer is negative, then the method moves to block 240 in
which the condensate switch is toggled so as to allow
electrical current to be supplied to the TED 118. Conversely,
if the answer in block 230 is affirmative, then the method
moves to block 250 in which the condensate switch 142 is
toggled so as to reduce (e.g., by a set amount) or eliminate
the electrical current provided to the TED 118.

In some embodiments, blocks or steps 240 and/or 250 can
return to block 215, thereby allowing the repetition of some
or all of blocks or steps 215-250. In certain variants, blocks
or steps 240 and/or 250 can return to block or step 220,
thereby allowing the repetition of some or all of blocks or
steps 220-250. In some embodiments, blocks or steps 240
and/or 250 can return to block or step 230, thereby allowing
the repetition of some or all of blocks or steps 230-250.

In some embodiments, in blocks of steps 240 and 250, the
power supplied to the TED 118 (or other thermal condition-
ing device, member or component) is toggled substantially
completely “on” or substantially completely “off.” For
example, in some embodiments, when the amount of con-
densation detected is less than the threshold amount, then at
least about 15V (e.g., 15V, 16V, 17V, 18V, 19V, 20V, values
between the foregoing, more than 20V, etc.) is supplied to
the TED 118. Further, in some embodiments, when the
amount of condensation detected is greater than or equal to
the threshold amount, then about 0V (e.g., or a voltage close
to 0V) is supplied to the TED 118. Some variants of the
method do not adjust the electrical current or voltage sup-
plied to the TED 118 or other thermal conditioning device
based on the amount of condensation detected, aside from
the aforementioned on/off adjustment.

In other embodiments, in blocks or steps 240 and 250, the
power supplied to the TED 118 is modulated up or down
(e.g., increased or decreased in a linear or non-linear man-
ner). For example, certain embodiments of the method
include modulating the amount of electrical current or
voltage supplied to the TED 118 as a step-function. In any
of the embodiments disclosed herein, the manner in which
adjustments are made to the voltage or current supplied to a
TED (and/or other thermal conditioning device) is based, at
least in part, on empirical or experimental data. In certain
embodiments of the method, in blocks or steps 240 and 250,
the electrical current or voltage supplied to the TED 118 is
modulated as a linear, polynomic, or logarithmic function of
the amount of the condensation detected.

Control Schemes Using Relative Humidity and/or Tempera-
ture Detection

A climate control seating assembly 10, such as a vehicle
seat, a bed, a wheelchair, another medical bed or chair and/or
the like, can be advantageously configured to automatically
operate within a desired comfort zone. One embodiment of
such a comfort zone (e.g., generally represented by a cross-
hatched area 510) is schematically illustrated in the graph
500 of FIG. 7. As shown, a desired comfort zone 510 can be
based, at least in part, on the temperature and relative
humidity of a particular environment (e.g., ambient air,
thermally conditioned air or other fluid being delivered
through a climate controlled seat assembly 10, etc.). Thus, if
the relative humidity is too low or too high for a particular
temperature, or vice versa, the comfort level to an occupant
situated within such an environment can be diminished or
generally outside a target area.
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For example, with reference to a condition generally
represented as point 520C on the graph 500 of FIG. 7, the
relative humidity is too high for the specific temperature.
Alternatively, it can be said that the temperature of point
520C is too high for the specific relative humidity. Regard-
less, in some embodiments, in order to improve the comfort
level of an occupant who is present in that environment, a
climate control system can be configured to change the
surrounding conditions in an effort to achieve the target
comfort zone 510 (e.g., in a direction generally represented
by arrow 530C). Likewise, a climate control system for a
seating assembly 10 situated in the environmental condition
represented by point 520D can be configured to operate so
as to change the surrounding conditions in an effort to
achieve the target comfort zone 510 (e.g., in a direction
generally represented by arrow 530D). In FIG. 7, environ-
mental conditions generally represented by points 520A and
520B are already within a target comfort zone 510. Thus, in
some embodiments, a climate control system can be con-
figured to maintain such surrounding environmental condi-
tions, at least while an occupant is positioned on the corre-
sponding seating assembly (e.g., vehicle seat, bed,
wheelchair, another medical bed or chair, etc.).

In some embodiments, a climate control system for a
seating assembly 10 is configured to include additional
comfort zones or target operating conditions. For example,
as illustrated schematically in FIG. 7, a second comfort zone
514 can be included as a smaller area within a main comfort
zone 510. The second comfort zone 514 can represent a
combination of environmental conditions (e.g., temperature,
relative humidity, etc.) that are even more preferable than
other portions of the main comfort zone 510. Thus, in FIG.
7, although within the main comfort zone 510, the environ-
mental condition represented by point 520B falls outside the
second, more preferable, comfort zone 514. Thus, a climate
control system for a seating assembly 10 situated in the
environmental condition represented by point 520B can be
configured to operate so as to change the surrounding
conditions toward the second comfort zone 514 (e.g., in a
direction generally represented by arrow 530B).

In some embodiments, a climate control system can
include one, two or more target comfort zones, as desired or
required. For example, a climate control system can include
separate target zones for summer and winter operation. In
some arrangements, therefore, the climate control system
can be configured to detect the time of year and/or the
desired comfort zone under which a climate controlled seat
assembly is to be operated.

The incorporation of such automated control schemes
within a climate control system can generally offer a more
sophisticated method of operating a climate control seat
assembly (e.g., bed). Further, as discussed herein, certain
automated control schemes can help to simplify the opera-
tion of a climate controlled seat assembly and/or to lower
costs (e.g., manufacturing costs, operating costs, etc.). This
can be particularly important where it is required or highly
desirable to maintain a threshold comfort level, such as for
patients situated on wheelchairs, medical beds and/or the
like. Further, automated control schemes can be especially
useful for seating assemblies configured to receive occu-
pants that have limited mobility and/or for seating assem-
blies where occupants are typically seated for extended time
periods (e.g., beds, airplane seats, other vehicle seats, movie
theaters, hospital beds, convalescent beds, wheelchairs,
other medical beds or chairs, etc.).

According to some embodiments, data or other informa-
tion obtained by one or more sensors is used to selectively
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control a climate control system in order to achieve an
environmental condition which is located within a desired
comfort zone 510, 514 (FIG. 7). For instance, a climate
control system can include one or more temperature sensors
and/or relative humidity sensors. Such sensors can be situ-
ated along various portions of a seating assembly (e.g., TED,
thermal module, fluid distribution system, inlet or outlet of
a fluid transfer device, fluid inlet, surface of an assembly
against which an seated occupant is positioned, etc.) and/or
any other location within the same ambient environment as
the seating assembly (e.g., an interior location of an auto-
mobile, a bedroom, a hospital room, etc.). In some embodi-
ments, one or more additional types of sensors are also
provided, such as an occupant detection sensor (e.g. con-
figured to automatically detect when an occupant is seated
on a vehicle seat, a bed and/or any other seating assembly).

Regardless of the quantity, type, location and/or other
details regarding the various sensors included within a
particular assembly, the various components of the climate
control system can be configured to operate (in one embodi-
ment, preferably automatically) in accordance with a desired
control algorithm. According to some embodiments, the
control algorithm includes a level of complexity so that it
automatically varies the amount of heating and/or cooling
provided at the seating assembly based, at least in part, on
the existing environmental conditions (e.g., temperature,
relative humidity, etc.) and the target comfort zone.

Accordingly, in some embodiments, a control system for
a climate control seating assembly is configured to receive
as inputs into its control algorithm data and other informa-
tion regarding the temperature and relative humidity from
one or more locations. For example, as illustrated in FIG.
8A, a climate controlled vehicle seat 600 can include fluid
distribution systems 612, 622 along its seat back portion 602
and/or seat bottom portion 604. Each fluid distribution
system 612, 622 can be in fluid communication with a fluid
transfer device 616, 626 (ec.g., fan, blower, etc.) and a
thermoelectric device 618, 618 (e.g., a Peltier circuit, other
device configured to selectively temperature condition air or
other fluids passing therethrough, etc.). In the illustrated
arrangement, a temperature sensor 630, 632 is located within
or near each thermoelectric device 618, 628. Such sensors
630, 632 can be configured to detect the temperature of the
TED, the temperature of a fin or other heat transfer member,
the temperature of any other portion or components of the
TED, the operating temperature of the TED, the temperature
of the fluid within, entering or exiting the fins or other
portion of the TED, the temperature upstream or down-
stream of the TED, the temperature upstream or downstream
of the fluid transfer device, the temperature within the fluid
distribution system 612, 622 and/or the temperature along
any other portion of the thermal module or the seat assem-
bly.

With continued reference to FIG. 8A, one or more sensors
654, 656 can be provided on a controller 650 and/or any
other location surrounding the seat assembly 600, either in
lieu of or in addition to the temperature sensors 630, 632
included on or near the TEDs. For instance, the depicted
controller 650 can include a sensor 654 configured to detect
the ambient temperature. Further, the controller 650 may
also include a sensor 656 configured to detect the relative
humidity of the surrounding environment (e.g., the interior
or exterior of an automobile). Although not included in the
depicted arrangement, one or more additional relative
humidity sensors can be provided on or near the TEDs,
within the fluid distribution systems of the seat assembly
600, any location where a temperature sensor is located
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(e.g., upstream or downstream of a fluid transfer device)
and/or the like. Such relative humidity sensors can be
configured to provide additional operational data that may
further enhance the ability of a climate control system to
automatically operate within a desired comfort zone 510,
514 (FIG. 7).

As illustrated in FIG. 8A, the controller 650 can be
operatively connected to the various sensors 630, 632, 654,
656 located within or in the vicinity of a climate control seat
assembly 600. Information received from the various sen-
sors can be used to automatically regulate one or more
devices or aspects of the climate control system, such as
TEDs 618, 628 (e.g., the amount of voltage supplied
thereto), the fluid transfer devices (e.g., the rate of which air
is transferred through the fluid distribution systems 612,
622) and/or the like. In some embodiments, the controller
650 is also operatively connected to one or more external
climate control systems (e.g., the automobile’s or building’s
HVAC system). This can further enhance the ability of the
climate control system to achieve a desired operating con-
dition.

In some embodiments, as illustrated in the bed assembly
700 of FIG. 8B, both a temperature sensor 730, 732 and a
relative humidity sensor 740, 742 are provided within or
near each TED 718, 728 (e.g., at or near a second side of a
thermal conditioning device such as TED 718, 728) or fluid
module in which such TED is positioned (e.g., the inlet of
the fluid transfer device 716, 726). In some arrangements,
additional temperature and/or relative humidity sensors 754,
756 are included within other portions of the bed assembly
700 (e.g., within the lower portion 714 and/or upper portion
712, within a fluid distribution member 712, 713, etc.), on a
controller 750, on a wall of the room in which the bed
assembly 700 is positioned and/or the like.

Regardless of the quantity, location, type and/or other
details regarding the various sensors used in conjunction
with a climate control system, such sensors can be advan-
tageously configured to provide data and other information
regarding the temperature and relative humidity of ambient
air, the operational temperature of a particular climate con-
trolled seating assembly (e.g., vehicle seat, bed, a medical
bed, wheelchair, another medical chair, etc.) and/or the like
to permit the seating assembly to be operated (e.g., auto-
matically, if so desired) within a target comfort zone.

For example, as discussed herein with reference to FIG.
8A, the information transmitted from the various sensors to
a controller can be used to automatically turn on or off
and/or modulate various components of a climate controlled
bed 700 or other seating assembly. In some arrangements,
the fluid transfer devices and/or the TEDs are turned on or
off, in accordance with a desired control scheme. As dis-
cussed, such beds and other seating assemblies can addi-
tionally include an occupant detection sensor that allows a
control system to be notified when a user is seated or
otherwise positioned thereon. Thus, a bed assembly 700 can
be configured to automatically turn on or off and/or provide
various levels of heated and/or cooled air when an occupant
positions himself or herself thereon. This can advanta-
geously eliminate the need for one or more manual controls
(e.g., switches, controllers, etc.) that may otherwise be
supplied with a climate controlled bed 700 or other seating
assembly. Thus, such automated operational schemes can
advantageously reduce both the cost and the complexity of
providing and operating a climate controlled bed or other
assembly.
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In any of the embodiments disclosed herein, or equiva-
lents thereof, the relative humidity sensors can be capaci-
tance-based, resistance-based, thermal conductivity based
and/or the like.

In simpler embodiments, a control algorithm is configured
to receive only temperature data from one or more sensors.
Alternatively, only relative humidity sensors can be used to
provide information to a climate control system about the
existing environmental conditions within or near a target
seating assembly. In certain embodiments, additional infor-
mation regarding the surrounding environment is provided
to the control system, such as time of day, whether the
ambient temperature is decreasing or increasing and/or the
like. Accordingly, a target comfort zone 510 (e.g., FIG. 7)
can be based on one, two, three or more variables, as desired
or required.

Moisture Abatement in Heating Operation of Systems

In some conventional climate control systems, when the
system is operating in a heating mode, moisture abatement
(e.g., dehumidification of the air passing through the system)
is not employed. This is the case generally because, during
the heating mode, air is not cooled below the dew point
temperature. Accordingly, condensation is typically not a
concern. Furthermore, in certain instances, additional
humidity in the air can provide latent heat that can be
beneficial in providing a comfortable environment during
the heating mode. However, unexpectedly, it has been deter-
mined that moisture abatement can be beneficial during a
heating mode of operation of certain climate control systems
having a TED. For example, moisture abatement during a
heating mode of operation can be beneficial in certain
variants of a climate controlled seat (CCS), a bed or climate
controlled sleep system (CCSS), a climate controlled con-
tainer (e.g., beverage container), any the embodiments
described herein and/or the like.

As discussed herein in connection with FIG. 3, the TED
118 or other thermal conditioning device, member or com-
ponent can include a main side 124 and a waste side 122.
During a heating mode, when voltage is applied to the TED
118 or other thermal conditioning device (e.g., convective
heater), the main side 124 generates heat and the waste side
122 absorbs heat. When operating certain climate control
systems (such as the CCS or CCSS or other climate con-
trolled systems) in heating mode, the waste side 122 of the
TED 118 can achieve temperatures below that of the main
side 124. In some embodiments, the waste side 122 can
achieve temperatures at or below the dew point of the air
passing over or through the TED 118, which can result in
condensate forming on and/or along the waste side heat
exchanger. The formation of the condensate can negatively
restrict the airflow across the waste side heat exchanger.
Such a restriction of airflow can decrease the rate and/or
amount of heat transfer between the air and the waste side
heat exchanger, which can cause a further reduction in the
temperature of the waste side heat exchanger. If the tem-
perature of the waste side of the TED falls below about 0°
C., ice formation can begin to occur, further restricting or
even preventing air flow across the waste side of the heat
exchanger. Thus, it can be advantageous to monitor and/or
account for the waste side heat exchanger temperature while
operating the climate control system in heating mode. For
example, a control scheme can account for the waste heat
exchanger temperature when the climate control system is
operating in heating mode by determining whether certain
potentially problematic humidity conditions exist, as dis-
cussed in further detail below. In various embodiments, the
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control scheme can be executed by and/or reside in a
processing unit (e.g., a local control unit, a central control
unit, etc.).

Various implementations include sensors to provide tem-
perature and/or humidity data to the processor for use in the
control scheme. In some embodiments, one or more tem-
perature sensors can be positioned to detect the waste side
temperature and/or waste side heat exchanger temperature.
In certain variants, a temperature sensor is positioned on the
waste side of the TED or other thermal conditioning device
to monitor waste air temperature. In some embodiments, one
or more humidity sensors are positioned to detect the
humidity of in the vicinity of the waste side heat exchanger
and/or the general surroundings. For example, the humidity
sensor can be positioned at: the blower (e.g., the air inlet
location), a main or central control unit, MCU, (e.g., located
on floor next to bed or floor of a vehicle), a support structure
(e.g., a wire harness that is located inside the bed or seat), a
user remote (e.g., located on night stand next to bed or at an
armrest of a chair), and/or a wireless receiver (e.g., from a
main HVAC unit). Certain implementations include one or
more humidity sensors and no temperature sensors. Some
variants do not include a sensor that measures the tempera-
ture.

In some embodiments, adjustments are made to the TED
or other thermal conditioning device (e.g., convective
heater) based on, at least in part, the relative humidity. Given
the ambient temperature (e.g., about 10° C. to about 38° C.)
in which certain embodiments typically operate, during
heating mode, some embodiments are configured to make
adjustments to the amount of power supplied to the TED or
other thermal conditioning device based on relative humid-
ity exclusively. For example, in certain implementations,
during heating mode, the TED is adjusted when the relative
humidity level reaches a threshold, such as greater than or
equal to about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, values in between the
foregoing, less than about 85%, more than about 98%, etc.
In some embodiments, when the humidity exceeds or falls
below a particular threshold or limit, the amount of power
supplied to the TED or other thermal conditioning device
can be adjusted (e.g., turned off, reduced, increased, or
otherwise modified, etc.), as discussed in further detail
herein. Such a configuration can, for example, reduce the
likelihood of the waste side heat exchanger achieving a
temperature that is about equal to or less than the dew point,
and thus reduce the likelihood of condensation forming.
Further, because some such variants do not use a tempera-
ture input (e.g., from a sensor measuring the waste side
temperature) to determine whether or how to adjust the TED
or other thermal conditioning device, the system’s cost,
complexity, and/or total number of components can be
reduced.

Certain embodiments of the systems disclosed herein are
configured to adjust a duty cycle of the TED or other thermal
conditioning device based on whether the relative humidity
threshold is met. “Duty cycle” is the percentage of the
amount of time that the TED is in the powered mode to the
total amount of time under consideration. For example, if the
TED was powered for three seconds within a ten second
time period, then the duty cycle would be expressed as 30%.
Some embodiments, which can include one or both a heating
mode and a cooling mode, can be configured to adjust the
duty cycle of the TED based on some or all of features of
Table 1.
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TABLE 1
Relative Maximum TED Duty Cycle Maximum TED Duty Cycle
Humidity (Cooling Mode) (Heating Mode)

0%-62%
62.1%-67%
67.1%-72%
72.1%-77%
77.1%-82%
82.1%-90%
90.1%-100%

100%
87%
75%
62%
50%

0%
0%

100%
100%
100%
100%
100%
100%

50%

As shown above in Table 1, according to some embodi-
ments, at a relative humidity between 0% and 62%, if the
system is in cooling mode, then the maximum duty cycle of
the TED can be about 100%. Further, when the system is
operating in heating mode, the maximum duty cycle of the
TED can be about 100%. However, in some embodiments,
if the relative humidity is between 62.1% and 67%, then the
maximum duty cycle of the TED can decrease to 87% when
the system is in cooling mode, and remain at 100% when the
system is in heating mode. In certain variants, the TED can
be depowered (e.g., about 0% duty cycle) when the system
is in cooling mode and the relative humidity is greater than
or equal to about 82.1%. In some implementations, during
heating mode the maximum duty cycle of the TED can
remain at 100% until the relative humidity is greater than or
equal to about 90.1%, at which point the maximum duty
cycle of the TED can decrease to 50%.

Certain embodiments are configured to adjust the duty
cycle of the TED based on some or all of features of Table
2.

TABLE 2
Relative Maximum TED Duty Cycle Maximum TED Duty Cycle
Humidity (Cooling Mode) (Heating Mode)

0%-57%
58%-67%
68%-77%
78%-85%
86%-100%

100%
75%
50%
25%

0%

100%
100%
100%
100%

50%

For example, when the relative humidity is between about
78% and about 85%, the maximum duty cycle can be about
25% in cooling mode and about 100% in heating mode.
When the relative humidity is equal to or greater than about
86%, then the TED can be depowered (e.g., about 0% duty
cycle) in cooling mode and have a maximum duty cycle of
about 50% in heating mode. In some variants, if the system
is in heating mode and the relative humidity is greater than
or equal to a threshold value (e.g., about 86%), then the
amount of power supplied to the TED is reduced (e.g., by
about half).

In some implementations, the TED or other thermal
conditioning device is adjusted based (e.g., exclusively or at
least in part) on whether condensation is detected. For
example, in some embodiments, the TED is allowed to
operate up to a maximum duty cycle level (e.g., 100%)
unless condensation above or below a limit is detected by a
condensation sensor. If such a condition is met, then an
adjustment can be made, such as energizing or de-energizing
the TED or other thermal conditioning device, increasing the
power supplied to the TED or other thermal conditioning
device, or decreasing the power supplied to the TED or other
thermal conditioning device. For example, according to
some embodiments, the TED or other thermal conditioning
device can operate at or near 100% duty cycle unless
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condensation is detected above a limit, in which case the
TED is limited operating at no greater than 50% duty cycle.
In some embodiments, the TED or other thermal condition-
ing device can operate at or near 100% duty cycle unless
condensation is detected, in which case the TED or other
thermal conditioning device is substantially de-energized
(e.g., about 0% duty cycle).

Dew Point Calculation

As is evident from certain of the embodiments described
herein, some embodiments are configured to abate moisture
during heating mode without calculating a dew point. For
example, as discussed above, some embodiments include a
condensation sensor or switch and are configured to adjust
the operation of the TED or other thermal conditioning
device based on whether a threshold amount of condensation
is detected; thus no additional dew point calculation is
required. Such configurations can, for example, reduce cost,
decrease the number of system components, reduce the
overall physical size of the system, and/or lessen the amount
of energy used by the system. Certain embodiments modu-
late (e.g., a voltage or current supplied to) the TED or other
thermal conditioning device based on relative humidity, as
discussed above in connection with Tables 1 and 2. Accord-
ingly, some such embodiments are configured to abate
moisture during a heating mode without calculating a dew
point and/or receiving a temperature input.

However, in some embodiments, the dew point tempera-
ture can be calculated and used in a moisture abatement
control scheme. For example, dry bulb temperature and
relative humidity data can be collected (e.g., measured with
sensors), and that data can be used to calculate the dew
point. In certain variants, the dew point is determined with
the following formula (in which td is the dew point tem-
perature, t is the ambient dry bulb temperature, and RH is the
relative humidity):

100 — RH
d~i—

According to some implementations, the dew point is
determined with the following formula (in which td is the
dew point temperature (° C.), t is the ambient dry bulb
temperature (° C.), RH is the relative humidity, the constant
A is 17.625, and the constant B is 243.04° C.):

RH Ar
B[ln(m) + B_-i—t]
RH Ar
A=in{ 5]~ 57

In some embodiments, the dew point is not determined
directly, but rather indirectly from one or more other inputs
(e.g., detected or perceived measurements), factors and/or
other information. For example, in certain embodiments, the
temperature difference (“AT”) between the waste side of the
TED and the ambient temperature is known (e.g., by empiri-
cal measurements). In some such embodiments, the dew
point conditions can be found with a table of ambient
temperature and relative humidity, which can be stored in
memory (e.g., in the MCU or processor). For example, for
some embodiments with of a AT of about 8° C., the ambient
temperature and relative humidity conditions at which the
waste side will achieve the dew point are listed in Table 3.
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TABLE 3

Ambient (approx.) Relative Humidity (approx.)

30° C./86° F.
28° C./82° F.
26° C./79° E.
24° C./15° F.
22° C./12° F
20° C./68° F.
18° C./64° F.
16° C./61° F.
14° C./57° F.

62%
62%
62%
60%
59%
59%
58%
58%
57%

As shown in Table 3, in certain embodiments, the waste
side of the TED can achieve the dew point when the ambient
temperature is about 24° C. and the relative humidity is
about 60%. Similarly, in some implementations, the waste
side of the TED can achieve the dew point when the ambient
temperature is about 16° C.-18° C. and the relative humidity
is about 58%.

In some embodiments, the system is configured to gen-
erally maintain the waste side heat exchanger at a tempera-
ture at or above the dew point temperature when the system
is operating in a heating mode. For example, some embodi-
ments determine the dew point (e.g., by measurement with
a dew point sensor, by calculation, or with a table) and use
that dew point in a control scheme for operation of one or
more system components. In certain implementations, the
dew point is used to control the amount of power supplied
to the TED or other thermal conditioning device, such as by
adjusting the duty cycle. For example, when the temperature
of the waste side heat exchanger is determined to be at or
within a range (e.g., less than or equal to about: 1° C.,2° C,,
3° C, 4° C,, values in between, or otherwise) of the dew
point, then the control scheme can adjust the amount of
power supplied to the TED or other thermal conditioning
device. Such a configuration can, for example, decrease the
likelihood of condensation occurring and/or can facilitate
removal (e.g., by evaporation) of any condensation that has
already occurred. In some implementations, the adjustment
includes limiting the maximum duty cycle of the TED or
other thermal conditioning device. In certain embodiments,
the adjustment includes turning the TED or other thermal
conditioning device off (e.g., supplying substantially no
power to the TED or other thermal conditioning device).

In some embodiments, during heating mode, the TED or
other thermal conditioning device is modulated as a function
of the difference between the waste side heat exchanger
temperature (T,,) and the dew point (T,,). For example, as
shown in FIG. 9, based on the difference between the waste
side heat exchanger temperature and the dew point, maxi-
mum duty cycle of the TED can be adjusted in a step
relationship 850, linear relationship 852a, 8525, or nonlinear
(e.g., exponential) relationship 854a, 854bH. In certain
embodiments, as the waste side heat exchanger temperature
approaches the dew point temperature, the duty cycle of the
TED is decreased. In some implementations, during heating
mode the maximum duty cycle is configured to increase
during a first portion 856a at a greater rate than during a
second portion 8565. For example, the rate of change (e.g.,
the slope of the line) of some or all of the first portion 8564
compared to the rate of change of some or all of the second
portion 8565 can be at least about: 2:1, 5:1, 10:1, 20:1, 50:1,
values in between, or otherwise.
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Condensation Control Via Power Supply to the TED or
Other Thermal Conditioning Device

Generally, during the heating mode, the waste side tem-
perature is a function of the power supplied to the TED or
other thermal conditioning device. As such, some embodi-
ments are configured, during heating mode, to generally
maintain the waste side heat exchanger temperature above a
limit. For example, some embodiments are configured,
during heating mode, to provide sufficient power to the TED
to generally maintain the waste side temperature above the
ambient temperature. Certain embodiments are configured,
during heating mode, to provide sufficient power to the TED
to generally maintain the waste side temperature above the
dew point, thereby inhibiting or avoiding the formation of
condensation on the waste side heat exchanger.

According to certain embodiments, the power supplied to
the TED or other thermal conditioning device during heating
mode is sufficient to generally maintain the waste side heat
exchanger temperature above the dew point throughout the
intended ambient temperature range (e.g., about 10° C. to
about 38° C.) of operation of the system. Thus, the formation
of condensation can be inhibited or avoided without the need
to determine (e.g., measure or calculate) a dew point. In
some embodiments, the waste side heat exchanger tempera-
ture is generally maintained above the dew point by pro-
viding at least about 80 W of power (e.g., about 11.4V and/or
about 7 A) to the TED. In certain implementations, the waste
side heat exchanger temperature is generally maintained
above the dew point by providing at least about 135 W of
power (e.g., about 15V and/or about 9 A) to the TED. In
some embodiments, the waste side heat exchanger tempera-
ture is generally maintained above the dew point by pro-
viding at least about 162 W (e.g., about 18V and/or about 9
A) to the TED. In certain embodiments, the formation of
condensation can be inhibited or avoided by providing
between about 150 W and about 200 W (e.g., about 15V-20V
and/or about 10 A) of power to the TED or other thermal
conditioning device. In some implementations, about 3.5
amps (e.g., about: 3.0 A, 3.1 A;3.2A,33.A,34A,35A,,
36 A, 37 A, 38 A, 39 A, 40 A, values between the
aforementioned values, or otherwise) about and/or about 8
volts (e.g., about: 7.0V, 7.1V, 7.2V, 7.3V, 7.4V, 7.5V, 7.6V,
7.7V, 7.8V, 7.9V, 8.0V, values between the aforementioned
values, or otherwise) are provided to the TED when the
climate control system is operating in heating mode. In
certain embodiments, about 7 amps (e.g., about: 7.0 A, 7.1
A T2A,7T3A,7T4A,7T5A,7.6A,77A,78A,79A,80
A, values between the aforementioned values, or otherwise)
and/or at least about 8 volts are provided to at least one of
the main side and waste side when the climate control
system is operating in heating mode. In certain implemen-
tations, at least one of the main side and the waste side of the
TED are provided with at least about 95 W (e.g., about
13.6V and/or about 7 A) when the climate control system is
operating in heating mode. In various embodiments, the
power supply is configure to provide between about 12V and
about 18V (e.g., about: 12V, 13V, 14V, 15V, 16V, 17V, 18V,
values between the aforementioned values, or otherwise)
when the system is operating in heating mode

In some embodiments, the climate control system
includes a plurality of heating modes. For example, the
system can have at least a low heating mode and a high
heating mode. In some implementations, the amount of
power provided to the TED is adjusted based on the type of
heating mode. For example, a first amount of power (e.g.,
less than about 95 W) can be provided to at least one of the
main side and the waste side of the TED when the system is
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in a low heating mode, and a second amount of power (e.g.,
greater than or equal to about 95 W) can be provided to at
least one of the main side and the waste side of the TED
when the system is in a high heating mode.

In some embodiments, the power supplied to the TED or
other thermal conditioning device is sufficient to generally
maintain the waste side heat exchanger temperature above
the ambient temperature throughout the intended range of
operation of the system (e.g., about 14° C. to about 30° C.).
Such a configuration can eliminate (or reduce) the need to
determine the dew point, thereby reducing the system com-
plexity. For example, some embodiments are configured to
provide sufficient power to the TED or other thermal con-
ditioning device during a heating mode such that the waste
side heat exchanger temperature is generally maintained
above an ambient temperatures ranging from about 10° C. to
about 38° C. In some such embodiments, the main side
temperature can be between about 35° C. to about 60° C.
According to certain variants, the waste side heat exchanger
temperature can be generally maintained above the ambient
temperature by providing at least about 135 W of power
(e.g., about 15V and about 9 A) to the TED. In some
embodiments, the waste side heat exchanger temperature
can be generally maintained above the ambient temperature
by providing at least about 162 W (e.g., about 18V and about
9 A) to the TED. In certain embodiments, the waste side heat
exchanger temperature can be generally maintained above
the ambient temperature by providing between about 150 W
and about 200 W (e.g., about 15V-20V and about 10 A) of
power to the TED.

In various embodiments, the system can be configured
with the TED or other thermal conditioning device con-
nected in series or in parallel. For example, some embodi-
ments include a plurality of TEDs or other thermal condi-
tioning devices, which are electrically connected in series
during a cooling mode and in parallel during a heating
operation. Certain such embodiments include two TEDs and
have a power supply that is configured to provide between
about 12V and about 18V. In some embodiments, the voltage
at each of the TEDs during cooling can be about 7.5V and
the voltage at each of the TEDs during heating can be about
15V. Due to certain inefficiencies and losses, in some such
embodiments, the voltage at to each of the TEDs during
cooling can be less than or equal to about 7V and the voltage
at each of the TEDs during heating can be less than or equal
to about 15V.

As noted above, in certain embodiments, the power
supply can be configured to provide sufficient power to
generally maintain a portion of the climate control system
(e.g., the waste side of the TED, the waste side heat
exchanger temperature, or otherwise) above the ambient
temperature throughout the intended ambient temperature
range of operation of the system (e.g., about 14° C. to about
30° C.). For example, it has been determined that, when used
in certain climate control system implementations, a 12V
power supply that provides about 5.5 A per side (main side
and waste side) to each of two TEDs (e.g., electrically
connected in parallel during heating mode) results in the
fluid exiting the waste side heat exchanger having a tem-
perature that is less than ambient temperature. However,
when the system includes a 15V power supply that provides,
for example, about 7.0 A per side (main side and waste side)
to each of two TEDs (e.g., electrically connected in parallel
during heating mode), then the fluid exiting the waste side
heat exchanger has a temperature that is greater than the
ambient temperature throughout the intended ambient tem-
perature range of operation of the system. As such, the need
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for a dew point determination (e.g., calculation) can be
lessened or eliminated the occurrence of condensation and/
or to mitigate the presence of condensation that already
occurred.

The various embodiments can use a variety of types of
sensors. For example, some embodiments include a sensor
that measures the dew point. Some embodiments include a
sensor that measures the relative humidity (RH) only. Cer-
tain variants include a temperature sensor and/or use a
temperature input in controlling the TED during heating
mode. Other embodiments do not include a temperature
sensor and/or do not use a temperature input in controlling
the TED during heating mode. Certain embodiments include
an integrated circuit humidity sensor, such as the HIH-4000
Series (commercially available from Honeywell Interna-
tional, Inc.). Some implementations include a humidity
sensor from the HGT3500 Series (commercially available
from Measurement Specialties, Inc.).

Some implementations can include multiple heated and/or
cooled zones, with at least one sensor for each zone. For
example, in some embodiments, the fluid distribution sys-
tem includes ducts or other fluid-carrying structures that
connects each of the zones to the TED, and has flow
regulating elements (such as dampers or vanes) in each of
the ducts, with each flow regulating elements being config-
ured to allow more or less fluid to the respective zone based
on the sensor’s measurement of a characteristic (e.g., humid-
ity and/or temperature) of the zone and the setpoint (e.g.,
setpoint humidity and/or temperature) of that zone. Certain
implementations include a plurality of TEDs, such as one
TED for each zone, with the TED being controlled based on
the sensor’s measurement of a characteristic (e.g., humidity
and/or temperature) of the zone and the setpoint (e.g.,
setpoint humidity and/or temperature) of that zone.

For purposes of summarizing the invention and the advan-
tages achieved over the prior art, certain objects and advan-
tages of the invention are described herein. Of course, it is
to be understood that not necessarily all such objects or
advantages need to be achieved in accordance with any
particular embodiment. Thus, for example, those skilled in
the art will recognize that the invention may be embodied or
carried out in a manner that achieves or optimizes one
advantage or group of advantages as taught or suggested
herein without necessarily achieving other objects or advan-
tages as may be taught or suggested herein.

Further, any of these control schemes can be used together
with a condensation sensor and/or a wicking flow separator
as discussed and illustrated in greater detail herein. For
example, a control scheme operating within a target comfort
zone can be overridden if a condensation sensor detects the
presence of an undesirable level of fluid within the TED
and/or other locations of the thermal module. Alternatively,
the control scheme can be configured to continue operating
toward a target comfort zone if a wicking material is
provided within the thermal module to properly avoid con-
densation formation.

The systems, apparatuses, devices and/or other articles
disclosed herein may be formed through any suitable means.
The various methods and techniques described above pro-
vide a number of ways to carry out the invention. Of course,
it is to be understood that not necessarily all objectives or
advantages described may be achieved in accordance with
any particular embodiment described herein. Thus, for
example, those skilled in the art will recognize that the
methods may be performed in a manner that achieves or
optimizes one advantage or group of advantages as taught
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herein without necessarily achieving other objectives or
advantages as may be taught or suggested herein.
Furthermore, the skilled artisan will recognize the inter-
changeability of various features from different embodi-
ments disclosed herein. Similarly, the various features and
steps discussed above, as well as other known equivalents
for each such feature or step, can be mixed and matched by
one of ordinary skill in this art to perform methods in
accordance with principles described herein. Additionally,
the methods which are described and illustrated herein are
not limited to the exact sequence of acts described, nor are
they necessarily limited to the practice of all of the acts set
forth. Other sequences of events or acts, or less than all of
the events, or simultaneous occurrence of the events, may be
utilized in practicing the embodiments of the invention.
Although the invention has been disclosed in the context
of certain embodiments and examples, it will be understood
by those skilled in the art that the invention extends beyond
the specifically disclosed embodiments to other alternative
embodiments and/or uses and obvious modifications and
equivalents thereof. Accordingly, it is not intended that the
invention be limited, except as by the appended claims.

The following is claimed:

1. A climate control system configured to operate in a
heating mode, the system comprising:

a housing defining an interior space, the housing com-

prising an inlet and an outlet;

a thermal conditioning device positioned in the interior
space and comprising a main side and a waste side, the
main side configured to condition at least a portion of
fluid passing through the interior space, wherein the
waste side is configured to be at a temperature less than
a temperature of the main side in a heating mode;

a fluid transfer device configured to selectively transfer
fluid from the inlet to the outlet of the housing or to the
inlet of the housing, wherein the main side of the
thermal conditioning device is configured to heat in the
heating mode the at least a portion of fluid passing
through the interior space of the housing;

a humidity sensor configured to measure a humidity at the
waste side of the thermal conditioning device; and

aprocessor configured to receive a humidity reading from
the humidity sensor at the waste side of the thermal
conditioning device, the processor configured to con-
trol power to the thermal conditioning device based on
the humidity reading.

2. The system of claim 1, wherein the thermal condition-
ing device comprises a thermoelectric device or another
heating and cooling device.

3. The system of claim 1, wherein the processor is
configured to reduce power to the thermal conditioning
device based on the humidity reading corresponding to a
humidity threshold between 85% and 95% relative humidity.

4. The system of claim 1, wherein the processor is
configured to reduce power to the thermal conditioning
device to 50 or less percent of a duty cycle of the thermal
conditioning device based on the humidity reading being
above a humidity threshold.

5. The system of claim 1, wherein the housing is config-
ured to direct the heated fluid to a climate controlled
assembly or compartment.

6. The system of claim 1, further comprising a separator
gasket positioned proximate to the outlet of the housing, the
separator gasket configured to wick condensate from the
waste side of the thermal conditioning device.
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7. A method of controlling a climate control system, the
method comprising:

operating a climate control system in a heating mode;

transferring fluid across a main side of a thermal condi-
tioning device of the climate control system;

heating fluid with the main side of the thermal condition-
ing device that is transferred across the main side,
wherein a waste side of the thermal conditioning device
has a temperature less than a temperature of the main
side in the heating mode;

detecting a relative humidity at the waste side of the
thermal conditioning device; and

controlling power to the thermal conditioning device
based on the relative humidity.

8. The method of claim 7, wherein detecting the relative
humidity comprises measuring the relative humidity with a
humidity sensor.

9. The method of claim 7, further comprising reducing
power to the thermal conditioning device by decreasing a
duty cycle of the thermal conditioning device based on the
relative humidity.

10. The method of claim 7, further comprising increasing
or maintaining power to the thermal conditioning device by
increasing or maintaining a duty cycle of the thermal con-
ditioning device based on the relative humidity.

11. The method of claim 7, further comprising reducing
power to the thermal conditioning device by decreasing
power by 50 or more percent.

12. The method of claim 11, further comprising reducing
power to the thermal conditioning device by eliminating
power to the thermal conditioning device.

13. The method of claim 7, wherein the method does not
include measuring a temperature or determining a dew
point.

14. The method of claim 7, further comprising transfer-
ring fluid across the waste side of the thermal conditioning
device, the waste side in thermal communication with a
waste side heat exchanger of the thermal conditioning
device.

15. The method of claim 7, wherein the thermal condi-
tioning device comprises a thermoelectric device.

16. The method of claim 7, further comprising directing
fluid heated by the main side of the thermal conditioning
device to a climate controlled assembly or compartment.

17. A climate control system configured to operate in a
heating mode, the system comprising:

a thermal conditioning device comprising a main side and

a waste side, the main side configured to condition fluid
passing through the main side, wherein the waste side
is configured to be at a temperature less than a tem-
perature of the main side in the heating mode;

a fluid transfer device configured to selectively transfer
fluid through the main side of the thermal conditioning
device, wherein the main side of the thermal condi-
tioning device is configured to heat in the heating mode
fluid transferred through the main side of the thermal
conditioning device; and

a condensate switch configured to interrupt power sup-
plied to the thermal conditioning device based on a
condensation level at the waste side of the thermal
conditioning device.

18. The system of claim 17, wherein the condensate
switch is configured to reduce power supplied to the thermal
conditioning device based on the condensation level at the
waste side of the thermal conditioning device.

19. The system of claim 17, wherein the condensate
switch is configured to eliminate power supplied to the
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thermal conditioning device based on the condensation level
at the waste side of the thermal conditioning device.

20. The system of claim 17, wherein the condensate
switch is configured to resume supply of power to the
thermal conditioning device based on the condensation level 5
at the waste side of the thermal conditioning device.

#* #* #* #* #*
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