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MOISTURE ABATEMENT IN HEATINC
OPERATION OF CI.IMATE CONTROLLED

SYSTEMS

CROSS REFERENCE TO RELATED
APPLICATIONS

Any and all apphcations for which a foreign or domestic
priority claim is identified in the Application l)ata Sheet as
filed with the present application are incorporated by refer-
ence under 37 CFR I 57 and made n part of this specificn-
non.

FIELD OF THE INVENTIONS
I

This application relates generally to climate conrml, and
morc specttically, lo climate control ultltzuig a Ihcrmociec-
tric circuit.

DESCRIPTION OF THE REI ATED ART zo

Tcmpemturc modilicd air for environmenlai control of
livina or working space is typically provided to relatively
extensive areas, such as entire buildings, selected Otfices. or
suites of ronms within a building In the case Of vehicles,
such as automobiles, the entire vehicle is typically cooled or
heated as a urut There are many situations. however. in
wluch morc selccttvc or restrictive atr temperature modifi-
canon ts dcsirablc. For cxamplc, il ts of(mt desirable to
pmvide individuahzed climate contml for an occupant seat so

so that substantially instantaneous heating or cooling can be
achieved ltnr exaniple, an mitomotive vehicle exposed to
the sununer tveather, especially where the vehicle hos been
parked in an unshaded area for a long period of time. can
cmise lhc vehicle seat to be very hot mid uncomfortable for )s
thc occupant for some umc al'tcr cnleruig imd usin the
i chicle, even with normal mr conditioning. Furthermore,
even with normal air-conditioning, on a hot day. Occupant's
back and other pressure points may reinain siveaty wlule
seated. In the v,inter time, it may be desirable to quickly so
vvann the seat of the occupant in order to enhance nn
occupani's comfiirl 11»s is particularly tntc v,herc a typical
it:hlclc hcalcr is Uttlikci)'0 SUlcklv wana lhc vchlclc s
interior. For these and other reasons, (herc lwve ion been
various types nf individualized climate control systems for s
vehicle seats. More recently, individualized climate contml
systems have been extended to beds. chairs. wheelchairs,
other medical beds or chairs and the like.

Such climate control systems typically include a distn-
bulion system compnsuig a combuianon of channels and o

passages fomicd tn one or morc cusluons of a seal. Climate
conditioned air can be supplied to these channels and
passaaes by using a climate controlled device Climate
conditioned air floe s through the cliannels and passages to
cool or heat the space adjacent to the surface of the vehicle Ss

scitm

llicrc arc, however, problcnw that have bccn cxpcncnced
with cxisnng climate control systems. For exiunple. some
control systenis utilize thermoelectric devices (1I:Ds) that
can have a variety of configurations on the lmt and main io
sides of the device. For configurations in which there is a
heat exchanger on the main side with air flowing past it,
condensation may linn from water in theair. Whether or not
condensation will occur imd how much condensation will
occur dcpmids on thc ambient atr conditions (c.g., tempera- ss
ture and relative humidity) and the amount of temperature
reduction from the inlet of the main side heat exchanger to
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thc outlet. llus condcnsauon oflcn can have undesirable
consequences. from corrosion on metal parts to the creation
of mold Condeiwalion may also partially or totally block
airflow at Ihc lin passages on the main side of Ihc TED,
resultmg in reduction or loss of fitnctton

SUMMARY

U.S Pat Nos g,104,2')5. S,605,763. 7,927,S05 and
7,963,591 (the entirety of these patents are hereby mcorpo-
mated by reference herein in their entirety) disclose systeins
in which a thermoelectric (TE) device (TED) is used to heat
and/or cool a bed, vehicle seat, n chair, and/or a cup holder
or conlauicr. 'Iqtcn runnuig the TED in healing mode, thc
waste sale ol'hc TED c;m achici c Icmpcralures below that
of the main side and, if lnunidity levels are suflicient,
condensate can fomi on the heat exchanger I'he formation
of the water droplets can restrict the airflow across the heat
exchan er and cause a further reduction in temperature due
to reduced airflow. If the TED temperature levels fall below
O'., tcc fomiation begins. further rcstncling or even
preventing atr flow across Ihc waste side of Ihc heal
exchanger

Venous embodiments for addressing one or more or
additional pmblems described abnve are described herein
including a ciimate control system (e.g., for a climate
controlled seat. bed or other seating assembly, a thermally
conditioned cup holder or other compartment, ctc.) com-
pnstng a thermal conditioning dcioce (c.g., thennoelcclnc
device, convective heater. another type of heating device,
etc ) having at least a hrst surface and a second surface
Some enibodiments 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
condiltotung dcvicc. Certam embodiments further include a
processor (c.g., a coillrollci 01 iilitix circUil cotlligtitixl Io
cxcctttc otic or niotc algorilhnls) ciitlligUrixl Io cottlrol (ivg.,
increase, decrease, generafly niaintain. or otherwise) the
powci'oiircc luised partly oi'onlplete11'11, fof cxaiuplc, a
relative humidity reading. the presence or absence of con-
densation. a devv point calculation, or otherwise.

According to some embodiments. a method of controlluig
a chmalc control system (e.g., for a climate controlled scat.
bcd or other sealing assembly, a thermally conditioned cup
holder or other compartment. etc ) includes providing, a
clintate contmi systmn conhgured to operate in a heating,
mode The climate control system includes a housing (e
enclosure. shell. etc.) defining an interior space, the housin
having al least onc inlet and at least one outlet.

In some mnboduncnls, Ihc system further utcludcs a
themis l condtuonuig dci icc. such as a thcnnoclectnc
device, convective heater. msdiant heater. or another type of
heatin device 'I'he themial conditioning device can be
positioned partially or completely within the interior space.
The thermal conditioning device can include at least n tirst
surface and a second surface. The second surl'acc can bc
coniigurcd to aclucvc a Imnperalure that ts less Ihmi (e... by
al least about. I" C.. 2'., O', 6'., 6'., 7'., O'..
9" (', 10'., values bettveen the aforementioned values, or
othetwtse) a teniperature of the tirst surface dming the
heating mode. In some embodiments, the system includes a
power source (e.g., a vehicle's electrical system. a battery, or
otherwtsc) Ilia( is configurtxt to supply power (c.g., alier-
naluig or direct current clcclnctty) to the lhcrmal condtltun-
itlg device. Itl sotlic ciilbodiiilt:tits, lite first sttilaci'. ls in
therniai conununication tvith a first heat exchanger (e g, a
main side heat exchnn er) aniflnr the second surface is in
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Ihennal communicuuon with a second heal exchanger (c g.,
a waste side heat exchan er).

Ill soinc CiubOdiiilCills, flic SySIcni 111Cludcs B flUid tt'1111SfCI

device confi ured to selectively transfer fluid from the inlet
lo Ihe outlet of thc housuig, whcrcui fluid passing lluuugh
the interior space of the housuig is heated when the thernial
conditioning device is activated (e.g.. enabled. energized,
operatin, turned-on. or othetwise) ln some embodinlents,
the fiuid transfer device includes a motor assembly. such as

i it
an clcclnc motor, pneumatic motor, uilemal combustion
motor, or otherv ise). In certain variants, the motor assembly
is located partially or complclcly willun thc uilernor space.
'I'he motor assembly can be configured to selectively drive
(e.g., rotate) a fluid motivaung device, such as an impcllcr.
lior example. the motor assembly can be coupled, directly or
indirectly (e.g.. via a gear tmin) with the impeller. The fhlid
transfer device can include a plurality of blades, wiags,
scoops, or otherwise. The fluid transfer device can be
configured to draw a tluid (e.g0 heated or coolwl air, mnbimil
air, water or another liquid, or another fluid) into the interior
space of ihe housuig via Ihc uilct and lo disclxirgc a! least
sonic of the fhiid front the interior space via the outlet

Some embodiments of thc method also uicludc operating
the climate control system in the heating mode ('ertain
cmbodimcnts further include dclectuig (e.g.. measuring,
ascertainina. Observing, or otherwise) the relative humidity
at or near a location„such as the interior space. Ihe inlet or
outlet of the housing, the main or waste side heat exchanger,
or the first and/or second surface of the thermal conditioning Ill

dcvicc. Some cmboihmcnts uiclude dclcctuig fiie rclativc
humidity of an occupied space (e.g0 a passen er cabin).

Cerlaui unplemcntauons of thc method uicludc compar-
ing the relative humidity to a threshold huinidity value (e g.,
grcdlcr than or equal lo about: 60%, 65%, 70%, 75%, 80%,
85%, 90% 95%, values between the aforeinentioned values,
or otherwise) In some embodiments, the method includes
reducing (e g., by greater than or equal to about 50%, 60%,
70;0, 80%. 90%, values between the aforementioned values, do
or othciwisc) an amount of power supplied to thc thermal
conditioning device when the relative humidity is about
equal lo or grcatcr than thc threshold humidity value. In
some mubodimcnts, such a reducuon of thc power uicludes
substantially eliminating the power supplied to the thernlal
conditionin device Certain implementations include
increasing (e g.. by at least about: 10%, 20%. 30/0. 40%,
50/'0, values between the aforementioned values, or other-
wisc) or gcncrully maintauung thc mnount of power sup-
pluxl lo Ihc thermal conditioning device when Ihe relative o

hunudily is less than thc tlucshold humidity value.
In some embodiments of the inethod, measuring the

relative humidity includes measuriog, the relative lnunidity
vvith a huniidity sensor (e., analog sensor. di ital sensor. or
otherwise). In certain variants of the method. reducing the 0.

amount of power supplied to lhc lhcrmal conditioning
dcvicc is accomplished by dccrcdsuig d duty cycle (c.g, by
dl least aboun 10%, 20%, 30%, 40%, 50/0, values between
the aforementioned values, or otherwise) of the thernlal
conditionin device In some impleinentations of the ii!

method, increasing or generally maintaining the amount of
power supplied to the thermal conditioning device is accom-
plished by increasing (c.g., by al least about. 10%. 20%,
30%, 400/0. 50%, values bclw ivn lhc dforcmenuoned values,
or othciwisc) or gcncrally mauilaining a duly cycle of the ss
thenlial conditioning device Some embodiments of the
niethod do not include measuring a tempensture (e g . v ith

a Icmpcraturc sensor). Ccrlaui unplcmmitalions of Ihc
method do not include determining (e.g „calculatin ) a dew
point

According to some embodiments, a climate control sys-
tem (c.g0 for a cluuntc controlled scat, bcd or ollmr scatuig
assembly, a thermally conditioned cup holder or other com-
partment. etc.) that is configured to opemte In a heatin
mode can include a housina definin an interior space and
including an iniet and an outlet. In certain variants. the
themial condiuonuig des ice cmi be positioned partially or
completely in the interior space. In some embodiment~, the
tllCIIIIBI Coiidilioillilg dCI iCC haS Bl ICBSI B firSI SUlfaCC Bill il

second surface, the second surface heing configured to
achicvc a lcmpcrdfure less Ihan a tmupcralure of Ihe first
surface during the heating mode In some embodiments, the
first surface is in thermal conuuunication v ith a first heat
exchanger (e g., a main side heat exchanger) and/or the
second surface is in themial communication with a second
heat excliangcr (c.g0 a waste side heat exchanger).

Some implementations of the system also include a fluid
transfbr dcvicc. such as an impeller, wluch cau include a

pluoslity of blades. 1'he tluid transfer device can be config;
urcd lo selectively (c.g.. when the climate control system is
active) transfer fluid fmm the inlet to the outlet of the
housuig, wherein al least some of'lhe fluid passuig tluough
the interior space of the housiim is heated when the thermal
conditioning device is activated (e ., enabled, energized,
opensting. turned-on. or otherv ise) ('ertain variants also
include a power source (e.g., a vehicle's electrical system. a
battery. or olherwisc) configured to supply elcclucal power
to at least one of the thernial conditionin device and the
fluid transfi:r dcvicc. In some embodimmits, thc system
includes a lmmidity sensor, such as an integmted circuit
humidity sensor. Certain implcnu:ntauous uiclude a proces-
sor that is configured to direcfly or indirectly receive a
humidity reading (e.g., a voltage signal) fmm the humidity
sensor and to control (e.g . Io determine whether to increase
or decrease) the electrical povver supphed by the power
souicc

In some embodiments of the clunate control system, when
thc system is opcruling in a hcaluig mode and thc humidity
reading is aho u I equal lo or greater than a humidity threshold
(e g, a relative humidity of between about 85% and about
95%, or greater thmi or equal to about: 60'%. 65%, 7091,
75%, 80%. 85%, 90/0. 95/0. values between the aforemen-
tioned values. or otherwise), the power supplied to the
themial conditioning dcvicc is reduced (c.g., by grcalcr than
or cqUBI lo about. 50%, 60/0. 70!0, 80%, 90%, values
bclwcmn thc afhrcmentioncd I alues, or olhcrwisc). In some
inlplementations. the lninlidity threshold is a relative humid-
ity of appmxiniately 90% (e.g. greater than or equal to
about. 8900/0. 89 10'i 89 2%. 89 3% 89 4%, 89 50/0. 89 60/0

89 7% 89 8% 89 9% 90 P0/0 9P 1% 9P 20/0 9P 30/0

90.4% 90.5%, 90 60/0, 90 70% 90 8% 90 9%, 91.0/0, values
bclwimn Ihc aforcmcnttontxf values, or otherwisc).

In some embodiments of Ihc system, when Ihc system is
opeosting in the heatina mode and the hunlidity reading is
less than the humidity threshold, the poiver supplied to the
themial conditionin device is increased (e.g0 by at least
aboUt 10%. 20%, 30/0, 40/0, 50%. Values between the
dforcillciItioilcd vidiics, oi olllixw isc) or gciicldlly nlain-
lalnCd.

In certain implemcnldiions of Ihc system, Ihe thcnnal
cmiditioning device is adapted to provide heating and cool-
ing, such as a thermoelectric device. In some implementa-
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uons. the tlu:nual conditioning device is adapted to provide
heating only, such as a convective heater. nsdiant heater. Or
otherwise

ln some implenlentations. the humidity reading is a rela-
tive humidity readin . absolute humidity readin . or specific
huniidity reading The humidity sensor can be confi ured to
delixl (e.g.. measure, asccrtmn, observe, or othes wise) the
hunudily al venous locntions, such as al or near. Ihe uiteuor
space. the inlet or outlet of the housing, the main or waste
side heat exchanger, or the first or second surfaces of the In

theniial cnnditioning device. In some embodiments. v hen
the system is operating in heatin mode and the humidity
reading is about equal to or greater than a lnuuidity tluesh-
okk thc power supplied to the thermal condiuomng device
is reduced (e g., to less than or equal to B duty cycle ofaboul I

30%, 35%a. 40%. 45%, 50%. 55'r'ls (i0'%. 65%. values
betiveen the aforementioned values, or othetwise) In some
embodiments, when the system is operating in heating niode
and the lnlmiihty rending is less than the humidity tltreshold,
the power supplied to the themial conditioning device Is in
incrcascd (c.g, modulated up to a duiy cycle that is grcatcr
than or equal lo about 80%. 85%, 90%, 95%, 100%. values
betiveen the afnrenlentioned values, or otherwise) or gen-
emlly maintained (e g, sustained at a duty cycle that is

rester than or equal to about 80'r'ls 85%, 90%, ') 5%. 100%,
values between the aforementioned values, or otherwise)

In some unplementations. a climate control system Is
configured to opcralc in a heatuig mode mid uicludcs onc or
morc of. a housing, a thermal conditioiung device, a fluid
transfer device. a poiver source, and a condensate sivitch. Io
'I'he housing can define an interior space and can have an
inlet and an nutlet The thermal conditioning device can be
partially or completely positioned in the interior space.
Some embodiments of the conditioniitg device lmve nt least
a Iirsl surface Bnd a second surl'ace. Thc sixond surlhcc can is
be configured to Bchicvc a tcmpcrature less than a lempera-
turc ol'hc first surface duruig thc hcaluig mode. The fluid
transfer device can be configured to selectively transfer fluid
fmm the inlet to the outlet of the housing. wherein fluid
passing through the interior space of the housing is heated sn
ivhen the thermal conditionin device is activated. In some
mubodimcnts, thc flunl transfer dcvicc uicludes a plurality of
blades. The power source can bc configured lo supply
clccluc power to lhe thcnual conditiomng dcvwc, lhe fluid
transfer device. or both In some embodiments. the systeni
does nnt include a processor (e.g. a controller or nther
electronic circuit that executes profrrams). Some embodi-
ments do not include a temperature sensor.

Car(But cmboduncnts of thc condcnsatc switch can be
conligured to lo glc (e g.. alternate, oscillalc) bctw cene lirsl B

slate Bnd a second state. According lo some emboduncnls,
the first state occurs when condensation is detected, such as
when a signal falls below or exceeds a limit or when a
monitored chamscteristic (e., capacitance, volmge. or resis-
tance) changes. According to certain variants. the second s.
stale occurs whmi condensation is nol detected, such as
when B sigiral docs uot fall below or excccd a limit, or when

moniiored characlcustm (c.g., capacilance. vollagc, or
resistance) has a generally constant status In certain imple-
mentatinns. when the condensate switch is in the first state io
and the system is operatin in the heating mode. the con-
densate sisitch is configured to interrupt (e... reduce or
clinunalc) power supplied lo Ihe thcnnal conditioning
device. In song: cmbodnuculs, when Ihe condmisatc switch
Is iii lite sci:olid BIBli: Bird flii: sv'slciii is iipcialiiig iii lite ss
heating mode, the condensate sivitch is configured to allow
(e g., increase or generally maintain) power supplied to the

thcnnal condilionuig des ice. In some embodiments, thc
condensate sv,itch is located at or near the interior space,
the inlet or outlet nf the housing. the first or second surfaces
of the thermal conditioning device. or a user-occupied space
(e g., a i chicle interior, an upper surface of a bed, etc.). In
certain variants. the condensate switch is located at or near
an input lo lhc thcnnal condilioniug dcvicc

In some embodiments. when Ihc condensate switch inler-
mpts power supplied to the thermal conditionmg 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 sv itch is in the
second state. For example, the power supplied to the themial
conditioning device can bc rcduccd by al least about. 10%.
25% 40%, 50%, 65%, 75%. 90%, 95%. vnlues bclwcen thc
afiirementioned values, or otherwise In certain implemen-
tations, ivhen the condensate switch internipts power sup-
plied tn the thernial conditioning, device, the power supplied
to the thermal conditioning device is generally eliminated.
In some embodiments, ivhen the condensate switch to gles
from thc first stale to lhc second state, the supply of power
to lhc lhcmial condiuomng des ice rcsumcs. For example,
the cnndensate switch can be configured to toggle hack and
forth between the first and second states, whereby the
thernial conditinning device de-energized (when the switch
is In the first state) and energized or re-ener ized (when the
sv itch ls in the second state).

In some embodiments. a climate control system can bc
configured for use ui an mnbimit tempera lure rmigc bctw ccn
(e g, betv een about 0" C and about 45" ('.. benveen about
10" (2 and about 38''., betiveen about 14" ('nd about 34"
(', or othetwise) ln certain embodiments. the system
includes a housing defining an interior space. the housin
having at least one inlet and at least one outlet The system
can also uiclude a thermal condilionuig device (c.g., Iher-
iiioi:lcclric dcvicc, coiivcclivc lictilci; radiBiit lii:Blci; ol olii-
erwisc) liaving al least a first surface Bnd at least a second
surface the second surface can be conhgured to achieve a
temperature less than a temperanire of the hrst surface when
the system operates in a heating mode

Some variants of the systeni include n fluid transfer device
configured lo selectively transfer fluid I'rom the inlet to thc
oullcl ol lhe housmg. whcrcin fluid passuig tluough thc
interior space of lhe housing is healed when Ihc thermal
conditioning device is activated. Iinr example. certain vari-
ants nf the systeni include an electric motor assembly
located within the interior space and including a fluid
motivating portion. such as an impeller. The fluid motivatin
portion can have a plurality of blades In some embodi-
ments, thc tluul mouvaung portion is dirixlly or indirccily
coupled with thc motor assembly, which cnn bc conftgurcdi
to selectively rotate the fluid motivating portion to drmv a
fluid into the interior space of the housing via the inlet and
to dischar e the fluid front the interior space via the outlet.

In some embodiments, the system includes Bnd/or is
coiiflgilicil to iiitclfacc willi il pow i I'upply'oiifigurcd lo
supply clcctric pov cr to thc thermal conditioning device. In
certain implementations. Iluoughout Ihc ambient lcmpcm-
ture range of the system, the pnwer supply is cionfigured to
supply a sutficient 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 behveen the
alhremcntioncd values. or odtcrw isc) to flm thcnnal condi-
tioning device lo gcncrally mmntain lhe second surfaceol'he

lhcmial conditiomng devwe at B tempcralurc that is
greater thmi the temperanire at ivhich condensation would
occur on the second surface. lier example. if it is deteunined
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(c.g.. by a calculation, lookup table, or oihcrv,isc) thai
condensation could occur at a temperature of about 60" I'.,
then the power supply can be configured to supply a sutfi-
cient aniount of power to the thermal conditioning device to
enerally maintain the second surface of the thermal con-

ditioning device at a temperature that is grearer than about
60'. In some cmboihmcnts, thc power supply is coniigurcd
to supply at least about 80 Watts io the thcnnal conditioning
device In some embodiments, the power supply is conhg-
ured to supply at least about 95 Watts to the therntal io

conditioning device In soilie embodiinents, the power sup-
ply is configured to supply at least about I35 Waus ro the
themtal conditionin device. In some embodimenrs, the
power supply is conligured io supply ai least about 150
Waiis io thc thermal condiuonuig device. 1

(:ertain variants of the system include a plurahtv of
thermal conditioning devices In some variantg all or at least
sonic of the plurality thermal conditioning devices are
electrically connected in parallel when the system operates
in certain conditions (e., in the heating mode). In some zo

implmncntations, all or at least some of thc plurality thermal
conditioning devices arc electrically coiuiccicd ui sencs
wheit tlte st'stelll opet ltes 1n cel'tall1 colirlltlitils (e g . ill;i
cooling mode)

In some emlxidintents, a climate control system includes
a housing definin an interior space, the housing, having at
least one inlet and at least one outlet. Some variants include
a thcnnal comhnonuig dcvicc (e.g.. a 1hcmioelecinc device,
convccuvc lu:ster, or otherwise) posiuoncd m tlm intcnor
space and having a first surface and a second surface, the to
second surface being configured to achieve a temperature
less than a temperature of the first surface when the systent
operates in a heating mode.

Certain implementations include a fluid transfer device
(e.g., an impeller, fan, blower, or oiherwisc), winch cmt have )s
a plurahiy of blades Thc fluid trmisfi:r device can be
conligured io sclectivcly trmisfer fluid foun the inlc! io the
outlet of the housmg, wherein fluid passing through the
interior space of the housing is heated when the therntal
conditioning device is activated. Some embodimenrs include to
a power supply configured to supply electric power to at
least onc of thc fluid 1ransfcr device anti 1hc 1hcrmal con-
ditioning dei icc.

Somecmboduncnts also include a processor, such as a
controller or other electnxoic circuit that executes one or a
more algorithms 1 he processor can be configured to contml
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-
wisc. In some cmboduncnts, when thc clunate control o

system is operaung in thc heaung modeand 1hc temperature
of the second surface is determined to be within a range
(e n., less than or equal to about 0.25%, 0 5%, 1%. 2%, 3%,
4%, 5%. 6%, 7%„8%, 9%, 10%. values between the
aforenientioned values, or otherwise) of the dew point. the s.
processor is conligured to rcducc (c.g., decrease or eluni-
naie) ihe amount of power supplied by ai lcas1 one of ihc
thermal conditioiung device mid thc fluid trmtsli:r device.

In some embodinients. the climate control systent
includes a temperature sensor, such as a dry bulb tempera- ro
ture sensor. wet bulb temperature sensor. themtistor, or
otherwise. In certain embodiment~. the climate control sys-
tem includes a humidity sensor. Ceruiin implcmenuitions of
thc sysicm are conligured to dciernunc (e.g., calculate) dcw
pout(. For example. some embodiments are coniigured to ss
detemiine dew point based on ambient dry bulb temperature
data fmm the temperature sensor and relative lnunidity data

from thc humnlity sensor. In some embodiments. the dew
point is determined from a table. such as a table listing
known ambient icmpcraiure and corrcsponduig relative
huntidity values at which the second side of the thermal
conditioning dcvicc achieica ilu: dew point.

BRIEF DESCRIPTION OF THE DRAWINCiS

These and other features. aspects and advantages of the
present inventions arc described barmn in connection with
certain prefi:rrcd embodiments. in rcfcrcnce io ihe accom-
pailyiilg drawings 1 he illustrated embodiiltents, hoivever,
are merely examples and are not intended to limit the
inventions. The dravvin s include the follov in figures.

FICi. 3 illustrates a side schematic view of a climate
controlled vehicie seat according to one embodiment;

FICi 2 illustrates a pcrspcctive schcmauc view of a
chmaic controlled bed accorduig to onc cmbodnncni,

lii(i 5 illustrates a partial cross-sectional view of a fluid
nxtdule according to one embodiment;

FICi 4A illustrates a partial cross-sectional view of a fluid
module comprising a vvicking sepamttor gasket accordin to
one embodiment;

FICi 4B illustrates a partial cross-sectional view ol'hc
fluid module ol'FIG. 4A when condensauon w prcscnu

lil(iS. 5A and 5I3 illustrate tv o states of an embodiment
of an electrical circuit that can be used in connection with,
for example, the embodiments of any of FICiS. 3-4B;

FICi. 6 illustrates an embodiment of a control scheme for
abating moisture that can be used in connection with, for
example, thc cmbodunenis of FICiS. 1-5:

FICi 7 illustrates onc embodunmit of a comfort zone in
relation to temperature and relative lnunidity:

lii(i 8A illustrates one embodiment of a climate con-
trolled seating assembly comprismg a plurality of sensors
according to one embodiment:

FICi 8B iliustmttes one enibodiment of a climate con-
trolled bcd composing a plurality ol'ensors according to
onc mnbodimcni, and

lil(i 9 illustrates a chart showing various control meth-
odologies of a duty cycle of a thermoelectric device as a
function of a teniperature diflerence between a w:aste side
heat exchanger and a dew point.

Dl(I'AII,ED DIIS('RIRI'ION Oli SOMII
I IMi3ODIMI:N15

A variety of examples described below illustmtte various
conligurations 1hai may bc employed to aclueve dcstrcx(
improvements. Thc particular embodiments and cxamplcs
are only illustrative and not uiicndcd ut any way to rcsinci
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, cooier side and hotter side and the like do not
indica1c any parncular icmperature, bui arc relative icnns.
For cxamplc, the "hoi," "heating" or '*houer" side of a
thcnnoclcctnc device or array may bc at ambient tcmpcm-
ture, with the "cold." "cooling" or "cooler" side at a cooler
temperature than ambient ('onversely, the "cold," "cooling'*
or "cooler" side may be at anibient v, ith the "hot.'* "heating'*
or "hotter" side at a higher teniperature than ambient. Thus,
the terms are rclanvc io each oilu:r to uidicaic thai one sale
of thc thcrmoclix:tnc device is ai a higher or lower tempera-
ture than thc counter or opposing side Moreover, as is
known in the art, when the electncal current in a thermo-
electnc device is reversed, heat can be tmtnsferred to the
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"cold" siilc ol'he device, while hcai 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 figure~. The terminology
indicating "away" from or "along'* or any other fluid flov
dirccuon descnbed in thc application is meant to be an
illustrative generalieation of thc direction of flow as con-
sidered from the perspective of two dimensional figures.

FIG I is a schentatic diagram of a climate controlled ia
vehicle seat 10 'I'he 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 **thcnnal module" arc used uttcrcltangc-
ably herein The fluid module 14 ctm include. unong other
things. a fluid transfer device 16 and a thermoelectric device
('I'I fl)) 18 (or another type of thermal conditioning ntentber
or device). lite fluid module and/or its components can be
controlled by one or more processors or controllers (not
shown). wifich can be internal and/or external to the module. nt
Thc fluid transfi:r dcvicc 16 comprises, fiir cxmnple. a
blower or a fun. FIG. 1 illustrates onc embodunent of a
climate controlled vehicle seat 10 wherein air or other fluids,
which are thermally conditioned by the fluid nxidule 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 flte fluid module 14 (e.g., the TED 18, fluiii transfi:r
dcvicc 16. thc distnbuuon system 12) are illustmtcii outside
the seat IU, one or more of these coinponents can be io
positioned entirely or partially w:ithin the seat 10. as desired
or required.

As illustrated in Flfi 1. the seat assembly 10 can be
similar to a standard mitomotive seat. However. it should be
apprcwiatcd that certmn fimtures and aspects oi'he scat ii
assembly 10 descnbcd hcrcin may also bc used in a vanety
ol'other applications and enviroiunents. For cxmnple. cert mn
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 arrangement~. Os discussed in so
greater detail herein„ the seat assembly 10 can include a bed
(FIG. 2). a medicul bed, a chair. a couch. a wheelchair,
another medicul bed or clrair mid/or any other device con-
Iigured io support one or more occupmus.

I'or instance. I'IG 2 illustrates a schematic diagram of a
climate controlled bed IUB The depicted arrangement of a
clintate controlled bed 10B includes a support portion (e g.,
cushion) 3, one or more ihiid distribution systems 12 and
one or more fluid modules 14. Thc fluid module 14 can
include a fluid transfi:r dcvicc 16 (e.g.. a fan, blower, etc ), o

a TED 18 and any other devices or compoimnts (e.g,
sensors), as desired or required Iilfi 2 schematically illus-
trates a confi umtton of a climate controlled bed l(fli
ivherein the fluid module 14 is conditioned and transferred
from the fluid module 14, throu h the fluid distribution s.
system 12 to thc ultimate user sittuig or lying on the bed
10B.

With continued refi:rcncc to FIG. 2, thc bed assembly IUB
can be siniilar to a standard bed (e 8, a fiiam bed. a spring
mattress bed, a latex bed. a medical bed or topper. etc). co

However, one or more features and aspects of the bed
assentbly IUB described herem may also be used in a variety
ol'other applications and enviroiunents. For cxmnple. cert mn
Ii:a/urea and aspects of thc bcd assembly IUB may be
adaptixl Ior use ut other stationary enviromncnts, such as a si
chair, a sofa. a theater seat, and an oflice seat that is used in
a place of business and/or residence.

With rcfcrmtcc to FIG. 3, a fluid trunsfi:r device 116 ol a
tluid ntodule 114 can be conflgured to provide a fluid, such
as air, to an inlet 130 of a I'I:D IN. As discussed in greater
detail herein, the I'ED I N can include a hot side 124 and a
cold side 1Z2. Fluids being directed tltnut+ the fluid module
114 are generally divided between the hot side 124 and the
cold side 122. During a heatutg opcrauon, the hot side 124
can bc called thc "main'* side and thc 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. Quids can
leave via a cold side outlet 132 that may be in fluid
conunuiucation with a waste duct. Such a waste duct can
convey thc fluids to an arcs wlu:rc they will not afl'cct thc
user of the conditionin system or the operation of the
conditioning system itself

According to certain arran ements. fluids are selectively
themtally-conditioned as they pass across. tltrough and/or
near the TED 118 (or another type of thermal conditionin
dcvicc. c.g., convective heater. another coohng midior heat-
ing device, ctc.). Titus. Quuls lcavin thc TED 118 tluough
the cold side outlet 13Z are relatively cold. and fluids leaving
the 'I'I il) Hg through the hot side outlet 134 are relatively
mann. Further, a sepamtor 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
(c g., closcxi ccfl. opclt ci:11. Otc.) allil/or silly otllcl nlatcnal.
In certain arrangements, the separator guskct 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
'I)ID can be replaced by another type of thermal condition-
in device (e.g.. a convective heater„another heating and/or
cooling device, etc.).

In order to achieve thc heating/cooluig eflbct noted above,
the TED 118 can receive clcctnc power from a power source
(not shown). In some mnboduncnts, thc power source is
cmtfigured to supply the 'I'ED IN with at least about 14V,
16V, 18V, 20V, values in benveen the fiiregoing, less that
14V, more than 20V and/or any other voltage. In certain
implementation~, between about 5V and about 15V is sup-
plied to thc TED 118. Accordutg to some cmboduncnts, thc
power source is coniigured to prowdc bctwccn about 15V
and about 20V to the TED 118. In some vantmts, durin
heatmg mode and during operation of the Tl:D 118, at least
about 15V is supplied to the 'I)ID IN ('ertain systems are
configured to supply greater than about 18V (e.g, approxi-
mately 18V, 20V. 22V. 24V. more than 24V. values between
the forcgouig values, ctc.) to the TED 118 In some imple-
mentations. Ihc pov'cr supply can provide at least about 0 A
of electric current to thc TED 118.
('ondensate Wicking,

With continued reference to liKi 3, problems may arise
when the temperature on the cold side 122 of a TED 118 is
less than the dew point, wifich is the temperature below
which the water vapor ui a volume ol luunul air at a consnuit
barometric prcssure will condense into liquid water. For
cxiunplc, when thc tempcraturc ol'he cold side 122 is less
than the dew point, then condensation can fiirm 'I'he con-
densation inay form, for example. within the 'II II& 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 fiirmed within a fluid module 114 cmi cause
a number of potential problems. For cxtunple, a plurahty of
Iins can bc provided along the cold side 122 and'or the hot
side 124 of a I'I il) 118 to help transfer heat to or from air or
other Ihiids passing throuah a fluid module 114 Based on
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the tcmpcralurc variauons w&tlun a TED 118, condensation
can form on the tins, generally decreasing the etfective
surface area of the hns I'onsequently, the flow of air or other
fluids through the cold side 122 of the 11il) 118 can be
partially or completely unpeded. Under such conditions. the
tempemsture on the cold side 122 may decrease to rhe point
whcrc &cc fornw w&th&n thc TED 118 an&Vol alon lhc cold
side outlet 132. Icc lbrmat&on may funhcr limit flu&d tlow
through the tiu&d module 114. and thus, may undesirably
prevent the thermal cond&tioning system from functioning io

properly
Additionally. Bs condensation forms. it may pool or

otherwise collect on or v ithin the TED 118 and/or orher
portions ol'hc thermal module 114. In some embod&mmlts,
condcnscd water or other flu&d can move lo olhcr down-
stream locat&ons of the seat assembly where it can cause
further problems I'or exalnpte. such condensate can be
transferred to the fluid distribution system and/or the cush-
ion of a seat assembly As a result. mold. rust. oxidarion,
moisture damage. stains and/or other problems may result. Ic
Thc condcmatc may also decrcasc ihe comlbrl level of the
user. For example, under some cond&t&ons, mo&sl or wc! mr
nlay be blown on a user's legs. back and/or other portions of
an occupant's body l&urther. the condensate inav create odor
problenls w&thin the m&tomobile. room or other location
&vhere the seat assembly 10 is located.

FI()S. 4A and 4B illustrate one embodiment adapred to
address the condensate fonna&&on slid pooling problems
d&scusscd hercu&. In lhc dcp&ctcd Brrimgcmcnl. Ihc flu&d

module 114A comprises, inter alia. a fluid transfer dev&ce ic
116A and a 11&l) 118A As shown, the 1'I'.D 118A can be
located dov nstreanl of a fan or other fluid transfer dev&ce
116A. Ho&sever„ in any of the embodimenrs disclosed
herein, a TED 118A can be alternatively located upstream of
a fluid uansficr dev&cc, as des&red or rcqu&rest. 11&e flu&d ls
transli:r dcvicc 116A can bc adapted to transfer air or other
fluids to an inlet 130A of thc TED 118A. In some arrangc-
nlents. the I I:D INA includes a hot side 124A and a cold
side 122A I'hus, tluid floe: can be selectively advanced
tluough the inlet 130A and into the TED 118A. where the so
fluid can be div&ded between the hot side 124A and the cold
side 122A. From the cold s&dc 122A of the TED 118A, thc
tlu&d leaves v&a a cold s&dc ouflct 132A toward a waste duct.
Liken isc. from thc hot s&de 124A of thc TED 118A, thc flu&d

leaves via a hot side outlet 134A that leads to the fluid
distribution system 12

According to some embodiments, as illustrated in Flfi.
4A. B wicking separator asl et 151A is provided genemlly
between lhc cold s&dc outlet 132A and thc hol sale outlet
134A. Thc w&clung separator gasket 151A can bc contigurcd o

so lluil il wicks water and/or other flu&ds Ihal condense or
otherwise form within a flu&d module 114A away from the
cold side 122A and to the hot side 124A For example. I&lti.

4B deluonstrates one embodiment of condensed water 170A
and/or other th&ids generally passing from the cold s&de to is
Ihe hoi side tl&lough Ihe w&clung separslor gasket 151A In
some cmbodimcnts, water or other hquid cnleru&g Ihc hol
side can be advantageously evaporated or ofllerw&sc
removed from the flu&d module 114A.

Accordin to certain embodm&eats, the wicking nlatenal ic
comprises one or more of the following characteristics ttmt
assist in transferring water and other condensation fmm the
cold side to thc hot s&dc of thc &hem&sl module. The w icking
ma&anal can have a low Ihcmml conduct&vily so as lo
provide sl least a parual thermal bamcr between thc cold ss
side and the hot s&de when no condensation i ~ present.
l&urther, the wickmg matenal may provide high cap&llary

schon. This capillary action may be in only onc d&rect&on so
as to ensure that the water and other condensation are
pmperly transferred to the hot side of the module. In
,'&dirt&on, thc wick&&'ig IIIBtcilal can coiupfisc Bat&-fl&ilgal,

anti-bacterial snit&or other characteristics that help prevent
the grov,th of potentially harnlful or undesirable microor-
ganisnis the&con or lhclcln.

In some cmbodimm&ls, thc wicku&g matenals arc contig-
ured to &vithstand relatively large variat&ons in temperature
(e g., both short term and long term changes). relative
hlunidity and/or the like. I&or exanlple, the material can be
adapted to withstand a tenlperature range of approximately
40 to 85 degrees Celsius. The wickin material can generally
have a lugh rcs&stance Io mr flow. wlulc allowing moisture
to wick Ihcretluough. As s result. passage of cool&xl fluid
from the cold side to the hot side of the them&at module can
be reduced or minimized. Moreover, the &vickulg material
can be configured so that it has little or no dimensional
distortion during use. In addition. according to certain
arran ements. the wicking material is confi ured to with-
stand lhc forces. moments. pH vanat&ons Bnd/or other ele-
ments to wluch il may besublccted dunng &ts useful hfc. In
some embodiments. the wickmg separator gasket 151A
and/or the finger wick menlbers compose polypmpylene,
nylon, other pomus or non-porous &materials and/or the like
Condensation Sensors and Switches

In some embodiments, it may be des&ruble, preferred or
niwcssary lo delccl lhc presence of condemauon w nlun or
near thc TED 118 or other porlion ol' thermal module.
'I'hus, a robust yet cost effective sensor to detect the presence
of condensation can be prm ided Some illustnstive embodi-
ments of such condensate sensors are disclosed in U.S. Fat
No. 8,256,236. the entirety of wluch is hereby incorporated
by reference. The condensate sensor can be utilized on or
wlflun Bn)'i&r&ct)'f cia&ate ciulitn&cuing s)'slcnls Bud nlav
bc placed in any arcs where condmlsat&on &s 1&kcly to pool or
otherwise fora&.

In certain variants. Ihe condensate sensor is configured to
detect (e.g . measure. ascertain. quantify, etc ) vm ious levels
of condensate. For exanlple. the condensate sensor can be
configured such that Bn output from the sensor. such as
voltage, vancs as a funciion of thc amount ol'ondensatc
dcliwlcd. In some cmbodnnenls. Ihc condensalc semor
dc&&mls Ihc prcscncc of water mid/or other tlu&ds by a chim c
in electrical resistance ln some embodiments, the conden-
sate sensor detects the presence of condensation by a change
in electricai capacitance. Accordingly„ in certain embodi-
ments. the output from the condensate sensor can comprise
an m&slog output.

In some implmncnlalions, Ihc condcnsatc sm&sor dc&eels
the prcscncc of condensal&on ul a d&g&tal manner. For
exanlple, the condensate sensor can toggle between a first
state, such as a de-energized (e... "Ofl") nlode. and a second
state, such as an energized (e.g.. "on*') mode. The conden-
sate sensor can be in the tirst state„(e.g.„de-energized) when
thc condensate sensor dciccls an amount ol condcnsatc Ihal
is less than B threshold le& cl of condensalc y&&hen Ihc
condcnsatc sensor dclcms ml amount of condcmatc flml 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 bc contigurcxt lo take one or morc slaps to chminale Ihe
condensation or lo othcrwisc rmnixly Ihc problem. For
example, Bccordu&g to some embod&ments, once a sensor
detects a threshold level of condensate within or near a

'I'Ill )

IN, the system is designed to reduce the voltage supplied to



13
US 10,495,322 B2

14
the TED 118 until thc condensation has been completely or
partially removed or reduced Such a reductinn in voltage
can reduce the extent to which fluids passing through the
thermal niodule are cooled or heated. thereby reducing or
stopping the fomtation of condensate.

In certain vanants, the condensate sensor comprises a
su ilch that Is configured to toggle the power supplied to Ihe
TED 118. Such a switch ctm, for extunple, facihtate control
of the 'I)ID 118 in a way that reduces cost and complexity.
lior example. in certain implementations, the 'I'I'.I) 118 Is Ic

controlled to be powered and depowered (e.g, tn be selec-
tively turned on and oflj by a hardware condensate switch,
thereby avoidin the need fora closed loop system. softv are
dnd Ihc associated hardware (c.g., processors) that add cost,
complexity, aud/or potential pouits 01 fmlure. In some
embodiments, the condensate switch can facilitate control of
the 'I

I II) 118 without a feedback loop lior example, as will
be discussed in further detail below, the condensate sivitch
can be configured to ener ize and de-energize the TED 118
based on the presence. or lack thereof, of condensation zo

aboi ea tlueshold amount
For cxmnplc, with rcfcrcucc 10 flie circuit diagriuns of

IIICiS. 5A and 513, a cliniate control system (v hich can be
used in any of the enibodinients discussed above, such as the
sear assembly 10, or otherwise) can include an electrical
circuit with n power source 140, the TED 118. Bnd conden-
sate switch 142. The po~er source 140. TED 118. and
Coiult:IISdlc switCh 142 I ail bC Iii ClCCIIICal CCIIIIIIIUIIICdtioil

I is connections 144, such as wires, traces, or oflterwisc. As
discussed above. the condensate switch 142 can tnggle so

betiveen a first state and a second state In certain Imple-
mentatinns. when the condensate stvitch 142 i ~ toggled to
the first state. the circuit is closed, thereby nllowin power
to be supplied to the TED 118. as shovvn in FIC). 5A. For
cx unple, when thc coudmisatc switch 142 detimts im amuuut Is
ol'condensate thut is less titan a flucshold level of condcn-
sdtc. thc condmisatc switch 142 ctm bc configured to allow
potver to be supplied to the 1'IID 118

On the nther hand. in some embodiments. the circuit Is
interrupted when the condensate switch 142 is toggled to the do

second state. thereby reducin or eliminating pow:er fmm
being supplied to thc TED 118, Bs shown in FIG. 5B. For
example. w lu:n Ilm coudmisate switch 142 dctcmIs an unount
of amount of condensalc Ihal is cquttl Io or greater Ilxtn thc
threshold level, the condensate switch 142 can be coidigured
to inhibit nr prevent power from being supplied to the 1111)
118. In some embodiments, a reduction or elimination of
power to the TED 118 results in a decrease in the tempem-
turc gradient between thc cold sale 122 and the hot side 124
and/or bctwccn the cold side 122 dnd mnbicnt (c.g., the 0

tcmpcraturc of Ihc air at Ihc uilct 130). In ccrtmn uuplc-
nientations. a reduction or elmiination of power to the 'I'IID

118 results in an increase of the temperature of the enid side
122 (e.g.„above the dew point), which can reduce or
eliminate the enerntion of condensation on the cold side s.
122.

In some cmbodunents, when thc conclcnsate switch 142
inhibits or prevents power I'rom beui supplied to the TED
118, some or all of the condensation on the cold ~ ide 122A
can be evapnmsted or otherwise removed fnim the fluid co

module 114 (e ., such as by the air passing over or tluough
the cold side 122A). Tluis, the amount of condensation can
be reduced, which in turn can thmrease Ihc amount of
condensation detcctcd by the condensate sensor. In ccrtmn
I Brittills. 01C BIIIOUUI Ol COIICh:IISBIC Cail CVCIIIUII11)'ICCTease Ss

to a level at ivhich tbe amount of condensate detected bv the
condensate sivitch 142 is below the threshold level. In some

such instances. Ihc condenwite switch 142 cdu toggle so as
to allow power to be supplied tn the 'llit) 118 again.

liif iS. 5A and 513 are only iflustmstive and are not limiting
'I'herefnre, various other configumstions of the condensate
switch 142 can be included in n variety of other electrical
circuits. In some implementations. for example, an electrical
circuit includes B configurauon of thc condensatc switch 142
that uicludes leads postttontxf where condcnsauon tcncb Io
collect, such as on, near or othenvise adjacent the waste side
heat exchmiger In certain embodiment~. the leads are spaced
apart or othenvise configured to form an "open" portion of
the circuit. thereby inlubiting the flow of electricity in the
circuit. When sufficient condensation (e.g.. a threshold
dinoUilt) BCCtulliihuCS Oi IS otllem ISC pfcscilt Oil Or Itcdi IIIC

h:ddS. 01C CIICIIII CBII CIOSC, diiCI Iliils IBCilitdtc 111C flow 01
electricity across the leads and through the circuit When all
ol't lcBst sonic of titc conclcns;Itlon Is rcn10vctl (c g., bv
evaporation), the circuit can "open*'gain. thereby re-
inhibitui the flow of electricity in the circuit In some
embodiments. the circuit is configured such that electrical
current is aflctwcxf to flow Io the TED 118 when the circuit
is "closed,** Bnd clectncnl current is uthtbitcxf or prcvcnied
from tiowing tn the I'I:D 118 ivhen the circuit is "open."
Other embndiments of the circuit are configured such that
electncal current is alloived to flow the 'I

I II) 118 when the
circuit is "open.*'nd electrical current is inhibited or
prevented from flowing to the TED 118 v hen the circuit is
"closed."

In ccrtaui implementations, the condensate switch 142 is
configured to facilitate service and/or mamtenance I CII'xaniple,the leads of the condensate switch 142 can be
configured to facilitate periodic (e g, nionthly, annual, or
otherwise) cleaning, repLacement, or othenvise. In certain
embodiments. the condensate switch 142 can be positioned
and/or configurctt such Ihat conmunuiants (c g., dirt, dust,
nuncral binldup, or othcfwisc) on, ncur. or otherwisc adid-
cen1 at least onc ol Ihc leads can bc removed. In certain
iniplementations. cleanin of the cnndensate switch 142 can
eliniinate or reduce the chance of improper opemtion of the
sv itch 142. For example. cleanin can reduce the likelihood
of electrical current being allowed to flow between the leads
bimdusc of the prcscnce ofcontanunants, rather than bccausc
of Ihc pfcsctlcc ol cotidctisduoii

With rclbrcnce to FIG. 6. an mnbodiment of a contml
scheme for the 'I

I il ) 118 is illustrated. Sonic embodiments of
the control scheme include blnck 210, which includes pro-
vidin a TED 118. condensate stvitch 142. and source of
electnc current. In sonic embodiments. the condensate
swiIch 142 is configured Io pcnnit or interrupt Ihe provision
of elcctncal current to thc TED 118. Iu cermin vanants. Ihe
meIhod includes a decision block 215 relating to whether Ihe
cliniate control system is in an active opemstmg 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 mnbodimcnts ol'hc control scheme include dciect-
Iilg (C g., IIICBSUI1ilg) Coiult:IISdlioil. SUch Bs With B Coiltlc'll-

saIion sensor or switch. In certain unplmncntations, Ihc
condensatinn sensor is located at an area in or near the

1'Ill )

118. In soine 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 thc TED 118, at thc tluid distnbution system
IIIICI Of OtulCI, Ill IIIC CIIVifoililiCIII SUISOUIICliilg thc SVSICUI

(c g., tile vclliclc IIIICI101 Ilidl Illc Biuoillotivc sctt1 Is locBIcd
in, the mom that the bed is Incated in. etc.) and/or anywhere
else mi or in proximity of the seating assembly
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Wi(h conunucd rcfcrcnce to FIO. 6, ui some implmncn-
tations. as Illus(muted by decision blocl 230. the method
includes detennu»ng whether the amount ol condintsa(ion
detected is greater than or equal to a threshold amount. If the
answer is negative, Ihcn Ihe method moves to block 240 ul
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 affirntative, then the metlxid
moves to block 250 in wluch the condensate switch 142 Is

i it
toggled so as to rcducc (c.g., by a set amount) or elunuiate
the electrical current pmvided to the TED 118.

In some mnboduncn(s, blocks or s(cpis 240 mid/or 250 can
return to block 215. thereby allowing the repetition of some
or all of blocks or steps 215-250. In ccr(mn vanants, 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 22U-250. In some enibodiments. blocks or steps 240
and/or 250 can return to blocl or step 230, thereby nllov.ing
the rcTIC(inon ol'ome or all ol'locks 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 "ofl'" I'r
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, I GV, 17V, 18V. I UV. 2OV. values
bc(wcmi the forcgouig, more than 2OV, cir..) Is supphcsI to
the TED 118. Further. In some cmboduucnts, when thc
amount of condensation detected is greater than or equal to io
the threshold aniount, then about OV (e 8, or a voltage close
to OV) is supplied to the '11ID l(8. Some variants of the
method do not adlust the electrical current or volm e sup-
plied to the TED 118 or other themtal conditioning device
based on thc amount of condcnsauun detected, asulc from ii
thc aforementioned on/ofl'djusuncnt.

In other embodiments, ut blocks or steps 240 and 250. the
poiver supplied to the '11(D (18 is modulated up or dicwn
(e n., increased or decreased in a linear or non-linear nian-
ner). For example, certain embodiments of the method ao

include modulating the amount of electrical current or
I oltage supphcsI to thc TED 118 as a step-function. In any
of Ihc mnbodimcnts disclosed herein, thc manner ui which
dd(us(men(s are made Io thc voltage or curren1 supplied 10 a
'I'I ID (aniVor other thermal conditioning device) is basOI. 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 luiear, polynonuc. or logantlunic func(ion of
thc amount of Ihc condcnsanon dclecu:d. 0

Control Schmncs Using Rclauvc Humtdt(y and/or Tempera-
ture Detection

A climate control seatmg 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 s.
opera(e w itlnn a desired comfon zone. One embodunen( of
such a comfort zone (e.g., gcncrally rcprcscn(nl by a cross-
lui(chcd arcs 510) is schematically illustratcvl ut Qtc graph
5()0 of I'l(i. 7 As shown. a desired comfou zone 510 can be
based. at least in part. on the temperature and relative io
huntidity of a particular enviroiunent (e... ambient air,
them(ally conditioned air or other fluid bein delivered
tluough a climate controlled scat assembly 10, c(c.). 11&us, If
thc Iclalivc hunudlty' 100 low ol 100 high loi a psutu:alar
Icnipclduuc, 01'lcc vcrsd, Ihc coulfiut lcvcl Io Bn iiccupBBI Si
situated ivithin such an environment can be diminished iii'nemllyoutside a target area
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For example. with rcfcrencc (o a comhuon generally

represented as point 52U('n the graph 50U of lii(i 7. the
relative lnimidity is too hi h for the specific teniperature
Alternatively, it can be said that the tempemsture of point
520C Is too high for the specific relative humidity. Re ard-
less. in some embodiments, in order to improve the comfort
lcvcl of an occupan( who Is prcsmit in that cnviroiunent, d

chma(c control sys(em can bc con(igurixl 10 change Ihe
surmunding conditions in an etfort to achieve the target
cmnfort zone 510 (e.. in a direction generally represented
by arrow 53UC) I ikeivise, a climate contml 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 surrounduig conditions In an cfl'ort to
achieve Ihc target coml'ort zone 510 (c.g., In a direction
generally represented by arrow 530D) In I'l(i 7, envimn-
mental conditions generally represented by pomts 520A and
52UB are already within a target comfort zone 510 'I'hus, in
some embodiments, a climate control system can be con-
figured to maintain such surrounding environmental condi-
tions, al least while dn occupBB( ts posltioucil ou Ihi'olzc-
spondtng sealing assembly (e.g., vehicle scat. bcd,
wheelchair, another medical bed or chair, etc.)

ht some embodiments, a clinlate control system for a
seating assembly (U is confinured to include additional
comfort zones or target operating conditions. For example,
as illustrated schematically in FICi. 7. a second cnmfort zone
514 can bc included as a smaller arcs within a maui comfurt
zone 510. Thc second comlbrt zone 514 can represent B

combination of environmental conditions (e 5, teniperature,
relative humidity, etc ) that are even niore prefemsble than
other portions of the main comfort nme 51U. 1'hus. in I'l(i
7. although within the main comfbrt zone 510. the environ-
mental condition represented by point 520B falls outside the
second. morc prcfcrablc. comlbrt zone 514. Thus, a clinune
control system for a sealing assembly 10 situated in Ihe
environmen(al condi(ion rcprcsented by point 520B can be
cmifigured to operate so as to change the surrounding
cmiditions toward the second comfort zone 514 (e.g . in a
direction enerally represented by arrov 530B).

In some embodiments. a climate contml system can
include onc. Iwo or morc target comfort zones, as dcsircd or
rcquircd. For example, a chmate control system can include
stptudtc Idlgc( zones for suninlcr aud walter opcldtion. In
some arrangements, therefore, the clinlate control system
can be configured to detect the time of year and/or the
desired comfort zone under which a climate controfled seat
assembly is to be operated.

Thc incorporation ol such automu(CVI control schemes
wl(hul d chnultc connol sy'steal cdu gcncidllv oifi'I a nlou:
sophlstlcB(cd ntc(hod ol opcI'dung a chain(c con(rol scat
assembly (e.g, bed). Iiurther. as discussed herein. certain
mitoniated control schemes can help to simplify the open-
tion of a ciimate controlled seat assembly and/or to lower
costs (e... manufacturing costs„operatin costs. etc.). This
can bc par(icularly unportdn( whcrc It is rcqutrixl or lughly
dcsirablc to maintain a tlueshold comlbrt lcvcl. such as Ibr
pauenIs situs(ed on whcelchairs. mcihcal beds and or Ihc
like liurther, automated control schemes can be especially
usehil for seating assemblies con(igured to receive occu-
pants that have limited mobility and/or for seating assem-
bhes where occupants are typically seated for extended time
periods (c.g.. beds, airplane seats, other vchiclc seats. movie
thea(crs. hospi(al beds, convalescent beds, wheclchairs,
other medical beds or Huiirs. etc.).

According to snme embodimenta data or other informa-
tion obtained by one or more sensors is used to selectively
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con(101 d clhnatc control s)'slcnl nl oldi:I (0 Bchlcvc Bn
environmental condition which is located within a desired
comfon nme 510, 514 (I'IG 7) I'or instance, a climate
control s)'stela c;nl 1llchaic onc ol'101'c icnlpcl'antre scnsot's
and/or relative humidity sensors. Such sensors cnn be situ-
ated along various portions of a seating assembly (e g.. TED,
thcnndl module, fluid dlstribuuon system, in}el Or out}el of
a flunl umlsfcr device, fluld inlcn surface of an assembly
against which an seated occupant is positioned, etc ) and/or
any other location within the same ambient environment as la
the seating assembly (e.g . an interior location Ot ait auto-
mobile, a bedroom. a hospital room. etc.). In some embodi-
ments. one or more additional types of sensors are also
provided. such Bs an occupant detection sensor (c.g. con-
ligured io automatically detect when an occupmn ls seated
on a vehicle seat, a bed and/Or any other seating axsenlbly).

l}egardless of the quantity. type, location and/Or other
details regarding the various sensors included wit}un a
particuLlr assembly, the various components of the climate
control system can be configured to operate (in one embodi- 10

ment, preferably automaucally) in accordance with a dcsircd
control Blgorlthni Accordnlg (0 silnli: i:nlbodhncnts, thc
control alaonthm includes a level of complexity so that it
mitomatically varies the amount of heating and/or cooliag
pmvided at the seating assembly based, at least in part, on
the existing environmental conditions (e.g., temperature,
reLative lnlmidity. etc.) and the target comfort zone.

Accordingly, ul some embodiments, d control systmn lor
clnnatc control seating assembly is con(igured to rimcivc

as inputs into its contml a}gout}un data and other infonna- 10

tion regarding the tempemlture and relative lnnnidity front
one or more locations I'or exmnple. as illustrated in 11(i.
8A. a clinlate controlled velficle seat 600 can include fluid
distribution systems 612, 622 along its seat back portion 602
and/or scat bouom portion 604. Each fluld dlstnbution li
system 612. 622 can be in fluid commulucatlon v,1th a lhnd
trans(i:r dcvicc 616, 626 (e.g.. Ihn, blower, ctc.) and a
thermoelectric device 6(8, 618 (e g., a Pe}tier circuit. other
device contigured to selectively temperature condition air or
other fluids passing therethrough, etc.). In the illustmted do

arrangement, a tempemture sensor 630. 632 is located within
or near each thennoclcctnc device 618. 628. Such sensors
630. 632 can bc coniigured to dctcct the temperature of thc
TED. ibc temp era lure of a 1 in or other heat Irimsli:r member,
die temperature of any other portion or components of die d-

I I ID. the operating telnpemltme ot the 1 I(D, the temperature
of the fluid within. entenng or exitin. the fins or other
portion of the TED. the tempemlture upstream or down-
stream of tlm TED, the tempcmture upstremn or downstremn
ol'thc fluid transfer dcvlcc, thc temperature wit}un thc fluld 0

dlsulbutlon systmn 612, 622 muflor thc tcmpcraturc along
any other portion of the thermal module or the seat assenl-
bly.

With continued reference to Fifi. 8 k. one or more sensors
654, 656 can be provided on a controller 650 and/or any s.
other location surroundulg thc scat assmnbly 600. either ln
hcu of or ul addition to thc temperature sensors 630. 632
includcx} on or near tlm TEDS. For instance, thc depicted
controller 650 can include a sensor 654 configured to detect
the ambient temperature liurther. the controller 650 may ic
also include a sensor 656 coniigured to detect the relative
hunlidity of the surrounding envirolunent (e.g.. the interior
or exterior of an automobile). Although not ulcluded ln the
depicted arran ament, onc or murc additional relative
hunudity sensors can bc provided on or near flle TEDs, si
within the (hiid distnbution systems of the seat assenlbly
6((0. any location where a temperature sensor is located

(c g., upstream or downstream of a fluid tmnsfcr device)
and/or the like. Such relative lnlmidlty sensors can be
conligurcx} to provnlc addliiollal operational data (liat may
further enhance the ability of a clinlate control system to
automatically Opcratc within a desired comfort zone 510,
514 (IIIG. 7)

As illustrated in FIG. 8A, the controller 650 can be
openltively cnnnected to the venous sensors 630, 632, 654,
656 located ivithin or in the vicinity of a chmate control seat
assembly 600. Infonnauon received from thc vanous sen-
sors can be used to autonlatically regulate one or more
devices or aspects of the climate control system, such as
1'IiDs 618. 628 (eg, the amount of voltage supplied
thereto). thc fluid tnntsfcr dcviccs (0, thc rate of wluch air
is transferred through the fluid distribution systems 612,
622) nnd/or the like. In some embodiments, the controller
650 is also operatively connected to one or more external
climate contra i systems (e.g., the automobile* s or building* s
HI/AC system). Tlus cdn further enhance thc ablhty of thc
climate controi system to ac}neve a desired opemlting con-
illtlon.

In snme einbodiments. as illustrated in the bed assembly
700 Of FIG. 8FL both a tcmpcrature sensor 730, 732 and a

relative huinidity sensor 740. 742 are provided within or
near each TED 718, '728 (e.g., at or near a second side ol'

thermal conditioning device such as Tl:D 718. 728) or fluid
module in which such TED is positioned (e.g.. the inlet of
the fluid transfer device 716, 726). In sonic arrangements,
additional temperature and/or relative humidity sensors 754,
756 arc included within other portions of thc bcd assembly
700 (e.g., within the lower portion 714 and/or upper portion
712. within a fluid disuibution mcmbcr 712, 713, etc.), on a

controller 750, on a ivall of the room in which the bed
assembly 700 is posiuoncd and/or thc hke

}&egardless of the qumltity. location, type and/or other
details regarding the various sensors used in conjunction
v ith a climate control system. such sensors can be advBII-

tagcously configured to provide data and other infomlation
regarding thc tempcraturc and rclativc humidity of mnbient
air. the operational temperature of a particular climate con-
trolled seating assembly (C.g.. vcluclc scat. bed, a mix}Ical
bixh whcclchair, another medical chair, etc.) and/or thc hkc
to permit the seating, assembly to be operated (e g., auto-
matically, if sn desired) within a target comfilrt zone

For example. as discussed herein with reference to FIG.
8A. the information transmitted from the various sensors to
a conlrollcr can bc used to automaucdlly turn on or olf
dnd/or nloduhltc vBllous ciinlponcnts of B cllnldti: contlollix!
bixl 700 or other scaung assembly. In some arrtmgcments,
the fluid transfer devices ani}'or the 'IIIDs aic turned on or
of}; 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 aflows a
control system to bc nouiicd when a user w sea(ex} or
othcs wise positioned thcrcon. Thus. a bcd assembly 700 can
bc conligured to auulmatically lurn on or ofl and/or pmvidc
varinus levels of heated anrgor cooled air when an occupant
positions himself or herself thereon. I'his can advanta-
geously eiiminate the need fi&r one or more manual controls
(e g., switches. controllers, etc.) that may othelwise be
supp}md with a climate conuoflixl bcd 700 or other scatulg
dsscnlbl)1 linis. such Buloiiliiu:il opi:I'Iltlonal si:hcnii's can
advantageously reduce both thc cost and thc complexity of
pmviding and npemting a climate contmlled bed or other
assembly
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In miy of thc cmbodimcnts disclosed hcrcm, or equiva-
lents thereof. the relative humidity sensors can be capaci-
tance-based, rcsistancc-bascdu themis) conductivity based
andior the like.

In smiplcr embodiments, a control algonflmi is configured
to receive only teniperature data from one or more sensors.

Alternatively„only relative humidity sensors can be used to
pmvide intilrnlation to a climate control system about the
existing envirotunental mlndltions within or near a mrget

i it
scahng assembly. In ccrtmn embodiments, additional infor-
mation re arihn the surrounding envirorunent is provided
Io the control system, such as umc of day. whether thc
ainblellt tcolpci'dtui'c Is dccfcasiilg oi'ilcrcasiilg auld/ol'hc
like. Accordingly, a target comfori zone 510 (e.g.. FIG. 7)
can be based on one, two, three or more variables, as desired
or required.
Moisture Abatement in I)eating Dpemltion ofSystems

In some conventional climate control systems. when the
system is operating ui a heatuig mode, moisture abatmnmil
(e, delhunidification of the air passiitg through the system)
is nol mnploycd. This is thc case generally becmise. duruig
the beeline mode, air is not cooled beloiv the dev point
temperature Accordingly, condensation is typically not a
concern Iuurthermore. in certain instances. additional
humidity in the air can provide latent heat tlmt can be
beneficial in pmvlding a comfottable environment during
the healing mode. However, unexpectcdlyu it lais been deter-
mined thai moisture abalmncnt can bc benelicial dunng a
heating mode of opemltion of certain climate control systems io
having a 'I )ID I'or exmnple. moisture abatement during a
heating mode of operation can be beneticial in certain
variants of a climate controlled seat (CCS). a bed or climate
controlled sleep system (CCSS), a climate controlled con-
tainer (e.gu bcvcragecontauicr). any thc embodiments is
descnbcd lu:rein und/or thc like.

As discussed barmn ui connccuon with FIG. 3. flie TED
118 or other thermal conditioning device„member or cont-
ponent can include a niain side 124 and a v aste side 122.
During a heating mode. when voltage is applied to the TED do

118 or other thermal conditioning device (e.g.. convective
hcalcr). the main side 124 generates heat and thc waste side
122 absorbs heat. When operatuig certain climate control
systems (such as thc CCS or CCSS or other climate con-
trolled systems) in heating mode. the waste side 122 of the
'I'I ID 118 can achieve tempehltures below that of the ntain
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, winch cmi result in
condcnsdlc fornling on iuuUor tllong thc wBsh: suh: hcBI
cxchinlgci. Thc lornlanon of lhc condcnsdtc can ncgB!ivcl)'estrict

the airfloiv across the waste side heat exchanger.
Such a restriction of airflow can decrease the rate and/or
antount of heat transfer between the air and the waste side
heat exchanger. which can cause a further reduction in the o.

lempcralurc ol the waste side heal exchanger. If the lmn-
pcrdlure of Ihc waste side of Ihc TED lulls below aboul0'.,

icc fomuitiou can bcgui to occur. further restnctmg or
even preventing air flow across the waste side of the heat
exchanger 1 luis. it can be advantageous to monitor and/or io
account for the waste side heat exchanger temperature while
operating the climate control system in hestia mode. For
cxiunple, a control sclmmc can accounl for lhc waste heal
exchanger Imuperaturc when lhc clunale conlrol system is
operatmg ui heating mode by detcnuuiing whether ccrlmn ss
potentiafly pmbleniatic humidity conditions exist. as dis-
cussed in fiirther detail below In various einbodiments, the

control scheme can bc executed by aud/or rcsidc ui a

processing unit (e... a local control unit, a central control
unit, clc.).

Various implementations include sensors to provide tem-
pcraturc and/or humidity data to the processor for use ui thc
cmitrol scheme In some embodiments, one or more tem-
perature sensors can be positioned to detect the waste side
temperature and/or ivaste side heat exchanger teniperature
In certain variants, a temperature sensor is positioned on the
waste sale ol'thc TED or other lhcnnal condilioiung device
to monitor waste air tempemlture. In some embodiment~. one
or morc humidity smisors arc poshtoncxt to dclccl thc
hiunidity of in the vicinity of the waste side heat exchanger
and/or thc general surroundings. For cxumplc, thc humidity
sensor can be positioned at: the blower (e.g, the air inlet
location). a main or central control unit. MCU. (e, located
on floor next to bed or floor of a vehicle). a support sthicture
(e g., a vvire harness that is located inside the bed or seat), a
user rcnlolc (c.g., locd lcd on night stand next to bed or at an
arnueat Of a Chair). and/Or a WireleSS reCelVer (e gu frOm a
minn HMAC unit). Certain implemcntauous include one or
more lnimidity sensors and no temperature sensors Soine
vauanm do nol uicludc a sensor Ihul mcasurcs thc Icmpcm-
hire.

In some embodiments, diljuslmenls arc made to thc TED
or other themis) conditioning device (e g.. convective
heater) based on. at least in part„ the relative humidity. Given
the ambient temperature (e... about 10" I'o about 38" ( )
in which certain embodiments typically opemlte, durin
hcauug mode, some cmbodunents arc configured to make
adlustments to the amount of power supphed to the TED or
other themis) conditioning device based on relative humid-
ity exclusively I or exanlple. in certain iinplenientatioils,
durmg hcatuig mode. thc TED is adjusted whmi the rclauvc
hiunidity level reaches a fltreshoid, such as greater than or
equal to about 85%v, 86%. 87/o, 88/o, 89%. 90%. 91%. 92%,
93% 94% 91% 96u/u 97% iqgu/u values in between the
foregoln . less than about 83%. more than about 98%. etc.
In some mnboduncnts, when thc humidity excccds or If)is
below a particular tlueshold or limit, the amount of power
supplied to Ihc TED or other thcnual coudiuonuig device
can bc ad)usted (c.g.. turned ofl; reduced, uicrcascd, or
othetwtse modified. etc.). as discussed m funher detail
herein Such a confi uration can, for example. reduce the
likelihood of the vvaste side heat exchanger achieving a
temperature that is about equal to or less than the dew point,
and thus rcducc Ihe likelihood ol'ondcnsaliou I'ormuig.
Further, because some such 1 arianls do uot use a tempera-
ture ulput (c.g.. Ironl a sensor nlcBsuilng lhc waste sale
temperature) to determine ivhether or how to adjust the

'I'Ill )

ol'thcl'hcrinal coilditlolliilg device. thc svstcin B cost,
complexity. and/or total number of components can be
reduced.

Certain embodiments of lhc systems disclosed hcrcin arc
configured to ad)usta duly cycle of thc TED or other thermal
conditioning device based on whether thc rclativc humidity
threshold is met "l)uty cycle" is the percentage of the
amount of time that the 'I'I ID is in the poivered mode to the
total amount of time under consideration. For example, if the
TED was povvered for tluee seconds within a ten second
time pcuod, then thc duly cycle would be cxprcsscx) as 30%.
Some mnbodiments, w Iuch c m uiclude onc or both a hcaluig
mode and a cooing moCk, cdn bc conligured lo adjusi Ihe
duty cycle of the 'I'I:D based on some or all of features of
1'able I
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As shown above in Table I. according to some embodi-
ments. at a relative huntidtty benveen 0% and 62%, If the
systent is in cooling ntode. 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 rclativc hunndtty m bctwccn 62.1% mxl 67%, lhcn the
maxumtm duly cycle oi'thc TED can decrease to 87% when
the system is in cooling nlode. and remain at 100% when the
system is in heating mode In certain variants. the TEII) can
be depowered (e g, about 0'r'() duty cycle) when the systent
is in cooling mode and the relative intmidity is greater than
or equal to about 82.1%. In some implemenmtions, during
hcatutg mode thc maximum duty cycle ol'hc TED can
remain at 100% until thc rclauvc humidity is greater tlrut or
equal to about 00 1%, at which point the maximum duty
cycle of the TED can decrease to 50%

(:ertain embodtnlents are configured to adjust the duty
cycle of the TED based on come or all of features of Table Io

2.
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condcnsatton Is dctcuccd above a lunlt, in wluch case thc
TED is limited operatin at no ~neater than 50% duty cycle.
In some cmbodtmcnls. thc TED or other thcnnal condtuun-
ing device can operate at or near 100'%uty cycle unless
condcnsatton Is dc(act(xi, in wluch case thc TED or other
them)el conditioning device is substantially de-energized
(e g., about 0% duty cycle).
l)ew Point ('alculation

As is evident from certain of the embodiments described
herein, some cmbodimmtls areconiigured to abate moisture
dunng heating mode without calculatin a dew point. For
cxiunplc, as dtscusssxi above. song: cmbodunculs utclude 0

cmtdensation sensor or switch and are configured to adjust
the operation ol'hc TED or other them)el condiltonutg
device based on ivhether a threshold antount of condensation
is detected; tints no additional dew point calculation is
required Such configurations can, for example, reduce cost,
decrease the ntunber of systent components, reduce the
overall ph)mica l size of lhc sv'steat, (Iud/or lesson lhc ilutotlnl
of energy used by the system. (:ertain embodimentc modu-
late (c.ge a voltage or mtrrcnl supplmd to) llm TED or other
thermal conditioning device based on relative Inuniditv, as
discussed above ut connection with Tables I and 2. Accord-
ingly, some such embodiments are configured to abate
moisture dunng a healing mode without calculating a dcw
point and/or receiving a temperature input

However. in some embodiments„ the dew point tempera-
ture can be calculated mid used in a moisture abatement
control scheme. For example„dry bulb temperature and
rclaltvc humnhty duta can be collcctcd (c.g., mcasurcd with
sensors), and that data can be used to calculate the dew
point. In certain variants, the dew point Is determined with
the follov,in founula (in which td Is the dew point tem-
pcraturc, t is the ambient dry bulb temperature, and RH Is thc
rclaltvc luimuhly).

0'7S

5S'7'os'n

1(ttt

I 0i)
.'5"

0

'5S

0

'00 I
tons,
1(to
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100 — RH

For example, whml thc rclauvc hunudi(y is between about
78%;md about 85%. the maximum duty cycle can bc about
25'i in cooling mode and about 100% in heating ntode.
Lphen the relative humidity Is equal to or greater than about
86i'o, then the TED can be depowered (e.g.. about 0'lo duty
cycle) in cooling mode and have a maximum duty cycle of
about 50% ut hcatutg mode. In some vanmtls, If Ihc system
is in hcanng mode und the rclaltvc Inuntdlly Is greater than 0

or equal to a threshold value (e.ge about 86%). then the
amount of power supplied to the I'ill) is reduced (e g., by
about half)

In some unplementations. the TED or other themtal
conditioning device ls adjusted based (e,gu exclusively or at )5
least ut part) on whcthcr condensauon is detcctc(L For
cxamplc. ut some mubodimenls. Qte TED is allowcxl to
operate up to a maximum duty cycle lcvcl (e.g.. 100%)
unless condensatton above or below a limit is detected by a
condensation sensor If such a condition i ~ met, then an (o
adjustment can be made. such ac energizing or de-energizing
the TED or other them)al conditioning device. increasing the
power supplied to thc TED or other thcnnal condlnoning
device. or decreasing thc power supplmd to fite TED or other
thcnndl condittorung dcvtcc. For cxumplce accordutg to sc
some embodiments, the '11(D or other thermal conditionina
device can openote at or near 100% duty cycle unless

According to some implementations„ the dev. point is
dclcrnuncd with thc Ibllow Ing fonuula (In wluch td Is Ihc
dcw point tempcrautrc ('.). I Is thc ambient dry bulb
temperature (" ('. Ri I is the relative humidity. the constant
A is 17.625, and the constant 13 is 243 04" (':

RH di4-ln( —m)- —
'n'+ t

In some embodiments, the deiv point is not determined
directly, but rather utdtrix liy from onc or more other Inputs
(c g., dctcctcd or pcrccivcxI measurmncnts), factors mnffor
other infomtation. For cxmnplc. in ccrtmn embodiments, thc
temperature difference ("AT" ) between the waste side of the
'll il) and the mnbient temperature is known (e g, by empiri-
cal measurements). In sonte such embodiments, the dew
point conditions can be found with a table of ambient
tcmpcraturc and rclauvc hunndtty, wluch can bc stored in
memory (C.g.. In Ihc MCU or processor) For cxmnplc, lor
some cmbodimcnls with 01' AT oi'bout 8'., thc mnbicnl
temperature and reLctive lntntidtty conditions at which the
waste side will achieve the deiv point are listed in Table 3
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As shown in 1able 3, in certain embodiments. the waste
side of the TED can achieve the dew point when the ambient
tenipemture is about 24" ('nd the relative humidity ts
about 60i'o. Sunilarly, In some implementations. the waste
side of the TED can aclucvc thc dew pomt when the mnbwnt
tempemsture is about 1(i'.-I8'. and the relative humidity
is about 584!o. 20

In some enlbodiments. the system is configured to gen-
erally maintain the waste side heat exchan er at a tempem-
ture at or above the dew pomt temperature when the systeni
is operating in 0 heatin mode. For example. some embodi-,s
ments dclcmunc thc dcw pouit (c.ge by mmisuremenl with
a devv point sensor. by calculation. or vvith a table) and use
Ihal dcw point tn a conlrol scheme for operation OI one or
niore system conlponents In certain implementationm the
dew point ts used to control the amuum ol'ower supplied 30

to the 'I'I il) or other thermal conditioning device, such as by
adjusting the duty cycle. For example, when the tempernnne
of the ivaste side heat exchanger is determined to be at or
within a range (e g.. less than or equal to about: I" C.. 2" C.,3'., 4'e values in bc(ween, or otherwise) of thc dew
point. then the contml scheme can adjust the amount of
power supplied to thc TED or other thcnnal conditioning
device Such a conhguration can, for example, decrease the
like)(hood of condmisatton occurrm mid/or can Iimihtatc

40removal (e.g . by evaporatiion) of any condensation that has
already occurred. In some implementations, the adjusunent
includes limiting the nlaximum duty cycle of the 'I l(D or
other thermal conditioning device. In certain embodiments,
thc adjusunent uicludes turiung Ihe TED or other thermal
conditioning device off (e.g.. supplying substantially mi
power lo thc TED or other thcnnal conditioning device).

In some embodiments, during heating (node, the 'I l(D or
other thermal conditioning device is modulated as 0 hinction
of the difi'erence between the waste side heat exchanger
temperature (T,.) and the dew point (T„„). For example. as
shown in FIG. 9, based on thc ddlbrcnce bctwccn lhe waste
side heat exchanger temperature and the dew point. maxi-
mum duly cycle of the TED can be adjusted in a step

o.relationship 850, linear relationship 832a, 852/i, or nmili near
(e.g., cxponenual) relationship 854a, 854b. In ccrlmn
embodiments, as the waste side heat exchanger temperature
approaches the dew point tempemsture. the duty cycle of the
'I'I il) is decreased In annie unplementations. during heatiag
mode the maximum duty cycle is configured to increase
during a first portion 856a at a greater rate than dunng a
second portion 856b. For example, the rate of change (e
thc slope of the linc) of some or all of thc Iirsl portion 856a
compared to the mote of cliange of some or all of the second Ss

portion 856b canbeal least abouh 2 1. S I, 10 I, 20 1. 50 I,
values in between, or othetwise
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Condensation Control Vta Power Supply to the TED or
Other 'I'hermal Conditionin Device

(ienerally, during the heating, mode. the waste side tem-
perature is a function of the poiver supplied to the I'I il) or
other thermal conditioning device. As such. some embodi-
ments are contigured, during heating mode, to enerally
mtnntain Ihc waste side hant exchanger tempcraturc abovea
littitl Foi cat(it(pic, sot(it: ciiibodiiiictim Bic coiiiigulix!,
duhng heating mode. to pmvide suffictent power to the

'I'Ill )

to generally maintain the ivaste side temperature above the
ambient tetnpemsture ('ertain embodiments are configured,
duhn heating mode. to provide sufficlent power to the TED
to generally maintain the waste side temperature above the
dcw point, thcrcby uilnbiung or avoiduig thc formation of
coiitlcltsdtlolt oii llic v'dsll: side licBI cxcliaiigcm

According to certain embodiments, the power supplied to
the 'I ED or other them(el conditioning device dunng heating,
mode is sutficient to enerally niaintain the waste side heat
exchan er temperature above the dew point tluoughout the
intended ambient temperature range (e, about 10'1 to
about 38" C.) of operation of the system. Thus, the formation
ofcondensation ca+bc inlubiled or avoided without the nccxI
to determine (e o., measure or calculate) a dew point In
some embodiments. the ivaste side heat exchanger tempem-
htre is generally maintained above the dew point by pro-
viding at least about 80 W ofpower (e.g . Shout I I AV and/or
about 7 A) to the TED. In certain implementations, the waste
side heal exchanger icmpcralure is gcncrally mauilamcd
above thc dcw point by providing at least about 13S W of
power (e g . about I 5 'nd'or about 9 A) to the I'I il) In
some embodiments, the ivaste side heat exchanger tempera-
ture is generally maintained above the dew point by pro-
vidin 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 bc uihtbitixi or avoid(xi by providuig
bclwiwn about I SO W and about 200 W (c g., about I SV-20V
and/or about 10 A) OI'ower to lhc TED or other thcnnal
cmiditioning device. In sonic implementations, about 3 5

amps (e g, about: 3 0 A, 3 I A, 3 2 A, 3 3 A, 3 4A. 3 5 A,
3.6 S, 3.7 A. 3.8 A, 3,9 A. 4.0 A, values between the
aforementioned values, or otherwise) about and/or about 8
volts (c.ge abouh 7.0V. 7.1V. 7.2V, 7.3V, 7.4Ve 7.SVe 7.6V,
7.7V, 7.8V, 7.9V, 8.0V, 3 Blues betwimn thc aforementioned
values, or othe(wise) are prot idcd to the TED when thc
clinlate control system is operating in heating mode. In
certain embodiments, about 7 amps (e 8, about 7 0 A, 7 I

A, 7 2 A. 7.3 A, 7,4 rk, 7.5 A. 7.(i rk, 7.7 A„7 8 A, 7.9 A, 8.0
A, values betvveen the aforementioned values. or otherwise)
and/or at least about 8 volts are provided to at least one of
liiC iiialll S(UC Bird wdSICstdl: W11C(i lliC Cliiiitt(C Coltli(11

6)'6(C(ti 1S tipcidtiiig 111 liCdliiig lliiidC. Iii cot(Bi(i iitiplcillC(i-
tations, at least one of the main side and the waste side of the
1'Ill) are provided with at least about 95 W (e g., alxiut
13.(iV and/or about 7 A) vvhen the climate control system is
operating in heating mode. In venous embodiments. the
power supply is coniigurc to provide beta can about 12V and
about 18V (c.g.. about. 12V, 13V, 14V. I SV, 16V, 17Ve 18V.
values bctwccn the aforcmmitioncd values, or olherwisc)
v hen the system is operating in heating mode

In some embodiments. Ihe climate control system
includes a piurality of heating modes. For example. the
system can have at least 0 low heating mode and a hi/I
healing mode. In some implcmmitations, thc tunount of
power provided lo thc TED is adjusted basixl on thc l)pe of
hcaung mode. For cxmnplc, a Iirst amount oi'ower (c.g.,
less than about 95 W) can be provided to at least one of the
main side and the waste side of the 'll il ) ivhen the system is
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ul d low hi Bthlg nlodc, Bnd d second Bnloiuu of power (C.g,
prester than or equal to about 95 W) can be pnlvided to at
least one of the main side and the waste side of the 1111)
when the system is in a high heating mode.

In some embodiments. the power supplied to the TED or
other themlal conditioning device is sufficient ro genemlly
mamlain the waste side heal cxchan cr tmnpemturc above
thc ambient tempcraturc tluoughoul the ullended ran e of
operation of the system (e.g, about 14'1 to about 30" C ).
Such a confi uratron can eliminate (or reduce) the need to lo

detemline the dew point, thereby reducing the systenl conl-
plexity. For example. some embodiments are configured to
provide sufficient power to the TED or other thermal con-
dliloning dcvicc dunng a healing mode suCh thai lhe waste
side heal exchanger tcmpcraturc ls generally mainlauled
abm e ml ambient tenlperatures ranpinp from about 10' to
about 3N" (1 In some such embodiments, the main side
tenlpemture can be behveen about 35' . to about 60" C.
According to certain variants, the waste side heat exchanger
tempemlture can be genemllly maintained above the ambient Io
tcmpcralurc by providing at least about 13S W of power
(e.g., about ISV mid about 9 A) Io Ihe TED. In some
embodiments. the waste side heat exchanger temperature
cml be enerally maintained above the ambient temperature
by providing at least about 162 W (e g, about ] PV and about
9 A) to the TED. In certain embodiment~, the waste side heat
exchanger temperature can be enerally maintained above
the;mlbrent Imnpcralure by providulg between about 150 W
dnd about 200 W (c.g, about 15V-20V and about 10 A) of
power to the Tl:D 10

In various embodiments, the system can be coidigured
with the 'I Irl) 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-
nomng der lccs, wluch areclcctncally connected m sehcs li
dUnng d ciiolulg nlixlc Bnd ul paldllcl drlrul SI hcBfing
operation. Certain such embodiments include two TEDs and
have a power supply that is configured to provide behveen
about 12V and about I SV In some embodiments, the voltage
at each of the TEDs durin cooling can be about 7.5V and 40

the voltage at each of the TEDS during heatin can be about
I.IV. Drlc to ccrtaul nlcfllcu:acies Bnd losses, in sonic srlch
mnbodimcnts, tlm voltage at to each Of die TEDs during
cool ulg can bc less than or equal Io about 7V mid thc voltage
at each of the 1

Ill 

)1 durinp 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 oi Ihe clunalc conlrol system
(e.g., the waste side oi'hc TED. the waste side heat 0

exchanger Imnperaturc, or olhcs~wlse) above lhc mnbmnl
temperature throughout the intended ambient temperature
ran e of operation of the system (e o.. about 14" ('o about
30" 11). For example. it has been determined thar. when used
in certain climate control system implementation~. 0 12V ss
power supply that provides abmil 5.S A per sale (maul side
dnd waste side) to each of two TEDs (c.g., electncally
coiuuxled in parallel during hcatm mode) results ul thc
fluid exiling the waste side heat exclmnger having a tens-
perature that is less than anlbient temperature. However, io
when the system includes a 15V power supply thar provides,
for example. about 7.0 A per side (main side and waste side)
to each ol'two TEDs (c.g., elrotncally conncclcd ul parallel
durulg hcatulg mode), then thc fluul exiting tlm waste side
hcrll cxchrrngcr has B Icnlpcrdhnc lhrrt ls gtcalcl th;rn lhc Si
ambient rempemlture throughout the intended ambient tenl-
perature ran e of opemltron of the system As such. the need
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for a dew point dclerminanon (c.g., calculation) can bc
lessened or eliminated the occurrence of condensation and/
Or to nutlgatc thc prcscncc of condcnsauon that already
occurred

Thc various mnbodnnenls can use a vanety 01'ypes of
sensors For example, some embodiments include a sensor
that measures the dew point. Some embodunents include a
sensor that measures the relative humidity (III I) only ('er-
tain variants include a temperature sensor and/or use a
tcmpcrature input ul controlling thc TED durulg hcalulg
mode Other embodiments do not include a temperature
sensor anti'or do not use a Imnperalurc input rn conlrollulg
the Tl il ) during heating mode. ('errain enlbodiments include
an inlcgralrd crrcuil hunudily sensor, such as Ihc HIH-4000
Senex (commercially available front Iloneywell Interna-
tionah Inc.). Some inlplementations include a inunidity
sensor from the I IO13500 Series (comnlercially available
from Measurement Specialties„ lnc.)

Some imp 1cmcntan oils can ulc1u dc mu1 up Ic heated mugor
cooled zones. Svith at least one sensor for each zone. For
example, in some cmbodnnmlts, the flurd ihslnbution sys-
tem includes ducts or other flui-canyinp stnrctures that
cmlnects each of the zones ro the '1111), and has florv
regulating elenlents (such as danlpers or vanes) in each of
the ducts„with each flow regulating elements bein config-
ured to allow more or less fluid to the respective zone based
on the sensor's mcasurcmcnl of a charactcnstrc (c.g., humid-
ity and/or Imnpcralure) of the zone and Ihc setpouu (e.g..
setpoint humidity andior temperature) of that zone. ( ertain
inlplenlentations inchide a plurality of Tl:Ds, such as one
'll il) for each zone, with the I'I:D being controlled based on
the sensor's measurement of a characteristic (e.g.. humidity
and/or temperature) of the zone and the setpoint (e
sclpoinl humulrty and/or Imnperalurc) oi that zone.

For purposes of sumnuirizing Ihc invention and thc advan-
tages achieved over the prior drt, certaui oblccts and advan-
tapes 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. Tigrs, for example. those skilled in
thc art will recogluzc tluil lhc im cntron may bc embodied or
crllllcd OUI ul B nldnncr lhdl dchlcvcs or oplunlzcs Onc
ddvdnlBgc or gtoUp ol rrdirrntagcs ds IBUghl 01 sUggcsnx!
herein v ithout necessarily achieving other objects or advan-
tages as nmy be taupht or suggested herein

Further. any of these control schemes can be used together
v ith a condensation sensor and/or a v ickin flow sepamltor
as discussed and dlustratcd ul greater detml lmreul. For
example, a control scheme operating w i thin a larger comlilrl
zone can bc overridden if a condcnsauon sensor dclccls Ihe
presence of an undesirable level of fluid within the 'I'El)
and/or other locations of rhe thermal module Alternatively,
the control scheme can be configured to continue operating
toward a target comfort zone if a v icking material is
provided within thc thermal module to properly avoid con-
dcnsalion Ionnalion.

Thc systems. apparatuses. devices and/or other articles
disclosed herein may be fomled through any suitable means
'I'he various methods and recluliques described above pro-
vide B number of ways to carry out the invention. Of course,
it is to be understood that not necessarily all objectives or
advantages desvnbed may be achicvrxl in accordance will
any particular cmbodimmll dcscribcxf hcrcin. Thus. Ior
example, those skilled ul thc art will recognize that Ihe
methods may be performed in a manner that achieves or
optinlizcs one all antage or roup of advantages as taught
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hcrmn vsllhout ncccssanly acluevuig other objccfivcs or
advantages as may be taught or su gested herein.

Furthclinorc, thc slulhx! artisan will recognize the Inter-
changeability of various featmes from ditl'erent embndi-
ments disclosed herein. Suullarly, thc various fi:Bturcs 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 metlxiiks in
accordance with principles described herein. Additionally,

I i i
thc nn:thuds which BI'c dcsixlbcd Bnd ilhlsll'Bn:il hcrchi Brc

not liniited to the exact sequence of acts described. nor are
Ihey neccssanly lunilcd Io thc pracncc of Bll of Ihc acts scl
forth Other sequences of events or acts. or less than all of
thc cvcnls, or simultaneous occurrence oflhc cvcnts, may be
utilixed in practicing the embodiments of the invention.

Although the invention lias been disclosed in the context
of certain embodiments and example~. it will be understood
by those skilled in the art that the invention extends beyond
the specifically disclosed embodiments to other alternative lo
enibodiments and/or uses and obvious modifications and
equivalents thereof. Accordingly, it is not intended that the
invmilion be lunilcd, cxccpt as by Ihc appended clamis.

1'he following is claimed
1, A climate control system configured to operate in a

heating mode. the system comprising:
a housuig dcliruug mi uitcnor space, thc housmg com-

prlsulg Bn uilcl Bnd Bn ouflcl,
a thermal conditioning device positioned in the interior so

space and comprising a main side and a v aste side. the
niain side configured to condition at least a portion of
fluid passing through the interior space. wherein the
svaste side is configured to be at a temperature less than

icmpcrature ol'he maui side m a hcaluig mode. Is
a fluid uansli:r device coufigurcxI lo selccuvcly transfer

fluid from thc Inlet to thc outlet of thc housuig 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 so
through the interior space of the housing:

a humidfly sensor conligurcd Io measure a hunudity at thc
waste side of Ihc Ihemial condinonuig device. and

a processor couligurcd lo riomvc a humidity reading from
the lnunidity sensor at the ivaste side of the thernlal
conditioning device, the processor contigured to con-
trol power to the thermal conditioning device based on
the humidity reading.

2. Thc system of claim 1, whcrcin thc thermal condition-
hig ib:vlcc conipllscs a lhcl1noclcclrlc deva:e or luiofllcr
hcruuig Bnd cooing deva:c.

3 i he system of claini I, wherein the processor Is
confiaured to reduce power to the thermal conditioning
device based on the humidity reading corresponding to a
humidity threshold betv een 85% and 95% relative humidity. s.

4. The system ol'lmm 1, whcrcui lhc processor is
coniigured to rcducc power lo Ihc thermal conditioning
dcvicc to 50 or less percent of a duty cycle of the diemial
conditionin device based on the lnimidity reading being
abme a lnunidity threshold. Io

5. The system of claim 1, wherein the housin is coniig-
ured to direct the heated fluid to a climate conrrolled
assembly or compartment.

6. Thc system ol'claim 1, further comprisin a separalor
gasket posilionixl proxunatc to Ihe outlet of the housing. the ss
separator gasket configured to wick condensate froni the
waste side of the thernial conditioning device

7 A method of controlling a clunatc control system. thc
method comprising

operating a climate control system in a heating mode:
tmnsferring fluid across a main side of a thermal condi-

tioning device of the climate control system;
heating fluid v, ith the main side of the thermal condition-

uig dcvicc that is umisferred across thc maui side,
wherein a w aate side ol' bc thermal c omit iomng device
has a temperature less than a temperature of the main
side in the heating niode;

detecting a relative lnunidity at the waste side of the
thermal conditioning devicel and

controlling polver to the thermal conditioning device
based on thc rclanvc luunidity.

8 Thc method of claun 7. wherein dclccung the rclauvc
hunlidity comprises measuring the relative humidity with a
hunlidity sensor.

9 111e method ot claim 7. turther coniprising reducing,
power to the thermal conditionin device by decreasilrg a
duty cycle of the thermal conihtioning device based on the
relative humulity.

10. Thc method of clami 7, further compmsuig uicreasuig
or maintaining poiver to the thermal conditioning device by
increasing or maintainin a duty cycle of the thermal con-
ditioning device based on the relative huniidity

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

12. Thc method of clami 11. further composing rrxlucuig
power to the thermal conditioning device by eliminating,
power to the thermal conditioning device.

13 I'he inethod of claim 7, wherein the method does not
include measurin a teniperature or determinin a dew

poult
14. The method of claim 7. further comprising trruwfi:r-

ring fluid across Ihc w asleside of thc thermal condinonuig
dcvicc. Lhc waste side in thermal conununicalion with a
waste side heat exchanger of the thernial conditioning
device

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

16. Thc method of clmm 7. further compnsing dircctuig
fluid hcatcxl by thc maui side ol'lm thermal conditioiung
device lo a climate controlled assembly or comparuncnu

17 A climate control system configured to opemte in a
heatmg mode, the systeni composing

a thermal conditioning device comprisin a mam side and
a waste side, the niain side configured to condition fluid
passing Ihrough Ihc main side, whcrcuI Ihe waslc sale
is conligured Io bc al a Imnpcralure less than a lcm-
pcraturc of Ihc maui side in thc hcaung mode.

a fluid tnsnsfer device configured to selectively transfer
tiuid through the nmin side of the thernial conditioning
device. wherein the main side of the thermal condi-
tioning device is configured to heat in the heatmg mode
fluid transfbrrcd Qmiugh lhc main side of thc thermal
condinomng device. and

B condcnsluc. switch configulcd to ullclrupl powc'I sup-
phed to the thermal conditioning device based on a
condensation level at the waste side of the thermal
conditlomng device.

18. The system of cLaim 17, v,herein the condensate
swilch is conligured lo rcxlucc poller supplied lo thc thcnna1
condinoiung dcvicc baslxl on Ihc condmisation level al Ihc
waslc side ol thc Ihcmial condiliomug dcvicc.

19. I'he systeni of claim 17, wherein the condensate
sv itch is configured to eliminate power supplied to the
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thermal condtttontng dew co based on thc condensation icvcl
at the waste side of the thermal conditioning device.

20. I'he system of claim 17. wherein the condensate
switch is confi ured to resume supply of power to the
themtal conditioning devtce based on the condensation level
at the waste side of the themtal conditioning device.
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