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TEMPERATURE CONTROL SYSTEMS %'ITH
THERMOELECTRIC DEVICES

IN( ORPORA'I'ION I IY Rfilil IRI IN('E TO ANY
PRIORITY APPLICATIONS

Any mid all apphcattons liir wluch a foreign or domestic
priority claim is identified in the Application l)ata Sheet as
filed ivith the present application, are incorporated by ref-
erence and made a part of this specification. i it

IIA('K(IROIIND

1. Field
This disclosure relates to the field of tempermue control

and to temperature control systems and methods incorpo-
raimg a Ihennoclccinc device.

2. Description ol'clalcdl Ari
A passenger compartment of a vehicle is typically heated

and cooled by a heating. ventilating, and air conditioning zo

(HVAC) system The HVAC system directs a tlow of com-
fort air through a heat exchanger to heat or cool the comfort
air prior to flowing into the passenger compartment. In the
lieut cxcliaiigcr, ciicrgy is IrBllsfctrixl bcIwccll Ilic colilfol1
dll arid B coolaiii sucli Bs Bwaicl- lvcol coolalll. Ior
example. 'I'he comfort air can be supplied fmm ambient air
or a mixture of air re-circulated from the passenger cons-
partment and ambient air Energy for heating and cooling of
the passenger compartment of the vehicle is typically sup-
plied from a fiiel-fed engine such as an internal combustion ia

engine, Ibr cxamplc.
Some automouvc HVAC archiicciures uiclude a positive

thermal coeflicient of resistance (P'I'( I heater device that
pmvides supplemental heating of air flowing to the passen-
ger compartment. I:xisting autoinotive Pl ('evice I IVAC is
architectures sufl'er from various drawbacks.

SIIMMARY

Embodiments described herein have seveml features. Bo do

single one of which Is solely responsible for their desimble
aitnbuics. Without luniuug Ihc scope of the invmiiions as
cxprcsscd by the clauns, some of the advantageous features
wifl now bc dtscusscdl bricfly.

Certain disclosed embodunents include systems and
methods fiir controlling the interior cliniate of a velucle or
other the climate of another desired region. Some embodi-
ments provide a temperature control system for a vehicle in
w'lllcli 0 IllcIiiioclcciile svsiclll plovidcs silppk:iiiclltBI licai-
ing and/or cooluig Thc Ihcrmoclcciric sysimn cun transfer O

thermal micrgy bc(ween a workuig fluid. such as liquid
coolant. and comfort air upon application of electric current
of a selected polarity. In certain einbodiinents, the thernxi-
electric system supplements or replaces the heat provided
from an internal combustion engine or other primary heat . I
source. Thc Ihcrmoelcciric system can also supplement or
rcphmc cold energy provided from a compressor-based
refrigeration sysimn or other pnmary cold cncrgy source.

Certain disclosed embodunents include systems and
methods for stopped engine or engine off cooling. 'I he so

en ine off cooling mode can be used to maintain a comfort-
able cabin for a limited amount of time during nn idle engine
slluldowii. Ill tilts illodc, Ilic cvdpoldICI is iioii-operative iis
the miginc has bccn shut down. The cooling provided by ihc
thermal mcriia in thc coolmii and ihc Ihcrmoclcs:tnc module as
can allow the engine to shut down and save fuel, v bile still
alloiving the passenger cabin to be cooled

Certain disclosed cmbodimcnts uicludc systems and
methods for stopped engine or engine ofl'eating 'I he
eiigine otf heating inode can be used to Inaintain a conifort-
able cabin tempensture for a limited amount of tinie during
an idle en ine shutdown. The heat pmvided by the thermo-
electnc module. the thermal inertia in the coolant, and the
themis l inertia in Ihc enguie block allow s Ihc system io heal
thc cabin of Ihc vchiclc while allowing ihc cnginc to shul
down and save fuel

l)isclosed embodiments include systems fiir heating and
cooling the interior climate of a vehicle In some embodi-
ments. a system for controlling temperature in a passenger
compartment of a vehicle includes a main Ihiid channel and
ouc or morc thcmioclcciric dcviccs opcraiivcly connimied Io
thc main fluid channel. Thc Ihcnnoclectric dcviccs cdn
include at least one Ihenmielectric element configured to
heat a fluid tiowing in Ihe main fluid channel upon appli-
cation of electrical energy in a first polarity and to cool the
fluid upon application of electrical energy in a second
polanty. The thermoelectric devices can be subdivided into
a plurality of thermal zones. The plurality of thermal zones
can include a Iirsi ihcmuil nine connecuxl io a Iirsi clccinc
circuit sv;itchable between Ihe first polarity and the second
polarity and a second thermal zone connected to a second
electric circuit switchable benveen the hrst polarity and the
second polarity independent of the polarity of the hrst
electnc circuit.

Thc system can include a first heat cxchaugcr disposed in
thc main Ihiid clmnncl and Ihcmudly rxinnimied Io onc or
more themioelectric devices As an example, the main fluid
clmnnel can be connected to a single thermoelectnc device
in v hich a first main surface in the first thermal zone of the
themioelectric device and a second heat exchanger disposed
in the main Ihiid chaiuiel and them)ally connected to a
SCCOIld lllilill SIIIIBCC iii Illc SCColld IIICrlllBI ZOIIC Ol IIIC

thcmioclcctric device. Thc system cdu include a worlong
fluid chmuich a tlurd heat cxchmigcr disposed in the w orlong
tluid channel and thermally connected to a first waste
surface in the first thermal zone of the thermoelectric device;
and a fourth heat exchanger disposed in the working fluid
channel and themtally connected to a second v aste surface
ui Ihc second thermal zone of Ihc Ihcrmoclectric device. Thc
thcmioclcctric dcvicc can bc coniigurcd io tnutsfcr thermal
energy bciwiicn ihe lirst nuiin surfucc und Ihc lirat waste
surface in the first thermal zone and to transfer thermal
energy betv;een the second main surface and the second
v aste surface in the second thermal zone.

The system can include a contmller configured to operate
thc system in one of a plurahty of uvailablc modes by
controlluig Ihc polarity of Ihc Iirsi elcclnc circuit mid Ihc
polanty ol the second clcctnc circuit The plurality ol
available nxides can include a demisting mode. a heating
mode, and a cooling mode. 'Ilie controller can be configured
to operate the first electric circuit in the second polarity and
the second electric circuit in the first polarity of one or more
thcmioclcctric devices indcpmidmiily when ai leas1 onc
IIICIIIIOCICCillC dcviCC IS OpCIdllllg iii tllC dCIIIISilllg IllodC.

Thc system can include a first workuig fluid circuit
them)ally connected to a first waste surface in the hrst
them)el zone of one or more of the thermoelectric devices
and a second v, orking fiuid circuit independent from the hrst
v orl m fluid circuit, the second working fluid circuit ther-
mally connected to a second waste surface in thc sixond
thcmial zone ol onc or more of ihc Ihcnuoclccinc devices.
Each of Ihe lirst v,orkm fluid circuit aud thc sixond
working fluid circuit can be selectively connected between
either one or more thermoelectric devices and a heat sink or
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onc or more Ihcrmoelcclric dcviccs mid a hcul source Thc
fir t working, tluid circuit can be connected to a heat source
when the first electric circu&t is switched to the tirst polarity
and can be connected to a heat sink when the tirst electric
circuit is switched to the second polarity. The second work-
in fluid circuit can be connected to the heat source when the
sixond electric c&rmnl &s switched lo lhc Iirst polanly;uid can
be coiu&ected to a heat s&nk when the second clcclnc c&rcu&t

is s&vi &chad to the second polarity 'I he systen& can include a
controller configured to operate the system in a demisting lo

mode by sw&tching the first electric circuit to the second
polarity and switching the second electric circuit to the tirst
polarity.

In certain embodnucnls, a method oi dclivenn Icmpcra-
turc controlled mr lo a passcngcr compartment of a vehicle
using an I I& IAC system mcludes operating the system &n one
of a plurality of available modes to provide an airtlov to the
passenger compartment. 'I he plurality of available modes
can include a demisting mode, a heating mode. and a coolin
mode separately operable in one or more zones within the &o

&chicle. The method can include dclivcruig air lo al least a
portion of Ihe passenger comparuncnl dunng Ihe dcnusluig
mode of operat&on by directing an airflow into a mam fluid
channel; cooing the airflow in the main fluid channel by
removing thermal energy from the airflow in a first them&at
zone of a thermoelectric device: and subsequenfly hestia
the airflow by adding them&sf energy to the airflow in a
sixond thermal zone of lhc thennoclcclnc dcvicc. Thc
method can include dcl&vcring a boiled a&rflow u& at least a
portion of the passenger con&pertinent durina the heating &o

mode of operat&on by directing an airflow into a mam fluid
channel; and heat&ng the airflow in the main fluid channel by
addin thenual energy to the airflo&v in the first thermal zone
and in the second thermal zone of the thermoelectric device.
Thc method can uicludc dclivcruig a coolest u&rllow to al is
least a portion of the passcngcr compartment during thc
cooluig mode of opcral&on by d&reel&ng un mrllow u&u& a
main fluid channel and cooling the airtlow in the main fluid
channel by removing thermal ener I from the airflow in the
first thermal zone and in the second thermal zone of the do

themioelectric device
Deli& crh&g B&r cd&1 a&elude icnlovulg lllcnu&ll energy f&on&

the Iirsl Ihcnual zone ol't least onc of lhc Ihennoclcclnc
devices by circu let&ng B first w orkuig fluid bctwcm& the Iirst
thermal zone and a heat sink and adding thermal energy to
the second thermal &mne of the them&oelectric device by
circuLating a second working fluid between the second
them&at zone and a heat source. Each of the first workin
Ilu&d and the second work&ng fluid can comprise a liquid heat
transfbr fluid. For cxamplc. thc tire& working fluid can o

comprise m& aqueous solution, and lhc second working llu&d

can comprise the same aqueous solution but at a ditferent
temperature

Deliverin a heated a&rflow further can include providin
electrical energy having a hrst polarity to the first them&at
zone of a thennoclcctnc device mid prov&dm clcctrical
energy ha& uig the same polanty lo thc second thermal zone
of thc thcmioelcclmc dcv&cc. The clcclncal cner y provided
to the thermoelectric device can cause thermal ene&gy to be
transferred fmm at least one working fluid to the airflow via so

the thermoelectric device.
In some embodiments. a method of manufhcuiring a

sv'&Ical Io& co&lihl&onu&g pa&Bc&lgc& Bu ni d vchich: ulciudcs
providing an mr tlow charu&cl, opcrauvcly connectm onc or
morc a Ihcnnocleclric dcviccs lo lhc air flow eh&au&cl, ss
pmviding, at least one working fluid channel in them&at
communication with at least one waste surface of one or

morc tlmnnoclcclric dcviccs. mid coiu&ccl&ng a tire& clcclnc
circuit to a first thermal zone of the thermoelectric devices.
Thc first clcctnc circuit cm& be conligured to selccuvcly
supply electrical power to the first thermal zone in a hrst
polamly or ui a second polarity. Thc method can include
connectmg a second electric circuit to a second thermal zone
ofa thermoelectric device. The second electric circuit can be
configured to selectively supply electrical power to the
second thermal zone in the first polarity or in the second
pold&11v.

The method can include providin a controller conhgured
to m&nlrol Ihc syslcm at least m part by sclecl&ng thc polanly
of the first electric circuit and the polanty of the second
ctcctnc circuit &n onc or morc thennochxtnc dcv&ccs.

I'he method can include configuring the at least one
v orl m fluid channel to selectively move thermal ener y
between at least one thermoelectric device and a heat source
or a heat sink.

Opcrafivcfy connect&ng a thennoclcclnc dcv&ce lo lhe air
flov chmuiel can include disposing a first heat exchanger in
thc air flow chimncl. disposu&g a sixond heat cxchan cr in
the air flow channel; connecting the first them&al zone of the
them&oelectric device to the tirst heat exchanger; and con-
nectmg the second thermal zone of the thermoelectric device
to the second heat exclmnger. Connecting the first thenual
zone of the thermoelectric device to the first heat exchanger
can uicludc coiuiccung a mau& surface &n the Iirst thermal
zone to thc Iirsl heal cxchangcr, lhc mau& surl'acc bc&ng
opposite a waste surface in the first thermal zone

In certain embodiments, a system for controlling tempera-
ture in at least a portion of the passenger compartment of a
vehicle includes a hrst fluid clmnnek a second fiuid channel
at least partially separated from the first fluid channel by a
purt&lion: a cooluig apparatus opcrat&vcly rxuumclcd lo coul
air &n thc Iirst fluid channel or opera)&vcly sparuung both Ihc
Iirst fluid chiuuicl and thc second flu&d chtuinel, a healer core
opemstively connected to heat air &n the second fluid channel;
a thermoelectric de&ice operatively connected to the second
fluid channel downstream from the heater core or opera-
tively connected to the first fluid channel downstream of the
cooling apparatus; and a tlow divers&on channel disposixl
bclwixn thc Iirsl tlunl channel and the second flu&d channel
or tlow control valves d&sposcd in thc first flu&d chtuinel and
the second fluid channel. 'I'he flow divers&on clmnnel can be
configured to selectively divert air that the cooling appamstus
has cooled in the first fluid clmnnel to the second fiuid
channel such that the air flows past at least one of the heater
core and the thcmioclcclric de& icc aflcr pBssnlg fllioiigll lhc
flow diversion channel. A controller can bc conligurcd lo
opcrdli: al lcdsl onc silch sv'alen& n& dl k asl B cooh&lg nlodc,
a heating mode, and a dmuisting mode The contmller can
cmise the flow diversion channel to divert air from the hrst
fluid channel to the second fluid channel during the demist-
ing mode.

Thc flow divers&on clmniml can u&cludc a d&vers&on blend
door, a flow doers&on clcmcnu andtor tlow conirol valves
configured lo rotate bclwccn at least an open pos&t&on and a
closed position. Air can be d&verted from the first fluid
clmnnel to the second fluid channel when the diversion blend
door or the fio&v diversion element is in the open position.
Air can be permitted to fiow without diversion tluough the
Iirst fluid channel when thc diversion birn&d door or thc flow
d&version clcmcnl is in Ihc closed pos&tion. Suu&tar d&vers&on

of air can bc aclucvcd by schxuvely openuig the flow
control valves disposed in Ihe hrst fluid channel and the
second fluid channel
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llic system can include mi uriel chmuicl selection appa-
ratus configured to direct at least a portion of the air mitering
the system to at least one of the first fluid channel and the
second fluid channel. 'I'he inlet channel selection apparatus
can be configured to direct an airflow into the second fluid
channel, and the thermoelectmc device can be configured to
transfbr Ihcnnal cucrgy to thc airflow, duruig the heuluig
IliodC 01 OpCIBII011. Tlic IIIICI ChBnilCI Sch:C11011 BppBId lit S CBII

include an inlet blend door. 'I he inlet blend dnor can be
operable to move between a first position, a secnnd position, in

and all positinns in between the hrst and second positions
The position of the inlet blend door can be independent of
the position of the diversion blend door.

Al lcilsl Ollc coo liiig BppBrdhls cail dbsiirb thermal cncrgy
from an mrflow. mid the thcnnocleclric dcvicc c;ui transfer Is
thermal energy to the airflow during the demisting mode of
operation. At least one cooling appanstus can be contigured
to absnrb thermal energy from the airflow, and the thernxi-
electric device can be configured to absorb thermal ener y
from the airflo~ durin the cooling mode of opermion. 10

llic flow diversion channel can uiclude an npcrlurc
fornuxl ui thc parlihon or a flow diversion element. Thc
aperture or the flow diversion eleinent can be configured to
be selectively blocked

One or more thermoelectric devices can be subdivided
into a plurality of thermal zones. the plurality of themial
zones includin a first thermal zone configured io heat n fluid
flowing in thc second fluid clmnncl upon upplication of
clcctncal miergy ui a Iirst polarity imd lu cool Ihc fluid upon
application of electrical energy in a second polarity and u sn

second thermal zone switchable between the first polarity
and the second polarity independent of the polarity of the
electrical energy applied to the first themial zone.

One or more heater cores can be in thermal conmiunicn-
tion with power train coolant dunng at least Ihc healing Is
mode. In some cmboihmcnts, healer cures arc not ui thermal
commumcaliou with power trmn coolmil during al lenst thc
cooling mode

At least one surface of one or more thermoelectric devices
can be connected to n heat exchanger in themial conununi- do

cation ivith the airflow. The cooling appamnls cnn also be
conmx led lo ouc or more heat cxchmigcrs in Ihcrmal com-
IIIUIIICillloil with thc dlrflou.

In certain embodnuculs, a method ol dclivenn tempera-
ture controlled air to a passenger compartment of a vehicle
using an I IVA('ystem Includes operating at least a portion
of the system in one of a plurality of available modes to
provide an airflow to at least a portion of the passen er
comparlmenl. The plurality of available modes can uicludc
dcnustmg modes, hmiuug modes, and coolmg modes. Thc 0

method can include dcliveruig mr to thc passen cr compart-
ment during the demisting inode of operation by directing
the ahflow into at least a first fluid flow channel; cooling the
airflow in the first fluid flov channel with a cooling appa-
ratus: subsequently diverting the airflow from the first fhlid . I
flow chiuinel lo a second lluxl flow chiuuicl. and subsc-
qucnlly hcaluig thc airflow in the sccuml fluid flov, channel
w i lb a healer core, with a lhcrmoelcclric dcvicc, Or w ith boih
the heater core and the therinoelectric device 'I'he metlxid
can include delivering a heated airtlow to at least a portion sn

of the passenger compartment during the hearing mode of
operation by directing the airflow into at least the second
fluid flow Cllaiiiich Biid IICdliiig IIIC airflow 111 lhC SCCoilil

fluid flow channel with a hmilcr core, with a lhennoclcclnc
device. or with both the hmitcr core and thc lhennoclcclnc ss
device 'I'he method can include delivering a cnoled airtlow
to at least a portion of the passenger compartment during the

cooling mode of operation by dircchug Ihc airflow uilo al
least nne of the first fluid flow channel and the second fluid
tlov channel and cooling the airflow by cooling the airtlow
in the first fluid flow channel with the cooling apparatus,
coolilig the airflow in the second fhud flow channel with the
themioelectric device, or cooling the airflow in the first fluid
flow channel with tlm cooling apparatus while cooling Ihc
airilov in Ihc second fluid flow chmuiel with lhc thermo-
electric device.

Delivering the air during the conling mode can include
deternnning whether a first amount n f energy to be provided
to the themloelectric device to cool the nirflow to a desired
temperature using the themloelectric device is less than a
socond iumiunl of cncrgy lo bc provided lo Ihc cooing
apparatus io cool the airflow to thc dcsircd lmnpcralurc
using the cooling apparatus and cnoling the airflow: in the
second fluid flow channel ivith the thernioelectric device
when it is determined that the fin;t amount of energy is less
than the second amount of ener y.

Delivering a heated airflow can include detemiinin
w hcflmr Ibc heal cr core is able lo heat the airflow I o a desired
tcmpcraturc, healing thc airflow ui lhc second flual flow
clmnnel v;ith the heater cnre ivhen it is determined that the
heater core is able to heat the airflow to the desired teni-
perature; and heating the airfioiv in the second tluid tlow
channel v, ith a thermoelectric device when it is determined
that the heater core is not able to heat the airflow to the
dcsircx! Icillperiitiirc.

In some cmboduncnls, a method of manufacturing dn
apparatus for cnnditioning passenger air in at least a portion
of a vehicle includes providing an air tloiv channel divided
at least partially into a first air conduit and a second air
conduit: operatively connecting a cooing apparatus to the
first air conduit or operatively connecting a cooing appa-
ratus 10 both Ihc Iirst mr conduit and Ihc second air conduit.
opcralivcly coiuiccling a healer core lo lhc second air
conduit: Operatively connecting al least one thennoclcclnc
device to the second air conduit such that the thernioelectric
device is downstream from the heater core when air tlows
through the channel or operatively connecting at least one
themioelectric device to the first air conduit such that the
thcmioclcctric dcvwc is don imtream from Ihc cooling appa-
ratus when air flows iluough the channel, and proviihng d

fluid diversion channel bctwcmi thc Iirst air conduit and Ihc
second air cnnduit such that the tluid diversion channel is
positioned downstream fmm the cooling apparatus and
upstream from the heater core when air flows through the
channel or such that the fhlid diversion channel is positioned
downstream Irom Ibc cooling apparutu s, Ibc healer core, and
thcmioclcctric device when mr flows fluough thc channel, or
providing flow control valses in thc first air conduit and Ihc
second air conduit dmvnstream of the cooling appanstus
when mr flows through the channel I'he fluid diversion
channel can be conhgured to selectively divert air from the
first air conduit to the second nir conduit. Similar diversion
of air can bc aclucvcd by schmuvely opeuuig the flow
control valves disposed m Ihc first air minduit and Ihc six ond
dir Coildilil.

Operatively connecting a cooling apparatus can include
disposing a heat exchanger in the first fluid channel and
connecting the heat exchan er to the cooling appamstus,
Operatively connectin a heater core can include disposin
a heat cxchangcr ui Ihc second Ilunl clmnncl and coiuiecling
thc heat cxclmnger lo thc healer core Operatively connccl-
uig a Ihcmiocleclnc dciicc cmi include dmposing a heal
exclmnger in the second fluid channel and connecting the
heat exclmnger to the thermoelectric device
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llic method can uicludc proviihng a channel selection
apparatu~. v herein the channel selection apparatus is dis-
posed near the inlet of the first air conduit and the second air
conduit

Certain disclosed embodiments pertain to controllin
temperature in a passenger compartment of a vehicle. For
example, a tmnpcraturc control system (TCS) can include an
mr channel conligured to dclivcr airflow ui thc passcngcr
compartment of the vehicle The 'I'CS can include a one
thermal energy source, a heat transfer device and a thernxi- to
electric device 'Ilfl) connected to the air channel A fluid
circuit can circulate coolant to the them)el ener y source. the
heat transfer device. and/or the TED. A bypass circuit can
connix'I thc flu:rnlal cncrgv BUUrcc to thc heal trilnsfcr
device. bypassing thc TED. An actuator can cause coolant to is
circulate selectively in either the bypass circuit or a fluid
circuit with I I:I) A control device can operate the actuator
when it is determined that the therinal energy source is ready
to provide heat to the airflow

Some embodiments pmvide a system for controllin Io
tcmpcraturc in a passcngcr comparunmit ol' vchiclc, thc
system includui at least one passen cr air channel conlig-
ured to dehver a passenger airtlow to the passenger cons-
partment of the vehicle, at least one theonal energy source,
at least one heat tnsnsfer device connected to the passenger
air channel, at least one themioelectric device (TED). n ihiid
circuit configured to circulate coolant to the thermal ener y
source. Ihc heat transfi:r dcvicc, anil'or flic TED, af least onc
bypass circuit conligurixl to conncc1 Ihc thermal cncrgy
source to the heat transfer device. at least one actuator so

conti ured to cause coolant to circulate in the bypass circuit
instead of the fluid circuit. and at least one control systeni
The control system can include a second bypass circuit
configured to connect the thermal ener y source to the TED,
ai least onc actuator minligurcd lo cause coolanl Io circulate 31

in Ihc scmond bypass cirmiit uistcad ol Ihc fluid circun. Bnd
at least onc control system. Thc control system nuiy bc
conti ured to operate the at least one actuator when it is
determined that the thermal energy source is ready to
provide heat to the passenger airflow. thereby causing cool- do

ant to circulate in the at least one bypass circuit instead of
in fluid circuit.

Additional cmboduncnts may uicludc a pump conligurcd
to cirmilate coolmit in fluid circuits. The systmn may also
include an evaporator operatively connected to the passen-
ger air channel. 'I he thermal energy source inay be a vehicle
en ine, a heater core supplied with thermal energy from a
vehicle engine, an exhaust system, another suimble heat
source. or a combuiauon of sources. Another emboduncnt
may include a blend door operatively coiuicctcd ui thc o

passcngci alr chBUBCI Bnd configiucd to roilu: fln: pBsscngcr
airfloiv across the heat transfer device. In smne embodi-
ments the actuator may be a tiuid control device. a valve. u
re ulator, or a combination of structures.

Further embodiments may include a coolin ~ fluid circuit . 1

conligured to connixt thc TED to a low tmnpcraturc core.
Thc low tcmpcraturc core may bc a radiator conligurixl to
dissipate heat from a fluid to ambient air. The cooluig fluid
circuit may also include a puinp to provide adequate niove-
ment of fluid. 'I he control system inay also be further so

configured to determine whether the system is operating in
a heatin mode or a cooing mode; and operate nt least one
actuator Io cause coolant Io circulate in the cooling fluid
cacidt when tt Is dctcrnnncd that Ihc svsu:nl Is opcl dl fig nl
Ihc coolhlg nlodc. Ss

In some embodiments the themial energy source is ready
to provide heat to the passenger airflow when the thernial

energy source reaches a tlucshold temperature. Thc control-
ler may also detemiine the thermal ener y source is ready to
provide heat Io Ihc passcngcr mrflow when Ihc coolant
circulating through the thermal energy source reaches a
threshold Icmpcraturc.

Some embodiments pmvide a method of controlling teni-
perature in a passen er compartment of a vehicle. the
method including moving, a passenger airflow acmss a heat
transfer device operatively connected within a passenger air
channel ol'hc vcluclc, operating a temperature control
system of the velucle in a first mode of operation, in which
a thcrmocloctnc des ice (TED/ trmisfcrs thcnnal energy
between a fluid circuit, which can include a thermal energy
source and a heal trmisfbr device, mid switching thc tem-
perature control system to a second mode of operation after
the temperature control system has been operated in the hrst
mode of operation In the second mode of operation, the
temperature control system opens a bypass circuit in thermal
conumuucation with ihe heat Irmisfar dcmcc and the thermal
ener y source. The bypass circuit is configured to transfer
thcmial energy bctwcmn Ihc heat trdnsfi:r device and Ihc
them)el energy source ivithout the use of the 'I'lil)

In other embodiments the temperature control systeni
sv itches to a second mode when the thermal energy source
has reached a tlueshold temperature. The thermal ener y
si1Urcc nlav'e an automobile engine. The temperature
control system may switch to a semind mode based on other
cntcrion, such as, when thc temperature of thc fluxl within
the fluid circuit reaches a threshold temperature, ivhen a
specihed anmunt of time has elapsed, when the teniperature
of the passenger airflow reaches a threshold temperatum, or
any other specified condition or combination of conditions.

Certain embodiments provide a method of manufacturin
dn appardllls foi controflulg tcnlpcratUIC nl a pBsscngcl
compartment of a vclnclc. thc method includuig provuling at
least onc piisscngcl Bll chBnncl con(i Urixl lo ilcltvcr d

passenger airflow to the passenger compartnient of the
vehicle, operatively connecting at least one heat transfer
device to the passenger air channel, providing at least one
themial energy source. providin at least one thermoelectric
dcvicc (TEDb opcrauvcly connecting a fluid circuit to Ihc
themis l cncrgy source. heat transli:r device, and/or thc TED.
whcrcin Ihc Huid circuit is conligurcd to circulate coolanu
openstively connecting the '11fl) and/or the heat transfer
device to the fluid circuit, operatively connecting at least one
bypass circuit to the thermal energy source to the heat
transfer de~ice. wherein the at least one bypass circuit is
conligurcd to circulate coolant. providing at least onc actua-
tor conligurml Io cause coolant Io circulate in Ihc bypass
circuit uistcad ol thc tluid circuit, opcrauvcly connccun a
second bypass circuit to the thermal energy source to the
'Ilfl), v herein the second bypass circuit is configured to
c&rculate coolant, providing at least one actuator conhgured
to cause coolant to circulate in the second bypass circuit
uistcad of thc thnd circuit, mid providuig at least one control
dcvicc conligurcd to opcratc thc at least one actuator when
it is dctcrmincd that thc thermal energy source is ready to
pmvide heat to the passenger airflow

In some embodiments the passenger air channel may
include a first air cltmuiel and a second air channel. The
second air channel can be at least partially in a parallel
drlilngcntcnt with Icspcct to thc firsl Blr chBBBCI. Thc pas-
smigcr air clmiuicl may also uicludc a blend door conligurixl
to sclcctivcly divcri airflow tlmough the lirst air chmmcl and
the second air channel 'lhe heat transfer device may be
disposed in only the second air channel
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In other mnboduncnls an evaporator muy bc opcrativcly
connected to the passenger air clmnnel goine embodintents
may also include a low tempensture core. A cooling fluid
circuit may be operatively connected to the low temperature
core and the TED. The cooling fluid circuit can be conti-
ured to circulate coolant.

In accordance with embodiments ihsvlosixl hcrcui, a Imn-
pcrauirc control svstcnl for hcBling, coiiling, and/ol dcnlisl-
ing an occupant compartment of a vehicle during startup of
an internal combustion engine of the vehicle i ~ provided. Ia
'I'he system comprises an engine coolant circuit comprising
an engine block coolant conduit

confia

are to convey cool-
ant therein. The engine block conduit is in themtal conunu-
nicalion with thc uucntal combusuon miguic of thc vchiclc.
Thc system fiuthcr compnscs a healer core dtsposcxl iu a ls
comfort air channel of the vehicle and in fluid comnnuiica-
tion with the engine block coolant conduit The systent
further comprises a thernioelectric device having a waste
surface and a main surface. The waste surface is in themtal
communication with a heat source or a heat sink. The system la
further comprises a supplcmmua I heal cxclrdager disposed In
the comfort air chmmcl and ui thermal conunumcation with
the main surface of the thernioelectric device The supple-
mental heat exchanger is dow:nstream front the heater core
with re~pact to a direction of comtisit airflow in the contfort
air chalutel when the temperature control system is in
operation. The system filrther comprises a controller con-
ligUrcd 10 opcralc flu: tcnlpcldlUrc council svstcnl ln
plurality of modes of operation. The plurality of modes of
operation comprises a startup heating niode wherein the ia
thermoelectric device is contigured to heat the contfort
airfloiv by tnsnsfernng thernial energy from the ivaste sur-
face to the main surface while receivin electric current
supplied in a first polarity and while the internal combustion
engine is rumiuig. Thc plurahly ol modes of Opcmlion is
further comp»sea u hcaung mode whcrmn Ihc intcnial
combustion cn»nc Is configured lo heat lhc comlbn airflow
while electric current is not supplied to the thernuielectric
device and while the internal coinbustion engine is nlnning
In the startup heating mode, the thermoelectric device pro- do

vides heat to the comfort airflow while the internal com-
busuon cngutc w not able to heal Ihc comlort airflow to a
spccilicd comlbrlablc temperature without lhc hcut provided
by tlm thennochxtuc device. /k cocflicicnt ol'pcrfornuumc of
the theunoelectric device increases during the startup heat-
ing inode as a temperature of the coolant increases.

In some embodiments, the temperature control system, in
the startup heating mode. is configured to hear the occupant
compartment ol Ihc vclucle lo a ccrtmn cdbm Icmpcrulurc
laster fluul healing lhc passcngcl cdbin 10 lhc ccrlllin ciibin 0

tcmpcralurc in the hcatuig mode when thc uuernal combus-
tion migine is started with an operating teniperature at an
ambient temperature: the startup heating inode includes the
internal combustion engine configured to heat the comfort
airflow v.bile the thermoelectric device receives electric . I
current supplied ut thc lirst polauly, Ihe plurality ol'odes
of operation I'urther comprises a supplcmcnlal cooluig
mode, Ihc Ihcrmoclcctuc dcvicc is configured 10 cuul thc
comfort airflow by transferring thermal energy from the
main surface to the waste surface while receiving electric sa

current supplied in a second polarity: the plumlity of modes
of operation further compnses a startup demisting mode, the
evaporator core Is minligurcd to cool thc comlbn uirflow and
the Ihcrmoeleclric device I ~ configured lo heat Ihc cumforl
mrflow by Iransli:mug thcnnal cncrgy from Ihc waste sur- ss
face to the main surface while receiving electric current
supplied in the first polarity; the startup demisting ntode

uicludcs Ihc inlcmal combustion cnginc conligurcd lo heal
the comfort airflow while the thermoelectnc device receives
electric current supplied in the first polarity, the plunslity of
modes of operation further comprises a demisting mode: the
evaporator core is configured to cool the comfort airflow
v bile electric current is not supplied to the thermoelectric
dcvicc, thc supplcmcntal heat cxchmigcr is downstream of
evaporator core in Ihc comfort air chmmcl, thc system
further comprises a thermal storage device disposed in the
comfort air channel, the thermal storage device configured to
store thermal energy and at least one of tnsnsfer thermal
ener y to the airflow or absorb thermal energy from the
alrtlow: the system further compnses an evaporator core of
a bell driven rclrigcration system disposed in Ihc comliirl air
channel, Ihc thcmial storage dcvicc w connected lo Ihc
evaporator core: the therinal storage device is contigured to
store cooling capacity during at least one of a cooling niode
or a demisting mode; the thermoelectnc device is disposed
in the comfort air channel; the waste surface of the thermo-
electnc device is in thermal colmnumcatlon with the engine
block coolmu conduin the heal source is at least onc ol d

buttery. mi clectromc dci icc, a bumor, or an cxlrdust of Ihc
vehicle; the system further comprises a waste heat
exclmnger connected to the waste surface of the thermo-
electric device; the waste heat exchanger is connected to a
fluid circuit containing a liquid phase working lhiid; the
liquid phase v,orking fluid is in fluid communication with
lhc ical souI'ce or flu: heat sink: lhc flUid clrciiil lnclUdcs d

lirst conduit and a lirst bypass conduit conligurcd to convey
coolant therein. the fir t conduit in tiuid conuuunication ivith
the heater core, the first bypass conduit configured to bypass
tlov of the coolant around the first conduit; the startup
heating mode includes restricting flow of the coolant
through the first conduit and directing flow of the coolant
through Ihc lirsl bypass conduit, the fluid circuit uicludcs a
socond conduit and a second bypass conduit conligurixl Io
convey coolmil Ihcrem, Ihc second conduit In fluid commu-
nication v;ith the suppleinental heat exchanger, the second
bypass conduit configured to bypass tloiv of the coolant
around the second conduit, and/or the heating mode includes
restricting tlov: of the coolant through the second conduit
and dirixtuig flow uf thc coolmit through lhc second bypass
conduit.

In accordtuice with cmbodimcnts ihsclosed hcrcin, a
method for controllin temperature of an occupant compart-
ment of a vehicle during stamlp of an internal coinbustion
engine of the vehicle is provided. The method comprises
directing an airflow tluough a comfort air channel. The
method further comp»sea directing a coolant fluough dn
cnguic coolant circuii, Ihc cnginc coolunt circuit uicluihng
an migmc block coolant conduit in thermal commuiucalion
with the internal coinbustion enkune of the vehicle '1 he
method further comprises directing the airflow through a
heater core disposed in the comfort air channel and in
themlal communication v ith the engine blocl coolant con-
duit. Thc method further comprises dirccung lhc airflow
through a supplemental ical exchungcr ui thermal commu-
nication wtlh a Ihcnnoclcctuc dcvicc. The supplcmenlal
heat exchanger is downstream from the heater core ivith
respect to a direction of comfort airflow in the comfort air
channel v:bile the airflow is lkiwin . The thermoelectric
device has a waste surface and a main surface, the waste
surface ui thermal comnmnicalion with the cnginc block
coolant Conduit OI ti hCBI sink. fllC nlaiii SUIIBCC 111 lhCnnai
conumuucation with Ihc supplemcnlul heal cxchangcr. Thc
method further comprises supplying. in a startup heating
mode, electric current in a hrst polarity to the thernioelectric
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device for lhc Ihcnuoclcctnc device lo haul lhc comfiirt air
by transferring thermal energy froin the waste surface to the
main surface In the startup heating mode. the thernulelectric
device prm ides heat to the coinfort airflow while the inter-
nal combustion engine is not able to heat the comfort airflow
to a specified comfortable tempemlture without the heat
provided by thc thcrmoclcctnc dcvicc.

In some cmbodimcnls. thc method hirther compnscs
restricting,. in a heating mode, electric current to the ther-
moelectric device: the internal combustion engine is con- In

fi ured Jo heat the comfort airflow; the teinperature contml
system, in the startup heating mode, is configured to heat the
occupant compartment of the vehicle to a certain cabin
tcmpcralurc faster than hcaung thc passenger cabin to thc
certain cabui tcmpernturc in the hcaung mode when thc is
internal combustion engine is started with an operating
temperature at an ambient ternpenlture; the method hirther
comprises directing the airflow through an evaporator core
of a belt driven refrigeration system disposed in the comfort
air channel; the method further comprises supplyin, in a Jo

supplcmcntal cooling mode, clccuic current to lhc Ihcnuo-
clcctnc dcvicc ui a simond polanty lor flie lhennoclcclnc
device to cool the conifort airfloiv by tnlnsferring. thernial
energy from the main surface to the waste surface: the
method further comprises restricting flow of the coolant
through the enrqne block coolant conduit to inhibit themial
communication between the v.aste heat transfer surface of
the Ihcnuoclcctnc device mid Ihe uitcmal ixmibuslion
ciigiiic. flic Jiiclllod fUillicr coiiipriscs BUpplviiig. Jii JI stBitiip
demistin mode, electric current to the therinoelectric device ln
in the first polarity for the thermoelectric device to heat the
comfort air by transferring thermal energy fmm the waste
surface to the main surface while the evapomtor cools the
comfort air, the supplemental heat exchanger is downstream
from thc evaporator core with rcspccl lo lhc dircl:tion of ls
comfort airflow ui Ihc comlhn air chmuicl. a waste heal
cxchmiger is cotuieclcd lo Ihc waslc surface ol Ihc Ihcnuo-
electric device: the waste heat exchanger is connected to a
fluid circuit containmg a liquid plmse working fluid: and/or
the liquid phase isorking fluid is in fluid conumuucation so
with the en@ac block coolant conduit or the heat sink

In accordance with embodiments ihsmlosixl hcrcui, a Imn-
pcraliirc coiilrol svstciii for licBliiig, coiiliilg, aiid/oi deiiiisl-
ing mi occupant compartment of B vchiclc duruig a snip of
an internal combustion engine of the vehicle i ~ provided.
'I'he system comprises an engine coolant circuit comprising
an engine block coolant conduit

confia

are to convey cool-
ant therein. The engine block conduit is in themial conunu-
nicalion with thc uilcnial combusuon miguic of thc vchiclc.
They system I'urthcr rximpnscs a hcatcr core disposed ui a 0

comfort;ur chmmcl ol'he vclnclc and ui fluxl conunumca-
tion with the engine block coolant conduit The systenl
further comprises a thernioelectric device having a waste
surface and a main surface The system further comprises a
supplemental heat exchanger disposed in the comfort air .1
channel;md ui thermal commuiucalion with Ihe mnui sur-
face of thc lhcrmoelcclric dcvicc. lite system further com-
pnscs a w a ale heal exchanger conncc lcd lo the wu ale surface
of the thermoelectric device The waste heat exchanger Js

connected to a fluid circuit containing a liquid phase work- sn

in fluid. 11ie liquid phase working fluid is in fluid conunu-
nication ii ith a heat source or a heat sink. The system further
comprises a controller configured lo opcralc lhc Icmperulurc
control system ui a plurality of modes ol'peration. Thc
plurality of modes ol'peration compnscs a slop heating ss
mode ivherein residual heat of the internal cmnbustion
engine is conhgured to heat the comfort airfloiv wlule

cfcctnc current is nul suppln:d 10 lhc Ihcrmoclcclnc device
and v bile the internal combustion engine Js stopped 'I he
plunllity of nxldes ofoperation further coniprises a stop cold
hentmg niode wherein the thermoelectric device is conhg-
ured to heat the comfort airflow by transferring thermal
ener y from the waste surface to the main surface while
rccciving clcctnc current supplied ui a lirst polanly and
while thc uitcrnal combustion cnguic Js slopped. In the slop
cold heating nxlde. the thermoelectric device provides heat
to the conifort airflow while Jhe internal combustion engine
is not able to heat the comfort airtloiv to a specified
comfortable temperature v ithout the heat provided by the
themioelectric device.

In some embodiments, thc temperature control system, in
thc slop cold heatuig mode. Js ininfigurcd to allow lor a
longer stop time of the internal combustion engine than
stopping the internal combustion engine Jn the stop heating
mode while heating the occupant compartment of the
vehicle a certain cabin temperature; the stop cold heating
mode includes the intental combustion engine configured to
heat lhc comfon airflow while the lhcnuoclcctnc device
rcccivcs clcctnc current supplied ui the first polanly, Ihc
plunllity of nxldes of operation further comprises a supple-
mental cnoling mode; the thermoelectnc device is conhg-
ured to cool the comfort airflow by transferring thermal
ener y from the main surface to the waste surface while
receiving electric current supplied in a second polarity: the
system further comprises a Ihcnnal storage dcvicc disposixl
ui thc comliirt air channel, lhc thcnnal storage device
configured to store thermal energy and at least one of
transfer thermal energy to the airflow or absorb thermal
energy from the airflow; the system further coniprises an
evaporator core of a belt driven refngeration system dis-
posed in the comfort air channel: the thermal storage device
ls coiliicclcd 10 fllc ci Bporalor core, llic llicriiiBI Biota c
dcvicc Js cottligurcxf to store cooluig capacity dunng al least
ouc of a cooling mode or a dcmisting mode while Ihc
internal combustion en ine is in operation: the plurality of
modes nf operation further comprises a first stop demisting
mode, the thermal storage device is configured to cool the
comfort airflow by absorbing thermal energy from the
airflov usuig stored cooling capacity and Ihc thennoclcclnc
dcvicc is configured lo bc it Ihc comfort airflow by lrans-
fbiriiig llicmiBI eiicigv'ioili llic w'Bsn: sUrfBcc 10 flic iiiaiii
surface while receiving, electric current supplied in the hrst
polarity, the supplemental hear exchanger is downstreani
from the heater core with respect to a direction of comfort
airflow in the comfort air channel when the temperature
control system is ui operatioiu the waste surface of Ihc
IIJCJJJJOCICClilC dCSJCC IS iii 111Cillial COJJIJJJUJJJCBIJOJJ w ifli fliC

cnguic block coolant conduili the heat source Js at least onc
of a battery, an electmnic device. a burner, or an exhaust of
the vehicle: the fluid circuit includes a first conduit and a hrst
bypass conduit configured to convey coolant therein, the
first conduit in fhiid communication with the heater core, the
Iirst bypass conduit configured to bypass flow of thc coolant
around thc Iirsl conduin Ihc slop cold healing mode includes
rcslncting flow of flic coolant through thc first conduit and
directing tiow of the coolant through the first bypass con-
duit; the fluid circuit includes a second conduit and a second
bypass conduit configured to convey coolant therein, the
second conduit in fiuid conununication with the supplemen-
tal heat exchanger, Ihc second bypass conduit contigurcd lo
bypass flow of lhc coolant around the second conduit, Ihc
stop healing mode includes rcslrichug flow ol Ihc coolant
through the second conduit and directing flow of the coolant
through the secmid byIJBSS conduit; the plurality of niodes of
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operation lurthcr comprises a second stop dcnnsfmg mode,
the thermoelectric device is configured to cool the contfort
airfloiv by transferring thernial energy fmin the main surface
to the ivaste surface while receiving electric current supplied
in a second polarity and the internal combustion engine is
configured to heat the comfort airfloiv while the internal
combustion engine is able to heat thc comfort mrflow to a
spccilicd comfortublc tcmpcraturci andtor thc supplemmital
heat exchanger is upstream front the heater core v ith respect
to a direction of comfort airflow: in the comfort air channel ia
when the temperature control system is in operation

In accordance v ith embodiments disclosed herein, a
method for controlling temperature of an occupant compart-
ment of a veluclc duruig a stop ol sn mtcmal ixmibustion
engine ol'he vchiclc is provided. The method compnscs ii
directing an airflow through a comfiofl air channel 'I he
method hirther compnses directing a coolant through an
engine coolant circuit. the engine coolant circuit including
an engine block coolant conduit in thermal conumuucation
with the internal combustion engine of the vehicle The m
method further comprises dirixun ihc airflow tluuugh a
heater core disposed ui the comliirt air clraiuicl and in
thermal communication with the engine block coolant con-
duit I'he method further coniprises directing the airtlow
through a supplemental heat exchanger in thermal contmu-
nication with a thermoelectric device. The themtoelectric
device has a main surface and a waste surface. the inain
surfwc ui thcnnal conununicauon with flic supplemmital
liest cxclialiger, tile waste ~ urlacc collllcctcil ki ii wiistc liest
exchanger 'I he waste heat exchanger is connected to a fluid ia
circuit containing a liquid phase ivorking fluid 'I'he liquid
phase ivorking fluid is in fluid coinmunication ivith the
en ine block coolant conduit or a heat sink. The method
further comprises supplying, in a stop cold heating mode,
clcctnc current in a lirst polanty to thc ihcrmoclcctric device si
for thc thennochxtnc dcvicc to heat ihc comfort air by
transfbrring thcnnal energy thorn the waste surface to thc
main surface ivhile the internal combustion engine is
stopped In the stop cold heating mode, the thermoelectric
device provides heat to the comfort airflow wlule the inter- so
nal combustion engine is not able to heat the comfort airflow
to a spccdicd rximlortablc tempcraturc without thc heat
provided by thc thcrmoclcctnc dcvicc.

In some cmbodimcnts, thc supp lcmcntal heat cxchangcr is
dmvnstream from the heater core with respect to a direction
of comfort airflow in the conifort air channel while the
airflow is flowing, the method luther comprises restricting,
in a stop heating mode. electric current to the themtoelectric
device, thc intcnial combustion cnguic is couligurcxl to heat
the comfort airflow: the tcmpcraturc control system. in thc o

stop cold hei(tug mode, is contigured to allow for a longer
stop time of the internal conibustion engine than stopping
the internal combustion engine in the stop heating ntode
while heating the occupant compartment of the vehicle a
certain cabm tempemture: the method hirther comprises . s

supplymg, in u supplcmcntal cooluig mode. clectnc currmit
to thc thcmioelcctnc device in a second polunty for thc
thennoclcctric device to cool thc comfort airflow by truns-
ferring thermal energy fmm the main surface to the waste
surface: the method fiirther comprises restrictina flow of the sa

coolant tltrough the engine block coolant conduit to inhibit
themtal conuuunication between the waste heat transfer
surfwc ol'hc thcnnoclectric device mid the infcmal com-
busuon engine; thc method further iximpnscs supplyuig. in
a stop demistin mode, clcctnc current to thc thennoclcctnc si
device in a second polarity for the thermoelectric device to
cool the comfort air by tmnsferring thernial energy from the

main surface to thc waste surface and the internal combus-
tion en ine is configtred to heat the comfort aitflow while
thc mtcrnal combustion enguic is able to heat thc comli&rt

airtlow to a specitied comfortable tempemture; and'or the
supplcmcntal heat exchanger is upstream lbom thc heater
core with respect to a direction of comfort airflow in the
comfort air channel wlule the airflow is flow ing.

BRIEF DESCRIPTION OF THE DRAWINCiS

The followin drawings and the associated descriptions
arc pmvidcd to illustrate cmbodimcnts of thc prcscnt dis-
closure and do not limit the scope of the claims.

FICi IA illustrates a schcmauc architccturc of an exmuplc
embodinient of a micro-hybrid system

FICi IB illustrates a schcmauc architccturc of an exmuplc
embodinient of a micro-hybrid system

FICi 2 illustrates a schematic illustration of an example
embodinient of an I IVA('rchitecture incorporatina a ther-
moelectric device.

FICi 3 illustrates a sclmmatic illustration of an exmuplc
embodiment of an HVAC system incorporating a dual chan-
nel architecture.

lil(i 4 illustrates a schematic illustration of an example
cmboduucnt ol an HVAC system incorporating a dual chan-
nel architecture in a heatin configumtion

FICi 5 illustrates a schematic illustration of an example
embodinient of an I IVA('ystem incorpomting a dual chan-
nel architecture in a coolin configumtion

FICi 6 illustrates a sclmmatic illustration of an exmuplc
embodiment of an HVAC system incorporating a dual chan-
ilcl alcliltccturc ill a dclllistllig collllgllratloll.

FICi 7 illustrates a schematic illustration of an example
cmboduucnt ol an HVAC system incorporating a dual chan-
nel architecture with a repositioned or additional thenno-
ctcctnc dcvicc ui a dcnusting ixinligurauon

lil(i g illustrates a schematic illustration of an example
embodiment of an HVAC system incorporating a dual chan-
nel architecture with a blend door.

FICi 9 illustrates a schematic illustration of an example
cmboduucnt ol an HVAC system incorporating a dual chan-
nel architecture ivith a blend door.

FICi 10 illustmtcs a schmnatic illustration ol'an exmuplc
embodinient of an I IVA('ystem incorpomting a dual chan-
nel architecture ivith a flow diversion element.

FICi 11 illustrates a schematic illustration of an example
cmboduucnt ol an HVAC system incorporating a dual chan-
nel architecture wifli a plurality ol valves.

FICi 12 is a chart related to an example cmboduncnt of sn
IIVA('ystem incorporating a bithermal thernioelectric
device

FICi 13 is a schematic illustration of an example embodi-
ment of an HVAC system incorporating a bithermal ther-
moclocnac device.

FICi 14 is a chan rclatcd to thc power rxinligurauon of sn
example cmboihmcnt of a bithcrmal thcrmoelcctnc dcvicc.

lil(i 15 is a schematic illustration of an example embodi-
ment of a temperature contml system incorporating a bith-
ermal thermoelectric device.

FICi 16 is a schematic illustration of an example embodi-
ment of a bithcrmal thennoclcctric circuit.

FICi 17 is a schemauc illustration ol'an mnboduncni of a
tcmpcraturc contml system.

lil(i lg is a flov'chart related to an embodiment of a
temperature contml system with a bvpassable I'I ID
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FIG. 19 is a schmnalic illustranon of un cmbodimcnt of a

temperature control system includin a coolin ~ circuit and a
healing ciii:Uil.

FIG. 20 is a flowchart rclalcd to the cmbodimcnt of a
temperature contml system illustrated in I'l(i 14

Iil(i 21 is a schematic illustration of an embodiment of a
temperature control system in a heating mode.

FI(i. 22 is a schematic illustration of an embodiment of a
temperature control system in a heating mode.

FIG. 23 illustrates schematically an cmbodimcnt of a io

tcmpcralurc control system ui a heating mode.
Iil(i 24 illustrates schematically an mnbodiment of a

temperature contml system in a cooling, mode
FI(i. 25 illustrates an embodiment of a tempemture con-

trol system in an alternative cooling mode. ii
FI(i. 26A is another schematic illustration of mi embodi-

ment of a temperature caintrol system in u heatm mode.
FIG. 26B is miother schemauc illusirauon ol'an embodi-

ment ot a tempenoture control system in a heatiilg nlode.
Iil(i 27 illustrates schematically another embodiment of ic

a temperature contml system in a cooling mode.
FI(i. 28A illustrates an example embodiment of an HVAC

system in a vehicle.
FIG. 28B illustrates an cxamplc embodmicnl of n liquid

to mr thcnnoclectric device.
Iil(i 29 illustrates a graph of possible cabin heater output

temperatures over a time period for certain I IVAC systeni
embodiments.

FI(iS. 30A-C illustrate a schematic of an example
embodiment for operating a temperature control system io

dunng a slaruip mode.
FIGS. 31A-C illustrate a schcmanc of an example

embodiment for operating a temperature control systeni
during, a start/stop mode

31

DETAILED DESCRIPTION

Althou h certain preferred einbodiments and exaniples
are disclosed herein, inventive subject matter extmids
beyond the specifically disclosed embodiments to other so
alternative embodiments and/or uses of the inventions, and
to modifications and equivalents thcrixif. Tluis, lhc scope of
the im en(iona hcrcin disclosed is not lumlcd by any of thc
particular cmboduncnts desvnbed below. For example, in
any method or process disclosed herein, the acts or opera-
tions of the method or process may be performed in any
suitable sequence and are not necessarily limited to any
particular disclosed sequence.

For purposes ol'contrasung various embodmicnls with thc
pnor art, certain aspects and advantages ol thcsc embodi- o

ments arc dcscmbcd. Not ncccssanly all such aspects or
advantages are achieved by any particular embodiment.
'I'hus, for example. venous embodiments may be carried out
in a manner that achieves or optimizes one advantage or
group of advantages as taught herein without necessarily . 1

aclucving other aspects or advantages as may also bc ttni ht
or suggested hcreui. %lulu some of lhc cmbodunenls arc
discussed ui the context of particular fluid circuit and vulvc
conti urations, particular temperature control. and/or fluid
circuit configumtions, it is understood that the inventions so

may be used with other system configiuations. Further. the
inventions are limited to use with vehicles. but may be
advantageously usixl in other envimnmenls where Icmpcra-
turc control is desired

As ustxt hcrcin, the tenn "miolanl*'s used ui its brond and si
ordinary sense and includes. for exaniple, fluids that transfer
thermal energy within a heating or cooling system. As used

hcrmn, Ihc tenn '*heat Iransfi:r device" is used in its broad
and ordinary sense and includes, for example. a heat
exclmnger, a heat transfer surface, a heat tnonsfer structure,
another suitable apparatus fiir transferring thernml energy
between media. or any combination of such devices. As used
herein, the terms "thermal energy source** and "heatsource*'rc

used in their broad and ordurary scuse mid uicludc, lor
example, a vcluclc cngmc. a hunter, mi climtronic compo-
nent, a heating element, a battery or battety pack, an exhaust
system component. a device that converts energy into ther-
nml energy, or any combination of such devices In some
circumstances. the temis "thermal energy source'* and "heat
source*'an refer to a negative thermal energy source. such
as, foi cxiiitlplc, a chlllcn iul ciapoidtor, anofllcr ct1oling
component, a combination of components, mid so liirlh.

As used herein, the terms "sufficie" and "sufficiently,"
are used broadly in accordance with their ordinary mean-
ings lior example. in the context of sutficient heating or
sufficient heat transfer involving comfort air, these terms
broadly encompass. without limitation. a condition in which
a passcngcr airflow (or mrstremn) is hcalcd to a Icmpcralurc
that is comlortable to a passcngcr (c.g., when the airflow is
forced into the passenger compartment via one or niore
vents) ore condition in ivhich the passenger airtlow: is heated
to a threshold temperanire

As used herein, the term "ready,** is used broadly in
accordance with its ordinary meaning For example. in the
context of a ical source bemg ready to provide heal, lhc lena
broadly encompasses. without limilauon, a condiuon in
which one or more criteria for determining when the heat
source can sufficiently heat the passenger airflow are niet
lior example, a heat source can sufhciently heat the passen-
ger airflow v:hen a heater core can transfer enough thermal
ener y to the airflow for it to be comfortable v hen directed
al or in thc viciruly of a 1 chicle occupant The mrflow may
bc comfortable when il is about room Imnpcralurc, equal lo
or somciwhat higher than room tcmpcraturc, grcalcr than
room temperature. or greater than or equal to a suitable
threshold temperature. A suitable threshold temperatum can
be about 70" F.. about 72'., about 76" F., room tempera-
ture. a temperature that depends on the ambient temperature.
or another temperature. A suitable tlucshold temperature (or
a spccilicd comfortable tmnpcralurc) can bc greater limn or
equal to about 60'.. about 66'., about 70'., or room
temperature A suitable threslxild temperature (or a specified
comfiirtable tempemture) can be about 10" I', about 20" I',
about 30'., or about 40" F. above ambient temperature. In
some embodiments, the heat source is ready to heat a
pusscngcr cabin when thc heal source can hwit thc airflow
such that Ihc passcngcr cabin does nol receive a cold blast
of air In some cmbodimmits, the he it source m ready lo heal
the passenger cabin when the heat source is sufficiently
mann (or hot) to raise the coolant tempenoture fiir heating the
airflow to a comfortable and/or room temperature as dis-
cussed herein.

As uscxl hcrcui, Ihc tenn '*passcngcr air channel** is
broadly uscxt in ils orduiary scnsc. For cxtunplc, a passenger
air clmiuicl encompasses components through wluch com-
fort air can tiow, including ducts. pipes. vents. ports, con-
nectors, an I IVA('ystem. other suitable structures or coni-
bination of structures.

As used herein, the tenn "thermoelectric device'* is used
broadly in accordance with its orduiary mcmnng. For
example, Ihc Icmi bro;ally encompasses any device lhal
uicorporalcs Ihcmioelcclmc malcnal and is used lo Irmisli:r
thernial energy against the thermal gnodient upon application
of electrical ener y or to pmduce an electncal output based
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on il lcnlpcralorc diflcrclltldl dcross lhc lhcnuoch:clue nldlc-
rial A thermoelectric device nlay be integrated or used in
conjunction with other tenlperature control elements. such
as a heater core, an evaponltor, an electrical heating element,
a thermal storage device, a heat exchan er. anorher struc-
ture, or a combination of structures.

As used hcreul, thc tenn "actuator" is used broadly in
ace ordmce with im ordinary mcmung. For example. Ibc lcml
bmadly encompasses fluid control des ices, such as valves,
regulator, and other suitable stmctures or combination of lo

structures used to the control the flow of fluids.
As used herein, the term "control device" is used broadly

in accordance with its ordinary meanin . For example. the
tenn broadly cncompasscs a dcvicc or system that is ixm-
Iigured lo control fluid movmncnl, elcclrical oner y transfer,
thermal ellergy transfer, and/or data cominunications amoilg
one or more 1'he contml device may include a single
controller that controls one or nlore conlponent ~ of the
system, or it may include more than one controller control-
ling various components of the system. 20

lllc lcinpcralui'c of d vclilclc passcngix conlpBlnucnl ls
typically controlled using B healing, vmltilaling, and mr
conditioning (I IVA(:) systenl, which can also be called a
comfort air system or temperature control system. When the
system is used for heating, a vehicle engine or another
suitable device can be a heat source. Thermal energy can be
transferred from the heat source to a heat exchanger (such
as. for cxmnplc, a hcalcr ixlrc) via a coolant circuit or other
fluid circuit. Thc heat exchanger can lrunsfer thc thermal
energy to an airtlolv that cmsses the heat exchanger before lo
entering the passenger compartnlent of the vehicle In some
confi urations, the engine or heater core of a velncle can
take a substantial amount of tnne, such as several minutes,
to reach a temperature at wluch the heater core is able to
suflicicntly heal air dircclcd inlo lhc vcluclc passcngcr ls
comparlmenl. For cxamplc, in ccrtaul types of vcluclcs. such
as plug-ul hybmds, lhe cngule may not cvml turn on until thc
vehicle has been driven a substantial distance, such as 50
miles. When the heater core has reached a temperature at
which it can transfer sufhcient thermal ener y to the pas- dc

senger compartment airflow for it to be comfortable, it can
be said that thc hwitcr core and/or cn inc is "ready" to heat
lhc illrflow.

Coolulg can be achicvcd using B compressor-based rcfng-
eration system (including various conlponents, such as an
evaporator) to cool the aitflow entering the passenger cons-
partment. The vehicle engine can provide energy to power
the components of a cooing system (e.g., via a mechanical
or electrical linkage). Many components of a coolulg system
are oflcn scttamtc from thc components of B heaung system. o

For example, a cooling syslmn typically is connected lo thc
passenger compartment airflow using a heat exchanger
separate fmm the heater core

Some HVAC systems provide a demisting function. in
which humidity is removed from air durin ~ a heating mode . 1

to remove foggin mid/or prevent condensatc fonnauon on
a wuldscrcen. In some systems, lhe dcnusnn limclion is
dchlcvcd by forculg mr first tluough im evaporator to lower
the air temperature below the dew point, tints condensing
and removing moisture 'I he evaporator can, for example, be so

cooled by a uvo-phase vapor compression cycle. After
passing tluough the evaporator. the air can be forced tluough
a banter to aclucvc a suitable temperature lor passcngcr
comfort.

FI(h 1A illustrates an cmboihmcnl ol B nucro-hybrid/ ss
mild-hybrid system, mcluding a start-stop system (or stop
and o system) for a vehicle A inicro-hybrid system can

lncrcasc hlcl cfllclcncy'l lhc vchu:lc alai rixha:c pollulliin.
I.fnlike "pure*'ybrid motor vehicles, micro-hybrid nlotor
vehicles have an internal combustion engine. but not nec-
essarily an electric motor. for driving the vehicle 'I he
internal combustion engine can be stopped at chosen states
of velucle operations (temporarily stopped), such as for
example, wlulc lhc vehicle is stoppcxf al a stoplight. In some
cmboduucnls, lhc vchiclc can function ul slop and go mode
using a reversible electric machine, or starter-alternator,
coupled to an internal combustion engine supplied by an
A('/D(: converter in "starter" mode

In some implementations. using a starter-alternator in the
stop and go mode can consist of causing the internal
combustion cnginc lo slop completely when lhc vehicle
itself is slopped. then rcstarlulg the internal combustion
engine subsequent, for example. to an action of the drii er
which is interpreted as a restart command A typical stop and
So situation is that of stopping at a red light When the
vehicle stops at the light, the engine is automatically
stopped. then vvhen the light turns green, the engine is
rcslarlcd using thc starter-alternator following dclccuon by
thc system of lhc clutch pedal bmng dcprcsscxf by the dnvcr
or of any other action ivhich is interpreted as meaning that
the driver intends to restart the vehicle I.fnder certain
predetermined conditions. the engine can be turned otf
before the velucle is stopped. For example. when a prede-
termined condition indicates that the vehicle is coming to a
complclc slop. is coasting under a ccrtaul velocity, Bnd/or is
coastmg down a lull. thc trmlsmission can bc sluflcd mlo
neutral and the engine can be stopped while the vehicle
colltlfiucs on its tmjectoly.

Motor vehicles with an intenlal combustion engines can
have an on-board electrical system to supply power to an
electnc starter for the internal combustion engine and other
cfcctncal apparaluscs of lhc motor vcluclc. Dunng start of
thc internal combusiion cngulc, a starter battery 10a cdn
supply power lo a starter 11a, which starts lhc ullcmal
combustion engine (for example. lvhen the switch 12a is
closed by a corresponding starter signal from a controller)
The starter battery 10a can be a conventional 12 V (or 14 V)
vehicle battery connected to a 12 V (or 14 V) electrical
system In some cmbodnucnts, thc volta c of the battery and
corresponding electrical system cml bc higher, such Bs lor
example, up to I 8 V, up lo 24 V, up to 36 V, up lo 48 V, and
up to SOV In some einbodiments. the battery fifa can be a

high-capacity battery W'hen the internal combustion engine
is started. the internal combustion engine can drive an
electncal enerator 13a ("alternator" ) which then genemstes
a voltage ol'pproxnuatcly 14 V mid makes thc volta c
available to the venous clcclrical consumers 14a ul lhc
motor vchiclc through lhc on-board clcclncal system. In lhc
pmcess, the electrical generator 13a can also rechar e the
starter battery 10a

In some embodiments, micro-hybrid vehicles can have
multiple voltage electrical systems. For example. the vehicle
ciin h'dvc ii low voltage sv'steal lor powcilng clccnlcal
conslmlcr 14a (e.g., conventional electronics) of thc vcluclc.
Continuing with lhc cxmnplc. thc vchiclc can also have d

high voltage system to provide power to the starter I I a In
some embodiments. the low voltage systenl of the vehicle
also can power the starter Ila.

In some embodiments, the starter Ila can have adequate
power lo uutially accelerate the vehicle from a stop wlnlc
starting thc ultcmal combustion engulc. For example, when
a dnvcr dcprcsscs lhc gas pedal ol'hc vehicle for accelera-
tion after the internal combustion has been stopped. the
starter can pmvide adequate toque to accelenste the vehicle
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from thc stop unul the Internal combustion starts and takes
over accelerating and propelling the vehicle forward.

III(i HI illustrates an embodiinent of a micro-hybrid/
mild-hybrid system, mcluding a start-stop system (or stop
and o system) for a vehicle with a capacitor. A mlcro-
hybrid vehicle 2b can have an internal combustion engine 5b
to provide tractivc cflbrt lbr thc micm-hybnd vclucle 2b via
a trmismission. An Intcgratcd starter-gcncmtor 6b is dnvc-
ably connected to one end of a crankshaft of the engine 5b
by means of a drive belt 4b. It will be appreciated that other lc
means of dnveably connecting the integrated starter-genera-
tor 6b to the engine 5b could be used. In some embodiments,
the statter motor and generator can be sepamte.

Iu au culboduucut, fllc uilcgialcil Vial(et-gcuciiuot 6b is II

multi-phase allcrnuling current device and Is conncctcx) via
a nnilti-phase cable 7/i to an inverrer 106. A control lead gb
is used to transfer data bi-directionally betv een the inte-
grated starter-generator 6b and the inverter 106 and supplies
in this case a signal indicative of the rotational speed of the
integrated starter-genemtor 6b which can be used to calcu- Ic
late lhc rotationul spccd of the cnguic 5b. Altcmalively, thc
engine spccd could bc mcasurcd dirixlly usuig a craukshafi
sensor or another sensing device.

A capacitor pack IZb can be connected to the direct
current side of the inverter lflb In an embodiment. the
capacitor pack 12b contains ten 2.7 volt capacitors (electric
double-layer capacitors which can be referred to as cells)
and so has a nominal terminal voltage of 27 volts. Il will bc
appreciated that more or less capacitors could be uscxl in thc
capacitor pack and that the voltage of each of the capacitors ic
fiirming the pack could be more titan or less than 2 7 volts
In some embodiments, a high-capacity battery. a high-
voltage battery, and/or conventional battery can be substi-
tuted for or work simultaneously with the capacitor pack
12b. 33

lhc capacitor pack 12b can bc connected lo a DC/DC
I oltagc converter 15b Thc DC/DC convcrtcr Is coiuicclcd to
a 12 volt supply via supply leads 16 'I'he 12 volt supply can
include a conventional electmcheinical battery and is used to
power electrical devices mounted on the micro-hybrid VII

vehicle 2b. The integrated starter-generator 6b can be elec-
trmally connecuxl to rcchargc lhc capucilor. A regcncralivc
braking system can bc clcctncally coiuiecled recharge thc
cap;mitor. In some cmbodimmils, lhc vcluclc can have other
kinetic or thermal energy recovery systems to recharge the
capacitor (and/or batteries) 'I'he D( /I)C converter can be
also used to rechar e the capacitor pack 12b thorn the 12 volt
supply if, for example, the micro-hybrid vehicle 2b has not
bcxn operated for scvcral weeks aml dic clmr c In thc
cap;mitor pack 12b has lcakcd away below a prcdctcrmincd c

lci cl rettutrcd for succcssl'ul starling. Thc DC/DC convcrtcr
pmvides a voltage of more than 12 volts tier perfornting tlus
I'eclml hl fiulctiou Altcruativelv, a coilveiltxinal startcn
which is connected to the 12V supply. could be used

A capacitor controller Zflb can be operatively connected to . I
the i@vcr(or 10b by a control lute 21b lo control the flow of
clcctncily bclwixu lhc uivcrlcr 10b and lhc capucilor pack
12b. Thc capacitor controller 20b connnuously rcccivcs
through a voltage sensor line 22b a signal from the capacitor
pack 12b indicative of the terniinal voltaae of the capacitor sc

pack 12b and a signal via the control line 21b indicative iif
en ine speed. It will be appreciated that the capacitor
controller 20b could be fonncd as part of dic invcrtcr 10b or
another clcctncal controller such as a powcrtrain controller.

In some embodiments, sunilar slop-siarl rumccpls can bc si
applied to hybrid vehicles and/or plug;in hybrid vehicles
'I'hroughout the disclosure. "hybrid" applies to both hybrid

and plug-in hybrid vcluclcs unless no(cd olhcrwisc. Hybrid
vehicles can be driven by both an internal coinbustion
engine and an electric motor 'lemperature control systeins
discussed herein can einploy a thermoelectric device fiir
hybrid vehicles to provide the same features and comforts as
conventional velucles while achieving longer engine stop
times to incrcasc fuel cflicicncy. In order lo achwvc maxi-
mum cflicicncy, hybrid vcluclcs employ a start/slop strategy.
meaning the vehicle's internal combustion engine shuts
down to consen:e energy during normal idle conditions
During this period, it is still important to maintain thermal
comfort inside the passen er compartment of the vehicle. In
order to keep the cabin comfortable during cold weather
climates. coolant can bc circulated through lhc hcalcr core
and/or a thcrmoclcclric dcvwc as discussed herein lo provide
cabin heat. In warm iveather climates, some vehicles eniploy
an electric compressor for keeping the cabin cool ivithout
nulning the internal combustion engine to drive a conven-
tional belt driven compressor of an air conditioning system.
However. an electric compressor can be ineflicient and
undcsirablc in ccrlam situations. In some mnboduncnts, lhc
tcmpcraturc control systems discussed hcrcui can bc supple-
ment or replace the electric compressor while providing
Ciiiilifig.

Autoniotive I IVAC architectures (conventional vehicles,
micro-hybrid velficles, and/or hybrid vehicles) can include
one or more thermoelectric devices (TED) to supplement or
rcplacc onc or morc portions ol a heuting aud cooluig system
for thc passcngcr compartment Iu some emboduucnls,
nucro-hybrid and/or hybrid vehicles can Implement an elec-
tl'Ic pufup (e.g., watci'unlp) to provide ivol'king fluid
circulation, either replacin a conventional belt driven pump
or substituting the conventional belt driven pump v bile the
engine is off. By supplyin electrical energy to a thermo-
ckctnc dcvicc, thermal micrgy can be lransli:rrcd lo or I'rom

pusscngcr airflow via onc or morc fluid circuits and/or heal
cxchimgcrs. As a stmidalonc hcalcr, a thennochxtnc device
can remain ener ized even after the compartment and engine
have reached a desired temperature. In a systeni using such
a configuration, the energy applied to the thermoelectric
device once the vehicle engine reaches a temperature suf-
licimil to heal lhc passcngcr compurnncnt may bc wasnxl
bixausc waste heal from tlm cngutc may bc suflicicnl lo heal
thc passenger compartment. Howcvcr, adding lhcrmoclec-
tnc devices to a heating and cooing systent ty)ucally has a
large mipact on the I IVAC system design, and designs can
include two or more heat exchangers. Therefore, a need
exists for an impmved temperature control system that is
able to heat andior cool a passmigcr compartment Ilutckly
and cllicicnlly without rcxtutnng addinooal heat cxchmigers
or large numbers of other components uol used in a typical
I IVA('ystem design A system would be advantageous if
'lliDV could selectively boost heating or cooling power
provided by other subsystems. and alloii the HVAC system
to rely on the evaporator core to delnlmidify air when
dcmisling is dcsircd.

Some cmbodimcnls include a syslmn arclulcclure Ihal

provides iui opluuum arrangmnenl ol subsystems that permit
one or more thermoelectric devices to provide dual-niode
functionality or multi-mode functionality In a single device
Modes that are implemented by certain embodiments can
include. for example, a heating mode, a cooling mode, a
dcnusling mode, a siart-up healing mode, a steady-anile
heating mode. a start-up dcmisting mode, a steady-snuc
dcnusling mode. slop cold healing mode, slop cooled heal-
ing mode, stop warm hearing mode. other useful niodes. or
a combination of modes Some embodiments have a systeni
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arclutccturc that provides opumizcd TE HVAC systmns In
order io overcome Issues related to placement of 'I IIDs in
series with the evaporator and heater cores In some embodi-
ments. a first and second tiuid conduit i ~ utilized in con-
junction with one or more blend doors in order to optinuze
the position of the subsystems in the comfort oir stream

In some embodunmiis, TEDS can be conligurcd to supple-
ment tlm healuig and cooluig of a passcngcr comparlmcul.
In an example conhguration, an engine and a thermoelectric
device can transfer heat to one or more heat exchangers that in
connect to passenger airtlow. I Iowei er, adding thernxlelec-
tric devices to a heating and cooling system typically has a
large impact on the HVAC system design, and designs can
include two or morc heat exchangers. Therefore, a need
exists for an improi cd Icmpecaturc control system tlmi Is
able to hear and/or cool a passenger compartment quickly
and efliciently without requiring additional heat exchangers
or lar e numbers of other coniponents not used in a typical
HVAC system design. A system would be advantageous if it
could selectively provide heating Ihom on engine ond/or Io
thennoclcciric device, while also bem able Io provnlc
cooluig from Ihc Ihcrmoelcciric dcvicc. Ilu ough a conunon
heat exchanger connected to passenger airflow

I IVA('ystem with a 'I IID can pmvide a demisting
function. in which huniidity Is removed from air during o
heating mode to remove fogging and/or prevenr condensate
formation on a windscreen In some systems. the demistin
funcuon is achieves) by forcing air Iirst iluough mi evapo-
rator to lower Ihe air tcmpcraturc below ihc dcw poult. thus
condensing and removing moisture 'I he evaporator can. for io
example. be cooled by a nvo-phase vapor compression
cycle After passing through the evaporator, the air can be
forced tlu oust a heater (i.e., the TED) to achieve o suitable
temperahire for passen er comfort.

Referring now io FIG. 2. Illustraied is;ui example is
cmbodimcnt ofmi HVAC system 100 uicluding a heater core
130. mi evaporator 120, aud a ihcrmoclcctrm dcvicc (TED)
140 At least some of the coniponents of the I IVA('ysteni
100 can be in fluid communication via thermal energy
transport means such as Ihud conducting tubes. for example. Jo
('ontrol devices such as valves 150, 160. and 170 can be
used Io control Ihc Ihcnnal energy trmisfhr Iluougt thc
tubing. A controller can be configured Io control the various
components of thc system 100 and their relatnc fluid
communication In the illustrated einbodiment, v hen valve
160 is open. there is a thermal circuit connectino the beater
core 130 mid the TED 140. An air handling unit (e.. o fan)
is configured to convey an airflow 110: the airflow is in
thermal conunuiucstion with Ihc evaporator 120, Ihc heater
core 130, mid thc TED 140. The TED 140 can uicludc onc o

iir nloi c Ihcnuoclccnlc clcnu:nw IEJ I IIJnsici flicnnil Icncrg)'n

a particular direction when electrical energy is apphed to
the one or more I'I: elements When electrical energy Is

applied using a first polarity. the TED 140 transfers themial
energy in a hrst direction. Alternatively, when electrical .1
energy of a second polarily opposite thc lira( polaniy Is

appln:d. the TED 140 trmisfcrs thcnnal energy in a scmmd
direction opposilc thc Iirsi ihreclion.

In some embodiments. a themial storage device 123 Is

coupled to ihe IIVA('ystem 100. As illustrated in FI(i 2, so

the thermal storage device 123 can be coupled or be part of
the evaporator 120. An evaporator 120 with o themial
storage device 123 can be considcrcd a '*hcavy-weight"
evaporator. An evaporator 120 without a (henna) storage
device 123 can be considered a "hghi-weight" evaporator. Ss

Vr'ith a light-weight evaponltor, the thermal storage device
123 can be placed anywhere along the I IVA('ysteni 100,

silch Js for cxanlplc. IlpsIIcanl or ilownsnc'Jui of cvaporJ(oi
120, heater core 130, and/or I'I:D 140 'I he I IVAC systeni
100 can convert electrical poiver directed to the IIVA('ystem

100 into thermal poiver and store this thermal power
in the thermal store e device 123. One or more thennoelec-
tnc devices can be utilized to convert electncal power into
thcmial power bui any suitable clcctncal power io thermal
power conversion device may bc used. In order Io store Ihc
themis) power, the therinal storage device 123 may contain
both a bio h and low temperature phase change material. such
as wax (a high temperanire phase change material) and
v ater (a low temperature phase change material). The
HVAC system 100 can utilize the thermal stomge device 123
to usc available clcmirical cncrgy Ibom systems such as Jn
altcmator, a rcgcncraiivc bralong system gmiccator, mid/or a
waste heat recovery system, as further discussed in U 5
application ger. No I I,'184,742. filed .Iul Ii), 2(X)5. the
entire contents of which are hereby incorporated by refer-
ence and should be considered a part of this specification. In
some embodiments. a compressor-based refrigeration sys-
tem may be used Io store thermal energy ui thc thermal
storage dcvicc 123 while Ihc cnguic 13 w nuunng and
pmviding pov;er to the compressor-based refrigeration sys-
tem When the engine 13 is stopped as discussed herein, the
themis) energy in the thermal energy storage device 123
may be utilized to provide cooling for a longer period of
time v ithout requiring the engine to start and/or the TED
140 to operate. Thc thermal storage dcvicc 123 cmi be usixl
with ihc TED 140 iw discussed hcrcin to provide even longer
periods of time without requiring the engine to start while
pmviding cooling lior example, ivhen the engine is stopped,
the themis) storage device I Z3 may initially cool the airflow
When the themis) energy stored in the themis) stomlge
device 123 has been absorbed by the airflow, the TED 140
may bc engaged Io continue miohng thc airflow. In some
cmboduucnts, Ihc same concc)us can be apphcd to uuhzc Ihc
thcmial storage device 123 dunng heating modes io provide
longer engine stop times. )ior example. when the engine is
stopped, the thermal storage device 123 may initially heat
the airfloiv, When the thermal energy stored in the thermal
stomlge device IZ3 has been transferred to the airflow, the
TED 140 may be cngitgcxl to mmtinuc heating thc airflow.

In a Iirst mode, which cmi bc called a heating mode, valve
150 Is open to allov ihc hcaicr core 130 to bc ui thermal
comnlunication with a thermal energy source (not shown),
such as a vehicle engine. a separate fuel-burning engine. an
electncal heat generator, or any other heat source. The
evaporator 120 is not in fluid conununication with a thermal
energy sink In order Io minimize Ihc Ihcnual miergy Irans-
fcrrcd bctwcml ihc airflow and ihc evaporator 120 Thermal
energy from thc hcatcr core 130 is transfi:rrcd to thc airflow
110 ln order to pmvide supplemental heating to the airflow,
valve 160 may be opened, which opens the themis) circuit
between the TED 140 and the heater core 130, in which case
the TED 140 is in thermal coimnunication with the thermal
energy source. Elcctnc cncrgy is apphcd io the TED 140 in
a polarity thai transfers thermal cncrgy Io Ihc airflow 110.

In a second mode, which can bc culled a cooluig mode.
valves 150 and 160 are closed. and valve 170 is open
Accordingly, fluid flow betiveen heater core 130 and the
themial energy source is stopped in order to minimize
themial energy transferred from the heater core 130 to the
airflov 110. Thc evaporator 120 is ui fluid commuiucanon
with a thermal energy sulk (not shown), such as a compres-
sor-based rcfngcration sysimn, causing a fluid, such as
coolant to flow thmugh the evaporator 120 'I he evaporator
120 transfers themlaf energy away fmm the airtlow I if) 'I he
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TED 140 is now ui tluid conunumcauon with a thermal
energy sink via the valve 170, such as an auxiliary radiator
or cooling system. and can be used to tmlnsfer additional
thermal energy away from the airflow 110 1he polarity of
the TED is opposite the polarity that vvas used in the hrst
mode.

In a tlurd mode, which can bc called a dcnnsting mode,
I alve 150 is open mid valve 120 is closed. The hcatcr core
(30 is in thermal comniunication lvith the thermal energy
source 'I'he evaporator 120 is in therinal communication in

with the thermal heat sink In order to provide supplemental
heating to the airflov 110, valve 160 may be opened so that
the TED 140 is in thermal communication with the themtal
energy source. ui wluch case thc TED 140 traiwfcrs thermal
energy from thc thermal micrgy source into thc mrflow 110. Ii
'I'he third mode functions as a deinister where, tirst, the
airflolv 1(0 is cooled below the dew point, condensing the
air and removmg moisture, by the evaporator 120 Second,
the airflow 110 is heated by the heater core 130 and. if
needed, the TED 140 to achieve a suitable temperature for Io
pa99CIlgCI Colllfolt.

FIG. 3 iflustratcs an cxamplc cmbodimcnt ol'i HVAC
system 2 thmugh which an airflow (8 passes before initering
the passenger compartment (not sholvn). I'he I IVA('ysteni
2 includes a cooling apparatus 12, a heater core (4. and n
themtoelectric device (TED) 16. At least some of the com-
ponents of the HVAC system 2 can be in fluid conmtunica-
tloll wltll Olio Bllothcl'ia tllcllllal Cllcrgv 0 JIISpolt lllCBIIS,

such as fluid conducing tubes. for example. A controller can
be configured to control the various conlponents of the ln
I IVA('ystem 2 and their relative fluid conmnmication. 'I he
heater core 14 is genemllly configured to be in thernial
communication with a themtal ener y source. such as a
vehicle engine, a sepamnte fuel-burning engine, nn electrical
heal gmicrator. or miy other heat source. Thermal cncrgy li
from thc heat source mny be transferred via coolant through
tubillg to thc IlcB(cr coro 14.

'flic cooling appamtus 12, such as an evaporator or n
thermoelectric device, is in thernial conununication v ith n
themtal heat sink, such as a compressor-based refrigeration So

system, a condenser. or any other cooling system. The TED
16 cmi uicludc ouc or more Ihcnnoclcctric elements (liat
transfbr thermal oner~ ui a parucular direction when clcc-
trmal micrgy is applied. When electrical micrgy is npplicd
using a first polanty, the Ilil) (6 transfers thermal energy in
a first direction Alternatively. when electrical miergv of n
second polarity opposite the first polarity is applied, the TED
16 trmisfers thermal energy in a second direction opposite
the Iirst direction. Thc TED 16 is configured such that it can
be ui (fennel and fluid conununtcatton with a thermal o

cllclgv source. sllcll as 9 vclliclc cllglllc, 9 scpBliltc

flic)b-

urningg engine, an electucal heat generator, or any other
heat source. I he I'I:D (6 is also configured such that it can
be in thermal and fluid communication ivith thermal ener y
sink, such as a low tempemnture core or radiator. n compres- . 9

sor-based rcfngcration system, or miy other coolmg system.
Thc TED 16 is configured to cithcr heat or cool flic airflow
18 dcpcndcnt upon 9 mode ol'he HVAC system 2, such as
heating. cooling, or demistuig.

'flic airflolv 18 in the I IVA('ysteni 2 can tlov through sn

one or more clnumels or conduits. In some embodiments. a
first channel 4 and a second channel 6 are separated by a
partition 20 In ccrtaui cmboduncnts, flic lira( and second
CIIBIIIIC19 4, 6 BIO Of flic SBIIIC BpploxllllB(c 91LC (C, SJIIIC

approximate height, length, walth, amVor cross-scctioiial si
area), as shown in III(i 3 I lowever, in other embodmients,
the first and second channels 4, 6 are of differing sixes. I'or

example, thc width. height, length, and/or cross-scclional
area of the first and second channels 4. 6 can be different. In
some enibodiments, the first channel 4 Is larger than the
second channel 6. In other embodiments. the first channel 4
is smaller than the second channel 6 In further embodi-
ments. additional partitions may be used to create any
number of cliaiuicls or conduits. Thc paruuous may be of
any suitable matcnal. shape. or configuration. The partilions
cnn serve to partially or completely separate the conduits or
clmnnels and may have apemires, gapa, valves, blend doors,
other suitable stnictures. or a combination of stmctures that
allow for fluid conununication between channels. At least a
portion of the partition cmi thermally insulate the hrst
channel 4 from thc second channel 6

In certain cmbodimcnts, thc HVAC system 2 composes 9

first movable element contigured to be operable to control
the airflov'assing through the first and second channels 4,
6 I or example, a first blend door 8. which may also be
called an inlet blend door, may be located upstream of the
first mid second chaiuiels 4, 6 (e g., proximate the entrance
of thc Iirst and second chmuicls 4. 6) mid i ~ operable to
control thc airflow passuig flirough the first and sixond
clmnnels 4, 6 'I'he first blend door 8 can selectively Inodify,
allow, impede. or prevent airtlolv through one or both of the
first and second channels 4. 6. In certain configurations, the
first blend door 8 can prevent airflow through one of the
channels while directing all of the airflow through the other
channel Thc first blend door 8 can also allow airflow
through both channels In varying amounts and ratios. In
some embodiments, the first blend door 8 is coupled to the
partition 20 and rotates relative to the partition 20 Other hrst
movable elements are also compatible with certain embodi-
ments disclosed herein.

A second movable element (e.g.. a second blend door 10)
may bc positioned downstrc un from thc cooling apparatus
12 and upstream from the heater core 14 and the TED 16.
Thc second movable clmncnt Is opcrablc to control thc
airtlow passing thmugh the first and second clwnnels 4, 6 by
selectively diverting air from the first channel 4 to the
second channel 6. In some embodiments, the second blend
door 10 is coupled the partition 20 and rotates relative to the
purtition 20 bctwccn an open position. ui wluch fluid (c.g..
air) Is pcmuttcd to flow bctwccn thc Iirst and sixond
channels 4, 6, and a closed position, In which flow between
the first and second channels 4, 6 is substantially inlpeded or
prevented. 'I'he first and second blend doors 8. 10 can be
controlled by the controller or a separate contml system. In
some embodiments. the first and second blend doors 8. 10
can opcratc indcpcndcntly from onc another. Other sixond
movable clcmcnts are also compatible with ccitain embodi-
ments Ihscloscxl hcrcin.

In the illustrated embodiment. the cooling apparatus (2 is
located upstream and in a separate conduit or channel than
are the heater core 14 and the thermoelectric device 16. The
first and second channels 4, 6 are confi ured such that when
thc HVAC system 2 Is used to selectively heat, cool, and'or
dcmist, thc lirst and second blend doors 8, 10 may sclcc-
tivcly direct BIrt)ow bctwecn thc Iirst mid second channels 4.
6

Ill some embodiments, one or more of the cooling appa-
ratus 12. the heater core 14, and the themioelectric device 16
may be in themtal conununication iiith a heat exchanger
configured to bc in thermal conmiunic Stion with thc airflow.

Flfi 4 illustrates an cxmuplc cmbodunmit of mi FIVAC
system 2 conligurcd in a first mode, wluch may be called J
hentmg niode. In this mode, a first blend door 8 is configured
in a position such that it substantially prevents or blocks an
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mrflow 18 from cntcring a first channel 4, thereby forcing
substantially all of the airtlow IS into a second cliannel 6 In
some embodiments. a portion of the airtiow 18 may pass
through the first channel 4 A second blend door 10 is
configured so that it does not allow a substantial portion of
the airlkiii 18 to pass betv een the first and second channels
4. 6. Prcii:rably, ui llus mode, a subslanual portion of thc
mrflow 18 docs not pass tluough a cooluig apparatus 12. In
this mode. the cooling apparatus 12 niay be configured so
that it is not in thernial conununication with a thernial io

energy sink, such as a coolant system. v hereby the
resources, such as coolant, may be more efficiently used
elsewhere. Additionally, directing the airflow tluough the
sicond channel 6 and bypassuig the cooluig app;udlus 12,
rcxiuces unwanted Iransfi:r of thcnndl energy from Ihc air-
floiv IS and into the cooluig apparatus 12. I Ivan when the
cooling apparatus 12 is not actively in thermal comnninica-
tion with a thermal heat sink, the cooling apparatus 12 will
generally have a lower temperature than the airflow 18. thus,
if a substantial portion of the airflow 18 would be in themtal io
commumcauon with the cooluig apparatus 12, the cooling
dppaia f1 1 12 % oiikl Uiidcsiidblv low CI lllC lciilpCI alUIC of lilC

airfloiv 18 before it is heated.
In the fin;t mode. a heater core 14 in fluid communication

with ihe second channel 6 is in thermal comnmnication v ith
a thermal heat source. such as a vehicle en ine. Themtal
energy transferred from the heat source to the heater core 14
is trmisferrcd to the airflow 18. Although a w ami healer core
14 can somctimcs supply enough lhcnnul cncrgy to thc
airfloiv IS for heating the passenger compartment. a ther- io
moelectric device ('Ilfl)) 16 can be used as a supplemental
or alternative thermal energy source 'I bus, the 'llfl) 16 can
add supplemental thermal energy wlule the heater core 14
transfers thermal energy to the airiiow 18. The TED 16 can
be configured so that it is in thermal conunumcauon with thc is
smnc Ihcnnal cncrgy source as is lhc healer core 14. or
another thermal micrgy source. Electric micrgy is supplied to
the 'I'I ID 16 with a polarity tlmt transfers thermal energy to
the airflow 18 In order to optimive supplemental heating. it
is preferable tlint the TED 16 is located downstream of the do

heater core 14, which can decrease differences in tempem-
turc betw ocn a I irat therma I transfer surface (or maui surface,
not shown) of thc TED 16 mid a sccuml thcrmul traiwfcr
surfwc (or waste surface. not shown) u f Ihc TED 16, Ihcrcby
enhancin the coefficient of performance. Positioning the
'II ID 16 downstream of the heater core 14 can also prevent
or inhibit the thermal energy transferred Ikom ihe TED 16 to
the airflow 18 from being absorbed by a relatively cold
healer ccrc 14 when lhc miguic and coolant loop arc rcla-
twcly cold ui lhc Iirsl model Ihus, mlubiling Iransfi:r of o

thermal miergy from thc airflow 18 into thc coolant luop in
the firs mode (or other heating modes) The Tlil) 16 is
generally used for supplemental heating; hov ever, it may be
used as a primary heat source when the thermal heat source
is not supplyin enough heat to the heater core 14. for .1
example, whmi thc cn incr ~ warming up. The TED 16 nuiy
also be dismigagcd when the hcatcr core 14 is supplying
enough lhcnnal micrgy to Ihc airtluw 18. 111c resulting
airfloiv IS is accordingly heated to a desired temperature and
directed to the passenger compartinent 6 1 1

In some embodiments, the first blend door 8, which can
also be called an inlet blend door. may be conti ured so that
il can direct al least a portion of thc airtlow 18 fluough thc
sicond chmuiel 6 so that thc poruon of lhc airflow 18 is
healed before cntcnng thc passenger comparlmcnl. To heal si
the passenger compartment at a slower rate, the inlet blend
door 8 can be selectively ad)usted to allow less of the airtlow

to pass tluough Ihc scmond chiumel 6 and/or allow moreol'he

airtiow to pass thmugh the first clwnnel 4, in which the
airtlow is not heated. I'o increase the heating mate, the blend
door can be selectively adjusted so that more of the airtiow
is directed tluough the second channel 6 and less of the
airflow is allov,ed into the first channel 4.

Flfi 8 illustrates an cxmnplc cmbodunmit of mi kiVAC
system 2 conftgurcxl in a second mode, wluch may be calhxl
a cooling mode In this mode, a hrst blend door 8 is
configured so that it can direct at least a portion of an airtiow
IS (e 8,, all, substantially all, or a substantial portion of an
airflow 18) through a first channel 4 to which a coolin
apparatus IZ is operatively coluiected so that the portion of
thc airflow 18 is cooled before cntcruig Ihc passenger
compartment. A second blend door 10 is configured so that
it does not allow a substantial portion of the airfloiv IS to
pass between the Iirst and the second channels 4, 6 'I he
amount of airflow 18 passing through the first and second
channels 4, 6 may be adjusted by selectively varying the
position of the hrst blend door 8.

In thc second mode. the cooling apparatus 12, such as dn
evaporator. is Ihcmially conncclixl lo a thermal heal sinl,
(not shown), such as an auxiliary radiator. for example. In
tlus mode, the IIVA('ystem 2 cools the airflow IS by
transferring heat fmm the airflow IS to the cooling appamttus
12. In some embodiments. a thermoelectric device (TED) 16
may be used to provide supplemental cooling to the airflow
18 in lhc second chiuuicl 6. Thc TED 16 can bc conligurixl
so lilill il is ut fllerillill CoilullU111Calion w I lit a lllcrnial energy
sink (not shown), such as a low temperature core or mixiliary
mtdiator Electric ener y is supplied to the 'Ilil) 16 with a
polarity that causes the 'I IID 16 to absorb thermal energy
from the airflow and. in turn. Irmisfer thermal energy to the
themial heat sink. Thus, the TED 16 can provide supple-
mental trmisfhr of thcnnal micrgy from thc airflow 181o Ihc
thcmial heal sink wlulc Ihc cooluig apparatus 12 cools Ihc
airflov 18. In lhc second mode, thc hcalcr core 14 is
inactive; for example, the heater core 14 is not actively in
substantial themial communication with a thernial heat
source (e... pov,er train coolmit). In certain embodiments.
activation of the heater core 14 can be controlled using a
vulvc or other control system (not shown), and lhc heater
core 14 can bc operatw cly decoupled from thc flmrmal heal
soiirci:

I'o cool the passenger compartment at a slower rate. the
first blend door 8 can be selectively adjusted to allow less of
the airfloiv 18 to pass throu/I the first chiumel 4 and/or to
allow more of the airfloiv 18 to pass tlirough the second
channel 6. To increase thc cooling rulc. thc Iirsl blend door
8 cdn bc sclcctivcly adlusled so that more of lhc mrflow 18
is dircctcd through Ihc Iirsl clianncl 4 and less of Ihc airflow
is allowed into the second channel 6 In sonic enibodiments,
the first blend door 8 may be positioned such that it
subst mtially prevents or blocks the airfloii 18 from enterin
the second channel 6, thereby forcing at least a substantial
portion or substantially afl oi the airflow 18 uilo Ihc first
channel 4. In certain oi'uch cmbodimcnts, thc TED 16 is
opcralivcly decoupled from Ihc airflow 18, and thc clcclncal
energy that the I'Ifl) 16 would otherwise use can be dimcted
elsewhere

FICi 6 illustrates an example embodiment of an HVAC
system Z configured in a third mode, which may be called a
dcmisling mode. In tlus mode. a Iirst blend door 8 is
conligurcd so thai il cmi direct al least a portion of an airflow
18 (c.g, all. substantially all. or a substantial portion)
through a first channel 4 with a cooling apparatus 12 so that
the airtiow IS is cooled in order to remove moisture front the
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mrflow 18. In this mode, a sctxind blmid dour 10 is conlig-
ured in a position such that it substantially prevents or blocks
the airflow 18 from continuing through the hrst channel 4,
thereby diverting at least a portion of the airtlow 18 front the
first channel 4 into a second channel 6 after the airflow 18
has passed tluough the cooling apparatus 12.

In lhc third mode, thc cooing apparaius 12, such us an
evaporator, can bc in flunl txinunumcduon with Ihc lirsl
channel 4 and in thermal conununication with a thermal heat
sink. such as. fiir example, an auxiliary radiator knot shown) In

In this mode, the I IVA('ystem 2 cools the airtlow 18 by
transferring heat from the airflow 18 to the coolin apparatus
12. In some embodiments. the cooling appararus 12 may be
a thcnnochutric device. When the cooing apparatus 12 is a
thennoclcclric device, clccluc energy is supplied lo thc
thermoelectric device with a polarity selected such that the
'lliD absorbs thermal energy from the airflow 18 and adds
thermal energy to a heat sink. In some embodiments. mul-
tiple thermoelectric devices are operatively connected to the
HVAC system 2 In at least some such embodimentg the io
polanty of elcclmcal energy directed lo each TED nnd to
each Ihcnnal zone of mich TED can bc controlled utdcpcn-
dently

In an embodiment as illustrated in lil(i 7. a cooling
apparatu~ 12 and a 'IIID 16 can be separate units ivith the
TED 16 placed in a first channel 4. Still in the third mode or
demisting mode, the cooling appamstus 12 and the TED 16
can be ui fluid conmtunicauon with thc lirst ch uuicl 4.
Elcctnc cncrgy can bc supplied Io the TED 16 with a polurity
selected such that the 'II ID 16 absorbs therinal energy front sn

the airflmv 18 and adds therinal energy to a heat smk In
demistin mode, a first blend door 8 can be configured so
that it can direct at least a portion of an airflow 18 fe g., all,
substantially all. or a substantial portion) tluuugh a iirst
channel 4 is ith lhc cooluig apparatus 12 and thc TED 16 so )s
that Ihc mrflow 18 is coohxl ui order lo rcmove moisture
from Ihc mrflow 18. In this mode, a second blend dour 10
can be configured in a position such that it substantially
prevents or blocks the airflow 18 from continuing through
the first cluumel 4, thereby diverting at least a portion of the do

airflow 18 from the first channel 4 into a second channel 6
aficr Ihc airflow 18 has passed throu h lhc cooluig apparatus
12. As described hcrcin for other embodiments, thc lirsl,
sixond. mid/or third modes ol'opcrauon eius bc aclucvcd lbr
the embodiment of lil(i 7 by reversing the pnlarity of the
'lliD as needed for either absorbing or tnsnsferring therntal
energy to the alrflow 18. Further. a TED may be added
downstream of the heater core 14 to also achieve the iirst,
sixond. mtd/or tlurd modes as dcscnbixl hcrcm for flic other
cmbodimcnts. o

Referring back Io FI(i 6, in lhc Hurd mode. a heater core
14 is in thermal communication with a thermal heat source,
such as a vehicle engine (not shown) Thermal energy
transferred from the heat source to the heater core is tmns-
ferred to the airflow 18 Although the heater core 14 can . s

I)'picdfl)'uppl)'iiooglt llicilllal cilcigv for licBliitg llic
passmiger comparuncnt, a lhcmioclcctnc dcvicc /TED) 16
can be used as a supplcmmilal heal source. Thus, Ihc TED
16 can add supplemental therinal energy while the beater
core 14 transfers thermal energy to the airflow 18 The 'I'lil) sn

16 can be coniigured so that it is in thermal conumuucation
with the thermal energy source, such as the engine fnot
shown). Electric cncr y is supphcd lo Ihc TED 16 with a

polanty thai causes Ihc TED to trans li r ihcnnal cncrgy lo thc
mrflow 18. In some mnboduncnts, the cEimcncy ol'upple- ss
mental heating is increased when the 'I'lil) 16 is positioned
dmvnstream of the heater core 'I his can decrease ditferences

ui tcmpcrature bctwccn thc main surface of the TED 16 and
the waste surface. thereby enhancing the coetficient of
performance. Pnsitioning the 'Ilit) 16 downstreain of the
heater core 14 can alsn prevent or inhibit the thermal energy
transferred from the TED 16 to the airflow 18 from bein
absorbed by a relatively cold heater core 14 u hen the engine
and coolant loop are rclalivcly cold in Ihc Ilurd mode, thus.
uihibiting transfbr ol'henna 1 micrgy I'rom lhc mrflow 18 mlo
the conlant loop in the third mode for other heating niodes)
When the airflow 18 is already at the desired tempensture fiir
the passenger compartinent before reaching the 'll il) 16. the
TED 16 may be disengaged and its resource~ diverted
elsewhere.

In mi embodiment as illustrated in FIG. 8, an kiVAC
system 2 can also bc configured lo have a cooluig apparatus
12 span the height of both a tirst channel 4 and a second
clmnnel 6 In this embodiment. a first blend door is removed
and just the blend door 10 can divert the airflow 18 to the
first channel 4 and/or the second channel 6 to achieve the
operatin modes described herein. In the first mode or
heating mode, Ihc blmid door 10 cmt bc coniigurcd in d

position /swings up ui FIG. 8) such thai it substanually
prevents or blocks airfloiv 18 into the first channel 4, thereby
forcing substantially all the airflow 18 into the second
clmnnel 6 In some embodiments. a portion of the airflow 18
may pass tlu ough the tirst cluumel 4. In the first mode, even
though the cooling apparatus 12 can be In thud contact with
thc airflow 18. the cooling apparatus 12 may bc conligurixl
so llml il is not m ihcnual commuiucauon with a thermal
energy sink, such as a coolant systent, whereby the
resources, such as cnolant. may be more efliciently used
elsewhere 'I'he heater core 14 mtd I'I:D 16 can operate as
described herein for the heating mode to tmnsfer thermal
ener y to the airflow 18.

In some cmbodmicnls. a blmid door 10 may be conligurixl
so that it can direct al least a portion ol Ihc airflow 18
through a scuond channel 6 so that lhc portion of Ihc airflow
18 is heated before entering the passenger compartinent 'I'o

heat the passenger compartment at a slower rate, the blend
door 10 can be selectively adjusted to allov less of the
alrflow to pass through a second channel 6 and/or allow
iiiorc ilf (lie Birfloiv Io pass llirougli lite lirst cllailiicl 4, ill
which lhc airflow is not heattxI. To increase the healing rale.
thc blend door can be sclcclivcly adjusuxl so Ihal more of Ihc
airtlow is directed through the second channel 6 and less of
the airflow is directed thrnugh the first channel 4.

In the embodiment as illustrated In FICi 8, the HVAC
system 2 can also be configured to operate In a second mode
or cooluig mode. In this mode, the blmid door 10 cmt bc
conligurcd so thai il cmt direct al least B portion of an airflow
18 fc g., dll, substBiiliiillv Bll, oi B siibsusllllal porlioll oi lllc
airtlow 18 by swingin dnwn m lil(i 8) through the hrst
clmnnel 4 after being cnoled by the cooling apparatus 12

The unount of airflow 18 passin tluough the first and
second channels 4, 6 may be adjusted by selectively varyin
thc position of the blend door 10 such Bs to add supplemental
cooling by diverung a portion of the mrflow 18 through Ihc
socond clmnnel 6 and supplying clcctncal cncrgy lo the TED
16 with a pnlarity that causes the 'llil) 16 to absorb thermal
energy from the airflow and, in turn, transfer thermal energy
to a thermal heat sink. Thus, the TED 16 can provide
supplemental transfer of thermal ener y from the airflow 18
to thc thermal heal suik ss laic lhc cooling apparatus 12 cools
thc airflow 18. In thc second mode, thc hcatcr core 14 is
llliiClivC.

In the embodiment as illustrated in I'I(i 8, the IIVA('ystem

2 can also be configured to openste m the third niode
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or dcmisting mode. In tlus mode, thc blend door 10 is
confi ured in a position (swings up in I'l(i 8) such that it
substantially prevents or blocks airflow 18 into the hrst
channel 4. thereby forcing substantially all of the airflow 18
into the second channel 6. In some embodiments, a portion
of the airflow 18 may pass through the first channel 4. The
cooluig apparauis 12 is active so that Ihc airflow 18 is cooled
in order to rmnovc moisture I'rom thc uirflow 18. In thc tlurd
mode. the cooling apparatus 12, such as an evaporator, can
be in fluid communication w:ith the I IVA('ystem 2 and in ic
thermal communication with a thermal heat ~ ink. such as,
for example. an auxiliary radiator (not shown). In tlus mode,
the HVAC system 2 can cool the airflow 18 by transferrin
heat from thc mrflow 18 to thc cooluig upparatus 12. In some
cmbodimcnts, thc rxiohng apparatus 12 may bc a thcnuo- is
electric device When the cooling apparatus 12 is a thernxi-
electric device, electric energy can be supplied to the ther-
moelectric device with a polarity selected such that the 'I'lil)
absorbs thermal energy fmm the airflovv 18 and adds themtal
energy to a heat sink. In some embodiments. multiple 20

thennoclcclric devices are operatively coiuicctcd to thc
HVAC system 2. In at least some such cmbodunents. thc
polarity of electrical energy directed to each 'I'lil) and to
each thermal zone of each 'I

I ID can be controlled indepen-
dently

In the third mode, the heater core 14 is in themtal
communication with a thermal heat source. such as a velficle
ciigiiic (Ilol sllowii). Tlicrilidl cncrgv tidiislctrcd front flic
heal source to Ihc heater core can bc trmisfhrrcd to thc
airfloiv 18. Although the heater core 14 can typically supply sc

enough thermal energy for heating the passenaer compart-
ment, the I'I II) 16 can be used as a suppleinental heat source
The TED 16 can be configured so that it is in themtal
communication with the thermal ener y source, such as the
engine (not shown). Electric energy can bc supplied to thc is
TED 16 with a polal1ty (lid( causes flic TED lo triiilsfcr
thermal cncrgy to thc mrflow 18. In some cmbodmtcnts, thc
etficiency of supplemental heating can be increased v hen
the 'lllD 16 is positioned downstream of the heater core
This can decrease differences in temperature between the do

main surface of the TED 16 and the waste surface. thereby
ciihanciilg tlic cocfltciciil ol pcilorilldncc. Positiiiiiiilg flic
TED 16 downstrcmn of thc hcatcr core 14 can also prcvmit
or utfubit the thcnnal energy transfi:rrcd from thc TED 16 to
the airfloiv 18 from being absorbed by a relatively cold
heater core 14 when the engine and coolant loop are rela-
tively cold in the third mode: thus. inhibiting transfer of
themtal energy from the airflow 18 into the coolant loop in
the third mode (or other hcatutg modes). When thc airflow
18 is already at thc dcsircd tcmpcraturc Ior the passcngcr o

compartment before rcaclung thc TED 16, thc TED 16 nuiy
be disengaged and its resources diverted elsewhere.

III(ig 9-11 illustmste other example embodimmtt ~ conhg-
ured to divert an airflow 18 as described for the embodiment
of FI(k 8 in order operate in the first. second. Snd/or third . I
modes. In an embodnucnt ol'IG. 9, tftc blend door 11 is
disposed downstream of a cooluig dpparaIus 12, a heater
core 14. Sod a TED 16. In thc first and tlurd modes. thc blend
door I I can be configured ui a position (swings up in lil(i
9) such that it substantmlly prevents or blocks airtloiv 18 mto sc

a tirst channel 4, thereby forcing substantially all the airflow
18 into a second channel 6. In the second mode. the blend
door 11 can bc configured so (liat it can direct at least a
portion of an mrtlow 18 (c.g., all, substantially all, or a
substantial portion ol'n airflow 18 by swinging down in ss
lil(i. 9) through the first channel 4 after heine cooled by the
cooling apparatus 12 In sonic embodiments, the blend door

11 may bc conligurcd so that it cmt direct at least a portion
of the airflow 18 tluough the first channel 4 while directin
thc other portion of thc airflow 18 tluough thc sixond
clmnnel 6 'I'he cooling, apparatus 12, the heater core 14, and
thc TED 16 can be conligured to operate as described hcrcin
for lil(iS. 3-6 to achieve the first. second, and/or third modes
of opemstion.

In an embodiment of lil(i. 10, a flow diversion element 22
is configured to operate in substantially the same way as the
blmxl door 11 of FIG. 9 dcscribcd herein to aclucve thc
operatin regimes of the tirst. second. and/or third modes.
Thc flow diversion clmncnt 22 can bc configured (swing up
or down in the embodiment of lil(i 10) to block all or
substtmtially all the;urflow 18 tluou Ji thc either a first
clmnnel 4 or a second clmnnel 6, or direct at least a portion
of the airflow 18 tluough the first channel 4 while directin
the other portion of the airtlow 18 through the second
channel 6. As illustrated in FICi 10. the flow diversion
clement 22 can bc downstremn ol'he heater ccrc 14 and
TED 16. In some embodiments, the flow diversion element
22 can bc upstream of thc hcatcr core 14 and TED 16. A
cooling appamstus 12. a heater core 14. and a 'll il) 16 can be
configured to operate as dcscnbcdl hcrcui for FIGS. 3-6 to
achieve the first, second. andior third modes of opemstion

In an cmbodanent o f FIG. 11, a I i rat v el vc 23 and a six ond
valve 24, disposed in a hrst channel and second channel,
respectively. downstream of a cooling apparatus 12, are
configured to functionally operate in substantially the same
v ay as the blend door 11 of FICi. 9 described herein to
dchicvc tlic opixatiilg I'cgiilics ol flic fii'sm sccoild, aniUoi
third modes. As illustrated in FICI. 11, the first valve 23 and
socond valve 24 can be downstream of thc hcatcr core 14
and Tl il) 16. In some embodiments. the first valve 23 and/or
socond valve 24 can be ups(rema of thc hwitcr core 14 and
'll if) 16 I'o block all or substantially all airflow 18 through
the first channel 4. the tirst valve 23 can be conhgured
(closed) to restrict the airfloiv 18 thmugh first channel 4
v bile the second valve 24 can be configured (opened) to
direct thc airfloiv 18 Ihrough thc second channel 6. To block
all or substantially all the airfkow 18 through the second
channel 6, thc Iirst valse 23 cmi bc confi urcd (opened) to
direct thc airflow 18 through lira( channel 4 while thc six ond
valve 24 can be contigured (closed) to restrict the airtlow 18
through the second channel 6. I'o direct at least a portion of
the airflow 18 throu/I the first channel 4 and the other
portion of the airflow 18 tluough the second channel 6, the
Iirst valve 23 and thc su cond valve 24 can bc winfigurcd to
both bc open or configured w ith onc of'hc valves open wlnlc
flic olllci vtilve Is oitl)'attiallv'pcil. A cooliiig appardtus
12, a heater core 14, and a 'I IID 16 can be configumd to
opemste as described herein for III(ig 3-6 to achieve the first,
second. and/or third modes of operation

In certain embodiments descnbed herein, the hestia
funcuoiuility and thc cooling functionahty of an HVAC
system is implcmcntcd by two or morc dwunct subsystems
that may bc located at substantially difli:rent posiuons within
an I IVAC system. In soiue alternative embodiments, a single
'lliD simultaneously heats and cools to achieve increased
themtal conditioning, human comfort and system efficfency.
This cmt be achieved, for example. by constnicting a single
TED with separate electrical zones that can bc excited with
user sclccted voltage polarities to sunultanixiusly cool and
heat comfort air. As uscxl hcrmn, thc tcnus "bithennal
thernioelectric device" and "bithennal 'I Iil)" broadly refer
to themioelectric devices with nvo or more electrical zones,
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whcrc thc chxuacdl zones can have dny suitable clcctric,
geoinetric or spatial configuration in order to achieve desired
conditioning of air.

13ithermal '(1IDs, whether they be air to air, liquid to air,
or liquid to liquid, can be designed and constnicted so that
the thermoelectric circuit is subdivided into a plurality of
thermal zones. The &hcrmoelcctric devices may bc con-
strue&ed using the high dcnsi&y advantages 1uugh& by Bell, ct
al, or may be constructed using tnsditional techmslogies (s&u,

eg., H 5 Pat. Nos 6.959,555 and 7,231,772). 'I'he advan- 10

ta es of new thermoelectric cycles. as taught by 13ell, et al.,
may or may not be employed (see, e... L. E. Bell, "Alternate
Thermoelectric Thermodynamic Cycles with Improved
Power Gcncrauon Eflicicnmcs," 22&&4/a/'/ Conf. OB Ther-
Iaoefcc&r/cs. Hgrmilt, France (2003), U.S. Put. No. 6,812, is
395. and I.I S Patent Application Publication No 2004/
0261829. each of ivhich is incorporated in it ~ entirety by
reference herein)

In some embodiments. a controller or ener y management
system operates a bithermal TED to optimize the use of Io
power according to ambient comb(iona, clmuiuc conditions
in a target compartmcn&, aud the desired environmental state
of the target compartment In a demisting application. for
example. the power to the bithernial 'I'ED can be managed
accordin to data acquired by sensors that report t&nnpera-
ture and humidity levels so that the TED appropriately uses
electric energy to condition and delnunidify the comfort air.

Some mnbodunmits reduce &hc munbcr of dcviccs used to
dcnust comfort air dunug cold weather cond&Indus by com-
bining nvo or more functions. such as, for example. cooling, 30

dehumidification. and/or heating, into a single device. Cer-
tain embodiments improve systeni efliciency by providing
demand-based cooling pov er accordin to climatic condi-
tions in order to demist comfort air. In some embodiments,
d coollllg sv'sac&a prov&dos coolillg poivcr prop&i&(to&nil 10 3&

demand.
Ccrtaui cmboduncnts mtablc a wafer rmige Of thermal

mana ement and contml by pmviding the ability to tine-tune
comfort air temperature in an energy etficient manner Some
embodiments provide the ability to advanta eously utihze do

themtal sinks and sources in a single device by further
ScpB&atlllg 11&C hCdl CSChallgC& Wo&klllg fluid loopS BCCO&illllg

to suik and source utilization.
In thc example HVAC system 300 Illustrated in FIGS.

12-13, heating and cooing functionality is implemented in
a unitary or substantially contiguous heater-cooler subsys-
tem 306 having a hrst thermal zone 308 nnd a second
themtal zone 310. In some embodiments. the heater-cooler
subsystem 306 is a bithcnual thcmioclcctnc dcvicc (or
buhcnual TED) Each of thc Iirsi thermal zone 308 nnd thc 0

scxond thermal zone 310 can bc conti aired to selectively
heat or cool a comfiirt airstream I&5 independently. I'urther,
each of the thermal zones 3(O. 310 can be supported by an
independently conf urable electrical network and workin
fluid network A controller (not shown) can be configured to . I
control thc clcctncal networks and workmg fluid networks
in order to opera 1c Ibc heater-cooler subsystem 306 ui Onc of
B plurali&y 01'vailublc modes. For eximiplc. &he controller
can adjust the electucal and working fluid nenvorks of the
I IVA('ystem 300 according to the configurations shov n in sa

the table of FICi. 12 when a demisting. heating. or coolin
mode is selected

Any suitable (cela»quc can bc used io select a mode of
operation for thc HVAC system 300. Fur cxamplc. a mode
of operation muy bc selcctcd a& less& ui part via a user ss
interface presented to an operator for selecting one or ntore
settin s, such as tempemsture, fan speed. vent location, and

so forth. In some embodiments, a mode of opcrauon Is

selected at least in part by a controller that monitors one or
&&lore BC&ISO&i fbr IIICBSUrllig paSSC&lgCI'olllpa&t&I&CI&1 (CIII-

perature and humidity I'he contmller can also monitor
am&aors that detcci ambicn& enviromncntal oinditions. Thc
controller can use infiirmation received from sensors. user
controls. other source~, or a combination of sources to select
among demisting. heating. and cooling modes 13ased on the
selected mode of operation. the controller can operate one or
morc pumps, fans, power supplies, valves, comprcssors.
other HVAC system components. or combinations of HVAC
svstcln co&llpo&lc&ns lo ptovidc co&i&fort Bll'avillg ih:sll&xl

pmperties to the passenger compartment
In thc example cmbodimcnt illus&ra(cd in FIG. 13, thc

I IVA('ystem 300 includes an air channel 302, a fan 304
confi ured to direct an airflow F5 tluough the air channel
302, a bithermal TED 306 conhgured to heat, cool. and/or
demist the airflow F5 flo&vin through the air channel 302.
an Optional cooluig apparatus 312 configured to cool thc
airflow F5, an optional heating apparatus 314 configured to
heat flm airflow F5, a power supply (not shown), elec&ocul
connectmns I I I -I )4 connected between the power supply and
thc bithcrmal TED 306, a heat source (uot shown), a heat
sink (not shown), working fluid conduits 1&1-1'4 configured
to curry working flunls bctwecn thc bithcnnal TED 306 and
one or more heat sources or sinks, other I IVA('ysteni
components. or any suitable combination of components.
'I'he heat source can include one or more repositories of
v aste heat generated by a motor vehicle, such as, for
example, power train coolmit, a motor block, a main radia-
tor. exhaust system components. a battery pacl, another
suitable ma(coal. or a combination of mntcuals. Thc heal
sink can include an auxiliary radiator (for example, a radia-
tor uot conuec(cd (o thc power trmn coolant circuit). a

themis) storage device. another suitable material, or a coni-
bination of materials.

In a demisting mode of operation, the first therinal zone
308 of the bithermal TED 306 cools and dehiunidihes
comfort uir F5. A controller causes a power supply &o

provide electric power in a hrst polimty (or cooling polarity)
vgi a Iirst clcctucal circuit Ef-E2 connected to Ihc first
them&el zone 308. Thc controller causes the Iirst worlung
tluid circuit I I-I&2 connected to the high temperature side of
the first thermal zone 308 of the I'I:D 306 to be in thermal
conununication &vith a heat sink, such as, for example. an
auxiliary radiator. The polarity of electric power provided to
thc Iirst thcunal zone 308 01'hc TED 306 causes thermal
energy to be dircctcd from the cximiort mr F5 to thc first
worl mg (hiid circuit FI-F2.

In the demisting mode, the second them&el zone 310 of the
bithemtal 'IZID 306 heats the dehumidified comfiirt air I&5

after the air has passed through the hrst thermal zone 308.
The controller causes a power supply to pmvide electric
power in a scxond polanty (orhcatin polarity) via a s&xond
elec(Ocul circui( E3-E4 conmxted &o thc s&xond thermal
zone 310. The controller causes thc second working fluid
circuit F3-1&4 connected to the low temperature side of the
second thermal zone 310 of the 'I I:D 306 to be in thermal
conununication v,ith a heat source, such as, for example.
power train coolant. The polarity of electric pov er provided
to thc second thcnnal zone 310 of the TED 306 causes
them&el cncrgy (o be dircctcd from the second working fluid
circuit F3-F4 to the comfort air F5. The con(miler cdn
regulate the thermal energy transferred to or froin the
comfiirt air I&5 in each thernml zone in order to cause the
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comfort air F5 to reach a dcsircd 1cmpcraiurc and/or hunud-
ity I'he cnmfiirt air I'5 can then be directed to the passenger
compartment.

When a heating mode of operation is selected. the first and
second thermal zones 308. 310 of the bitheminl TED 306
both heat comfort air F5. A controller causes n power supply
to provnlc clcctnc power ui a hcaung polamty via lira( and
siuond clcctrwal circuits E1-E4 connected to thc thermal
zones 308, 310 'I he contrnller causes the working fluid
circuits lil-I'4 connected to the low tenipemsture side of the in
'ill)) 306 to be in thermal conimunicatinn with a heat source,
such as. for example, power train coolant. The poLarity of
electric power provided to both thermal zones 308. 310 of
the bithennal TED 306 cmi sos thcnua1 cncrgy to bc directed
from thc working fluid circuits F1-F4(o thc comliirt mr F5. (s

When a cooing niode of operation is selected. the hrst
and second thermal mnes 308. 310 of the bithennal Tlil)
306 both cool comfort air li5 A controller causes a power
supply to provide electric power in a cooling poLsrity via
first and second electrical circuits E1-E4 co(mac(ed to the zo

thermal zones 308, 310. Thc controller cmiscs (hc v,orking
fluid circui(s F1-F4 connected to thc lugh 1mnpcraturc mdc
of the 'llfl) 306 to be in therinal communicatinn v ith a heat
sink. such as. fnr example. an auxiliary radiator 1he polarity
of electric power provided to both themis) zones 3(N, 310 of'hebithemial TED 306 causes thermal energy to be directed
from the comfiirt air F5 to the workin fluid circuits FI-F4.

lite HVAC system 300 illus(ra(ex) m FIGS. 12-13 can
optionally include u rxiohng apparatus 312, such as, Ibr
example. an evaporator, and a heating apparatus 314, such sn

as. fiir example. a heater cnre. 'I'he cooling apparatus312
and the heating apparatus 3)4 can be configured tn supple-
ment or replace one or more of the coolin . demistin and
heating functions of the bithermal TED 306 while the HVAC
system 300 is opcratcd in a particular mode. For cx unplc, a is
heater core 314 cau be used to heat thc comfiirt air F5 usa(cad
of thc bithennul TED 306 when thc puwcr tram coolmit has
reached a sufficiently high temperature to make the con)fort
air I

'5 reach a desired temperature when it passes thmugh the
heater core 314. While the example embodiment illusrmted so
in FIG. 13 shows that the cooling apparatus 312 nnd/or the
hca(uig apparatus 314 can be positioncx) upstrcum from thc
buhcnual TED 306, it is understood thai at least onc of thc
cooluig apparatus 312 mid thc hcaun apparatus 314 cun bc
positioned downstream from the bithennal 'I'ED 306 I'or s
example. in some embodiments. when the IIVAC systeni
300 is operated in a demisting mode, at least one of the
themial zones 308, 310 of the bithennal TED 306 can be
used to cxiol or dehumidify thc comfort air F5 wlulc a
hcaung apparutus positioned downstream lrom the TED 306 o

heals the dchumtdtficx) nir
In an example embodinient of a heater-cixiler 400 illus-

trated in lil()S. )4-)6. a first tiuid streatn Iil passes through
nvo heat exchange zones 404. 410 located on a first side of
a bithennal TED having tv o thermoelectric circuit zones . s

402. 408. A second fluid strewn F2 passes tluough two heat
cxchmige zones 406, 412 loca(cd oil s siv'iiixl side ol fllc
buhcnual TED. Euch of the first thcnnoclimtric circuit zone
402 and the second thermoelectric circuit zone 408 can be
confi ured to selectively transfer thermal energy in a desired sn

direction independently from each other. Further. each of the
themioelectric circuit zones 402. 408 can be connecred ro nn
indcpendenfly conligurablc electric circuit paths Ef-E2,
E3-E4. A controller can bc cxiniigurcd to control the clcc-
trmal networks E1-E4 mid flusl streams F1-F2 m order to ss
operate the heater-cooler 4(N) in one nf a plurality of
available modes Iior example. the controller can adjust the

ckctncal networks of 1hc hcatcr-cooler 400 according io thc
configurations shown in the table of Iii(i. 14 when a deniist-
ing, heating. or cooling inode is selected.

Any suitable technique can be used to select a mode of
operation for the heater-cooler 400, including the techniques
described previously with respect to the HVAC system 300
shown in FIGS. 12-13.

In thc cxamplc cmbodimcnt illustrated in FlfiS. 15-16.
the heater-cooler 400 includes a first pair of heat exchange
zanes 404, 406 in therinal communication with opposing
sides nf a first thermoelectric circuit zone 402 A second pair
of heat exchange zones 410, 412 is in thermal communica-
tion with opposing sides of a second thermoelectric circuit
zone 408. Thc lira( mid second thermoclcctnc circuit zones
402. 408 arc configured to heat, cool, and/or dcmist fluids
tlov ing thmugh the heat exchange zanes A power supply
(not shown) can provide poiver to each of the thernioelectric
circuit zones 402, 408 using, independent electric circuit
paths E1-EZ, E3-E4. The heater-cooler can include fluid
conduits configured to carry fluid streams F1-FZ through the
heat cxclmngc zones 404 and 410, 406 and 412 in thermal
conumuucation with thc TED.

In a demisting mode of operation, the first thernioelectric
circuit zone 402 of the heater-cooler 400 cools a main fluid
stream I I flossin thmugh the first heat exchange rane 404
of a main fhiid conduit. A contmller causes a power supply
to provide electric poiver in n first polarity (or coolin
polanty) via a lira( elcctncal circuit E1-E2 connected to thc
lirst thcrmoclec(nc circuit zone 402. A w orkuig fluid stream
li2 flowing through the hrst heat exchange vane 406 of a

working tluid conduit removes heat from the high tempera-
ture side nf the first thermoelectric circuit vane 402 'I he
v orl m fhiid stream F2 can flov counter to the direction of
flov of the main fluid stremn Fl as the fluid streams Fl-F2
travcrsc the hcatcr i oolcr 400. Thc po lan ty ol'electric power
provided to thc lirst thcnnoclcctnc circuit zone 402 of thc
hcatcr-cooler 400 causes (henna) oner~ to bc directed from
the main fluid stream I'I to the working tluid streani I 2 In
some enibodiments, the ivorking fluid stream li2 is in
them(sf conununication with a heat sink, such as, for
example. an auxiliary radiator. In alternative embodiments.
thc controller can cause thc worlnug fluid stream F2 to bc
dircctcd to a target compartment along with thc main fluid
stream F1 when the dcnustmg mode is sclcctcd

In the demisting mode, the second thermoelectric circuit
rane 408 of the heater cooler 4(N) heats the main fluid streani
F1 after the fluid has passed tlu ough the first heat exchange
zone 404 and while the fluid flows through the second heat
cxchimgc zone 410 of thc main fluid conduit. Thc controller
ciiilscs ii pc wet supp))'o pr'ov ldc electric power iii a six'olid
polanty (or heating polarity) via a second clcctncal circus(
I:3-I I4 cnnnected to the second thermoelectric circuit zone
408 'I'he vxirking fluid stream li2 tloiving through the
second heat exchange zone 412 of the v orlnng fhiid conduit
is in thermal comnninication with the lov temperature side
of thc second thennoclcctric circuit zone 408. When thc
direction of workmg fluid stream F2 flow is counter to thc
direction ol main fluid strcun F1 flow, the worlung fluid
stream li2 passes thrnugh the second heat exchange zone
4)2 before flowing to the first heat exclmnge zone 406 of the
v orl m fluid conduit. The polarity of electnc power pro-
vided to the second thermoelectric circuit zone 408 of the
hcatcr-cooler 400 causes (henna) oner~ to bc directed from
thc working fluid stream F2 to thc maui flunl stream Fl.

Wlmn a heating mode of operation m ac)ected, ouc or bodi
of the first and second thermoelectric circuit zones 402, 408
of the heater-cooler 400 heat the main fiuid stream lil



35
US 9,447,994 B2

36
flowing fluough the Iirs( and second heu( exchange zones
404. 410 of the main fluid conduit A controller causes u

pmver supply tn provide electric power in a heating polarity
via fir t and second electrical circuits El-E4 connecttxI to
the theunoelectric circuit zones 402. 408. The workin Ihiid
stream F2 flowing tluough the first and second heat
cxchmige zones 406, 412 transli:rs hcai to thc low Icmpcra-
turc side of the Ihcrmoelcctric circuit zones 402, 408. In
some embodiments. a contmller causes the wnrking fluid
stream I'2 to be in thermal cominunication with a heat In

source. such as, fiir example. poiver train coolant, ivhen the
heating mode is selected The polarity of electric power
provided to the first and second thermoelectric circuit zones
402. 408 of the hcutcr-cooler 400 causes thcrmul oner y to
be dircc(cd from Ihc workuig fluid stream F2 to Ihc main Is
fluid stream lil. In some embodiments. electric pnwer is
pmvided to only one of the thernioelectric circuit zones 402,
408 when it is deterniined that the nmin fluid streani FI can
reach a desired tempemture without both themtoelectric
circuit zones 402, 408 being active. 20

When a cooing mode of opera(ion is selected. Ihc lira(
and second thcmioclcctnc circuit zuncs 402. 408 of thc
heater-conler 400 both cool the niain fluid stream Ii I tlov ing
through rhe first and second heat exclmnge zones 404, 410
of rhe main fluid conduit A contmller causes a pnwer supply
to pmvide electric poster in a cooling polarity via first and
second electrical circuits EI-E4 connected to the thenno-
clcctnc circuit zones 402, 408. The workmg fluul s(rc;un F2
flowing fluough the Iirs( and second heu( exchange zones
406. 412 removes heat fmm the high teniperature ~ ide of the in
thermoelectric circuit mnes 402, 4tl8 In some embodi-
ment~. a controller causes the working fluid stream 122 to be
in theunal conmiunication with a heat sink. such ug for
example. mi auxiliary radiator, when the coolin mode is
sclcctcd. Thc polun(y of elcclric power provided lo the lira( is
and second thcmioclcctnc circuit zuncs 402. 408 of thc
hca(cr-cooler 400 causes thermal cncrgy to bc dircctcd from
the main fluid stream lil to the working fluid stream F2. In
some embodiments. electric poiver is provided to only one
of the thennoelectnc circuit zones 402, 408 when ir is so
determined that the main Ihiid stream F1 can reach a desired
tcmpcraturc is ithout bo(h Ihcmioclcctric circuit zones 402,
408 being ac(ivc.

Referring now Io FIG. 12, illustrated is an cmbodunen( of
a reinperature control system including an engine 103 (aud/
or nther heat generating systeni, such as for example, u

battery, an electronic device. an internal combustion engine,
an electric motor, an exhaust of a vehicle. a heat sink, a heat
storage system such as a phase chan c matertal. a posilivc
tcmpcraturc cocflicicn( dcvicc, midror any heat gencru(uig o

system tlmt is known or later dcvclopcd), u Ihennoclcc(nc
device (I lil)) 112, a heat transfer device 151, and a pas-
senger air channel 19 I'he heat transfer device 151 is
disposed in the passenger air channel 19. In the illusrrated
embodiment. the TED 112 is a fiqu(d-to-a)r heat transfer . s

device. Tlnis, at least a por(ion of the TED 112 can also bc
disposed witlun thc passcngcr air chiuuiel 19. Thc passcngcr
mr channel 19 can be conligured such tha( mnnlbrt air can
pass rlinmgh the channel 19 and be in thermal cnmnninica-
tion ivith the heat tmnsfer device 151 and the 'I'ED 112 In sn

some embodiments. an air handlin unit (e, a fan) is
configured to convey the airflow. At least some of the
components of the system can be ui fluid conunuiuca(ion via
thermal energy Irmisport means such us Ihnd conduc(ing
tubes. Ibr cxamplc. Ac(uators. such as valves 125, 135, 145, ns

and 165 can be used to contml the thermal energy transfer
through the tubing A control device, such as a contrnller can

bc conligured Io con(rol Ihc serious oimponcnm of Ihc
system and their relative fluid comlnuliication

In the illustrated embodiment, m a first mode, when
valves 135 and 145 are open and valves 125 and 165 are
closed, there is themial conununication between the TED
112 and the engine 103. In a first circuit, or thermal source
circuit comprising circuit lines 111, 131. and 141, a fluid,
such as coolanl, is circulauxl and Ihcnnal energy is Irans-
ferred betv'een the engine 103 and the 'I Iil) 112 'I he 'I'lil)
12 is provided with electrical energy of a specific polarity
tlmt allnws it to transfer thermal energy between the hrst
circuit and the passen er air channel 19. In the first mode.
the TED 112 pumps thermal energy from the first circuit to
thc air(low ol the passcngcr air chmmcl 19

In a second mode, vahca 135 mid 145 arc closed and
valves 125 and 165 are open 'I he circulating fluid permits
them)el cnmmunicatinn be(ween the engine 103 and the heat
transfer device 15(. In a second circuit. or bypass circuit
comprising circuit lines 111. 121. and 161. a Ihud, such as
coolant. is circulated and thermal energy is tmsnsferred
bc(wimn the enguic 103 and the hcut transfi:r device 151. Thc
TED 12 is bypasscxl mid is no longer in (hernial conummi-
cution with the engine 103 In this mode of operation, fluid
tlov is stopped in the thermal circuit 141 and electrical
energy is nnt supplied to the 'Ilfl) 112 In some embodi-
ments. the system can switch benveen the first mode and the
second mode of operation. In some embodiments, a low
tcmpcraturc core (no( shown) can be opcrativcly connec(ixl
or soli:c(ivcl)'perJtlvclv'oililcctcil Io Illc IllciiIial cllcllll
Ill and used to transfer thermal energy to ambient air front
the heat transfer device 151. the I'I:D 112. and(or other
elements of the temperature control system I'or example,
the lov temperature core could be connected parallel to or
in place of the engine 103 in at least some modes of
opcIa11021.

Thc TED 112 can include onc or morc thennoclcctnc
elements Iha( Iranslbr Ihcnnal cncrgy in a particular direc-
tion when electrical energy is applied When electrical
energy is applied using, a tirst polarity. the I'I:D 112 transfers
themial energy in a first direction. Alternatively, when
electncal energy is applied using a second polarity opposite
thc lira( polanty, thc TED 112 trans(i:rs thermal miergy in a
socond dircc(ion opposite the Iirst dirixuon. The TED 112
can bc con(igurcd to Irmisfcr thcrmu1 micrgy to a irflow of Ibc
passenger air channel 19 when electrical energy of a hrst
polarity is applied by configuring the system such that the
heating end of the TED 112 is in thermal conununication
v ith the passenger air channel 19. Further, the cooling end
of thc TED 112 can be m thermal minununicauon with Ihc
cnguic 103 so tha( Ihc TED 112 draw s thcnnal energy I'rom

thc circui( lo ivluch Ihc engine is cotuieclcd. In cer(ain
embodinients, a control system (not shown) regulates the
polarity of electrical energy applied to the

'ill )

112 to select
between a heating mode mid a cooling mode. In some
embodiments. the control system re ulates the magnitude of
CIcctncal cncrgy appluxl to the TED 112 to sclcct a hea(ing
or coilllllg ciipaci(vi

FICI 18 illus(ra(cs a mc(hod of con(rolling Icmpcraturc in
a passenger compartment of a vehicle I'he method includes
moving airflow acmss a heat exchanger I'he airflow can
travel through one or more passenger air channels. such as
ducts. before entering the passenger compartment. Initially.
thc con(rol system opcratcs in a lirst mode, in wluch a TED
pumps thenual cncrgy from a heat source to an passenger air
channel Thc conuol systmn continues to opera(c ui the Iirs(
mode until nne or more sivirching criteria are met. When the
one or nxire criteria are met rhe control system switches to
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a second mode of operation. In onc cmbodimcnt. Ihc control
system sivitches to the second mode when coolant circulat-
ing through an engine or another heat source is ready to heat
the airfloiv In the second mode thermal energy i ~ transferred
from the engine or other heat source to the heat exchan er.
The TED is bypassed and is not in substantial themtal
coininunlcallon with lhc hi Bl soorci: oi Ihc hi:dt cxchailgi:r.
In tins conligurauon, a fluxl, such as cuolant, flows through
a biqiass circuit so that thermal energy transfer occurs in the
bypass circuit 1he systeni can also operate one or nlore lc
aclnators, such as valves, m order to cause the tluid tiow to
bypass the TED. In one embodiment. a controller controls
valves to switch between modes of operation. In the second
mode of operation, Ihc heal exclmnger can acl much thc
smnc as a hcalcr mire ui a conventional vclucle HI/AC
system

'lhe one or more cnteria for switching, inodes of operation
can be any suitable coterie and are not limited to charac-
teristics of the vehicle or temperature parameters. In some
embodiments, the critena for switching the fluid tlow io
include one or morc of the follow in: algonlluns. user action
or inaction, thc tcmpcraturc ol'a thermal energy source, fluid
temperature. an amount of tiine elapsed. and air temperature
In certain embodiments, the criteria can also be user-speci-
fied or user-adjusted according to preference. In one
embodiment. switching from a first mode to a second mode
occurs when the engine reaches a threshold temperarure. In
another cmboduncnt, the switch occurs when a fluid circuit
reaches a flucshold tmnpcraturc. In yct mioflicr emboduncnl,
the switch occurs ivhen the air tenipenature reaches a thresh- Ic
old temperature

Referring to Iilli. 19, an einbodiinent of a temperature
control system is Illustmted wluch can be configured to heat
and cool an airflov in a passenger air channel 19 The
system comprises a TED 112, a heal trunsfcr device 151. a ii
low temperature core, or heal sink 171, a Ihcrnud cncrgy
source 181, and a plurality ol actualors 125, 135, 145, 165,
175. 185 lhe plurality of actuators can restrict tluid or
coolant flov through circuits as discussed herein. 'Ihe heat
transfer device 151 is disposed in the passenger air channel do

19. The TED 112, illustrated as a fiquid-to-air embodunent,
can also be disposed in thc passen cr air clmnncl 19. Thc
passmiger air channel 19 is conligurcxi such that an airflow
may pass through thc channel 19 and bc in thermal com-
munication ivith the heat transfer device 151 and the 'I'lil)
112. In some embodiments. an air Imndling unit (e g, a fan)
is conti ured to convey the airflow. The system further
comprises a heat sink circuit 170 which includes the low
tcmpcralurc core 171 and at least onc valve 175. Thc TED
112 is in Ihcmial communication with Ihc heat smk circuit c

170 i is a workuig fluid circuit 142. The system alsu com-
prises a heat source circuit 180 which includes the therntal
energy source 181 and at least one valve 185 'I'he'I'ED 112
is in thermal cotmnunication with the heat source circuit 180
via a v orkmg fluid circuit 142. Some embodiments also .1
comprise a thcnnal lransfi:r circuit 121 uicluduig lhc heat
translcr dei ice 151 and al least onc valve 125. Heat is
transfi:rrcd bctwccn the mrflow and the heat trmwfcr device
151 and lhe 'lliD 112. In one embodiinent. the therntal
energy source 181 is an automobile engine and the low sc

temperature core 171 is a radiator. In some embodiments,
the thermal energy source can include a batteiy. an elec-
tronic dcvicc, an inlcntal combusuon engmc. an exhaust of
d vi:hlclc, il hcdl siilk, a hi al storage svslcnl ditch Bs 11 phase
change malarial, a positive tcmpcralure cocflicienl device, Si
and/or any heat generating systein that i ~ known or later
developed It is also contempLSted tlmt pumps can be con-

ligurcd lo fiuiclion with lhc system ui order to cause fluid
tlov. In some embodiinents, micro-hybrid and/or hybrid
vehicles can implement electric pumps (e g, water pumps)
to provide working fluiid circulation, either replacing a
conventional belt driven pump or substituting the conven-
tional belt driven pump while the en ine is stopped.

Thc following dcscnpuon illustrates versalihty of Ihc
cmbodicd system where just thc TED 112 can be used for
both heating and cooling. 'Ihe system may be configured fiir
openation in different modes by operating at least one of the
valves 175 and 185. which causes coolant to flow through
the heat source circuit 180 or the heat sink circuit 170
depending on whether a heating or cooling mode ls selected.
In a hcatuig mode, opcmng valve 185 and closing valve 175
causes coolant to flow tluough thc heat source circuit 180
and not thmugh the heal sink circuit 170 In this niode, the
'lliD 112 operates in a tir t polarity and is configured to
transfer thermal ener y fmm the heat source circuit 180 the
alrflow of the passenger Bir channel 19. The heat transfer
device 151 can also be operated with the TED 112 to thrther
cnhancc heal transfi:r by opmiuig valve 125 and closing
vulvc 135. In some embodiments, Ihc heal Irdnsli:r device
151 can be operated without the I'I:I) 112 as described
previously

In a cooling mode, closin valve 185 and opening valve
175 causes coolant to lkiiv tltroupt the heat sink circuit 170
and not tlu ough the heat source circuit 180 In this mode, the
TED 112 operates in a second polanly, wluch is opposite Ihc
Iirst polarilv, Bnd is configul'cd lo transfer lhi:Sinai i:ncrgv
from the passenger air channel 19 to the heat sink circuit
170, which lowers the temperature of the airflow by trans-
ferring thermal energy from the airtloiv to the heat sink
circuit 170.

FICi 20 illustrates another embodiment of a method of
operation for a lcmpcralurc control system, ui which Ihc
cmboduncnt of thc system illuslrauxl in FIG. 19 could
follow. utilizing a TED for hcaung and cooling. In tlus
embodinient, an airfloiv moves across a heat transfer device
and 'I'ED. and into a passenger compartntent. In certain
embodiments. the system circuhates a fluid. such as coolant
in B first circuit, or heat transfer circuit. ii hich is in thermal
conumuucation with Ihc heat transfi:r device and/or a ther-
mocloctnc dcvicc (TED). The system receives an inihcalion
as lo w hcthcr a heating mode or a cooluig mode is selcclixh
If the heating mode is selected. then the system causes fluid
to flow in a heat source circuit which is in thermal conimu-
nication with a themtal energy source, heat transfer device.
and/or TED. In the heatin mode, the TED tmnsfers thermal
energy bclwccn thc lmdt source circuit and Ihc passcngcr air
channel A heal transfer device can also be utthdcd Io
complcmcnt or substitute Ihc funcuons ol'hc TED. If Ihc
cooling mode is selected. then the system causes fluid to
tlov in the heat sink circuit which is m thermal comniuni-
catlon with a low temperature core and the TED. In the
coolilrg mode. the TED transfers thermal energy between the
heat suik mrcuit and passenger air chmuiel. The system
designates a sclcclcd polanly based on whether thc healing
mode or cooling mude is selected mid clcclncal energy of
the selected polarity is provided to the 'lliD. In the heating
mode, a polarity is selected that causes the 'I'I:D to transfer
themtal energy from the heat source circuit to passenger air
channel In the cooling mode. a polarity is selected that
causes thc TED lo Irmtsfcr thermal energy from passenger
dir channel lo flic hcdl sink clicuin

As discussed in relation to flie cmbodimcnl of thc system
illustrated in I'i(i. 19, the heat sink circuit and the working
tluid circuit can include actuators which can be used to
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control thc flow of fluid or coolmlt within Ihc system. In onc
embodiment. the system causes fluid to flow through the
heat sink circuit by operating an actuator associated with the
heat source circuit In another embodiment, the systenl can
cause flnid to flow through the heat sink circuit by openstin
an actuator associated with the heat sink circuit. Further. in
some cmbodimcnls, an actuator associuicd w lib Ihc heal sink
circuit can bc opened and an actuator associated wllh thc
heat source circuit can be closed in order to cause fluid to
floiv in the heat sink circuit It is also contemplated that u Ic

plurality of pumps can be configured to function v ith the
working fluid circuit, heat source circuit. Ond the hem sink
circuit in order to facilitate fhiid flow.

FIG. 21 illustrates an mnboduncnt uf a tcmpcraturc ium-
trol system 101 used for providulg Icmpcruturc controlled
air to a passenger conlpartrnent. In this embodiment, the
system 101 comprises a thermoelectric device ('I'EIDI 112,
an engine 13. a heat transfer device. such us a heat exchanger
116, and a passen er air channel 19. part of un HVAC system
62. In some embodiments. the system 101 additionally lo
comprises a low Imnpcrature core 40. Thc system 101
further comprises onc or morc pumps 53 and actuators 28,
32. 34, 36, 125, 135. 145, and 165 that are configured to
transfer fluid, such as coolant, amono the ditferent compo-
nents and inlubit (or restnctl fluid conmmnication and/or
themlal conmlunication among different components The
en ine 13 can be any type of vehicle engine. such as an
in(cruel combusnon engulc. thai is a source ol thermal
energy. In some mnboduncnts, the engine 13 can bc any heat
generating, system such as a battery, an electronic device, an sc

exhaust of a vehicle, a heat sink, a heat storage systenl such
as a phase change nlaterial, a positive ternpensture coetfi-
cient device or any heat generating system thar is known or
later developed. The system 101 can be controlled by a
controller, plurahty ofcontrollers, or dny other device which ls
can funcuon to mintrol thc pumps, valves, heat source, TED,
and other components ol'hc system 101. By controllulg Ihc
components. valves and punlps, the controller can operate
the system 101 in venous modes of operation. 'I'he controller
can also change the mode of the system 101 in response to do

input signals or conmlands.
In onc cmbodimcnt. a fluid such as a liquid coolant

transfi:rs thennul cncrgy among thc system 101 components
and ls cxultrollcd by one or morc pumps. The hquld coolmlt
can carry the thermal energy via a system of tubes that
pmvide fluid comnnulication among, the various compo-
nents. The actuators can be used to control ivhich compo-
nents are in thermal conununication with the heat exchanger
116;md/or thc TED 112 at a given time. Altcnlativcly, a
tcmpcraturc control system might usc other mateuals or O

nlciins Io provide Ihcrnlal conuuunlcatliin linning colnpo-
flcin s

In this embodiment. the system lfll uses a single heat
exchanger 116 and single TED 112, which allows for
minimal impact on the HVAC design because it can maintain . I
a typical conligurahon withoul Ihc aced liir an addltiorlal
heal cxchangcrs. How cvcr, il is also conlmnplaled that thc
system 101 could bc conligured wilh a plurahfy of heat
exchangers, 'llil)S, and/or a plurality of I IVAC systems or
airfloiv channels In some embodinlents, the system 101 can sc

combine heat exchangers and other components into a single
heat exchanger for minimal impact on the HVAC design. For
example, it is contcmplatcd that thc haut excllanger 116 and
TED 112 can bc u sin lc heat exchanger. In some embodi-
ments. workul fluid circuits cml be armngcd such 01st a ss
single heat exchanger is thermally connected to both an
engine and a thermoelectric device that is reinoved from the

air chimncl 19. as further discussed In U.S. application Scr.
No 12/782,569, filed Nlay 18. 2010. the entire contents of
which is incorporated by reference and made a part of this
specihcatimi. I)epending on the mode of the systein 101. the
heat exchanger 116 and/or TED 112 may be in thermal
conununication ivith the engine 13. Further depending on
thc mode of Ihc system 101, thc TED may bc in thermal
conumuucation with Ihc low tcmpcraturc mire 40. In a
heutmg nmde, the heat exchanger 116 and/or the 'I'ill) 112

nmy be in thermal comnninication with the engine 13. In a
cooling niode, the heat transfer device 116 andior the 'I'ill)
112 may be in thermal comnnuucatlon with the lov tem-
perature core or radiator 40.

Also Illustrated ul FIG. 21 is an embodiment ol'Ihc FIVAC
system 62 tluough whwh an airflow passes before cntcung
the passenger compartment In tlus embodiment. the heat
transfer device 116 and the 'I Ill) 112 are functionally
coupled to or disposed ivithin the I IVA('ystem 62 so that
they can transfer thermal energy to or from the airflow. The
alrflow in the HVAC system 62 can flow through one or
nlorc chdnncls 52. 54 scparatcxl by a paruuon 60 In certain
cmboduncnts, the lirst and ss cond channels 52, 54 arc ol'hc
seine approximate size fe.g. same approximate height,
length, width, andior cmss-sectional area) In other embodi-
ment~, the first and second channels 52, 54 are of differing
sizes. as illustrated in Flfi. 21. For example. the ividth.
heiuht, length. and/or cross-sectional area of the first and
socond chtnmels 52. 54 can bc dlfli:rmlt. In some embodi-
ments. the lira( channel is larger thun thc second channel. In
other enibodiments, the tir t channel is snlafler than the
second channel In further embodiments. additional parti-
tions may be used to create any number of channels or
conduits. The partitions may be of any suitable material.
shape. or configuration. The partitions can serve to partially
or completely separntc thc conduits or channels and mdy
huvc apertures, gapa. valves, blend doors, other suitable
structures, or a combination ol'structures that allow lhr fluid
comnlunication behveen channels At least a pornon of the
partition can thermally insulate the hrst channel 52 fmm the
second channel 54.

In certain embodiments, the HVAC system 62 comprises
a lira( movable clcmcnt conligured Io bc opcrablc Io contrul
thc dllflow pilsslng fllrough thc fit su and second channcls 52.
54. For cxiinlplc, a blend fool 56 csn bc conllgiilcil Io
control the airtlow passin through the channels 52, 54 'I he
blend door can be mtatably coupled pmxinlate the entrance
of the chmulels 52. 54. By rotatin, the blend door can
control the airflow tluough the channels 52, 54. The blend
door 56 can sclcwnvcly modify. allow, impede, or prcvcnt
airflov through onc or both ol'Ihc lira( and siwond channels
52, 54. Prclbrably, thc blclxl door 56 can prevent airflow
through one of the channels while directing all of the airtlow
through the other channel I he blend door 56 can also allow
alrflow through both channels in varying amounts and ratios.
ln some embodiments, the blend door 56 is coupled to the
purtltion 60 and rouitcs rclativc to the parnnon 60 II is also
contcmplutcd that morc than onc blmul door could be usixl
ul thc HVAC system 62 ul order to direct airflow and
inlprove heating and/or cooling, of the airtlow.

In sonic embodiments an evapomstor 58 may be disposed
in the HVAC system 62 in the path of the airflov in order to
remove moistlue from the airflow before it enters the
pusscngcr compartment. In some cmboihmcnts, the evapo-
rator 58 may bc poshioncd before the chmulels 52. 54 so that
it may condition Ihc cntlrc;urflow In other mnboduncnts Ihc
evaporator may be positioned within one of the channels so
tint it may condition only the airflow In a certain channel



41

US 9,447,994 B2
42

Otlmr dcviccs such as condcmcrs can ulso bc used to prepare
or cool the airflow before it enters the passenger compart-
ilieiit.

In some embodiments. the systeni 101 works in ditferent
modes including a first mode, or a heating mode. corre-
spondin to a period of time while the engine is warming up
('*star(up healing mode"), a six ond mode, or a hcalutg mode,
corrcspondulg to a period of lime when the cngutc is still
warming up. but is sufficiently warin to aid in heating
airfloiv ("ivarm up engine heating mode," or "warm up 10

heating mode." or "supplemental heating mode"): a third
mode, or a heating mode, corresponding to a period of time
when the engine is sufficiently wamt ("w amt engine hestia
mode." *'warm heating mode," or "healing mode"). and a
Iouilh illodc for coolitlg fllc passcllgci ciilllpai1illcilt ( ciiol- ts
ing mode" or "supplemental cooling mode"). In some
embodiments, a single system can pertorm each of the
various modes, but it is also conteinplated that embodintents
ofthe invention can be conhgured to perform only one of the
modes described below. For example. one embodiment 20

might bc conligurcd lo only perform the mode of providing
thermal cncrbg from Ihc thermoelectric dcvicc wlulc thc
engine warms. Another entbodiment inight be contigured to
only provide cooling as described in the cooling mode.

In some embodiments, the system lfll can also ivork in
other modes for a micro-hybrid or hybrid systems. The
system 101 can work in a fifth mode. or a "stop cold heatin
illodc. corrcspoildillg to a pcllod of Iiillc whcll Ihc cllgillc
tcmpcralurc drops and thc coolant Icmpcralurc correspond-
ingly drops below a first predetermined threshold (eg sc

engine is cold and engine (and/or coolant) temperature drops
below a tirst temperature threshold); a sixth mode, ore "stop
heating mode'* or "stop cooled heating mode** correspondin
to a time penod when the engine temperature drops and the
coolmll tcmperuturc corrcspondutgly drops below a sciumd ss
prcdclcrmincd threshold, but is suflicicnlly v arm 10 aid in
hcalulg airflow (c.g., engine is wamlcd up and mlginc
(anchor coolant) temperature is between the hrst temperature
threshold and a second temperature threshold): a seventh
mode, or a "stop v arm heating mode,*'orrespondin to a so
time period when the engine temperature is above and the
coolmll lcmpcranirc corrcspondtn ly (c.g.. cngmc is wamt
the cnginc (and(or coolmil) Icmpcraturc is ubovc the sciumd
tcmpcralurc threshold). The scixind prcdctcrnnncd tlucshold
can correspond to a temperature of the coolant sufflcient to
pmvide the desired amount ofheating, to the airflow. In some
embodiments, a sin le system can perfonu each of the
various mode~, but it is also contemplated that embodiments
of thc invention can bc conligurcd to perform only one uf Ihc
modes described below. For cxamplc, onc cmbodunmlt 0

might bc conligurcd lo only perform the mode of providing
thermal energy from the thermoelectric device when coolant
temperature is below the first predetermined threshold.

FI(b 21 illustrates an embodiment of a tempemture con-
trol system 101 in the first mode, which may also be referred . s

to as Ihc '*startup heating mode.** In (his mode, heat is
provided to thc pusscngcr comparuncni wlulc thc engine 13
is warming up and has not ycl rcachcd a Icmpcmlurc
suflicient 10 heat the passenger compartment (el., the
engine temperature is below a first temperature threshold) sc

When the engine 13 is first started. it does not genemste
enough heat to sufficiently increase the tempemture within
the passcngcr raimparlmcnl. A vehicle cngmc c;ut lake
scvcral minutes or morc lo wanu up Io Ihc accessary
Iciupcl'slnic 10 provide cotllloil sir ni fllc piisscllgix ciiill- Ss

partment. In this mode, a controller provides electrical
energy to the 'I

I ID 112 which generates a thermal gradient

and transfers heat from thc hca tulg cnd ol'hc TED 112 to Ibc
air channel 54 I,iquid coolant within the working tluid
circuit 30 and thermal circuit 141 is moved thmugh the
circuits by a pump within the engine 13 (not illustnsted) In
alternative embodiments, a pump can be located outside the
engine 13. Valve 145 is open and the working fluid circuit 30
is ut Iluul conumuucation with the TED 112 via thermal
circuits 131 mtd 141, winch thcrmully connects thc TED 112
and the engine 13 via thermal circuit 21 Valves 125 165,
and 36 can be closed during the startup heating mode In
some embodiments. the loiv temperature core 4(l is not
needed durin the startup heating mode because the airflow
into the passenger compartment is being heated.

Fifi 21 also illustrates ml embodunmil ol' lcmpcralurc
control system 101 in thc Iiflh mode, which may also bc
referred tn as the "stop cold heating mode'* in, for example,
a micro-hybrid or hybrid vehicle. When the engine 13 is
stopped in a micro-hybrid or hybnd system, the engine 13
v ill cool while stopped. As the engine 13 cools. the liquid
coolant temperature will correspondingly drop. In this mode.
heat is being provided Io tlm passenger companmcnl when
thc lcmpcralurc ol'he cngulc 13 drops and w utsuflicicnt Io
heat the passenger compartment (e g, the engine tempera-
ture is below a first (or second) temperature threshold). In
tlus mode, a contmller pmvides electrical energy to the 'I'I il )
112 which generates a thenual gradient and transibrs heat
from the heating end of the TED 112 to the air channel 54.
Liquid coolant within thc working fluid circuit 30 and
thcmlal circtul 141 is moi cd tluough thc circuits by a pump
(e g., electric pump) within the engine 13 (not illustrated) In
alternative embodiment~. a pump can be located outside the
engine 13. Valve 145 is opmi and the working fluid circuit 30
is in Ihiid conununication with the TED 112 via thermal
circuits 131 and 141, svhich thermally connects the TED 112
and thc cngulc 13 via thcmlal circuit 21. Valves 125, 165,
and 36 can bc closed dunng thc stop cold hcalulg mode
heating mode. In sumc cmbodunmils, Ihc low Imnpcralurc
core 40 is not needed during the stop cold heating niode
because the airflow into the passenger compartment is being
heated Thus, the temperature control system 101 is able to
provide a relatively longer period of time over which the
cnguic 13 docs not have to be started to heat the airflow in
a micro-hybrid or hybrid system. Without the healing fimc-
tion being provided by Ihc TED 112 as dwcusscd hcrcul, Ihc
engine 13 may need to be started for the purpose of heating
the passenger compartiuent while the engine 13 is othelwkse
not needed to. for example, drive the vehicle

The TED 112 is disposed in the HVAC system 62. In this
minuter, Ihc thermal cncrgy u mls furred to thc airflow cntcr-
uig thc passcngcr comparlmcnl by thc Ihcrmoclcctnc device
112 is transfctrnl to the coolant in Ihcrmnl commurucalion
with the engine 13 ln one embodiment. the'I Ill) 112 is the
sole source of thermal energy for the airtlow entering the
passen er compartment and no or little thermal energy is
taken from the engine 13 even though liquid coolant is
circulating tluough lhc Ihcnual circuits. Once Ihc engine is
suflicicntly warm, still in Ihc startup hcaung mode, thermal
energy from Ihc cnginc 13 is also used lo heal Ihc coolanl in
the wnrking fluid circuit 30 'linis, the airflow entering the
passenger compartment. after initial startup, can be receiv-
ing thermal energy from both the engine 13 and the TED
112.

In tins cmboduncnt. (hc HVAC system 62 can utcludc s
blmxl door 56 or other dci icc that is conligurcd Io direct Ihc
airflov into diflercnt chmmcls 52. 54 Icadutg lo the passen-
ger cnmpartment. In this embodiment, the heat exchanger
116 and 'llfl) 112 is located in the second channel 54 In the
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startup hcaung mode, lhc blend door 56 is pos&&&oned so ll&at

at least a portion of the airflow is directed through the second
channel 54. In an alternative embodiinent. the heat
exchanger 116 and/or Illl) 112 niay be operatively coupled
to or placed within more than one channel of the HVAC
system 62.

During the startup healing mode, the system 101 can bc
configured lo provide dmn&sung of lhc airflow bcfi&rc &I

enters the passenger compartn&ent. 'I'he evaporator 58 can be
confi ured within the I I)gA('ystem 62 so that the airtlow Io

passe~ through the evaporator 58, thereby cooling and
removin moisture from the airflow bef'ore it is heated by
heat exchmtger 116 and/or TED IIZ.

FIG. 22 illustrates an mnboduncnt of a tcmpcralurc con-
trol system 101 in a second mode, wluch can also bc rcfcrrcd is
to as the "&varm up enyne heating mode" or "warn& up
heating mode." In tlus mode, the engine 13 has reached a
warm up temperature that can provide some heat to the
airflow, but is insufficiently warm to be the sole source of
themtal energy for the system 101 (e... the engine tern- &o

pcralurc is bclwccn a first Icmpcrslure llucslx&ld and a
sixond lcmperuturc threshold). In tins mode, lhc cnginc 13
is in thermal communication w:ith the heat exchanger 116
and I'I.D 112 I'hermal ener ) fmm the enaine 13 is
transferred via coolant through the tubing (thermal circuits
21, 30, mtd 121) to the heat exchanger 116. moved tluough
the circuits by a pump within or outside the engine 13 (not
illus(ra&cd). Concurrently, morc Ihcnnsl cncrgy can bc Iruus-
li:rrcd to lhc airflow us&ng thc TED 112 via thermal c&rcuit
141 to supplement the thermal energy iniparted from the &o

engine 13 via the heat exchanger 116. I'he controller oper-
ates to open actuators 28, 32, 34, 125. and 145 (closing
actuators 135 and 165) in order to allow fluid conmtunica-
tion between the heat exchanger 116. the TED 112. and the
engine 13. In some cmboduncnls, acuiator 36 is closed so is
that If&el'i: is iio coolant flow to the radiator 40. With lhe TED
112 m thcrmul commuiucal&on with thc cngu&c 13 v&a

thermal circuit 21, more of the available thermal energy of
the en ine 13 and coolant can be transferred to the airtlow
than if just the heat exchanger 116 was opemting. As the so
en ine 13 ~arms, the heat exchanger 116 cmt transfer
incrcasmgly morc thermal cncrgy lo lhc mrflow. With thc
TED 112 locuuxl dowuslrcmn of thc heal cxchangcr 116 in
the cmbodunm&ls illustrated ui FIG. 23, thc difli:re&wc in
temperature decreases be&ween a first heat transfer surface
(or main surface) of the 'll II) 112 and a second heat transfer
surface (or &iaste surface) of the TED 112 as the airtlow
flowing across the TED 112 becomes increasin ly wanner,
thereby cnhancutg the cocflicicnl ofperfonnuncc ol'thc TED
112. Positiomn thc TED 16 downstro&n& ol Ihc hcatcr core o

14 can also prevent or uihib&1 thc thcnnsl cncrgy lraiwfcrrcd
fmm the 'I i&i 16 to the airflow 18 from heine absorbed by
a relatively cold heater core 14 w:hen the engine and coolant
loop are relatively cold in the warm up heatin mode: thus,
inhibiting transfer of thermal energy fbom the airflow 18 into . &

lhc cooler&1 loop ii& lhc waist& Up 1&cat&rig iliixlc. Iit soir&c

cmbodimcnts, Ihe operation according lo Ihc proccsscs
dcscnbcd in rcfcrcncc lo FIGS. 21 mid 22 muy ut comb&-
nation also be considered the "startup heating mode."

I&IG 22 also illustrates an embodiment of a temperature so

control system 101 in a sixth mode, which can also be
referred to as the "stop heating mode'* (or "stop cooled
hcaung mode") in, for cxamplc. a nucro-hybrid or hybnd
& chicle. When thc cngutc 13 is slopped m u nucro-hybrid or
hybrid syslmn, thc engine 13 w&ll cool &slulc stopped. As thc ss
engine 13 cools. the liquid coolant temperature will corre-
spondingly dmp In this mode, the engine 13 and coolant can

provide some hcai lo thc airflows using residual thermal
energy, but are insufficiently &varm to be the sole source of
them&ai energy for the system 101 (e g. the engine teni-
perature is between a hrst and second temperature thresh-
old). In tlus mode. the engine 13 is in thermal communica-
tion with the heat exchanger 116 and TED 112. Thenual
energy from Ihc cnginc 13 is transfcrrcd via coolant lluough
thc lubuig (them&el circuits 21, 30. und 121) to lhc heal
exclmnger 116, moved tlm&ugh the circuits by a pump (e.g,
electric pump) within or outside the eng&ne 13 (not illus-
trated) Concurrently, &nore thermal energy can be trans-
ferred to the airflow using the TED 112 via thermal circuit
141 to supplement the them&sf ener y imparted from the
cngu&c 13 via thc ical excluuigcr 116. Thc controller oper-
a&ca to open acluators 28. 32, 34, 125, and 145 (clos&ng
actuators 135 and 165) in order to allow fluid conm&unica-
tion between the heat exchanger 116, the Tl:D 112, and the
engine 13 In some embodiments, actuator 36 is closed so
that there is no coolant flo&w to the radiator 40. With the TED
112 in thermal conuuunication &iith the engine 13 via
them&el circuit 21, morc of the availublc thermal energy of
thc cnginc 13 and coohmt can bc lrunsfi:rrcd lo thc airflow
tlmn if just the heat exchanger 116 was opensting I'hus, the
temperature control system 101 is able to provide a rela-
tively longer period of time over which the engine 13 does
not have to be started to heat the airflow in a micro-hybrid
or hybrid system. Without supplemental heating (e.g.. the
system 101 docs not have a TED 112), thc engine 13 msy
nixd lo be slarlcxl for lhc purpose ol hcatutg Ihc passenger
compartment while the engine 13 is otherwise not needed to,
for example, drive the vehicle.

l&l(i 23 illustrates an embodiment of a ten&perature con-
trol system 101 in a tlurd mode. which can also be referred
to as the "v:arm engine heating mode,** "warm hestia
mode." or '*heating mode.'* hi this mode, thc engine 13 has
rcachcd a suflicicnt icmpcralure and is Ihc sole source of
them&el cncrgy for thc system 101 (c.g., the engine tem-
perature is above a second temperature threshold) In this
mode, the el&gil&e 13 is in thermal coinmunication with the
heat exchanger 116. Themtal ener y from the engine 13 is
transferred via coolant tltroush the tubing (thermal circuits
21, 30. and 121) lo thc heal exchanger 116 A pump w&thin
or outs&dc the cng&nc 13 (not illus&ra&cd) may be configurixl
to circulate coolant bc(vers& Ihc engine 13 and the heal
exclmnger 116 'I'he controller operates to open actuators 28,
32, 34, 125, and 165 (closing actuato&s 135 and 145) in order
to allo~ fhiid communication benveen the heat exchanger
116 and the engine 13. Electric current to the TED IIZ can
bc slopped or rcstrictcd to stop opcrauon of thc TED 112. In
some embodiments, actuator 36 is closed so Ihal lhcrc is no
coolant flow to thc radiator 40.

l&l(i 23 also illustrates an embodiment of a teinperature
control system 101 in a seventh mode. which can also be
referred to as the "stop warm heating mode** in. for example.
a micro-hybrid or hybrid vehicle. In this mode. the engine 13
&s stoppcxl, but is of sufhcient tcmpcruturc to bc thc sole
source of thermal energy for Ihe system 101 (c.g . Ihc cnguic
tcmpcraturc is above a second (or lirst) temperature tlucsh-
old) When the engine 13 is stopped in a micro-hybrid or
hybrid system, the engine 13 and coolant &vill initmlly have
residual thermal energy. In this mode. the engine 13 is in
them&sf communication with the heat exchanger 116. Ther-
mal energy from thc enguic 13 is Iransli:rred vm coolant
through Ihc tubing (thermal circuits 21. 30, and 121) lo Ihc
heat cxchangcr 116. A pump (c.g.. clcctnc pump) w&thin or
outside the engine 13 (not illustrated) may be configured to
circulate coolant benveen the eng&ne 13 and the heat
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cxchmiger 116. Thc controller operates io opml actuators 28,
32. 34. 125, and 165 (closing actuators 135 and 145) in order
to allow fluid communication betiveen the heat exchanger
116 and the engine 13 lflectric current to the 'Ilfl) 112 can
be stopped or restricted to stop operation of the TED 112 In
some emboihments, actuator 36 is closed so that there is no
coolant flow'o thc I'alla(or 40.

Iu Ihc wana engine foaling Illodc aud/ill stop wiinu
heating mode, the controller can stop the electrical energy
supplied lo the 'Ilfl) 112 Vr'hen the engine 13 is at a ln

suflicient temperature, the 'I ED 112 is no longer needed and
the electrical energy applied to the TED 12 can be con-
served. By controflln the operation of the actualors. the
system 101 is able lo bypass thc TED 112 and thcnnully
conmxl thc heat exchanger 116 lo lhc mlgine 13. In tlus Ii
embodiment. it is not necessary to have nmltiple heat
exchangers H6 or nniltiple sets of heat exchanaers in the
passenger air channel 19. Instead. the system 101 can
operate in various cooling and/or heating modes while bein
colulected to a single heat exchanger 116 or a single set of zo

heal cxcliangcrs. mid/or a TED 112 or a sulglc scl of TEDs
112.

A blend door 56 can direct at least a portion nf the airtlow
through a channel 54 in which the heat exchanaer 116 and/or
'llfl) H2 is located so that the airflow is heated before
entering the passenger compartment. To heat the passenger
colupaitment at a slov er rate, the blend door 56 can be
adl usted to allow less ol'he airflow lo pass tluough thc heat
cxchmiger 116 and/or TED 112 channel 54 and/or allow
more of the airflow to pass through the other channel 52 ln
which is nol heated 'I o increase the halting, rate, the blend
dnor can be adjusted so that inore of the airflov is directed
through the channel 54 with the heat exchanger 16 and/or
TED 112, and less of the alrflow is allowed into the other
channel 52. li

Il'csircd, It Is also possible Lo usc Lhc TED 112 Bs

lhcililal enclg)'oul'cc during lhcw Bitil engine llciillug Lllodc
andior stop lvarm heating mode. Although a warm engine 13

can t)pically supply enough therinal energy to the heat
exchanger 116 for heating the passen er compartment. a ao

TED 112 can be used as a supplemental thermal ener y
source as illustrated I'or FIG. 22. The acluators ui lhc syslmn
101 can be couiigurcd such that thc enguic 13 and lhc
w orkuig tluid circuit 30 arc placcxl ul thermal conunumca-
tion with the heat exchanger 116 and the TED 112 lilectric
energy can continue to be supplied to the 'I'ill) 112 so that
it transfers thermal energy to airfloiv of the passenger air
compartment. The thermal energy from the TED 112 Is
supplcmcntal biususc thc engine 13 ulso u;uisli:rs thermal
energy lo thc haut exchanger 116 via heated coolant moved o

by a pump witlun or outside lhc mlgulc 13.
yphen the temperature contml systein I 0 1 is in the warni

engine heating mode, an evaporator 58 cmi be cnnfigured to
remove moisture from the airflow. Therefore. demisting Is
possible during the entire heating process. Similar Lo the . 1

coniigurauon of thc suirhip healing mode, the evaporator 58
can bc positioned ul Ihc HVAC system 62 so that thc airflow
passes tlu ough thc evaporator 58 before bcuig bolted by thc
heat exchanger 116 and/or Tl:D 112

IIIG Z4 illustmltes an enlbodiment of a temperahire con- an

trol system 101 In a fourth mode or "cooling mode." Tlus
mode can be utilized in conventional. micro-hybrid. or
hybrid 1 chicles. By cooling In tlus mode as discussed hcrcin,
the engule 13 may not bc necessary Io cool thc pBsscllgcr
comparlmenl. For example, a belt dnvmi compressor nuiy ai
nnt be necessary to provide the necessary cooling In some
embodiments, the engine 13 either renmins stnpped or can

remain slopped for a lon cr period of tnuc while in Ihc
cooling mnde. 'I'he disclosed embodiments can substitute or
supplement conling provided by an electnc conipressor
system in. for example, a hybrid vehicle In the cooling
mode. the system 101 cools the airflow In the HVAC system
62 by transferring heat from the airflow to a low temperature
core 40 via Ihc TED 112. In onc embodiment, valves 32, 34.
36, 135, and 145 arc opcncd. and vulvcs 28 and 125 arc
closed Pump 53 is engaged to aflnw coolant flow through
the working fluid circuit 30 and cooling circuit 50. trans-
ferring thermal energy from the 'I

ill )

I I Z via thermal circuit
141 to the loiv temperature core 40. The low temperature
core or radiator 40 is configured to assist in cooling the
airflov A» purt of Ihc system 101, a heal siuk circuit or
cooling circuit 50 is coniigured so that thc TED 112 is in
thernlal communication ivilh the low teniperature core or
mldiatnr 40. In this configumltion the engine 13 is bypassed
by the cnolant system and is not in thermal communication
v ith the heat exchan er 116 or the TED 112. Thus, the
coolilig circuit 50 and the low tempemsture core 40 transfer
heat from the TED 112 ul mi cflicicnt manner.

Thc TED 112 rcceivcs electric oner~ with a polanly
opposite the polarity used in the heating modes Pglhen

electrical energy of the opposite pnlarity is applied to the
'Ilfl) H2, the direction of the thermal gradient is reversed
Instead of providing heat or thermal energy to airflov of the
passen er air channel 19, the TED 112 cools the airflow by
transfi:rring thermal energy away lrom Ihc airflow lo Ihc
themis l circuit 141, whuh is in thermal communication will
thernlal circuits 30 and 50 and ultimately with the low
temperature core 4t). 'I'he conling circuit 50 anChor the low
temperature core 40 can be located proximate the thenno-
electnc device 112 to provide more efficient transfer of
themlal energy. Preferably, the low temperature core or
radiator 40 is cxposcd lo airflow or another source lor
dissipating ical. While mrflow muy be passulg tluough an
evaporator 58, Ihc evaporator system (I.c . compressor-basixl
refrigeration system) can be deactivated such that the evapo-
mltor 58 dnes not substanliafly afl'ect the thermal energy of
the airflow (e.g., the evaporator does not absorb thermal
cher y from the airflow).

In some emboduncnls, duruig Ihc cooling mode, Ihc
evaporator 58 may bc used as part of cooluig the airflow
bcfilrc it enters thc passrsiger compartment to provide a
"supplemental cooling inode" In some embodinients, such
as for example in hybrid vehicles, the evaporator 58 can be
part of a compressor-based refrigeration system v ith a belt
driven compressor. In some embodiments, the compressor
can bc an electric compressor. The evaporator 58 can bc
conligurcd so that lhc airflow passes fluough it and moisture
is rcmovcd bcforc il reaches thc TED 112 Also, flm TED 112
can be located within one nf a plurality of channels 52. 54
A blend door 56 can be contigured to direct airtlow into the
channel 54 in ivhich the TED 112 Is located. Similar to the
heating modes. in the coolin mode the blend door 56 can
adlust Ihc rate ol'cooluig by ad(using how much air flow is
allowed Ihruugh thc chmuicls 52, 54. Altcruativcly, lhc TED
112 could be conligurcd Io transfer hwit lbom the entire
airtlow v;itlmut the use of separate channels. Thus, the

'I'Ill )

112 can provide supplemental cooing by absorbmg thermal
cher y along with the evaporator 58 absorbing thermal
cher y from the airflow.

In some cmbodimcnts, a thermal storage dcvicc 123 is
coupled lo Ihe HVAC system 101. As illustrated ul FIG. 24,
thc lhcmial storage dcvicc 123 can be coupled or be part of
the evapnrator 58. An evaporator 58 ivith a thermal storage
device 123 can be considered a "heavy-weight" evapomltor,
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w lulc mt evaporator 58 without a thcmta1 storuge dcvicc 123
can be considered a "light-weight" evaponstor In a "heavy-
weight" evaporator, the therntal storage device 123 can be in
thermal communication with the evaporator 58 as illustrated
in FI(J. 24. In some embodiments. the theunal stomsge
device 123 can be connected. inside. or a port of the
evaporator 58. With a hght-weight cvuporutor, thc thermal
storage dcvicc 123 can bc placcxl anywhere along thc HVAC
system 101, such as for example, upstreant or downstreant
of evaporator 58, heater exchanger 116, and/or Tlil) 112 IB

Vi'hen the internal combustion engine is stopped as dis-
cussed herein. the thermal energy in the them)BI ener y
storage device 123 may be utilized to provide cooling for a
longer period of umc without rcquirin thc cngutc Io star(.
For example. when thc engute is stopped, thc thermal ts
storage device 123 may initially cool the airflow. When the
thermal energy stored in the thermal storage device 123 has
been absorbed by the airflow, the 'I'El) 112 may be engaged
to cot)thine citolhtg tltc Btrflow.

The thermal storage device 123 can be located in the lirst zo

or second channel 52, 54 to provide vcrsutihty durm thc
coolutg mode. For cxtunplc, thc thcmta1 storage device 123
can be located in the first clmnnel 52. Wthen the engine 13

is shutotf and the evaporator 58 is no longer operating. the
blend door 56 can be oriented to direct all or a substantial
portion of the airflott through the hrst channel 52 such that
the thermal storage device 123 provides cooling durin an
imual period of thc engine 13 bourg ofl; When the thermal
energy stored in thc thcnnal stora c dcvicc 123 has been
expanded. the blend door 56 can be oriented to direct all or IB

a substantial portion of the airtlou through the second
channel 54 for the 'lid) 112 to cool the airtlow as discussed
herein.

The HVAC system 101 can convert electrical power
dtrcctcd to thc HVAC system 101 imo Ihcnual power and )s
store tlus thermal power ut Ihc thermal storage dcvicc 123.
Onc or more thcrmoelcctric devices cun bc uultzcd to
convert electrical power into therinal pou er, but any suitable
electrical power to thermal power corn ersion device may be
used. In order to store the thermal power. the thermal stomsge ao

device 123 may contain both a high and low tempensture
phase change matcnal, such as wax (a lugh tcmpcruturc
phase cluutge mateual) mtd wa(cr (a low temperature plutsc
change ma(anal). Thc HVAC system 100 can uultze thc
thermal storage device 123 to utilize available electrical
energy from systems such as an alternator, a regenerative
braking system genemstor, and/or a waste heat recovery
system, as further discussed in U.S. application Ser. No.
11/184,742, filed Jul. 19, 2005, Ihc enure contents of wluch
are hcrcby incorporated by rcl'crcncc mtd should bc constd- o

cred a part of thm spccilication. In some cmbodimcnts, a
compressor-based refrigeration systein ntay be used to store
thermal energy in the thermal storage device 123 tvlule an
internal combustion engine is running and providing power
to the compressor-based refrigeration system. In some . s

cmbodimcnts, thc sumc concepts can be applied to utihzc thc
thenual storage device 123 during hcatutg modes Io provide
longer engine slop nmcs.

lil(i 25 illustrates an alternate embodiment of a tnnpera-
ture contml system that can be used to cool the passenger SB

compattment of a vehicle In this embodiment, the airflow
can be cooled without the use of a heat exchanger 116 or
TED 112. All of Ihc valves can be closed und all of Ihc
pumps tumed ofl; In tlus nnboduncni, FIG. 25 illustrates
that the onc thermal circuit flrat can sull bc ut opcrauon is a ss
radiator circuit 90 that utilizes a pump inside the engine 15
to circulate the cooling fluid in the radiator circuit 90

controlled by separate Iempcraturc controls 93, which cmt bc
independent of the I IVA('ystem 62 and the tentperature
control system 101 Actuators 28 and 29 are closed In an
embodinient, the radiator 17 is a separate component front
the lov: temperature core 40. In this mode, no electrical
ener y is applied to the TED 112, and there is no theunal
energy transfer lbom the cnginc 15 to the heat exchanger
116. Illslcild ol tislllg Illc licit( cxclrall cr as B source ol llcal
transfer, the airtlow is directed into a channel 52 and then
into the passenger compartment In one embodiinent. a
blend door 56 is confi ured to direct substantially all of the
airflow utto channel 52 so that the airflott does not pass
through the heat exchanger 116 before entering the passen-
ger compartment. In some cmbodimcnts, airflow may pass
tllrotlgll Bll Cvilporator 58 bCforC Clllcrlllg ill(0 fllC CllaltllCI
52 Alternatively, an evaporator 58 may be located within the
clmnnel 52 through which the airflow passes. In this manner,
the airflov; is cooled tvithout system 101 providing any heat
transfer to the HVAC system 62.

FICi 26A illustrates an alternative embodiment with a
sunpltlicd control schema(ic with two modes ol opera(ion. a
heating mode or a coolin mode. FIG. 26A illustrates an
embodinient of a temperature control system 102 in a hrst
mode, v hich may also be referred to as a heating mode, a
supplemental heating mode. and/or stop heating mode In
some embodiments. the heating mode of the embodiment
shown in FICi. 26A combines the startup heating mode.
warm up cngutc heating mode, mtd/or w arm engine mode (in
combmation cmbodimcnt show in ut FIG. 26A cmt bc
considered startup heatin mode), as tvell as stop cold
heatmg nxide, stop heatin mode. and/or stop warn& heating
mode, described above for ltl(iS 21-23

As discussed above. when the engine 15 is lirst started. it
may not generate enough heat to sufflciently increase the
tcmpcraturc within Ihc passenger compartment. In hea(ing
tllodc. Iles l is pic vldcil Iti fltc passcllgiY colllpartlllcllt wlllh:
thc ntgute 15 is initially w annutg up and has not yet rcachixl
a temperature sufflcient to heat the passenger compartment
A contmller provides electrical energy to the Tl:D 112 which
generates a them)el audient and transfers heat from the
heating end of the TED 112 to the air channel 54. Pump 55
moves the liqunl coolmtt witlun thc workutg fluid circuit 30
and radiator circuit 90. Radiator circuit 90 and thermal
controller 93 keep Ihc engine 15 cool, wluch can be inde-
pendent of the temperature control system 102 Actuator 31
can open both the working fluid circuit 30 and radiator
circuit 90 simultaneously. Valve 93 can control fluid flow
through the radiator circuit 90. The it orking fluid circuit 30
is tn fluid communication with thc heat cxclrangcr 116 and
thc TED 112. An actuator 32 connects Ihc workutg fluid
circuit 30 with a (hcrmal circuit 37 leading back to Ihc
engine 15 during heatin mode. In some embodiments. the
low temperature core 40 is not needed during heating ntode
because the airflow into the passenger compartment is bein
heated Thus. the actuator 32 closes liquid coolant flow to
auxiliary hca( exchanger or low tcmperuturc core 40.

A» also discussed hcrctn, when the cngutc 13 is stoppixl
ut a micro-hybrid or hybud systnu, the engine 13 will coul
while stopped. As the engine 13 cools, the liquid coolant will
correspondingly drop in temperature. In stop cold heating
mode and/or stop heating mode. heat is being pmvided to the
passen er compartment when the temperature of the engine
13 drops and is insuflictntt Io heat Ihc passcngcr compart-
ment. A controller prot ides electrical ntergy Io thc TED 112
which generates a Utcrmal gradient and trmtsfcrs heat I'rom
the heating end of the 'I'ED 112 to the air channel 54 l,iquid
coolant v'ithin the working fluid circuit 30 and thermal
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circuit 141 is moved through Ihc circuiIs by u pump (c g.,
electric pump) within the engine 13 (not illustrated) I iquid
coolant within the working fluid circuit 30 and thernial
circuit 141 is moved through the circuits by a pump ivithin
the engine 13 (not illustrated). In alternative embodiments,
a pump can be located outside the en ine 13. Valve 145 Is
open and Ihc workuig fluid circuit 30 is in Ihiid conumuu-
cation with thc TED 112 via Ihcnual circuits 131 mid 141,
which thermally connects the I'I ID 112 and the engine 13 vio
thermal circuit 21 Valves 125. 165, and 36 can be closed In

during the stop cold heating niode heating mnde In some
embodiments, the low tempemsture core 40 is not needed
during the stop cold heating mode heating mode because the
mrflow uito thc passenger comparunmtt is bmn hcatcxl.
Thus, thc temperature wintrol system 102 is able to provide is
a relatively longer period of tune over which the engine 13

dnes not have to be started to heat the airflow in a nucro-
hybrid or hybrid system Without heating beina provided by
a TED 112, the engine 13 may need to be started for the
purpose of heatin the passenger compartment while the io
engine 13 is otherw isc not ncixlcd to, Iiir cxamplc. dove thc
i chicle.

Iil(i 26I3 illustmstes an alternative embodiment with o
simplihed control schematic in a heating mode for a nucro-
hybrid nr hybrid systeni while the engine 15 is stopped.
Flow tluougt the radiator circuit 90 can be restricted when
keeping the engine 15 cool is not necessary aa, for example,
dunng Ihc stop cold hcatuig mode, slop hcaluig mode,
and/or stop warm hcaung mode. Valve 93 can bc closed to
restrict coolant flow through thermal circuit 93 and when the in
engine is stopped in a micm-hybrid or hybrid velncle By
preventin coolant flow throuah the radiator 17 ivlule the
en ine is stopped. loss of residual heat to ambient can be
mitigated. A controller provides electrical energy ro the TED
112 which gcncratcs a thermal gradmni and transfi:rs heat is
from the hcaung cnd of thc TED 112 io Ihc mr clrutucl 54.
Pump 55 (cg., clccluc pump) moves Ihc liquul coolmit
within the v orking fluid circuit 30 and radiator circuit 90
Actuator 31 can open the working fluid circuit 30 'I he
working fluid circuit 30 is in fluid comnnmicarion with the so
heat exchanger 116 and the TED 112. An octuotor 32
conmxts Ihc worlong flunl circuit 30 with a Ihcnnal circuit
37 lcaduig back to the cnguic 15 dunn hmttn to absorb
rcsalual heat of thc engine 15 mid coolant. As thc residual
heat of the engine 15 and coolant drops while the engine 15
is stopped, the '111D 112 can continue to transfer heat front
the heatin end of the TED 112 to the air channel to allow
the engine 15 to remain stopped for a rehsrively lon er
period oi'ime.

llic heat cxchangcr 116 and TED 112 iuc disposed ui thc o

HVAC system 62. In Ilus minuter, the fltcrmul cncrgy truns-
ferred tn the airflow entering the passenger compartnient by
the thermoelectric device 112 is transferred to the coolant in
themtal conununicotion with the engine 15. When the
en ine 15 is wonnin up, the TED 112 can be the sole or . a

almost cntircly Ihc source of Ihcnnal micrgy Ihc airflow
cntcring Ihc passenger wimpartmcn1. Little or no thermal
energy may bc rcmovcd Ibom the cn unc 15 wlnlc the miguic
15 is still warming up. even though liquid coolant is circu-
lating through the thermal circuits includina the heat an

exchanger 116 and the engine 15.
In some embodiments, a part of the TED 112 con be a

poitioll of tile lieu( cxcliallgc 116, iilrllli:I'ililplll)'lllg tile
system 102 In certain such embodiments, the tcmpcmturc
control system 102 can switch bchvccn heating and cooling as
modes by operatmg one or more achmtors, a hypos valve
31. antgor one or more selector valves 32 ln certain such

50
cmboduncnta, the Iempcraturc control system 102 ia con-
figured tn sv'itch between heating and cooling modes using
iwo or fewer actuators 'I he bypass valve 31 can contml
whether the working floiid circuit 30 is bypassed. 'I he
selector valve 32 (in conjunction with valve 31) can control
v hether liquid coolant is in them)el contact with the engine
15 or hquid coolant is in thermal win(act with Ihc auxihary
heat cxcliangcr 40.

Once the engine is sufficiently warm, thermal energy front
the engine 15 is used to heat the coolant in the working tluid
circuit 30. )Vien the engine 15 provides sutficient heat to the
coolant. the heat exchanger 116 begins to also heat the
airflow in the channel 54 by transferring thermal cher y
from thc heated coolant in working fluid circuit 30 Io Ihc
airflov Thus, thc airflow tat(cong thc passcngcr compart-
ment is receiving thermal energy from both the engine 13
and the 'I'Ill) 112 once the engine 15 is warm In an
embodintent, the coolant can tloiv through both the heat
exchan er 116 and the TED 112 from startup to v hen the
engine 15 is fiilly wahn. During startup, the heat exchanger
116 is not providing any thermal energy Io thc airflow
bixauac Ihc cnginc 15 mid consequently Ihc coolmit flowing
through the heat exchanger 116 is relatively cold Once the
engine 15 is v;arm, the engine 15 can be the sole heat source
through thenual comiuunication with the air channel 19 via
the working fhiid circuit 30 and heat exchanger 116. The
controller can also completely stop the electrical cher y
supplied Io thc TED 112 eviui though thc coolant conunucs
to flow tluough thc TED 112. When thc miginc 15 is at a
sufficient temperature, the 'lliD 112 can be shut off, and the
electrical energy applied to the 'Ili)) 12 can be conserved In
some embodiments, the controller can continue to supply
electncal energy to the TED 112, as appropriate, to provide
supplemental heatin .

FICi 27 illustrates an alternative cmboihmcnt with a
sunphiicd control achcmatm. FIG. 27 an mnboduncnt oi'
tcmpcraturc control system 102 in a second mode, wluch
nmy also be referred to as the "cooling mode." 'I'his niode
con be utiiired in conventional. micro-hybrid, or hybrid
vehicles. By cooling in this mode as discussed herein, the
engine 13 may not be necessary to cool the passenger
compartment. In some cmbodimcnts, the engine 13 either
remains stoppixl or cmi rcmmn stopped for a longer pcnod
of (imc while in the cooling mode. Thc dwcloscd embodi-
ments can substitute or supplement cooling provided by an
electric compressor system in, fiir example, a hybnd vehicle
In the cooling mode, the system 102 cools the airflow in the
HVAC system 62 by transferring heat from the airflow to a
low tcmpcrature cure 40 via thc TED 112. Actuator 31
sclcctivcly cloaca coolant liow fluough working fluid circuit
30 to thc heat cxchangcr 116. Radiator circuit 90 and thermal
controller 93 keep the engine 13 cool via punip 55, which
con be independent of system 102 Pump 53 is engaged to
allow coolant flovv tltrougt the cooling circuit 50, transfer-
ring thermal ener 1 from the TED 112 to the lou tempera-
ture coro 40. Thc low tcmpcraturc core or mixiliary heat
cxchimgcr 40 is coniigurcd to assist ui cooluig thc airflow.
As part ol'he system 102, a bc it sink circuit or cooing
circuit 50 is configured so that the I'I:D 112 is in thermal
comntunication with the lnw temperature core 40. In this
confi uration the en@'ne 15 is bypassed by the coolant
system and is not in thermal conmiunication v ith the heat
cxchimgcr 116 or Ihc TED 112. Tlnis, the cooluig circuit 50
and mixiliary heat cxcluuigcr 40 trmis for heat from thc TED
112 in an cflicicnt manner.

I'he I IID 112 receives electric energy with a polarity
opposite the polarity used in the heating modes VVhen
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clcctncal energy of Ihc oppos&lc polunly &s applmd Io thc
'lliD 112. the direction of the thermal gradient is reversed.
Instead of providing heat or thermal energy to airtlow of the
passenger air channel 19, the 'I'lil) 112 cools the airtlov by
transferring them&al energy away fbom the airtlow ro the
cooling circuit 50, which is in thermal conununication with
the mixiliary ical cxchBngcr 40. Thc cooing c&rein& 50 Bail
lhc BUx&l&arv'cal cxchdngcr 40 can bc locauxl ploxuni&tc lhc
thermoelectric device 112 to provide more efficim&t transfer
of thermal energy. Preferably, the low tenipensture core or &0

auxiliary heat exchanger 40 is exposed to airtiov or another
source for dissipating heat. While airflow may be passin
through an evaporator 58, the evapomstor system (i.e.. refri-
crauon c)'clc svstcn&l cdn bc dcacuvBuxl such lh» I lhc
evaporator 58 docs uot substantially aflccl Ihc thermal
energy of the airflow (e g, the evaporator does not absorb
thermal energy fmm the airflow).

In some embodiments, during the cooling nx&de. the
evaporator 58 may be used to at least partially or completely
cool comfort air before &t enters the passen er m&mpartment. 20

In some embodunm&ls, such as for cxiunplc m hybnd
Vehicles, lhc evaporator 58 can be part ol a comprcssor-
based refrigeration system w&th an electric compressor 'I he
evaporator 58 can be configured such that the airtlo&v passes
through it and moisture is ren&oved befbre it reaches the
TED 112. Also, the TED 112 can be located witlfin one of
a plurality of channels 52, 54. A blend door 56 can be
configured to schxuvcly d&rixl a&rflow into fl&e ch u&uel 54 &n

wluch the TED 112 &s located or lo d&rect comibrt mr u&lo a
channel 5Z that bypasses the 'I'I:D 112. Si&nilar to the heating &0

modes. in the cooling mode. the blend door 56 can adjust the
rate of cooling by adlusting how &nuch air tiow is allowed
through the channels 52, 54 Alternatively, the TED 112
could be configured to transfer heat from the entire airtlow
without tlm usc of separate chmu&els. Tluis, the TED 112 can &s

provide supplmncntal cooing by absorbu&g Ihcnnal cncrgy
along w&lh Ihc evaporator 58 absorbu& thermal cncrgy from
the airflow.

In some embodiments. a them&al storage device 123 &s

coupled to the HVAC system 102. As illustrated in FICi. 27, do

the thermal storage device 123 can be coupled or be part of
the evaporator 58. W&th a light-weigh& cvuporulor, Ihe ther-
mal storage dcv&cc 123 can bc placed anywhere alon thc
HVAC system 101, such as for cxamplc, ups&re;un or down-
stream of evaporator 58, heater exchanger 116, and/or 'I'I&l)

112. I'he thermal storage device 123 can be located in the
first or second channel 52, 54 to provide difierent armnge-
ments during the cooling mode as discussed herein. In some
cmbodimcnts, B compressor-based refn era&ion system nu&y

be used to store thermal energy u& Ihe thermal storage dev&cc 0

123 wlule an u&ternal combusuon eng&nc &s runnm and
pmviding, power to the con&pressor-based refrigeration sys-
tem When the internal con&bustion engine i ~ stopped as
discussed herein, the thermal energy in the thermal ener y
storage device 123 may be utilized to provide cooling for a . 1

longer period of umc w&thou& rcqu&rin thc cngu&c Io alar&.

In some mnbodunm&ls, the smuc concepts can bc appl&cd to
uuhze Ihc thermal storage device 123 dunng hrutu& modes
to provide longer engine stop times

In the embodiments of I&l(iS. 26A-l3 and 27, the I IVA(: sa

system 62 can include a blend door 56 or other device that
is conhgured to direct the airfk&w into difierent channels 52,
54 lending to the pmscngcr comparuncnt. In lhcsc embod&-
ments. the blend door 56, m&d local&on of thc heal cxclu&ngcr
116 and TED 112 can bc configured u& a s&m&lar sct up as ss
described for the above en&bodiments of I&l(iS. 21-25 for
varying the rates of heating or cooling I'urther. an evapo-
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ra&or 58 and dcmisling cnn also bc provulcd ns dcscnbcd lor
the above embodiments of I&I(iS 21-Z5 during heating or
cool&fig.

I&l(i 28A illustrates an example embodiment ofan IIVA('ystem

62. The HVAC system 62 comprises a passenger air
channel 19, an air fan 57, an evaporator 58, a heat exchanger
116, and a TED 112. Thc air fan 57 draws thc a&rflow 118
through the passcngcr mr clmnncl 19 as u&d&cd&cd by Ihc
a&rtlow arrows 118. In an embodiment. the airflow 118

passes throu@& the evaporator 58, then through the heat
exclmnger 116, and finally through the 'II ID 112 to reach a
passen er compartment tfm&ugh windscreen, upper. and/or
lower vents. The passenger air channel 19, the evapomstor
58, lhc heat cxclmngcr 116, and thc TED 112 can funcl&on
as dcscribml with respect to the embodiments shown in
l&I(ig. 2-31('nd other embodiments described herein

l&l(i 28II illustrates an example embodiment a thermo-
electric device 112 that can be used in any of the embodi-
ments described above with a liquid to a&r TED IIZ. The
above described embodiment of FICi. 28A has four liquid to
air TED units 112 thai can transfer thermal cncrgy bc&ween
a working flu&d 122 m&d comibrt a&r 118 scpamtcly or in
combination. I I(i 28I3 is a perspective vie&v of a partial cut
away showing some functional elements ofan example 'I'I il)
unit 112. In some embodiments. a system controller supplies
electnc power in a tirst polarity to the TED 112 via electrical
connect&ons 117. Liquid coolant 122 enters the TED 112 via
a m&olant circuit intcrfacc 141 The TED 112 includes
cap&llarics or tubes 119 for carryu&g 1&qual coolant 122 that
are in substantial thermal communicat&on with thermoelec-
tnc elements 114 tl&at are disposed benveen the capillaries or
tubes 119 and one or &nore air-s&de heat exchangers H3
Depending on v:hether the TED 112 is heating or cooling the
a&rflow 118, the themtoelectric elements 114 e&ther withdraw
&hera&al cncrgv Ironl lhc coolant or lepus&t cncrgv h&to lhc
coolant.

In son&c hcaln&g n&odc configU&duons, fl&c lhcnnoch:cu&c
elements 114 pump thermal energy from the liquid coolant
supplied via the coolant circuit interface 141 mto comfort air
118. The TED 112 receives electric current in a hrst polarity
via the electrical connections 117, i& hich results in a direc-
t&on of thermal cncrgy trm&sibr in thc Ihermoclcclnc ele-
ments 114 that facihtates comlhrt a&r 118 heat&ng. Thermally
conductive material 115 can carry thcrmnl energy bc&ween
the liquid coolant flo&ving through the capillaries or tubes
119 and the thermoelectric elements 114. 'I1&e them&oelectric
elements 114 can be located on one or both s&des of the
conductive material 115. The thermoelectric elements 114
pump thc them&al energy bctwcm& thc conductive malcnal
115 and Ihc air-s&dc heat cxclrdngcr 113, which can also bc
ou onc or both sales of thc conducuvc material 115. Thc
a&r-side heat exchanger 113 can include fins or other suitable
stn&ctures for transferrin thermal energy to the co&nfort air
118 that flov,s around m&d/or tluough the heat exchanger
113.

In son&c coolu&g nlodc configUrduons, lhc lhcnnoch:cu&c
cfcn&cuts 114 pump thcnnal m&crgy I'rom comfort a&r 118 mlo
thol&quid coolan&122. Thc TED 112 reccivcs clcctnc energy
with a seem&d polarity opposite the first polanty used in the
heatmg modes via the electrical connections 117, which
results in a direction of them&al energy transfer in the
them&oelectric elements 114 that facilitates comfort air 118
cool&ng. Thc air-side hen& exchm&gcr 113 pl nccs the comfi&rl

air 118 u& subslanual thermal commu&ucal&on with a first
surface of Ihc thcrmoclcctnc elemm&ts 114. Thc lhcrmoclec-
tnc elements 114 pump thermal energy into the conductive
nmterial 115 'I'he conductive material 115 places the liquid
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coolmtl 122 in substantial thermal commumcatuin with a
second surface of the thermoelectric eleinents 114, perntit-
ting theunal energy to readily enter the liquid coolant 122
'I'he heated liquid coolant can be carried away frmn the 'I'I il )
112 via the cooLant circuit interface 141

FI(i. 29 is a graph illustrating possible cabin heater output
tcmpcralurcs over a tune pcuod lor ccrlmn Icmperulurc
control system mnboduncnts thai can bc used in a vehicle
having a diesel engine 'I'he graph shows a baseline air
temperature profile 501 over a 30-ininute period, an electric ic
positive tempemtture coeflicient (Pl( ) heater air tnnpera-
ture profile 502 over u 30-minute period, und a TED uir
temperature profile 503 over a 30 minute period. The
basclutc 501 illustrates a possible air tcmpcraturc trend
curse whnt an engine is Ihc only heal source via a coolmtl is
circuit. Iior the baseline profile 501, the cabin air i ~ heated
while passing through the heat exchanger connected to the
engine through the coolant circuit. The Pl'C pmtile 502
illustrates a possible air temperature trend curve when the
cabin air is heated by u coolant circuit heat exchan er as well zc

as a I KW PTC healer. Thc TED prufilc 503 illustrates a
possible air lcmpcraturc lrmtd curse when thc cubut air is
heated by a coolant circuit heat exchanger as v ell as a liquid
to air 'I'Ifl) that has a 650 W electric power supply 'I he heat
pmvided by the 'I IiD can partially conte fnim the transfor-
mation of electnc power into theunal energy and partially
from the coolant circuit

As lhc graph of FIG. 29 iilustmtcs, thc basclmc 501 mr
cabm temperature not only never reaches thc same air cabin
temperature but also has a shallower uptrend in temperature sc

over time I'he shallower uptrend means that the interior
cabin temperature rises at a slower rate Iiie PT('urve 502
with the electric resistance heater has a steeper uptrend in
temperature as well as reaches a lugher fina temperature
when compared to the base}inc 501. This is dcsirablc to is
quickly achicvc a comfortable passcngcr vcluclc ntviron-
ment. Thc graph also shows thai the TED curve 503 has
almost an equivalent steepness in uptrend for the tnnpera-
ture as v ell as almost the same final teinperature v hen
compared to the PTC curve 502. However, utilizing a TED sc
can result in less pov er consumption when compared to
clcctnc rcsistancc healers. Thus, substantially lhc same rate
of utcrcasc ut cabin air temperature as well as Iiiial lmn-
pcralurc cmt bc uchicved by uuhzm a TED versus an
electric resistance heater as part of a vehicle I IVA('ystenl
while demanding less electric power

FI(iS. 30A-C and 31A-C illustrate schematics showin
operation of an embodiment of a temperature control system
in heating. coolutg, and dcmisnng modes durutg slartup of
an ntgutc and start/stop of an engine at venous thermal u

states of lhc cnginc over nmc. Given a stale of lhc ntgutc
and a heating, cooling, or demisting niode, the temperature
control system can considered to opemtting at ditferent
modes as discussed herein (e.g., startup heatin ~ mode and
stop cold heating mode). The schematics are approximate . s

illustrations that do nol show exact cn a cmcnl and discn-
gagcmcnl tune penods ol'HVAC components during opcra-
llolt. Tltc llorlzoiital opi:Is(loll }rites Icpii:scltl clfltcl ait tilt or
of}'tate of the I IVA('omponent being discussed or opera-
tion of the component in general (i e. the component sc

transferring thermal energy to or absorbing them)sf ener y
from the airflow or airstream) A step up in the operation line
can utdwate u switch ui operation of lhc component as
discussed hercui (cg., thc component is tumed on, is
engaged. and/or has stored lhcnual energy). A step down in ss
the operation line can also utdicate a switch in operation of
the component as discussed herein (e 8,, the cmnponent is
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turned ofi; is ihscngagni. and/or has cxpcndcxf thermal
energy) A flat or straight horizontal operation can repre-
sented a generally constant operation of the component 'I he
opemttions discussed herein can be apphed to a conventional
vehicle, a micro-hybrid vehicle, a hybnd vehicle, and/or
plug-in ~chicle. For example, fiir a hybrid and plug-in
hybrid vehicles without electric compressor, thc start slop
cnguic operations discussed heraus would apply dunn lhc
start stop operations typical for hybrid and plug-in hybrid
vehicles (as well as conventional and micro-hybrid
vehicles).

FICi 30A illustrates a temperature contml system opera-
tion in a heating mode during startup of an engine (e.g.. the
vchiclc has mit bccn dos ca and the engine is started in a cold
stutc). During hcatutg mode of FIG. 30A, thc evaporator 58
is not opemtting anoyor may be bypassed as shown by
opemttion line 3018 indicating that evaporator 58 is not
engaged during heating (e.g, . the evaporator is not absorbing
them)a} energy fmm the airflow). In the heating of FICi. 30A.
mode while the en ine is wamting up and is still cold, cold
cnguic slate 3010, thc ical cxchangcr 116 is thermally
disconnected I}urn Utc engutc, I'or cxmnplc, dcscnbcd hcrcin
and particularly, in reference to lii(i Zl and shosvn by
opemttion line 3020. Vi'hen the engine is first started, it does
not generate enough heat to sufhciently increase the tent-
perature within the passenger compartment A vehicle
engine can take several minutes or more to warm up to the
necessary lemperaturc to provide comfort mr lo the passcn-
gcr compartment. A TED 112 can rcccivc electrical energy
(electric current) to generate a thermal gradient and transfer
heat fmm the heating end of the 'Ilfl) H2 to the airflosv. As
illustrated in I I(i 30A by operation line 3024a,

the'ill )

112
can be the sole source of thermal energy for the airflow
entering a passenger compartment during state 3010. If the
tcmpcraturc control system is equipped with a healing
thcmtoclcctric stomge (TSD) 123a (c g., a TSD thermally
connected or part of the heat cxchaugcr 116) capable of
stonng thermal energy to heat the airflow, the 'I'SD 123a is
initially cold and is not storing, or storing minimal thermal
ener y (since the en ine is cold) as indicated by operation
line 302Za.

Wlulc thc engine is still warming up, but is not cold, wana
up cnginc state 3012, thcnnal energy Ibom lhc nigute ctm bc
used lo heat thc coolant ut thc workuig tluid circuits as
discussed herein and in particular. in reference to Iil(i. 21 In
state 3012 during heatin mode of I'I(i 30A, the engine has
reached a vvamt up temperature that can provide some heat
to the uirflov) but is insufficiently warm to be the sole source
of flmmtal energy fiir lhc system. However, thc airflow
cnlcriug the passenger compartment, after uuual startup, can
bc rcccivutg thermal cncrgy from both lhc engine and lhc
'Ilfl) 112. As indicated by a step change in operation line
3020, the engine is put into thermal communication svith
heat exchanger 116 to heat the uirflow as discussed herein
and particularly. in reference to FICi. 22. Concurrently, more
themis} mtcrgy can bc uansferrcd to thc airflow using lhc
TED 112 lo supplement thc thcnnal cncrgy imparted I'rom

thc cnginc via thc heat cxchangcr 116. Thus, thc TED 112
cun rennin engaged as illustrated by opemttion line 3t)24a in
state 3012 further, the ISD 123a starts storing thermal
ener y as the engine warn)a up. as illustrated by the
upwardly slopping operation line 3022a in state 3012.

Wlmn thc cnginc has wannni up. warm engine stale 3014.
themis} energy from thecngute cun bc used to heal lhc
coolant ut thc workutg fluid circuits durut hcatutg mode of
Iil(i 30A. In state 3014. the engine has reached a sutficient
temperature and can the sole source of thermal energy fiir
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the systmu as discussed heraus and in purticulur, in rcfercncc
to I'l(i. 23 As indicated by operational line 3020. the heat
exchanger 116 can become the sole heat source for the
airfloiv in the air channel. 'I'he 'I'(ID 112 can be disengaged
to no longer heat the airflov as indicated in by a step down
in operation line 3024a. In some embodiments. the TED 112
can rcmmn cngagcd and provide supplcmcntal hcatutg as
indicated by a dashed opera(ion hnc 3024b. With thc miguic
warmed-up. the 'I SD 123a can store thermal energy at or
nearly at its capacity to be used in other heating nxides as In

discussed herein and illustrated by operation line 3022a
leveling out in state 3014.

FIG, 30B illustntes a temperature control system open-
tion in a cooling mode during s(sr(up oi Ihc enguic. During
cooluig mode, Ihc evapora(or 58 is operating and cngagcxf as
shoivn by opemstion line 3018 (eg, the evaporator 58 is
absorbin thermal energy from the airflow) In the cooling
mode of I'IG 30I3. the heat exchanger 116 can be thermally
discoiutected from the engine as, for example. descnbed
herein and particularly, in reference to FICi. 24 (e.g.. the heat Lo

cxchmiger 116 is bypassed ui the cooling mode) and as
shown by opcrauon lute 3020. Initially while. for ex unplc,
the passenger cabin is hot (e g, on a hot day) ivhen the
engine is just started in state 3010, supplemental cooling
may be needed A I'I:D 112 can receive electrical energy
(electric current) to genemste a thermal gradient and transfer
heat from the airfiov of the TED 112 to the cooling end of
the TED 112 as shown by opcrauon line 3024n. If Lhc

tcmpcraturc control system is cquippcd with a cooling
thermoelectric stomsge ('I SD) 123h (e g,, a 'ISD connected sn

or part of the evaporator 58) capable of storing themis(
energy to cool the airtlow, the 'ISD 123b is imtially at
ambient. but begins storing themiai energy at en ine star(up
with the evaporator 58 operating and providing coolin
cap;mity nearly unmcdialcly upon s(arlup. AI cold miguic )s
state 3010. thc TSD 123b cmt bogus Lo store cooling capacity
as indicated by Lhc upwardly sloputg operation lute 3022h.

While the engine is still warming up, but is mit cold, warn)
up engine state 3012, the heat exchanger 116 rentains
disengaged to not heat the airflow durin the txioling mode so
of FICi. 30B as illustmsted by operation line 3020. In warn(
up miginc state 3012, the airflow entering the passcngcr
compar(ment, after iniual stanup, can bc cooled by just thc
evaporator 58. operation hnc 3018 showing (lait evaporator
58 remains engaged in state 3012. As indicated by a step
dmvn in operation line 3024a, power to the I'I LD 112 can be
disengaged and the TED 112 stops cooling the airflow.
However, supplemental cooling may be needed and the TED
112 may contutue Lo rcccive elec(rical cncrgy (clcc(nc
current) to provide cooluig to thc airflow as discussed o

hcrcui, and in particular in reli:rcncc to FIG. 24 and as
illustrated by opemstion line 3024b. I at(her, the 1'SD 123h
can store cooling capacity at or nearly at its capacity to be
used in other cooling modes as discussed herein and illus-
trated by operation line 3022b levelin ~ out in state 3012 . a

When Ihe engine has warmed up, warm cnguic s(atc 3014,
the heaL cxcluinger 116 rmnains discngagixl Lo not hca( thc
mrflow during the cooling mode of FIG. 30B as illustrutcd
by operation line 3020 In state 3014. the airflow entering the
passenger compartment can be cooled by just the evapomstor an

58; operation line 3018 shows that evapomstor 58 remains
en a ed in state 3014 As indicated by opention line 3024a,
power Lo the TED 112 can rcmaui disengagixl and Ihc TED
112 docs not txiol thc airflow. However, supplemental cool-
ing may bc nccdcd and the TED 112 may conunuc to rixmvc as
electrical energy (electnc current) to provide cooling to the
airfloiv as discussed herein. and in particular in reference to
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FIG. 24 and as indicated by opera(ion linc 3024b. Further.
the 'I'SD 123h can store coo(in capacity at or nearly at its
capacity to be used in other coohng modes as discussed
herein and illustrated by operation hne 3022h leveling out in
state 301Z.

FICi 30C illustrates a temperature contml system opera-
tion ui u dcmistutg mode dumog staitup of the engutc.
Dunng dcnuauig mode of FIG. 30C, the cvapora(or 58 is
opemsting and engaged as shoivn by operation line 3018
(e g., the evaporator 58 is absorbing thermal energy front the
airtlow). While the engine is v soning up and is still cold,
cold en ine state 3010, the heat exchanger 116 is thermally
disconnected fmm the engine as, for example, described
hcrcin and particularly. ui rcfercncc to FIG. 21 mid shown by
opera(ion lute 3020. When thc cnginc is (irst started, it does
not generate enough heat to sufhciently increase the tent-
perature of the airflow A 'lliD 112 can receive electrical
energy (electric current) to generate a thermal gradient and
transfer heat from the heating end of the TED 112 to the
airflow As illustrated in FICi. 30C by operation line 3024ii
for Ihc dcnua(ing mode, thc TED 112 can bc Ilm sole source
of heat for thc airflow ca(cong a passenger mimpaitment in
state 3010. If the temperature control system is equipped
with a heating thenuoelectric storage ('I'Sl)) 121a (eg. a
'ISD thermally connected to or part of the heat exchanger
116) capable of storing thermal energy to heat the airfloiv.
the TSD IZ3a is initially cold and Is not storing or storin
illlllllllill Lllcillial clliugv (slllce Illc cllgllli: Ls colil) as iilili-
catcd by opera(ional lute 3022a. If Ihc tcmpcraturc con(rol
system is equipped ivith a cooling thermoelectric storage
('ISD) 123h (eg,. a 'IxSD connected to or part of the
evaporator 58) capable of storing thermal energy to cool the
airflow. the TSD 123b is initially at ambient, but begins
stonng cooling capacity at engine startup with the evapo-
ra(or 58 operating and pros iding cooling capacity nearly
unmcdia(cly upon s(sr(up. AI cold engine state 3010, Ihc
TSD 123b can begin to s(orc cooling capacity as indica(ixl
by the upwardly sloping, operation line 302Zh.

While the engine is still warming up, but is not cold, warn&

up en ine state 3012, them(el energy from the engine can be
used to heat the coolant in the ii orking fluid circuits. In state
3012, Ihc cnginc has res chcd a w ami up tempera turc tha( can
provide some heat Io Lhc airflows bu( is uisuflicicn(ly wana
to bc Ihc sole source of Lhcrmal energy for thc system.
I lowever, the airflow entering the passenger compartment,
after initial startup. can be receiving thermal ener y front
both the en ine and the TED 112. As indicated by a step
change in operation line 3020, the engine is put into thenual
conumuucation wi(h hant cxchangcr 116 Lo heat the airflow
as discussed hcrcui imd parucularly, ut rcfcrcncc to FIG. 22.
Concurrcn(ly, morc thcnnal cncrgy can bc Iransfi:rrcd Lo Ihc
airtlow using the 'I'Ill) 112 to supplement the thermal energy
transferred tn the airfloiv from the engine via the heat
exchan er 116 as the air is heated after being cooled by the
evaporator 58 in demisting mode of Flfi. 30C. Thus. the
TED 112 can rcmaui engaged as illustrated by opcrauon lute
3024ii. Thc hca(ing TSD 123a starts storutg (hernial energy
as Ihc cnginc warms up. as illustrated by thc upwardly
slopping nperation line 30Z2a in state 3012 'I'he cooling
'ISD 123h can store cooling capacity at or nearly at its
capacity to be used in other cooling modes as discussed
herein and illustrated by operation line 3022b leveling out in
stutc 3012.

Wlmn Lhe engine luis wanncd up, warm cnginc mode
3014, Ihcmial cncrgy from thc cngutc can bc used to heal Ihc
coolant in the working fluid circuits in demisting inode of
lil(i 30('n state 3014. Ihe engine has reached a sutficient
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tcmpcralurc to bc the sole source of dicmial miergy for thc
system as discussed herem and in particular, in refereilce to
lil(i. 23 As mdicated by operatinnal line 3020, the heat
exchanger 116 can become the sole heat source for the
airflow in the air channel. The TED IIZ can be disenga ed
to no longer heat the airflov as indicated by a step down in
operation line 3024a In some cmbodmients. Ihe TED 112
can rcmmn cngagcd and provide supplcmcnlal hcatuig as
indicated by a dashed openstion line 3034/x With the engine
warm. Ihe heating 'I SD 123a can store thermal energy at or In

nearly at its capacity to be used in other heating nxides as
discussed herein and illustrated by operation line 3022a
leveling out in state 3014. The cooling TSD 1 236 can store
cooluig capacity al or nearly al iffi capacity lo bc used in
other cooluig modes as discussed hcrem and illustrated by Is
operation line 30226 leveling out in state 3014 In some
embodiments, the demisting process (including, states 3()10,
3012, 3014) described in reference to I'l(i 30G can be
referred to as "startup demisting mode.**

FIG, 31A fllustmtes a temperature control sysrem open- io
tron in a healing mode during a slop of an enguic for a
start/stop system (c.g., thc miguic has been opcraluig;uid is
warm. but is stopped as discussed herein in, tiir example. a
micro-hybrid system) Dunng heating mnde of Iil(i 3IA,
the evaporator 58 is not operating and/or niay be bypassed
as shown by operation line 3118 indicating that evaporator
58 is not engaged during heatmg (e.g., the evaporator is not
absorbmg thermal cncrgy from thc airflow). Widi thc miguic
wami. warm cngutc (or stop warm) mode 3110, thermal
energy from the engine can be used to heat the coolant in the sn

working fiuid circuits In state 3110, even thonah the engine
is stopped. the engine and coolant has suflicient residual heat
to continue to be the sole source of thermal ener y for the
system as discussed herein and in particular, in reference to
FIG. 23. As uidicatcd by operational linc 3120. thc heat is
cxchmiger 116 can bc the sole heat source fiir the airflow in
the air clrsruicl. TED 112 is nol reccivuig clcctncal cncrgy
(electric current) and is not heating the airflow as indicated
by operation line 3124a. If supplemental heating is needed,
a TED 112 can receive electrical ener~ (electric currenr) to so
generate a thermal gradient and transfer heat from the
hcaung cnd ol'hc TED 112 lo the mrflow as uidicatcd by
operation luic 3124b. If a hcatuig TSD 123a is providnl,
with thc heat cxchmigcr 116 ~ till Iransli:rnng residual ther-
mal energy from the enyne and coolant to the airflow. the
'ISD IZ3a substantially retains its stored thermal energy
from the time penod v hen the engine was opemtin ~ and was
warm as indicated by opemstion line 3122a.

When thc cnginc has coolixl, but is wana (warmixl up),
cooled engine (or slop cooled) state 3112. thermal cncrgy o

from thc enguic can still bc used to heat the coolant in thc
working fhud circuits as discussed herein and in particular,
in reference to Iii(i 21, but the engine may be insufficiently
warm to be the sole source of thermal ener y for the system.
In heating mode of FICI. 31A. a heatin ~ TSD 123a in state . i
3112 can bc used to tramli:r stored dicrmal energy to thc
mrflow. Thc TSD 123a Iransl'crnn stoics! thermal cncrgy
cail occtii grailuslly'ver liiiic oi Bt a ccilsiii politi ili tiiiic
during, state 3112 as indicated by openstion line 3122a
having a decline slope mid-state 3112 With a cooled engine sn

(and coolant) transferring some residual heat and the TSD
123a trmtsferring stored thermal energy. the airflow can be
suflicicntly heated without thc usc of a TED 112. Thus. with
a TSD 123a. supplying clcctnca1 cncrgy (clcvtric current) to
the TED 112 cmi bc dclaycd aml chxtncsl energy (clcclnc ss
current) conserved while the engine is stopped I Iov ever, if
supplemental heating is needed, the I'I ID 112 can receive
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cffictncal cncrgy (clcctnc mirrenl) to Iransli:r thcnnal energy
to the airflow as indicated by operation line 31246

When the engine has cnnled and is now cold, cold engine
(or stop cold) state 3114. the heat exchanger 116 therinally
connected to the en ine is bypassed as, for example.
described herein and particularly, in reference to Fl Cr. 21 and
shown by operation linc 3120. The airflow entcnn Ihc
pusscngcr compartment can bc sufl rccmving some thermal
energy from 'I'SD 123a; hoivever, the 'I SD 123a dnes not
have sufficient energy to the sole heat source for the airtlnw
as indicated by operatinn line 31Z2ri leveling out after
declining in state 3114. A TED 112 can receive electrical
ener y (electric current) to generate a thermal gradient and
transfi:r heat from Ihc lmstmg cnd of thc TED 112 Io Ihc
airflov As illustrated in FIG. 31A by opcrauon lute 3124a.
the TliD 112 can become the sole source of thermal energy
for the airflow entering a passenger compartment over the
time penod during state 3114 (e g., residual heat fmm the
engine (and coolant) and stored heat from the TSD 123ii
have dissipated). After mode 3114, the engine is cold as the
system trmisitions Io cold cnguie slate 3116 mode. In mode
3116, Ihc cold engine is again started. Thc Imnpcralurc
cnntrnl system can similarly operate as discussed herein fiir
when a cold engine is started and heating is desired. and in
particular, in reference to I'l(i 30A.

FICi 31B illustrates a temperature contml system opera-
tion ln a cooling mode during a stop of an engine for a
sturt/slop system (e.g.. thc miguic has been opcraluig and is
warm, bul is slopped as dtscusstxf herein in, for cxamplc, s
nucro-hybrid system) During, cooling mode of!'l(i 3 II3 in
state 3111). the evaporator 58 is operating and engaged as
shown by operation line 3118 (e.g., the evaporator 58 is
absorbin themtal energy from the airflow). Even thou/I
engine is ofl in ivarm en@Be (or stop warm) mode 3110. the
evaporator 58 and coolant may have some residual coohng
ixipacily'roill wllell litt: ciigiiicwas opcraliiig Biiil iolillliig.
for cxamplc, a compressor-based rcfngcration system. Thc
heat exchanger 116 can be thermally disconnected fmin the
engine as, for example, described herein and particularly, in
reference to FIG. 24 (e, the heat exchanger 116 is
bypassed in the cooling mode) and as shown by operation
lute 3120. As indicated by operation linc 3124a, power lo Ihc
TED 112 can bc disengaged and the TED 112 does not coul
thc airflow when thc evaporator 58 is providing suflicicnl
cooling. I lnv;ever, supplemental conling may be needed and
the Tl iD 112 can receive electrical energy (electric current)
to provide cooling to the ahflow as discussed herein, and in
particular in reference to FIG 24 and as illustrated by
operation line 31246. If a cooling TSD 123b is provided.
with thc evaporator 58 still cooluig the airflow with residual
cooling capacity, the TSD 123b substantially rctmns slorixl
thernial energy from ivhen the evapnnstor 58 w:ss being
opensted as indicated by operation line 312ZE

When the engine has cooled, but is still warm (warmed
up). cooled engine (or stop cooled) state 311Z, the heat
cxchtmgcr 116 remains disengaged Io not heal the airflow
dunng thc cooling mode ol'IG. 31B as tllustralcxf by
operation lute 3120. Thc evaporator 58 Bnd coolant have
expended its residual conling capacity and is disengaged or
bypassed as indicated by a step down in operation line 3118
as discussed herein. A coolin TSD 1236 in state 311Z can
be used to transfer stored coolin capacity to the airflow. The
TSD 1236 translcmng stored thcnnal energy can occur
grudually over lime or al a certain point ui time dunng suite
3112 as imhcalcd by opcrauon linc 3122b havuig a dix lute
slope mid-state 3112. Initially. the I'SD 1236 may have
sufficient stored cnoling capacity to cool the airflow ivithout
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the usc of a TED 112. Thus, with a cooluig TSD 12311,

supplyin electrical energy (electric current) to the 'll ID 112
can be delayed and electrical energy (electric current) cmt-
served v bile the engine is stopped As stored cooling
capacity of the TSD 123b is expended. the TED 112 can be
en a ed to provide the needed level of cooling. The TED
112 can receive clcctncal cncrgy (electric current) ui transfer
thermal energy to the airflow as indicutcd by opcrauon linc
3124ir Poivering the Tl:D 112 can occur any time in ntode
3112 as indicated by operation line 3124a having a step io

change mid-mode 3112
When the en ine has cooled and is now cold, cold engine

(or stop cold) state 3114, heat exchanger 116 can remain
discngagcd durutg thc ixioling mode of FIG. 31B as illus-
trated by operation linc 3120. With the evaporator 58;utd thc is
'ISD 123b no longer pmvidinu cooling (froin stored cooling
capacity or othenvise), the Tl:D 112 can receive electrical
energy (electric current) to provide cooling to the airflow as
discussed herein, and In particular in refbrence to FICi. 24
and as indicated by operation line 3124a. In some embodi- Io
ments. thc TED 112 cau become the sole source of cooling
for thc mrflow in mode 3114. In mode 3116. die cold miguic
is again started 'I'he temperature control system can simi-
larly operate as discussed herein for when a cold engine Is
started and cooling is desired, and in particular, in refermtce
to FICI. 30B.

FI(t. 31C illusu ates a temperature control system open-
(ton hi a ilCnustlllg Inodc ililllIlg a SIiip Of all I:liglliC lot
start/stop system (c.g., thc miguic has been opcratuig;utd Is
warm. but is stopped as discussed herein in, tiir example. u io
micro-hybrid system). I)uring deinisting, mode of I'l(i 31G
in state 3110, the evaporator 58 is operating and engaged as
shown by operation line 3118 (e.g.. the evaporator 58 Is
absorbing thermal energy from the airtlow). Even though
engine is ofl'i mann mtginc (or stop wamt) mode 3110. thc is
evaporator 58 und coolant may lmvc some residual cooling
cap;mity from when thc miguie was operatmg;utd running,
fiir example, a compressor-based refrigemstion system With
the migine warm in ntode 3110, thermal energy from the
en ine can be used to heat the coolant in the working fluid so
circuits. In state 3110, even though the engine is stopped, the
engine mid coolant have suflicicnt residual heal to contutuc
to bc thc sole source ol'homist energy liir Ihc sysIem as
discussed hcrmn und ut particular, in rclercncc to FIG. 23.
As indicated by operational line 3120, the heat exchanger s
116 can be the sole heat source for the airflow in the air
channel. If supplemental heating is needed to provide the
necessary level of demisting, a TED 112 can receive elec-
trwa1 cncigy (clcctnc currmit) to genera tc a Ihcrma1 gradimit
and transfi:rhcat I'rom the lmating cud of die TED 112 to thc o

mrtlow as uidicated by operation line 3124b. Il' heating
'ISD 123a is provided, with the heat exchanger ll6 still
transferring residual thermal energy froni the mmine and
coolant to the airfloiis the TSD 123a substantially retains
stored thermal ener y from v.hen the en ine was openstin .1
and was warm as Indicated by operution lute 312211. If a
cooluig TSD 123b is provided. with ihc cvuporutor 58 and
coolwit still cooling the airflow with residual coolutg capac-
ity. the 'ISI) 123b substantmlly retains stored thermal energy
fmm when the evaporator 58 was being operated as indi- so

cated by operation line 3122b.
When the engine hus cooled. but is still warm (warmed

up). cooled cnginc (or stop cooled) state 3112. thc evapo-
rator 58 and coolant have cxpcixlcd iis rcsnlual cooling
cap;mity and Is disengaged orb)passed us uidicated by a step ss
doivn in operation line 3118 as discussed herein A cooling
'ISD 123b in state 3112 can be used to transfer stored
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cooling capacity to thc airtlow. Thc TSD 123b transli:rung
stored thermal energy can occur gradually over time or at a
certain point in time durin state 3112 as indicated by
opemstion line 3122b having a dechne slope mid-state 3112
initially. the TSD 123b has suflicient stored cooling capacity
to cool the airflow without the use of a TED 112 to provide
demi sting. lliennal cncrgy from Ihc eu Inc cwt still bc usixl
to heat thc coolant in tlm workmg fluid circuits as discussixl
herein and in pwticular, in reference to I'l(i 21, but the
engine is insutficiently warm to be the sole source of thermal
energy for the system during demisting in mode 3112. A
heating TSD 123a in state 311Z can be used to transfer
stored thermal energy to the airflow. The TSD IZ3a trans-
fcmng stored thcnnal cncrgy can occur gradually over time
or at a ccrtaui point ui umc during state 3112 as uidicatcd by
opemstion line 3122a having a dechne slope mid-state 3112
With a cooled engine (and coolant) transferring some
residual heat and the I'SD 123a transferring stored thermal
ener y, the airflow can be sufficiently heated without the use
of a TED 112. Thus, with a TSD 123a, supplying electrical
energy (clcctnc cwrent) to thc TED 112 can bc delayed and
clcctllcill cllergv (clcctllc curtcilt) collsi:rvixl while fhc
engine is stopped. Ilowever, if supplentental heating is
needed, the 'I'El) 112 can receive electrical energy (electric
current) to tnsnsfer thermal energy to the airtlow as indicated
by operation line 3124b. As stored coolin capacity of the
TSD 1Z3b and stored heating capacity of the TSD 1Z3a is
cxpcndcd. the TED 112 can bc cngagcxt to provide either thc
nimdcd Icvcl of cooling or heating. Iu some emboduucnts.
the Tlit) 112 can receive electrical energy (electric current)
to tnsnsfer thermal energy to the airflow as discussed herein
and in particular, in reference to I'l(i 21 In sonic embodi-
ments. the TED 112 can receive electrical energy (electric
current) in an opposite polarity to absorb thermal ener y
from thc airflow as discussed hcrcin, and ui parucular in.
reference to FIG. 24. Whcthcr thc TED 112 ixiols or heats
thc air can bc dctcmnncd by a controller of the tcmpcraturc
control system dependin on v hat the system needs at the
specihc opemsting point to achieve demisting as well as the
locution of the TED 112 in the uir channel dunng demistin
mode of FICi. 30C. For example. either the cooling TSD
123b or heating TSD 123a may huvc morc stored thermal
capacity during suite 3112 and thc TED 112 can be powcrixl
to compcnsatc for tlm any lack ol'r more fully cxpcndixl
stored themial capacity Pov enng the 'lilt) 112 can occur
any time in state 3112 as illustrated by a step up in operation
line 3124a mid-state 3112.

When the engine has cooled and is ln1w cold, cold engine
(or stop cold) state 3114. thc tcmpcraturc wintrol system can
colltllli1 C foi Solni: tllnC Op Cia(toll a S ill sc US si:il hCICIII dull llg
stutc 3112, with the TSDs 123a b cxpcuding their remaiiung
them)at capacities In some embodiments. nvo Tl:Ds niay be
pmvided at diflhrent locatiims ivithin the air channels as
discussed herein to provide demisting is hen the TSDs have
expended their stored thermal capacities. For example, a hrst
TED may cool (dry) thc airflow as thc airflow mitcrs thc air
channel A second TED nuiy heat thc airtlow as thc airflow
pusscs through thc air chwmcl to aclucvc dcmwting In mode
3116, the cold engine is again started 'the teniperature
control system can similarly operate as discussed herein fiir
v hen a cold en ine is started und demisting is desired, and
in particular, in reference to FICr. 30C.

Reference tluoughout Ibis spccificution to "some embodi-
ments.** '*certain embodiments," or "an embodiment" means
that a particular feature. stnicture or characteristic dcscnbcd
in connection with the embodiment is included in at least
some embodiments linis. appearances of the phrases "in
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some cmboduncnls" or **In an cmbodimcnt" ut various
places throughout this specification are not necessanlv all
referring to the same embodinient and inay refer to one or
more of the same or different enibodinients I'urtherniore,
the particular features, sthictures or chamcteristics may be
combined in any suitable mmuter, as would be apparent to
onc of orduiary skill in the arl from this disclosure, m onc
or morc cmbodimcnts

Iior purposes of illustration, some embodiments have
been described in the context of providing comfort air the 10

passenger compartment of a vehicle, an aircraft, a train, 0
bus. a thick, a hybnd vehicle, an electric vehicle. n ship, or
any other carrier of persons or things. It is understood that
the cmboduncnts disclosed hcrcin are nol lmulcd lo thc
particular context or sclhng in which Ihcy have been is
described and that at least sonic embodiments can be used to
pmvide comfort air to homes. offices, industrial spaces. and
other buildings or spaces It is also understood that at least
some embodiments can be used in other contexts where
temperahire-controlled fluids can be used advantageously, 20

such as ui managing Ihc temperature ol cquipmcnl.
As used ui this application, lhc terms "comprising,"

"including,." "lmving," and the like are synonymous and are
used inclusively. in an open-ended fashion, and do not
exclude additional elements, featums, acts, operations. and
so fiirth. Also, the term "or'* is used in its inclusive sense
(and not in its exclusive sense) so that when used, for
example, to coruiccl a list ol'lcmcnla, lhc term '*or" mosns
one, some. or all of Ihc clmncnw in Ihc lisl.

gimilarly, it should be appreciated that in the above 10

description of embodinients, various features are sometimes
ghuiped together in a single einbodiment, figure, or descrip-
tion thereof fiir the purpose of streamlining the disclosure
and aidin in the understanding ofone or more of the various
invcnlivc aspects. This method of disclosure, howcvcr. ts nol is
to bc uilcrprclcd as rcflccting an intention thai any cluim
rcxtutrc morc fi:Jhircs Ihan arc expressly rcctlcd in llml
claiin I&alber, imentive aspects lie in a combination of
fewer than all features of any single foregoing disclosed
embodiment. 10

Although the invention presented herein has been dis-
closed ut thc context of ccrhiin prcfcrrcd cmbodimcnts and
examples, il will be understood by those skilled in thc art
that Ihc im cation cxlmuls beyond lhc spccilically disclosed
embodiments to other alternative embodinients and/or uses
of the imention and obvious modihcations and equivalents
thereof. Thus, it is intended that the scope of the invention
herein disclosed should not be limited by the partlcuLsr
cmbodimcnts descnbcd above.

What IS Claltilcd lm 0

1. A lmnpcralurc control system lor healing, cooling,
andior demisting an occupant compartinent of a vehicle
during, a stop of an internal combustion enaine of the
vehicle, the system comprising:

an engine coolant circuit comprising an engine block .1
Coolatil Coildilil Bill Coilligiiicil lo CiiuvCy B CoolJIII 111

thc miguic coolant circuit, wherein the cnguic block
Coolatll Coiidiiil is iu fllCrillal Colililiuun:Jtiiitl v,ilh lhC
internal combustion engine of the vehicle;

a heater core disposed in a comfott air channel of the ao

vehicle and in Ihiid communication with the engine
block cooLant conduit;

B lhCIIIIOCICC lit C dCV ICC IIB 1 lilg 0 w J SIC Su l I BC C Bliil B III Bitt

SUIIBCC;

a supplemental hwit cxchangcr disposed ui the comfort mr as
channel and in thermal conununication with the main
surface of the thermoelectric device;

a wash: ical cxchailgci coiuii cled Io flic wash: stiilacc ol
the thermoelectric device, wherein the w:sate heat
exclmnger is connected to a fluid circuit containing the
coolant, and wherein the coolant is in tluid comniuni-
cation v, ith a themial energy source or a heat sink: and

0 controller conligured to operate the temperature control
system in a plurality of modes of operation, and
whcrcin thc plurality of modes of operation composes.
a stop heating mode wherein residual heat of the

internal combustion engine is conhgured to heat a
comfort airflow in the comfort air channel while
electric current is not supplied to the thermoelectric
device and while the internal combustion engine is
stopped: and

a stop cold healing mode wherein lhc thcnnoclcctnc
device is configured to heat the comfort airflow by
trans ferring thermal energy from the waste surface to
the main surface v bile receiving electric current
supplied in a first polarity and wlule the internal
combustion engine is stopped,

wherein the fluid circuit includes a first conduit config-
ured to convey ihc coolmit in lhc Iirsl conduit and a first
bypass conduit configured to convey the coolant in the
first bypass conduit, the first conduit in fluid conimu-
nication with the ivaste heat exchanger, the first bypass
conduit configured to bypass flow of the coolant around
the first conduit. wherein the first conduit and the hrst
bypass comluit mcludc a conunou inlet connection and
a conuuon outlet connection, wherein Ihc Iirsl conduit
and the tirst bypass conduit are connected in parallel
between said common inlet connection and said coni-
tliofl OiitlCt COIIIICCtiotl,

wherein. in the stop heatin mode, the controller is
configured to operate at least one fluid control device to
restrict How ol'hc coohmt through thc Iirst conduit and
lo opcralc Ihc at least one fluid control device lo direct
flow of Ihc coolant lluough Ihc lirst bypass conduit,

wherein, in the stop cold heating mode. the controller is
configured to operate the at least one fluid contml
device to direct liow of the coolant through the hrst
conduit and to operate the at least one fluld control
dcvicc lo rcslnci flow ol tlm coolant fluough lhc first
bypass conduit,

wherein. ui Ihc slop cold healing mode. Ihc lirst conduit
is in fluid coinmunication with the w:sate heat
exclmnger, and

wherein. in the stop cold heatin mode. the thermoelectric
device provides heat to the comfort airflov. while the
iulcmal combustion cnguic is not able lo heal Ihc
mmifort airflow to a specified comfortable lcmpcralurc
wttlxiul Ihc heat prox idcd by lhc lhcnnoclcclric dcvicc.

2 I'he system of claim I, wherein the teniperature contml
system, in the stop cold heating mode. Is conhgured to allow
for a longer stop time of the internal combustion engine than
stoppin the internal combustion engine in the stop hestia
tilodc while hcaliilg lhc occtipaill compBrtiiiciil ol lhc
vchtclc to a ccrlain cabut temperature.

3 Thc system of claim 1. whcreui thc slop cold healing
mode includes the internal combustion engine configured to
heat the comfort airflow while the thermoelectnc device
receives electric current supplied in the first polarity.

4 The system of claim 1. wherein the plumslity of modes
of operation further compnscs a cooluig mode wherein Ihc
thcmioclcctric device is conligurcd to cool Ihc comliirl
airflov by triutsfcrring thermal cncrgy I'rom the maui surface
to the waste surface while receiving electric current supplied
in a second polaritv.
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5. Thc syslmn of clanu I, I'urther compnsing a thermal

stnrage device disposed in the coinfort air channel. the
thermal storage device configured to store thermal energy
and at least one of transfer thermal energy to the conifort
airflow or absorb thermal energy from the comfort airflow.

6. The system of claim 5, fhrther comprising an evapo-
rator core of B belt dnvcu rcfngcralion system disposed in
the comfort air channel, whcrcin thc thermal storage device
is connected tn the evaporator core, and wherein the thernial
stnrage device is conhgured to store cooling capacity during in
at least one of a cooling mode or a demistinn mode ivlule the
internal combustion engine is in operation.

7. The system of claim 5, wherein the plurality of modes
of operation further comprises a tirsl slop dcnusling mode
whcrcin Ihc thermal storage device is conligurwl lo coul thc
comfort airtloiv by absorbmg thermal energy from the
comfort airflow using stored cooling capacity and the ther-
moelectric device is conhgured to heat the comfort airtlow
by transferrin thermal energy from the waste surface to the
main surface while receiving electric current supplied in the 20

Iirst polauly
8. Thc syslmn of clanu 1. whcrcui lhe supplcmcntal heat

exchanger is downstream fmni the heater core v ith respect
to a direction of the comfort airtloiv in the comfort air
channel ivhen the temperature control systein is in operation

9. The system of claim 1, v herein the waste surface of the
themtoelectric device is in thermal communication with the
engine block coolant conduit

10. Thc system of claun 1, wherein Lhc thermal cncrgy
source is at least one of a battery. an electronic device. u in
burner, or an exhaust of the vehicle

ll 'I'he system of claim I, wherein the fluid circuit
includes a second conduit configured to convey the coolant
in the second conduit and a second bypass conduit conti-
urcd lo corn cy thc wlolaul ui Ihc second bypass conduit. thc ls
sicond bypass conduit conligured to bypass flow of lhc
coolmil around Ihc second comluit, mid whcrcui Ihc stop
heating mode includes directing flow of the coolant through
the second cnnduit and restricting flow of the coolant
through the second bypass conduit. so

12. The system of claim 11, wherein the second conduit
is ul fluid rxlnununicauou with Lhc healer core, and whcrmn
the slop cold hwiuug mode uicludcs rcslncling flow of thc
coolmil through thc second rxlnduit imd dirccung flow ol'hc
coolant through the second bypass conduit d

13. 'I he system of claim I, w:herein the plurality of modes
of operation fiirther compnses a stop demisting mode
wherein the thermoelectric device is configured to cool the
comfort airflow by Lrnnsfi:rruig thermal cncr y from thc
mam surface lo thc waste surlhcc while rcccivuig clcctnc o

current supplied ui a second polarity dnd the mlernnl com-
bustinn engine is configured to heat the comfort airtlow
while the internal combustion engine is able to heat the
comfort airlkiii to a specified comfortable temperarure,
wherein the supplemental heat exchan er is upstreant from . 1

the hcatcr core with respixt lo a dircciion ol'hc comfort
mrflow in Lhc comfort air channel when Ihc Icmpcmlurc
control syslmn is in opcrauon

irk I he system ofclaim I, whemin at least a portion of the
thermoelectric device is disposed in the comtiirt air channel an

15. The system of claim 1, wherein, in the stop cold
heating mode. the first conduit is in fluid conumuucation
with thc cnguic block coolant conduil and Ihc waste heal
CXChallgCI.

16. The system ol'laim 1, whcrcm thc Bl least onc fluid as
control device comprises a first fluid contnll device and u
second fluid contml device,

whetchl. In lllc slop hen llllg lllodc, fllc coiurollcl Ls

configured to operate the first Ihiid control device to
restrict flow ol'hc coohmt through thc Iirst conduit and
tn operate the secnnd tluid contm1 device to direct tlow
of thc coolant Lluough thc first bypass conduit, aml

wherein, in the stop cold heating mode. the controller is
configured to operate the first Ihiid control device to
direct tlow of the coolant through the first conduit and
to operate the second fluid control device to restrict
flow of Ihc coolant Lluough Ihc Iirst bypass conduit.

17. The system of claim 16. wherein. in the stop cold
heating mode, the engine block coolant conduit i ~ in thermal
comnlunication with the waste heat exchanger

18. The system ol'lanu 1. Uhcrcin, ui the ~ lop cold
hentmg mode, the engine block conlant conduit is in thermal
conununication with the heater core and the waste heat
exclmnger

19. The system of claim 1. wherein at least a portion of the
Iirst conduit acpamtc from thc first bypass conduit directly
contacts the ~sate heat exclmnger.

20. Thc system of claim I, whercui thc Iiral conduit
directs flow of the conlant from the waste heat exchanger to
the internal combustion engine of the vehicle

21. A temperature cnntml system for heating. cooling„
and/or demistin an occupant compartment of a vehicle
dunng a stop of an engine of the vehicle, the system
composing.

atl cllglllC Coolalll Cll rill l ill IQCrllldl CollltllUILICBIIOIL Willi
the engine nf the vehicle: ivherein the engine coolant
circuit is configured to convey a coolant,

a first heat exchanger disposed in a comfort air channel of
the vehicle and in fluid conununication with the engine
coolant circuit;

J lhcmtocieclnc QC11CC havlllg a waste SUIIBCC dill a lllJhl
surface, whcrcui thc waste surlbcc is in thermal com-
llliilllCdlton Wlfll a lllCIlnal CIICrgy'OUICC Or d llcdl Sink.

a second heat exchanger disposed in the conifort air
channel slid in thermal comlnuliication with the main
surface of the themtoelectric device, v herein the sec-
ond heat exchanger is downstream from the first heat
cxclmngcr ssLUL rcspccl lo a dirccuou ol a comliirl
airflow in the comfort air channel when Ihc Lmnpcralurc
control sv'stela Is ill opcratloll,

a first conduit configured to convey the coolant in the hrst
cnnduit, the first conduit in fluid communication ivith
the ivaste surface of the thermoelectric device via a
v aste heat exchanger connected to the waste siufhce of
thc thcmioclcclric dci icc,

B Iirst bypass coiuluit conftgurtxl lo convey flm coolanl in
thc Iirsl bypass conduit. thc Iirst bypass conduit con-
figured tn bypass flow of the coolant around the hrst
cnnduit, wherein Ihe first conduit and the first bypass
conduit include a conunon inlet connection and a
conunon outlet connection, wherein the first conduit
mid Ihc Iirst bypass conduit arc mlnnimled in parallel
bctwimn saul common inlet cotuieclion and said com-
llloll OUIICI COIIIICCnon,

at least one flow contml device configured to restrict
cnolant flow throu h the first blqtass conduit: and

a controller conligured to operate the temperature control
system in a plurality of modes of opemstlon to heat.
miol, amL'or demisl Ihc occupant wlmparlmenl ol Ihc
vi:hie 1c,

wherein Ihc plurality of modes of opcrauon compnscs a
stop heating mode wherein residual heat of the engine
is configured to heat the comfort airflow in the conifort
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air cluuuicl wlulc clcctnc current is not supplied to thc
thermoelectric device and while the enaine is stopped,
and

ivherein the hrst conduit directly connects to the waste
heat exchanger.

22. The system of claim 21, vvherein the plurality of
modes further composes a ~ Lop cold healuig mode whcrmn
the lhcrmoeleclric device 1 ~ conligurcd Lo heat Ihc comfort
airfloiv by tnansfernng thernial energy from the ivaste sur-
face to the main surface while receiving electric current and la
while the engine is stopped, and wherein, in the stop cold
heating mode, the thermoelectric device provides heat to the
comfort airflow while the engine is not able to heat the
comfort mrflow Lo a spccilicd comfortublc Lcmpcruture with-
out the heat provided by thc thcnnocliutrm device. Ii

23. lite system of claim 22, wherein, in the stop cold
heating mode, the contmller is configured to operate the at
least one tloiv contml device to direct tlow of the coolant
through the first conduit that is in thermal conumuucation
with the waste surface of the thermoelectric device and to ic
opcralc the al least ouc flow control device lo rcsfncl flow
iif LhC Cooliliil lhrotlgli llii: firsl bvpass Ctutiliiil.

24. 'I'he system of claim 21, wherein the plurality of
modes of operation fiirther comprises a cooling niode
wherein the thermoelectric device is configured to cool the

comfort airflow by umisfcrring thermal energy from Ihc
main surface to the waste surface while receiving electric
c iirri:ila

25. I'he system of claim 21, v herein at least a portion of
thc thcrmocleclric dcvicc is disposed in Ihc comfort air
ChufllIel

26. The system of claim 21, wherein the thermal ener y
source is at least one of a battery, an electronic device. a
burner, or an exhaust of the vehicle

27. Thc system ol'lmm 21, whcrcin Lhc waste heal
exchan er is connected to a fluid circuit containing the
coolant. and whcrcin Ihc coolmil is in tluul commuiucalion
with the thermal energy source or the heat sink

28. The system of claim 21, wherein the plurality of
modes further comprise a stop cooled heating mode.
whcrcin, in the slop cooled heating mode:

residual heal ol Ihc intcmal combusliou engine is conlig-
urcd to heal Ihc comfort airflow in the comfort air
channel while the engine is stopped, and

the thernxielectric ice is configured to heat the conifort
airflow by tmansferrin thermal energy from the waste
surface to the main surface while receiving electric
current and wlulc tlm miginc is slopped.


