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Fig. 5A
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BATTERY CENTRIC THERIILAL
MANAGEMENT SYSTEM UTH.IZING A
HEAT EXCHANGER BLENDING VALVE

CROSS-REFERENCE TO RELATED
APPLICATION

'Ibis apphcation is a continuation-in-part of U S. patent
application Ser No 13/459,H 2, filed 20 Apr. 2012. which
claims the bene(it of the filing date of U.S. Provisiorml
Patent Application Ser. No. 61/539,997. filed 20 Sep. 2011,
thc disclosures ol'luch are ulcorporated herein by refer-
cncc for any mid all purposes.

FIELD OF THE INVENTION

lite prcsmlt Inv entiou relates generally 10 thermal control
sv'steals Iuld, ulorc partlcularlv, 10 a svslcul lol ciulniiihug
the level of heat retection front the coolant fluid in a battery
cooling system. 20

BACKGROUND OF THE INVENTION

1'he thermal managenlent system of an automobile typi-
cally utilizes multiple cooling loops, thus providing the
desired level of flexibility needed to re uLste the tempen-
nlres of multiple velucle subsystems. System complexity
may bc dramatically increased if Ihc vclucle unhzes an
clcc(nc or hybud dnvc (raut duc Io thc nis:d Io regulate thc
tenlpemture of the vehicle's battery pack. 1(l

11(i I is a high level diagram that illustrates the basic
subsystems within the thermal management system 100 of a
typical electric vehicle. In genemsL the thermal management
system of such a velficle includes a refrigeration subsystem
101. a passenger cabul HVAC subsystem 103. Bnd a battery ls
coolulg/hcaung subsystem 105. In an altcmate coniiguralion
illustrated ul FIG. 2, the thermal management system 200
also includes a drive train cooling subsystem 201. '(hernial
nlanaaement systems l(N) and 200 also include a controller
109. Controller 109 may be a dedicated (hernial manage- so
ment system contmfler. or may utilize the vehicle conrrol
system ul order to rcducc mtmufactunng cost and overall
I chicle coulplcxltv.

Rcfngcration subsystem 101 is iksigncd to be Ihcmlally
coupled via one or more heat exchangers to the other thernlal
subsystems comprising systems 100/200 lvhenever It Is
necessary or desinble to reduce the tempemture ul the
themlally-coupled subsystem. As such. in a convenriorml
system Ihe heal cxchangcr used to couple Ihc rcfngeranon
subsystem 101 to thc other thcnnal subsystems Is sized to o

insure suflicicnt cooing capacity under maxnnum thermal
loading conditions, I e, the conditions in which the coolant
temperature of the other cooling subsystem(s) is at the
highest expected tempemsture and themtal dissiparion
requirements are set to the highest possible level. Cienerally, 1.

howeier. Ihc thermal management sysicm will not bc
rixgnred Io provide this lcvcl of thcnnal ihssipanon As a
result. heat villi bc cxtraclcd from Ihe coolanl al a rale much
greater than that being input into the coolant by the devices
being cooled, leading to a rapid cooling of the coolant and io
large swings in coolant temperatures between cooLsnt and
components. and most importantly large swings in the
amount of rcfrigcrant coolulg capacity used in rcacnon 10

thc coolant tcmpcraturc Inside thc hest cxclan er. In order
to avoid such tempcraturc tmd coolulg capacity svSutgs. a Ss

conventional thermal management system may regulate the
coolmlt flov rate through the heat exchanger by regulatiag

,845 B2

thc coolant pump speed. Altcrnatcly. a couvcuuonal thermal
management system may rely on the self-regulating aspects
of thc rcfngcrant thermal cxpmlsiou valve based on thc lixcxi
sllpct-hiiu sctnug.

While the conventional approaches of controlling the
thernlal dissipation provided by the refrigemstion system are
adequate for many applications, an impmved system for
controlhn thermal loads and thermal dissipation levels is
desired. The present invention provides such a themlal
unulBgculcut svslcul.

SUMMARY OF THE INVENTION

Thc prcscnt invention provides a thermal managcmcnl
svstcul for usc ul II vchlcb: (C.g, Bu clcc(rlc vchlclc), Ihc
system comprising a heat exchanger, a refrigeration system
thermally coupled to the heat exchanger, and a coolant loop
thermally coupled to the vehicle's battery pack and ther-
mafly coupled to the heat exchanger via heat exchanger inlet
and outlet ports. v:here the coolant within the coolant loop
ls cookx! YIB Ihc hca( cxchaugcr rani thc rcfrlgcianou
system The system further comprises a by-pass valve Ihat
regulates coolant flolv thmugh the heat exchanger, where the
by-pass valve is coupled to the coolant loop between the heat
exchanger inlet and outlet ports such that the by-pass valve
operates in parallel ivith the heat exchanger. The by-pass
valve allows a first portion of the coolant entering the valve
to flow Iluough Ihe heat exchanger while a second poruon is
diverted around the heat exchanger (I.c., by-passes thc heat
exchanger) and is then recombined with the first portion
after the first portion exits the heat exchanger.

In other aspects of the invention, a nlethod of continu-
ously regulating thermal dissipation of a vehicle battery
pack Is provided. the method includin the steps of (a)
dctcrnuning a first tcmperaturc correspondulg to the vclu-
clc's baucry pack, where thc bauery pack Is in thcnnal
conumuucanon with a coolant loop. where thc coolaul loop
is coupled to a heat exchanger, where the heat exchanger is
in thermal conununication with a refrigeration system,
where the coolant is clullcd as it passes tluough the heat
exchanger by the refrigemstion system. Bnd where a by-pass
valve coupled Io thc coolmlt loop spits thc coohmt cntcnng
thc by-pass valve ulto a lira( poruou that flows tluough thc
heat cxclangcr and a second porlion that Is diverted around
the heat exchanger and recombined with the first portion
after the first portion exits the heat exchanger: (b) comparing,
the first temperature to a first preset mange of tempemstures;
(c) adlusting the by-pass valve to maintain the first tempera-
ture within thc first preset range of Icmpcratures (c.g., by
increasing thc first coolant portion and decreasing Ihe sec-
ond coolant portion il Ihc first tcmpcraturc Is higher than Ihc
first preset range of tenlperatures and by decreasing the first
coolant portion and increasing the second coolant portion if
the iirst temperature is lower than the first preset mange of
temperatures); (d) determining a second tempemsture corre-
sponding to Ihe veluclc's passenger cabin, (c) comparing thc
second tcmpcrature Io a second preset range of tcmperaturcs.
wherein if thc second Iempcraturc is higher than thc sixond
preset range of tempentures the method filrther comprises
(f) determining if the refrigeration systenl's compressor
output can be increased. Bnd increasing the compressor
output if it can be increased and adjustin the by-pass valve
to decrcasc Ihc lira( poruon of coolant aud utcroisc Ihc
second portion ofcoolant if Ihc compressor output cannot be
iucrcascd. Thc method may furtla:r compnsc comparul Ihc
first temperature to a third preset range of temperatures and
adtustmg the by-pass valve to increase the first coolant
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portion;md decrease Ihe second coolmu poruon if lhc Jirsl
temperature is hi her than the third preset ran e of tempem-
turcs. Once Ihc by-pass valve is scl lo maxunizc lhc lira(
portion of coolant. the method may further comprise setting
Ihe rcfngcralion system lo maxunizc oulpul. Once thc
refrigeration system is scl to maxinuzc output, lhc method
may further comprise cycling a solenoid-controlled (hernial
expallsion valve coupled to the retrigeration system evapo-
rator, e.g, the vehicle cabin evaporator I'.vaporator tens-
perature may be monitored so that the solenoid-controlled
themlal expansion valve coupled to the reibigeration system
evaporator is cycled when thc evaporator Icmpcralurc falls
below a preset evaporator Innpcralurc. During slop (c) if the
second tcmpcraturc is lower than Ihe second preset rmlgc of
temperatures the method may further coinprise decreasiltg
I JVAC output, filr example by decreasing compressor out-
PU t.

In another aspect. the first temperature may be determined
by momtorulg a baucry pack tcmpcralure snlsor or by
moniiorulg coolant tnupcralurc, for example monitoring
cooldul lciupcralUrc ol lhc lilsl polllou of coolBut afu:I ll
exits lhe heat exchanger and either before or after it reconl-
bines with lhe second portion of coolant.

In another aspect. the second temperature may be deter-
mined by monitonng a vehicle cabin temperanire sensor or -"

by monitonng an evaporator air oullcl temperature sensor
corresponding lo Ihc vcluclc's HVAC syslnn.

In mlother aspect, aficr bculg liveried by the by-pass
valve, the second portion of coohsnt inay pass tllrough a
radiator before being recombined with the tirst portion of 31'ooialtt.

A further understanding of the nature and advanmges of
the present invention may be realized by reibrence to the
rcmaimng portions of thc spccdicauun mid thc drawings.

ls
BRIEF DESCRIPTION OF THE DRAAVINGS

FIG. 1 provnles a high lcvcl diagram of thc venous
sUbsy'steals used 111 lhc lhclludl uldutl calcu( sysu:ul Uf II

typical electric vehicle; 40

lq(i 2 provides a high level diagram of the various
subsystems used in an alternate thermal management systenl
for use in an electric vehicle:

FIG. 3 illustrates a preferred embodiment of the architec-
ture oi' Ihcnual nuinagcment system ulihzulg Ihc by-pass
1 aivc of lhc CUlrcllt iuvcullou,

FI(i 4 illustmltes an alternate embodiment of the thernlal
nlanaaement systenl shown in ill(i 3. this system includiltg
an additional radiator for dischargiog, heat fnlm the battery
pack to the ambient environment: and 0

FIGS, 5A and 5B illustrate an exemplary feedback control
process I'or use with the coolani by-pass valve of thc
luvcullou.

DESCRIPTION OF THE SPECIFIC
EMBODIMENTS

In the followulg tcxh thc terms "baucry". "cell", and
*'battery cell" may be used interchangeably and may refer to
any of a vanety of different cell types, chemistries and io
configurations including, but not limited to, lithium ion (e g.,
lithium iron phosphate, lithium cobalt oxide, other litluum
metal oxides, ctc.), lithium ion polymer. nickel metal
hydride, nickel crxhnium. Iuckel hydmgcn, ruckcl zulc,
silver zinc, or other bancry type,'coniiguration. Thc leml ss
"battery pack" as used herem refers to multiple individual
batteries contained within a single piece or multi-piece

housing, thc individual bat(coca ehxtncdlly ulterconncctcd
to achieve the desired voltage and capacity for a particular
application. 'I'he terms "battery" and "battery system" inay
be used interchangeably and as used herein refer to an
electncal energy storage system that has the capability to be
charged and dischar ed such as a battery. battery pack,
capacitor or supcrcapacilor. Thc tenn "elcclnc vclucle" as
used herein may rcfcr lo an dll-electric vcluclc, also rcfi:rred
to as an I!I/, a plug-in hybrid vehicle. also referred to as a
PI ll!V, or a hybrid vehicle, also referred to as a Ill V, where
a hybrid vehicle refers to a vehicle utilizing multiple pnl-
pulslon sources one of which is an electric drive system.

FICi 3 iliustrates the conlponents associated with an
cxnnplary Ihcmlal managcmnlt system 300 that utilizes thc
present invention. It should bc understood that thc ulvention
may be used v, ith other architectures/conhgurations

'I'he refrigemltion subsystem shown in ill(i. 3 uses a
gas-phase refrigemlnt compression system although it will be
appreciated that other nleans (e, a thermo-electric cooler)
may be used to cool the refngerated side of the heat
exchanger used ul conluncuon with thc baucry coolulg
subsystem. In the illus(ra(cd system, thc rcfngerant (c.g.,
RJ34a) is maintained within refrigeration conduit 301. A
variable capacity conlpressor 303 conlpresses the klw tem-
perature refrigermlt vapor in the subsystem into a high
temperature vapor. The refrigerant vapor then dissipates a
portion of the captured heat when it passes through con-
denser 305, thcrcby leading to a phase change I'rom vapor to
liquid, whore the remaining liquid is al a tcmperdturc below
the saturation tenlperature at the prevailing pressure Pref-
erably the performance of condenser 305 is enhanced by
using a blower fml 307. 1 he liquid phase refrigerant then
passes tluough a receiver-dryer 309 that removes moisture
from the condensed refrigemsnt. In the preferred embodi-
ment, and as shov n, refngcrmlt linc 301 is couplcxJ to d

cabul evaporator 311 vid a thermal expansion valve 313, and
to a heat exchanger 315 (also rcfcrred to herein as a cluller)
via a thermal expansion valve 317. I'hermal expansion
valves 313 and 317 control the fiow rate of refrigerant into
evaporator 311 and chiller 315, respectively. A solenoid 314
is coupled to thermal expansion valve 313 and allows valve
313 lo bc cychxl on and oil's ncccssary, and as described
iu detail below relauic lo lhc prcfcrrcd methodology of thc
iuvnllion.

'I'he heating, ventilation and cooling (I IVA( ) subsystem
(i e., subsystem 103) provides temperature contnll for the
vehicle*s passenger cabin, typically via a plurality of ducts
and vents. Preferably the HVAC subsystem Includes one or
more I'ans 319 that drc used to circulate mr tluoughout Ihc
cabul on demand, regardless of whether the air is heated,
cooled, or simply fresh air from outside the vehicle. To
pmvide cool air, refrigerant is circulated through evaporator
311 'I'o provide ivlmm air during normal vehicle opemltion,
the HVAC subsystem may utilize a heater 321. for example
an electric heater (e.g., a PTC heater) inte rated within
evaporator 311. Although not shown, the HVAC subsystem
Only'llclildc lucdus sUch ds il hell( cxchaugcl'ol ndusfbrnug
thcnnal cncrgy from either drive train subsystem 201 or
battery subsystem 105 to the I IVA('ubsystem

'I'he battery cooling subsystem (eg. subsystem 105)
includes a battery pack 323 coupled to a coolant loop 325
containln a coolant (i.e., a heat transfer medium such as
water). In a typical electric ichicle, bat(cry pack 323 is
comprisixl of a plurality ofbat(ence. Onc or more circulation
pumps 327 pump Ihe coolmlt tluough battery pack 323.
('irculation pump 327 may utilize a simple on/oif operation
(i e, two operational modes), or be varied, for example



US 10,522,845 B2
i

Usillg pulse width nlixlUlatlon 10 dchievc B rBngc of punlp
speeds. Iieet may be transferred fmin the battery pack to the
coolant via a heat transfer plate. one or more coolant
collduits. or other meails that are in thermal communication
with the batteries witlun the pack. The coolant contained in
loop 325 is cooled via heat transfer with the refrigerant in
cluller 315. dssunllllg that thc thermostatic valve 317 alluws
relrigcrant from lhc relngcmtion subsystem to pass through
chiller 315 Additionally, in a preferred einbodiment of the
invention cooling loop 325 is also thermally coupled to a ia
heater 329 (e, a Hl'('eater). thus insuring that the
temperature of the batteries wltlfln battery pack 323 can be
maintained within the preferred opemlting ran e regardless
of thc mnbimlt temperanirc.

In the illustrated embodiment, coolulg loop 325 also
includes a coolant reservoir 331 ('ooling loop 325 mav also
include a mdiator 401. as illustnlted in lfl(i. 4, for discharg-
ing heat nl die alnbient atmosphere

Although not shown in FIG. 3 or 4, as previously noted
the thermal management system may be configured to cool 10

iarious components of thc drive train such as thc electric
motor. and/or cool high heat load electronic components
such as the power electronics, inverter and/Or charger 'I'hese
components may be integrated within the battery cooliilg
loop 325 or utilize a dedicated cooling subsystem.

In accordance with the present invention. a by-pass valve
333 is included in cooling loop 325. Valve 333 is located
upsucam Ol'oolant ullet port 335 ol'eat exchanger 315,
dnd thcrelhrc is placed in parallel with thc hmit cxclmnger
315 as shown. As a result of this configuration. the anlount 10

ot coo)ant that passes thnlugh chiller 315 versus by-passing
the chiller altogether. or by-passing the chiller and passing
through mdiator 401, can be regulated. The cooLlnt tlmt
by-passes the heat exchan er is preferably recombined with
thc chilled coolant exiting the heat exchmlgcr al a )unction li
339. This approach provides control of coolant side heat
re) iwuon to the rcfrigcrant system and allows a lixed coolmlt
temperature to be nlaintained m response to current themis)
load conditions which. m the preferred embodiment, depend
on vehicle opemting conditions (e.g.. battery pack tempem- do

nlre. ambient tempemture. etc.).
It will bc apprcciatcd that there arc lnuncrous tccltmrlucs

that may be used by thc contml system (e.g.. controller 109)
to control operation ol by-pass valve 333 ds well as the other
aspects and components of the thermal nmnagement systenl
of the invention In genenll, the control system uses a
plurality of temperature sensors to monitor the temperature
within the various vehicle components (e.g., battery pack
323), within Onc or morc regions of the coolanl loop(s) (0 g.,
coolant loop 325), and within one or morc localions witlun 0

thc passenger cabin. In response to ihe monilorwl tempera-
tures and the desired temperature range for the battery pack,
cabin and other velucle components. the anxlunt of coolant
passing through heat exchanger 315 is regulated as is
operation of the b)ower fans (e, fans 305 and 319), the Ss

hcdtcrs (C.g., hi Stets 321 lux) 329) luul Bnv othcl ciintrollablc
li:dturcs Of the thermal system. Wlulc opcralion of thc
(henna) control system may bc malnially conlrollcd. in thc
preferred embodiment controller 109 operates automatically
based on pmgramming implemented by a processor. either rc
a dedicated processor or a processor utilized in another
vehicle management system.

FIGS. 5A and 5B illustratean cxcmplary fiwdback control
process for use w 1th by-pass valve 333 and either system 300
or systmn 400. In thc tflustratcx) pmccss, upon system si
initialization (step 501) the load tempenlture is deternuned
(step 503) In the preferred embodiment the load tmnpera-

turc refers to thc tempcraturc of battery pack 323. although
it may also refer to the tenlperature of various drive tnlin
compo neilts (e.g, electric motor. power electronics, inverter,
charger, etc ) that nlay be thermally coupled to coolant loop
325 Preferably one or more temperature sensors 341 are
used to monitor the temperature of the coolant in the coolant
loop lhat is coup)cd to the load components ol ultcrcst (c.g.,
battery pack 323). Altcrruitely. or in addition to molutonng
coolant temperature. the tenlperature of the load components
may be measured directly. Note that in systems 300 and 400,
temperature sensor 341 nlonitors the tentpemture of the
coolant after heat exchanger 315 and before battery pack
323. although cooLlnt temperature at other locations within
thc coohult loop lnav'c nlcasnnxl BUch lis thc tcnlpcrdtun:
of thc coolant exitulg thc bdilery pack 323. Additionally 11

v ill be appreciated that multiple temperature sensors may be
used, either to pmvide redundancy or to allow tempenlture
averaging ln addition to monitoring heat load levels. the
system also monitors the tenlperature within the passenger
cabin (step 505). for example using a cabin temperature
sensor 343, tilts allowing tcnlpcrB(Urc svvings withal thc
passcngcr cabin to bc minimized even as the heat load levels
applied to the heat exchanuer vary.

Initially the load temperature, e, the temperature of the
coolant within loop 325 as monitored by sensor 341. is
compared to a preset tenlperature or temperature range (step
507). Typically the preset temperature is set by the manu-
fdcnllcr ldtholigh in sonic collligUrlitions other parlics such
as a flurd party service rcpresmlta tive may be allow cd to sel
tlus temperature/temperanlre mange. If the detected tempera-
ture is too high relative to the preset temperature/tempera-
ture range (step 509). then by-pass valve 333 is opened
further (step 511), thus passing more coolant flo throu/1
cluller 315. If the detected temperature is too low relative to
the prcsct tcmpcrature/tmnperature range ( ~ tcp 513). (hen
by-pass valve is closed further (stc)t 515), thus divcrtulg
more coolant away liom chiller 315. If thc dc(ected tem-
perature matches the preset tenlperature or is within the
preset temperature range (step 517), then no adjustment is
made to the by-pass valve settin .

Next. the cabin temperature (or HVAC system output) is
compared to thc des trcxl cabin tcmpcrature (step 519). 0 herc
thc dcsircxl cabul temperature may bc ulput by a user by
adlusting a cabul tcmpcrature sctung or by adiustulg a
I IVA('ontrol setting (e g . 10 increase/decrease cabin cool-
ing). if the cabin temperature is acceptable (step 521) then
the system does not adjust HVAC output (step 522) and the
system continues monitoring load and cabin temperatures. If
the cabin tcmpcraturc is too low (step 523) then the system
diwrcascs HVAC output (s(071 524), for example by decreas-
ing output from compressor 303, and thc system connnucs
nxmitoring load and cabin tenlperatures If the cabin tem-
perature is too high (step 525) then the system determines if
the output from conlpressor 303 may be increased (step
527). If compressor output can be increased (step 529), then
thc system control incrcdscs output (step 531) and thc
system goes back to morutoring load and cdbul tcmpcm-
turcs. If compressor output cannot be incrcascd (step 533).
then coolant flov, through chiller 315 is decreased using,
by-pass valve 333 If the difference between the cabin
temperature is still not acceptable (step 537). then coolant
flow t)trough chiller 315 is further decreased (step 535).

Once the cabin tcmpcrature (Or HVAC tcmpcrature) is
acccptablc (s(071 539). the system dctennulcs wlmthcr or not
the load tcmpcraturc is still acceptable (step 541) since
coolant flow ives previously decreased in step 535 If the
load temperature is acceptable (step 543), the system goes
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bacl lo monitoring load and HVAC tcmperdt urea. 11'he load
tenipemture is not acceptable (step 345) due to the decrease
in coolant flow, then the system determines if the coolant
floiv thmugh chiller 315 is opensting, at full flnw (step 547).
If it is not (step 549). the coolant floiv is increased using
by-pass valve 333 (step 551). If the cooLSnt flow tluough
cluller 315 is ulready at its maximum (step 553). then
compressor 303 is operated Bt its maxunum cycle (step 557)
regardless of the compressor coinmands issued by the
I IVAC system To prevent the condensate frnm freezing. the 10

temperature ofevaporator 311 is monitored (step 557) and as
the temperature of evaporator 311 reaches its freezing point,
solenoid 314 cycles themlal expansion valve 313 (step 559).

It should bc understood that identical clmncnl symbols
Used on UIUltiplc IigUrcs Icier 10 lhc sante coniponcnn or I

components nf equal fiutctionality. Additionally. the accnnt-
panyinc ficures are only meant to illustrate. not lintit, the
scope of the invention and should not be considered to be to
scale.

Systems and methods have been described in general 10

tcnns as dn aid to undcrstanduig deuiils of lhc invmition. In
some uislanccs. Cell-known slruclures. malenals. Bnd/or
operations have not been specifically shown or described in
detail to avoid obscuring aspects of the invention In other
instances. specific details have been given in order to
provide a tlmmugh understanding of the invention. One
skilled in the relevant att will recognize that the invention
may bc embodied in other specdic I'orms. Ibr cxmnplc to
ddapi to a particular syslmn or apparatus or silualion or
material or component, without departing frnm the spirit or Io
essential characteristics thereof. 'therefore the disclosures
and descriptions herein are intended to be illustrative. but
not limitin „of the scope of the invention which is set forth
in the folloiving claims.

What is claimed is. 31

1. A method ol regulating thermal dissipation of a bancry
pack of a i chicle, thc vehicle uicluduig a coolant loop in
thenual cnmmunication with the battery pack and coupled to
a heat exchan er, the coolant loop including a coolant. the
heat exchanger further coupled to and in thermal conunu- do

nication with a refngeration system utilized in a heating,
I cnulauon and cooling (HVAC) subsyslcm that controls B

cabin temperature of a passcngcr cabin of lhe vchiclc, and B

by-pass valve coupled lo the coolant loop upslrcam of thc
heat exchaimer, the by-pass valve configured to receive the
coolant and to regulate a first mnount of the received coolant
that flows into an inlet port of the heat exclmnger nnd a
second amount of the received coolant thar is diverted
around the heal exchanger and subsequently combined wilh
thc lirsl amount of the rcccived coohmt that cxils mi outlet 0

port of lhc heal exchmigcr, whercui thc heal cxcluingcr
operates to lower a teniperature of the first amnluit of the
received conlant, the method comprising:

determining a first temperature, the first temperature cor-
responding to the battery pack; s.

comparing the lirsl tcmpcmturc to a Iirsl preset ran e of
lcnipcralUrcs:

adlusting thc by-pass valve at a Iirsl tmic based on
comparing the first tempensture to the first preset mange
of temperatures; So

detemtinin a second temperature, the second lempem-
nire correspondin to the cabin temperature;

comparing Ihc second lempcmlure lo a almond preset
range of tmnperaturcs, and

ui response to dctcrmiiung llml thc second temperature is Si

higher than the second preset range oftemperatures and
a compressor output corresponding to the refrigeration

system ciuuiot bc increased. adtusuug thc by-pass valve
at n second time after the tirst time to decree~a the tirst
mnount of thc reccivixi coolant that flows into thc uilcl
port of the heat exchanger and increase the second
mmiunt of thc rccmi cd coolant that is divcrtcd around
the heat exclianger

2 The method of claim I, further comprising
determining, at a third time after the second time. a third

temperature corresponding to the cabin temperature;
comparing the third Iempcraturc to thc second preset

range of temperatures: and
in response lo determining that thc tlurd lmnpcralure is

higher than the second preset range of temperatures,
fiirthcr Bd)Usting lhc bv-pass vdlvc to fiu1hcr inclcdsc
the second aniount of the received coolant that is
diverted around the heat exchanger.

3 1)ie inethnd of claini I, further comprising
detemiining. at a third time after the second time. a third

tcmpcrature corresponding Io Ihc cabin tcmperaturc
and a fourth temperature corresponding to the battery
pack:

coniparing the third tempensture to the second preset
Idngc of lcnlpcrauncs.

comparing the founh temperature to tbe first preset range
of tcmpcraturcs, Bnd

in response tn determining that the tlurd temperature is
v itlun the second preset range of temperatures and the
fourth temperature is hicher than the hrst preset range
of temperatures. further adlustlng the by-pass valve to
decrcasc thc second;miounl 01 Ihc received coolant Ihal
is diverted around the heat exchan er

4 The method of claim I, I'urthcr compnsing opcraluig
thc coinprcssoi'utplil;it Bn;issocialcd illaxinlum cy'clc.

5 Thc method of clami 4. further comprisuig cycluig B

solennid-controlled thenual expansion valve coupled to an
evaporator of the refri eration system.

6 The method of claim 5, further comprising monitoring,
an evaporator air temperature corresponding to the evapo-
rator of Ihc rclrigcrauon system aud whermn cyclui Ihe
solenoid-controlied thermal expansion valve ls performed in
rcsponsc lo detcnnining Ihal ihe evuporator air tcmperaturc
falls below a preset ci aporalor tempcraturc.

7 'lite method of claim I. wherein determining the first
temperature cnmprises monitoring a coolant tempensture
corresponding to the coolant witlun the coolant loop.

8 The method of cLSim 7, wherein monitoring the coolant
tcnlpcliiuilc. filrlhcr ciimprlscs nlonltoilng lhc coohull lcnl-
pcrdlui c 0f thc III st Bnlolinl of lhc Icci I vcd coolant fllai cxils
lhc UUtlcl poll 01 lhc hcdt cxchililgcr.

9 I'he method of claim 7. wherein nionitoring the coolant
temperature further comprises monitoring the coolant tem-
perature after the heat exchanger and before the battery
pacl .

10. Thc method of clmm 1. whermn determining Ihe first
tcmperaturc compnscs monitoring a battery pack lcmpcm-
tUrc scilson

I I. 'I'he method of claim I, ivherein adjusting the by-pass
valve at the first time based on cnmparing the first tempera-
ture to the first preset ran e of temperatures includes
increasing the first amount of the received coolant that flows
into lhc inlet port of lhe heal exchanger aud dccrcasuig Ihe
second amount of thc rcccivcxl coolant Ilmt m divcncx)
around thc heal exclmngcr in response lo dclcrmimng lhal
the first temperature is higher than the first preset mange of
temperatures.
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12. Thc method of claim 1, wherein deicnmmn thc
second temperature comprises monitoring a vehicle cabin
n:nlpcldnnc scnsol.

13. I'he method of claim 1, wherein determining the
second iempcraiurc comphses monitonn ml evaporator mr
outlet temperature sensor

14. The nlethod of c 1 aun 1. further comprising, passing the
second anlount of the received coolant tluough a radiator
before the second amount of the received cooLant is recom-
bined with the first amount of the received coolant that exits I il

Ihe outlet port of thc heat cxchan cr.
15. lllc method of claim 1, further compnsing decreasing

an (IVY('utput if the second temperature is below the
second preset range of tenlperahtres

16. The method of claim 15, wherein the HVAC output ls
decreased by decreasing the compressor output.

17. ik thermal management system comprising:
a coolmlt loop ul thcnnal commurucailon wilh a bailcry

peel and coupled io a heat exchanger;
a refrigemtion system in thermal comlnunication with and

coupled to the heat exchanger, the refrigeration systenl
utilized in a heatmg, ventilation and cooling (It%dr(0
subsystem that controls a cabin temperanire of a pas-
senger cabin of a vehicle;

a coolant within thc coolmli loop,
a by-pass valve coupled to thc coolant loop upstream of

the heat exchanger. the by-pass valve configured to
receive the coolant and regulate a first amount of the
received coolant that flows into an inlet port of the heat

exclmngcr and a second amount of the rccmvcd coolant
that is diverted around the heat exchanger and subse-
quently combined with the tirst amount of the received
coolant that exits an outlet port of the heat exchanger,
wherein the heat exchanger opemstes to lower a tem-
perature of the first amount of the received coolant;

a flml icnlpci'iihllc scnsol fol dcnunlhung a filsl tcnlpcld-
turc corrcspondulg to the battery pack.

a second temperature sensor for deternlining a second
temperature correspondin to the cabin temperature;
and

a controller configured to:
compare the first tenlperature to a first preset range of

icnlpcraiulcs.
adlust the by-pass valve at a lira( time based on com-

paring the first temperature to the first preset range of
telnpehshlres:

compare the second temperature to a second preset
ran e of temperatures; and

in response to detemlinin that the second temperature
is lughcr than thc second preset range ol'cmpcrd-
tulca tuul a conlprcssol UUtpUt colrcspondnlg hl ihc
refrigeration system cannot be increased. adjust the
by-pass valve at a second time after the first time to
decrease the first anlount of the received coolant that
fiovvs into the inlet port of the heat exchanger and
increase the second amount of the received coolant
thai is dnertcd around thc heat exchanger.
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