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THERMAL IVLLNAGEMENT SYSTEM FOR
VEHICLE

('RO)S RIIIIIIREN( E I'0 I(l!I,AI Ill)
APPLICATIONS

This application is a U S National Phase Application
under 35 U.S.('71 of International Application No. P(71'/

IP2013/004986 filed on Oct 23, 2013 and published in
Iapanese as WO 2014/034062 Al on Mar. 6. 2014 Tlus
Bpphcauon is based on and claims thc benefit OI'riority
from Japanese Patent Apphcanons No. 2012-187153 Iiled
on Aug 28. 2012, and No 2013-139568 filed on .Iul. 3,
2013. The entire disclosures of afl of the above applications
are incorporated herein by reference.

I'IEI,D Oll 'I) IE INVEN'I'ION

'Ihe preset disclosure relates to a thermal managenleltt
svstem used for a vehicle.

IIA(BK(iR(RIND

AR'I'onventionafly.

as disclosed in Patent Document 1. a
themlal management system includes a first coolant loop for
cxchlingnlg hwII with B baltcry svsicnl, B scciind ciiiiiBOI

loop for cxclranglng heat with at Iwlst onc drive Irmn
component. and a vulva Rir swltclung bclw ceo a Iirst mode
of operating the two coolant loops in parallel and a second
nlode of operating the two coolant loops in series.

In the reLated Brt. the first coolant loop includes B first
coolant reservoir. and the second coolant loop includes a
second coolant reservoir The first reservoir and the second
rcscrvolr are intcgratcd together ullo a sulglc dual-loop
ICSCIVOII.

'Ihe coolant reservoir integrated as the single dual-loop
reservoir is provided with a coolant passage filr connecting
chambers for the first and second coolant reservoirs The
single coolant reservoir allows the coolant to flow tluough
between the first coolant reservoir and the second coolant
Icscl volt.

RELATED ART DO(:UMENT

Patent Documelu

Patent l)ocument I .Iapanese Unexamined Patent Applica-
tion Pnblication No. 2011-255879

SUMMARY OF INVENTION

As a result of studies by the inventors of the present
application. if there is a difference in pump output between
the respective coolant loops m the first mode of operating the
nvo coolant loops in parallel, a leak of the coolant may occur
insnlc thc 1 alle. When thc leak of thc coolant occurs inside
Ihe valve. a smull amount of coolmlt will conlmuc to flow
from one coolant loop with Ihc lugh pump oulpul al a lugh
pressure to the other coolant loop with the loiv pump output
at a low pressure.

The two coolant loops form a closed circuit to which the
coolant cannot be supplied from the outside. Thus. when a
small lunount of coolant conunucs Io tlow from Ihc high-
pressurc side coolant loop to a low-prcssure side coolmlt
loop, Ihe lunount of hquld in Ihe Iu h-prcssure side coolmlt
loop contimies to decrease, while the alnount of liquid in the
low-pressure side coolant continues to increase As a result,

thc water lcvcl of thc coolant in thc low-prcssure side
chamber in the reserve tank continues to nse to push up the
hqillil siilfiicc thcrcof.

When the liquid surface of the coolant in the klw-pressure
side chamber rwiches the level of a coolant passage, thc
coolant in the low-pressure side chamber flows into the
hi h-pressure side chamber. Tints, a local loop circuit is
formed between the reserve rank and the valve. winch might
waste the power from a pump or compressor.

I i 1

Furtlmr. Ihc above thermal management system in Ihc
related art just siv itches the two coolant loops between the
scncs connection mid paraflel connccnon. and thus cannol
arbitnlrily switch and circulate a heat medium m a ditfereot
tcmpcrature zone accordulg Io a tcmperaturc adiustmcnt
target device As a result. it is diflicult to adjust the tem-
perature adjustment tar et device to Bn appropriate tempera-
ture depending ou the situation

The present disclosure has been made in view of the
foregoing matters, and it is;m object ol'hc prcscnt disclo-
sure to provide a thermal management system for a vehicle,
which can suppress Ihnnanon ol' local loop circuit by a
reserve tank, ivhile switching a heat nlediunl circuLsting
through the tenlperature adjustment target device.

It is another object of the present disclosure to be capable
of maintaining the pressure of B heat medium circuit within
a predetermined ran e in B heat management system for a
vcluclc ul which a plurality of heat medium circuits arc
formed by sclccnvcly connecting numerous flow paths

ic together.
In order to achieve the above-mentioned object, a heat

management system for a vehicle according to the present
disclosure includes a first pump and a second pump, a
temperature adjustment target device. B heat exchanger,

ls numerous flow paths. a Iirst switching portion, a sixond
switclung portion, and a reserve tlulk The Iirst and sixond
pumps suck and dlscluirgc a hquld heat mixhum. The
temperature adjustment tar ei device has a temperature
adtusted by the heat medium I'he heat exchanger exchanges

so heat with the heat medium. The numerous flow paths are
flov paths for circulation of the heat medium, and include a
first piunp arrangcmcnt flow path ln wluch thc Iirst pump is

disposed. a second pump Brrangcmcnt flow path ln which thc
second pump is disposed, and a dcwcc arrangement flow
path m which at least one of the tempenlture adjustment
target device and the heat exchanger is disposed 'I he first
switchul portion is connected to one end side of each of the
numerous flow paths. Bnd a(Lspted to selectively establish
conumuucatlon bctwccn the numerous flow paths Thc scc-

o ond su itclung portion is conncctcxl to thc other cnd side of
clich of thc niunclous flow pliths, Bnd adapted Io sclcctlvclv
establish commlulication betv een the nunlerous flow paths
1'he reserve tank stores therein ihe heat medium.

Furthermore. at least one of the numemus flow paths
11 conununicates ivith the first pump arrangement flow path to

form a Iirst heat medium circuit. Thc Iirst sw I(clung portion
and Ihc sixond switching portion urc opera(cd such Illa( al
least another one ol'hc numerous flow paths conumuucatcs
v ith the second punlp armngement tloiv path to form a

ic second heat medium circuit. 'I he reserve tank ls configured
to set a pressure of a liquid surface of the heat medium stored
to a predetermined pressure. and is connected to only one of
the numerous tlow paths.

Thus, Ihc Iirst and second switching portions can switch
Ss the communication state mnong the numerous flow paths Io

thereby switch the heat medium circulating thmugh the
temperature adjustnlent target device
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Further. Ihc reserve lank &s conneclcd lo only onc flow
path of the numerous flow paths, and thereby it can suppress
the resene tank from forniing a k&cal loop circuit.

Alternatively. a heat management system fi&r a vehicle
according to the present disclosure may include a first pump,
a second pump„and a third pump. a temperature adjusunent
tiilgct dcvicc, 9 ical cxcl&Bngcn 1&UU&cli&US flow pB&hs, B first
swilchuig pornon. a a&mond sw&&clung port&on, a reserve
tank. a circulation flow path, and at least one connection
floiv paths. 'I'he first. second, and third pumps suck and &o

discharge the liquid heat niedium 'I'he temperature adjust-
ment target device has the temperature adjusted by rhe heat
medium. The heat exchanger exchanges heat with the heat
med&um. Thc numerous flow paths arc flow paths I'or c&r-

e&llano&1 of thc hcdl &1&cdlUBI, Bnd ulclUdc 9 frsl pi&nip I

arrangement flow path m wh&ch the first pu&np i ~ disposed,
a second pump arrangement flow path in which the second
pump is disposed, and a device arrangement tlow path in
which at least one of the temperature adjustment target
device and the heat exchan er is disposed. The first switch- Io
ing portion &s connected to onc cnd s&dc of c mh of the
numerous flow paths, m&d adapted lo selccuvcly cslabhsh
comnnmicat&on be&ween the numerous flow paths 1'he sec-
ond sivitching portion &s connected to the other end s&de of
each of the munemus flow paths, and adapted to selectively
establish cotmnunication between the numerous flow paths.
The reserve tank stores therein the heat medium. The
c&rculauon flow path &s prov&dcd w&th Ihc third pump to
allow Ihe heal mixhum lo c&rculale thcrclhrough. Thc con-
nection flow path &s provided with the third pump. thereby io
connecting the circulation flow path through which the heat
medium circulates to at least one of the numerous flov
paths.

Furthermore„at least one of the numerous flow paths
commumcales w&th the first pump arran cmenl flow path to &s

form a Iirsl heal nuxhum circuiL Thc first swilclung porl&on
and ihesccond sw &tch&ng port&on Brc mlapled lo operate such
tlmt at least a&iotlier one of the numerous flow paths conl-
nnmicates w&th the second pump arrange&nant tkiw path to
foun a second heat medium circuit. The reserve tank &s so
connected to the circulation flow path such thar a pressure of

liquid surlhcc ol'hc heat mcdnim stored becomes B

prcilclcrnllncil pres 9 iil C.

illus, Ihc Iirsl and sixond sw&lclun poruons can sw&tch
the comnnmication state among the numemus tloiv paths to
thereby switch the heat medium circulating thn&ugh the
tempemshire adjustment tar et device.

Further. the reserve tank is connected to only one flov
path of the numerous flow paths via thc c&rculauon tlow
path. and thereby &t can suppress thc reserve I uik from o

fornung 9 local loop c&rcu&1.

Alternatively. a thermal management system fi&r a vehicle
according to the present disclosure &nay include a first punip
and a second pump, a temperature adjustment mrget device,
a heat exchanger, numerous flow paths, a firsr switching l.
portion, a second sw&tclung poruon, onc or lwo rescrvc
tanks. and a prcssure adluslmcnt valve. Thc lira& and second
pumps suck and dmchargc thc liquid heat med&um. Thc
tenipemture adjustn&ent target device has the temperature
adjusted by the heat med&um 1'he heat exchanger exchanges io
heat ivith the heat medium to thereby chan e the rempem-
ture of the heat medium. The numerous flow paths are flov
paths for circulation of Ihe heal medium. mid uiclude a Iirsl
pump arrangemcnt flow path in wluch Ihe first pump &s

d&sposcd. a scmond pump arrangcmenl flow path ui wluch the ss
second pump is disposed, and a device arrangement tlow
path in v hich at least one of the temperature adjustnient

targe& dcv&cc Bnd thc heal exchanger &s ihsposed. Thc first
sv itch&n portion is connected to one end side of each of the
numerous flow paths, Bnd adapted to sclcct&vcly establish
communication between the muiierous flow paths 'I'he sec-
ond switching poruon &s connect&xi to Ihc other cnd s&dc of
each of the numemus flow paths. and adapted to selectively
establish comnnmication bet&veen the numerous flow paths.
'I'he reserve tank is connected to a predeterniined flow path
among the numerous flow paths to store therem the heat
mednim. The prcssure adlusunent valve opens when an
internal pressure of the flow path with the reserve tank
connimtcd Ihcrcto among the numerous flow paths, or an
internal pressure of the resene tank exceeds the predeter-
nuncd range.

I urthermore, at least one ot tile &iumerous flow paths
conununicates ivith the first pump arrangement flow path to
form a first heat niedium circuit. 1 he first switching portion
and the second switching portion are operated such that at
least another one ol'hc numerous flow paths conumuucales
with the second pump arrangement flow path to form a
second 1&Vill nlcilmnl clrcU&l.

'illus, when the internal pressure of the flow path with the
rcscrvc &tink con&ice&cd lhcrclo B&1&ong thc i&UU&c&UUs flow
paths, or an internal pressure of the reserve tank exceeds the
prcdelcnn&nixl rmigc. Ihe prcssure mljustmm&l valve cmi
close to maintain the pressure of the heat medium circuit
within a predetermined range.

Alternatively, a heat nimiaaement systeni for a vehicle
according to the present disclosure may include a first pump,
a second pump, and B llurd pump, a Imnperaturc adluslmcnl
target device, a heat exchanger. numemus flow paths, a first
swilchulg portion, &I 9ccond 9v;&lcllhlg porno&1, &I clrcUIBI&o&1

tlow path, at least one connection flow path. one or two
rcservc Iiu&ks. and d pressure adlusnncnt valve Thc IirsL
second, and third pumps suck and discharge the liquid heat
medium. The temperature adjustment target device has a
temperature adjusted by the heat med&um. The heat
exchanger exchan es heat with the heat med&um to change
the temperature of Ihc heal n&cd&um. The numerous flow
paths are flow paths fi&r circuLation of the heat medium. and
include B first pump arrangement flow path ui wluch thc first
pump &s d&sposcd, a second pump arrangemm&t flow path in
v hich the second piunp is disposed, and a device arrange-
ment flow path in which at least one of the tempensture
adlustment target device and the heat exchanger is disposed.
The first sivitchin portion is connected to one end side of
elicit of lhc niunc&UU9 flow pi&1119, dnd Slap&cd lo sclccllvclv
estabhsh conunun&cnnon between thc numerous flow paths.
The second swilchuig poruon is connected Io thc other end
side of each of the munerous flow paths, and adapted to
selectively establish communication between the numerous
flov paths. The circulation flow path is provided with the
th&rd pump to alloiv the heat med&um to circulate there-
tluough. Thc corutccs&on flow path connects al limst onc of
thc numerous tlow paths lo thc circulat&on flow path. Thc
rcservc lank is co&uumlcd to a predetcnnu&ed flow path
among the numerous flow paths and the c&rculation flow
paths, thereby storing therein the heat mediuni The pressure
adlustment valve opens when an internal pressure of the
predetermined floiv path or an internal pressure of the
rescrvc &tink cxcccds d plcdcn:rnunixl rdngc

Furllmnnorc. at least onc of the numerous flow paths
conumuucales w ilh Ihc Iirst pump arrangemcnl flow path lo
form a first heat niedium circuit. 1 he first switching portion
and the second switching portion are operated such tlmt at
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least another one of the numerous flow paths communicates
ivith the second pump arrangement flow path to fohn a
second heat medium circuit.

Thus. wlmn thc ultcnial prcssure of the flow pafll with the
reserve tank connected thereto among the numemus tlow
paths and the circulation flow paths. or an internal pressure
of the reserve tank exceeds the predetermined range. the
pressure adjustment valve can close to mainmin the pressure
of the heat medium circuit v ithin a predetermined range.

i)l(ll:I'IIS('l(IPI'ION Ol'RAVIIN(iS

FI(b 1 is an entire configuration diaftram of B themtal
management system lor a vehicle accorduig to a first
mubodimcnt of'hc invcnuou

lqCi 2 is a block diagram showing an electric controller
in the thermal managenlent system for a vehicle in the hrst
embodiment

FIG. 3 is an entire confi uration diagram of B themtal
managenlent system for a vehicle accordin to B second
clnbodhucnt of thc ltlvctl11011.

FIG. 4 is an cntirc configuration diagram of a thermal
nlanaaement system for a vehicle according to a third
embodiment of the invention

FIG 5 is an entire configuration diagram of a thernial
management system for a vehicle accordiiig to a fourth
enlbodiment of the invention.

FIG. 6 is a cross-sccuonal vmw shov,uig a negative
prt:satire vail c, a priusulldlng vdlvc. dnd d cap stnicturc in
the fourth embodiment

lqCi 7 is an entire configuration diagram of a thernlal
mana ement system for a vcfticlc according, to a tifth
embodiment of the invention

FIG. 8 is a cross-sectional view of a reserve tank in the
lifth mubodimcnt.

FIG. 9 is an cntirc configuration diagram of a thermal
management system for a vcluclc accorduig 10 a sixlh
embodiment of the invention

FIG 10 is a cross-sectional vietv of a reserve tank in the
sixth embodiment

FI(b 11 is an entire configuration diagram of a themtal
IndndgCIIICIlt Svstcnl fol d VchlCIC dCCOldhlg 10 B SCVCI1111

mubodimcnt of'hc invcnuou
FIG. 12 Is an entire configuration dlagrmu of a fllemial

mana ement systeni for a vehicle according to an eighth
embodiment of the invention

FIG. 13 is an entire contiguration diagmm of a themtal
managenlent system for a vehicle accordin to a ninth
clnbodhucnt of thc ltlvctl11011.

FIG. 14 is an enure configuration dldgmm of a thermal
management system for a vehicle Bccordin to a tmllh
embodiment of the invention

FIG 15 is a cmss-sectional view of a second switchiag
valve in the tenth embodiment.

FI(b 16 is an entire confi uration din~am of a themtal
Indndgclllcllt s)'sncul for B vchlclc) willie shov,'Big one opcra-
non mode according to au clcvcnth mubodnnent of thc
ulvcntloll.

lqCi 17 is an entire configuration diagram of the thernlal
mana ement system for a vehicle, while slxiv ing another
operation mode in the eleventh embodiment.

FIG. 18 is an entire contiguration diagmm of a themtal
Iniiniigt:lllcllt sv'steal for a vchlclc dccordulg 10 a llrsl 111081-

litxi example of'hc clevcnth cmbodnuent.
FIG. 19 is an enure configuration dldgmm of a thermal

nlanaaement system for a vehicle according to a second
nlodihed exanlple of the eleventh embodiment

FICi 20 is an enure conliguration diagram of a thermal
management system for a vehicle according to a twelfih
embodiment of thc invmition.

ill(i 21 is an entire configuration diagram of a thermal
nuinBgclllcllt svstcln lol d vein:10 according lo II till(centi
embodinient of the invention.

FICi. 22 is a cross-sectional view of a reserve tank in the
tlurteenth embodiment.

ni f)f!5(.'f(IP i'ION Oit IIMIIOI)IMIIN'IS

In thc lollow lug, preferred cmbodunents Of tlm prcscnl
invention will be described with reference to the accompa-
nying drawings. Thc same Or equivalent parts ln the embodi-

I
ments belov; are indicated by the sante reference chanacters
tluoughout the ligurcs.
(Iiirst I imbodiment)

Noiv, a first embodiment of the invention will be
described A thermal management aysteni I 0 for a vehicle
shown in FIG. 1 is used to cool various tempemture adjust-
meul target dcvicc uicludcd in a vchiclc (dcvlccs requinng
cooling or heating) to an appropriate temperature.

In lhc lira( mnbodunmli, ihe thermal management system
itl is applied to a hybrid vehicle that can obtain the driving
fiirce for traveling Irom both ml engine (internal combustion
eagine) and a motor for traveling.

The hybrid velucle can switch betv een a travelin state
(I IV traveling) in which a vehicle can travel by obtainiog, a

" driving force from both the engine Bnd electric motor for
traveling by causing Ihc engule to operate or stop accordulg
to a travelin load on the vehicle and a remainmg stomuge

energy of a battery or thc like, mid another travcluig stmc
(EM traveling) in which the velficle can travel by obtaininli
d driving ftilcc Only Irolll tht: clcctilc tao(or for traveling bv
stopping the engine 10. 1hus. the hybrid vehicle of this
embodiment can improve thc fuel efficiency as compared to
the vehicle v,ith only the enyne as a drive source fiir

«I traveling.
liurther, the hybrid vehicle is configured as a plug-in

hybrid car that can charge a battery (velucle-mounted bat-
tery) mounted on the vclnclc. with power supplied from Bn

external power source (commercial power source) during
stoppulg of thc vcluclc. For cxmnplc, a hQuum ion bauery
can be used as the battery

A drivin force output from an engine is used not only for
traveling of the vehicle, but also for opemtlng a generator.
Power gcncrated by Ihc gcncrator aud power supplmd from

B the cxtcmal power source c;m bc stored ln tlm battery. The
power stored ill thc biiucrv cinl bt: suppllcil not univ 10 thc
nxitor for traveling, but also to venous vehicle-mounted
devices, such as electric components included in a cooling
system

ss As shown in FI(b 1. the thermal mana ement system 10
includes numerous ilow paths 11 to 16, a first switclung
valve 21, a second switclnng 1 alvc 22, a first pump 23, a
second pump 24 (a plurality of pumps). and a radmtor 26
(heat exchanger).

to A number of tiow paths 11 to 16 are coolant flov: paths
through ivhich the coolant flows. The flow paths 11 to 16 are
formed of a solid pipe made of resin matenal (nylon,
polyphthalanudc. or thc hke), metal matcual (SUS). ctc., a
hose pipe made of rubber nuiterial (EPDM), or thc like.

si Thc coolant is a fiuid as thc thcrmul medium. A liquid
cmitaining at least ethylene glycol. dimethylpolysikixane. or
a nano-fhiid is used as the coolant
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lllc numerous flow paths 11 to 16 each have one mid side
thereof connected to the first switching valve 21. and the
other end side thereof connected to the second switching
valve 22

The first switching valve 21 has a first inlet 21a and a
second inlet 21b into wlflch the coolant flows. and a Iirst
outlet 21c. a second outlet 211/, a tlurd outlet 21e, and a
fourth outlet 21/ from which the coolant flows. The Iirst
switching valve 21 is a first switch tilr switching among
comnnmicatlon states between the first and second inlets ic
21a and 2 I 6 and the hrst to fourth outlets 21c, 211/, 21e, and
21f.

The first mlet 21n is connected to one end side of the Iirst
flow path 11 among thc numerous flow paths 11 io 16. Thc
second inlet 21b ls connix (cd to one end side of the scmond
flolv path 12 mnong the mlmerous flow paths I I to 16

'Ihe hrst outlet 2ic is connected to one end side of the
third tlow path 13 among the numerous flow paths I I to 16.
The second outlet 21d ls cnnnected to one end side of the
fourth flow path 14 among the mnnerous flow paths 11 to 16. Io
Thc ilurd outlet 21e is connioted to onc end side of the Iifth
flow path 15 among the numcmus fluw paths 11 to 16. The
fourth outlet 2I/ is connected to one end side nf the sixth
flolv path 16 among the numerous flolv paths I I to 16 'I'hus,
the first slvitching valve 21 allows the numemus tlow paths
11 to 16 to selectively communicate with each other.

The second sw itclfing valve 22 has a firs outlet 22a and
a second outlet 22b from wluch ihe coolant flow 1, imd a Iirsi
inlet 22c, a second ullci 22J, a third ullci 22e. and a fourth
inlet 22finto which the coolant flolvs 'I'he secnnd switching Io
valve 22 is a second switch for switching the communication
state among the first and second outlets 22n and 22b and the
first to fourth inlets 22c to 22f

The Iirst outlet 22a is connected to the other end side of
thc Iirsi flow path 11 among ihc numerous flow paths 11 to 11

16. The second outlet 22b Is connected to ihe other end side
oi'thc second flow path 12 among thc numerous flow patlw
11 to 16.

1'he first inlet 22C is connected to the other end side of the
third flolv path 13 among the numerous flow paths 11 to 16. so
The second inlet 22I/ is connected to the other end side of the
fourth flow path 14 among the numerous flow patlw 11 to 16.
Thc tlnrd inlet 22e Is conncctixl io thc other mid side of thc
Iifih flow path 15 mnong thc numerous flov; paflls 11 to 16.
'I'he tilurth inlet 22fls connected to the other end side of the
sixth flow path 16 among the numerous flow paths I I to 16.
Thus, the second switching valve 22 allows the numerous
flow paths 11 to 16 to selectively conununicnte with each
other.

Each OI'hc Iirst pump 23 mid the second pump 24 is an c

clccxnc pump I'or suclong mid dlschar un thc coolant. The
first pump 23 is disposed in the first flow path 11 (first pump
arranged flolv path), and the second puinp 24 is disposed in
the second flolv path 12 (second pump armnged flow path).
Both the first pump 23 and the second pump 24 are arranged 11

io allow thc coolant to be sucked from a side of the second
su iiclnng I alve 22 und dlscllurged tuward a side of Ihe Iirsi
suiiclnng valve 21.

'Ihe radiator 26 is a heat exchanger (air-heat medium heat
exchanger) tilr heat dissipation that dissipates heat of the ro
coolant into the outside air by exchanging the heat between
the coolant and the air outside the vehicle compartment
(hermnafter rcfcrrcd io as an outside mr). The radiator 26 Is
disposed bc(worn the Iirst pump 23 and thc second swiich-
uig I alvc 22 ui thc Iirst flow path 11. SI

Althouah not shown in the figurc, the radiator 26 ls
disposed at the foremost part of the vehicle 'I he outside air

is blown to ihc raihator 26 by an cxtenor blower 27. Dunng
traveling of the vehicle. the radiator 26 can face the traveling,
'ul

A part of the first flow path 11 on the side of the second
switchul valve 22 with respect to the radiator 26 is con-
nected to one end side of a bypass flow path 28 via a
tluec-way valve 29. Another part oi'hc Iirst flow path 11 on
the side of thc Iirsi swiiclnng 1alvc 21 with rcspcci io ihe
msdiator 26 is connected to the other end side of the bypass
flov path 28. The three-lvay valve 29 switches between the
flov of the heat medium in the first flow path 11 through the
radiator 26, and the flow of the heat medium through the
bypass Iklw path 28.

In thc tlurd flow path 13 (device arrangemmlt liow path).
an Invcrtcr 31 and an electric motor 32 for iravclulg wluch
are temperature adjusunent target devices are arranged in
senec. A multi-way valve (not shown) may be disposed to
control the distribution of the flow paths so as to timely
switch between the paraflel connection and series connec-
tion as the arrangement relationsifip between the inverter 31
and the motor 32, and/or io timely restnct onc of ihc fiow
ra(ca of the invertcr 31 mid the motor 32

I'he inverter 3 I is a power corn ersion device that converts
a direct-current (DC) polver supphed front the battery to an
alternating-current (A(') power to output the AC voltage to
an electric motor for traveling, thereby constitutin a power
control unit.

Thc power control urui ls a component for controllulg thc
oulpul Irom Ihc bat(cry so as io drive thc motor for trav clulg.
'I'he pov er contml unit includes a booster converter tilr
increasing the voltage of the battery, and the like. In addition
to the inveitei 31

Inside the inverter 31. a coolant flov path for allowin the
coolant to flow therethrough is formed, whereby the inverter
31 is cooled by flovong the coolant ln thc coolant flow path.
The Invcrtcr 31 preferably luis iis tmnperaturc maultained ai
65' or lower in terms OI'hermal damngc to thc scmi-
cmlductor element therein, and for the purpose ofpreventing
the degradation thereof, and the like

The electric motor 32 for travehng has functions of
servln as an electric motor (motor) for converting an
clectnc cncrgy ulto a mcclranical energy. such as rotauon of
an output shafl. and oi scrvulg as an clcctnc generator
(gcncraior) for converting the rotation of thc output shaf1
(mechanical ener y) into an electric energy

In the tilurth flow path 14 (device armngement flow path),
an chiller 33 as a heat exchanger and a cooler core 34 as
temperature adjustment target device are armnged in series
to each other. Thc chiller 33 ls a heat exchanger for coolant
coollllg (llixlt Incdlilln cooler) that cools ihi: coolallt bv
exchanging heat bctwcen a low-prcssure rcfrigcrani (low-
temperature refrigerant) of a refrigemtton cycle 40 and the
coolant Tile cooler core 34 is a heat exchanger for air
cooling (air heat medium heat exchan er) that cools the air
by exchangin heat between the coolant cooled by the
clullcr 33 and thc air io bc blown into thc vchiclc interior.

A nndti-way valve (noi shown) may bc disposed to
control ihc distnbuuon oi thc flow patlw so as to Iimcly
switch benveen the paraflel connection and series connec-
tion as the arrangement relationship between the cooler core
34 and the chiller 33. and/or to timely restrict one of the flow
rates of the cooier core 34 and the chiller 33.

In ihc Iifih flow path 15 (device arrangement flow paih),
a condenser 35 as a heat exchanger and a heater core 36 as
tcmpcrature adjusnncni iargct dcvicc urc arranged ln series
to each other I'he condenser 35 is a heat exchanger for
coolant heating (heat nledilun heater) tlvat heats the coolant
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by exchanging heat bc(ween thc coo)wit and a )BPI-prcssure
refrigerant (high-temperature refrigerant) of the refrigem-
tton cvclc 40. Thc hcd(CI coro 36 Is a hcBI cxchBngix fbr Blr

heating (air heat medium heat exchanger) that heats the air
by excluuiguig heat between Ihe coo)wit cooled by thc
condenser 35 and the air blow:n into the vehicle interior

A multi-way valve (not chown) may be disposed to
control Ihc flow paths co Bs to thncly switch bc((Scen thc
parallel connection Bnd series connection ofthe arrangement
relanonship bctwccn thc heater core 36 and the condenser
35. or to timely restrict one of the flow rates at the heater
core 36 and the condcnscr 35, or so ds (o open mid close thc
comnnmication with a connection flow path 107.

in thc sixth tlow path 16 (device drrangcmcnt flow path),
the battery 37 as the temperature adjustment target device is
dispos&. )nside the battery 37, a fl(nv path for a battery that
allo(vs the coolant to flow there()wough is formed, whereby
the battery 37 is cooled by flowin the cooLant tluough the
flow path for thc battery The baucry 37 preii:rably has its
temperature maintained to about 10 to 40" C. for rhe purpose
ol'rcvcntuig Ihc reduction ui output, chdrguig eflicimicy,
degradation, and the like.

ln the sixth flow path 16, a heat exchanger for battery
cooling may be provided for cooling or heating the battery
37 by exchanging heat between the coolant (heat medium)
and Bir„ instead of the battery 37. to guide rhe Bir to the
baucry 37.

lllc lcfrlgcrdnon cvch: 40 Is Bvdpol conlprcsslon rcfl1g-
erator ln this embodinient, the refrigeration cycle 40
employs a fluorocarbon refrigerant as the refrigensnt, and
thus forms a subcritical refrigeration cycle wlxise high-
pressure side refngerant pressure does not exceed rhe critical
pressure of the refrigerant.

11&c refrigeration cycle 40 uicludes not only thc clnllcr 33
scrvuig as a low-prcssure side heat exchanger and the
condenser 35 serving as a lugh-prcssure side htuit cxclruigcr,
but also a compressor 41 and an expansion valve 42

1hc compressor 41 is an electric compressor driven by an
electric power supplied from the battery. The compressor 41
is adapted to suck gas-phase refrigerant and to compress and
dtschaigc tlu: rcfngcrant. Thc compressor 41 may be rotat-
dbly driven by the engine via a pulley. a bc)I. mid the like.
Thc lugh-temperature and high-prcssure gas-phase rcfngcr-
ant discharged from the compressor 41 exchanges heat v ith
the coolant by the condenser 35 as the high-pressure side
heat exchanger to have its heat absorbed to be condensed.

The expansion valve 42 is a decompressor for decom-
pressing and expanding a hquid-phase rcfhgcrant condensed
by the condmiscr 35. Thc rcfrigcrant dcwompressu! and
cxpandcd by thc expansion valve 42 exchanges hwtt with the
coolmit in the chiller 33 to absorb heat from the coolant and
to evapomte itself 1'he gas-phase refrigerant evaporated at
the cluller 33 is sucl ed into and compressed by the com-
pressor 41.

11&c rcfngcration cycle 40 may be provided with an
ultcrndl heat t:xchangcr (not shown) fbr cxchiuignig hcdl
bciwcmi Ihc refrigerant ihschargcd from Ihc condenser 35
and the refri erant discharged from the chiller 33

'lite chiller 33 cools the coolant by the low-pressure
refrigerant in the refrigeration cycle 40, and rhus can cool
the coolant to a lower temperature as compared to the
radiator 26 ibr cooing thc coolant with Ihe outside air.

Spcciiically. thc rmhator 26 cannot cool Ihc coolant Io a
tcmpcraturc lower than that of thc outside mr. whereas the
chiller 33 can cool the coolant to a temperature lov er than
that of the outside air

Thc cooler ccrc 34 and Ihe heater core 36 arc d(sposcx) in
an air passage fomied inside a casin 43 of an Interior air
conditiotung iuut. Speciiically. in Ihc air passage wiflun Ihc
casing 43, the heater core 36 is disposed on the downstream
side of Ihc air flow with respect to the cooler core 34.

1'hmugh the air passage tvithin the casing 43. the air
blov n by an interior blower 44 flows, An air mix door 45 is
disposed in benveen the cooler core 34 and the heater core
36 within the casing 43. The air mix door 45 serves as an air

1(i vohauc Id(10 dtlfusu I Ihdt dillllsm d I'dno of Ihc Bu vohnnc ol
the air passing through the heater core 36 to that of the air
bypassuig thc cooler core 34.

A reserve tank 46 is connected to the first flow: path 11

Spccilically, Ihc reserve tank 46 includes a maui uiflow-
outtiow port 46c and a sub-inflow-outflow port 46)I as an
inflov -outikiw port for inflow and outflow of the coolant.
The niain inflow-outflow port 46(t is connected to a part of
the first flov; path 11 between the msdiator Z6 and the firct

I(I punlp 23 via (I nlani connection flow pdfll 47 Thc sub-
inflov -outikiw port 466 is connected to a part of the first
flow path 11 between Ihc lirst pump 23 and thc iirst
sv itching valve 21 via a sub-connection flow path 48

1'he main connection flow path 47 and the sub-connection
flov path 48 are flow paths for circulation of the coolant
Each of the main connection flow path 47 and the cub-
connection flow path 48 is a tank connection flow path for
conniwtuig Ihc rcscrvc ttntk 46 Io a prcdetcnnincd flow path.

Thc sub-connix:non flow path 48 w provided with a flow
sc path throttle 49 Thus. the flov ing resistance of the sub-

colulcctloll flow path 48 (resistance of the flow of coolant)
is larger than that of the main connection flow path 47
instead of the flow path throttle 49. a a)nit valve capable of
closing the iki(v path may be disposed in the sub-connection

ic flow path 48.
Thc rcscrvc tank 46 is an air-re)came contauier (heat

mednim storage) for sioruig the coolant thcrcui. Thus, Ihc
pressure at the liquid surface of the coolant stored in the
reserve taink 46 becomes atmospheric pressure 'I'he reserve

do tank 46 may be configured such that the pressure at the
liquid surface of the coohmt stored in the reserve tank 46
biwomcs a prcdctcrnnntxl prcssure (prcssure diflbrmit from
thc Bnnosphcilc press(ac).

Excessive coo)mr( is stored ui Ihe rcscrvc tank 46, and
thereby it can suppress the decrease in liquid amount of the
coolant circulating through the respective flow paths 'the
reserve tank 46 has a function of separatin the air bubbles
mixed in the coolant, into gas and liquid components.

Because Ihc tlov, path fltrottlc 49 is ihsposcd in Ihc
C sub-connection flow path 48, it can suppress the flow of Ihc

coolant from thc lirst flow path 11 uito the reserve tank 46
through the sub-connection flow path 48, thereby effectively
separating bubble mixed in the coolant into gas and liquid
colllponcllts.

11 A connection part of the reserve tank 46 is sufficient to be
disposed on the downstream side ol'hc coolant flow with
respect Io al lcasl onc of Ihc Imnpcratureadlustmcnt Iaige1
devices 31. 32, 34, 36, dnd 37 and thc heat cxchangcrs 26.
33, and 35, and on the suction side of at least one of the first

(c puntp 23 and the second pump 24.
in tlus embodiment, the end of the main connection flow

path 47 opposite to the reserve tank 46 is connected to the
part ol'hc first flow path 11 on thc suction side of thc iirst
pump 23. On the other hand. thc cnd of the sub-coiuicction

sc flow path 48 opposite to thc rescrvc tunk 46 is connected Io
the part of the first flow path 11 on the discharge side of the
first pump Z3
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Nexa the details of thc Iirst and second switclnng valves
21 and 22 ivill be described. The first and second switching
valves 21 and 22 have the same basic stnicture to each other.
I Ioivever, the hrst switching valve 21 ditfers from the second
sivitching valve 22 in that an inlet for coolant and an outlet
for fluid are reversed to each other.

Tile Iirst switching valve 21 includes a Iirst tlow path 211
in conunumcatiou with tlm Iirst uilct 21a, and a second tlow
path 212 in contntunication w:ith the second inlet 21b

1hc firs switching valve 21 mcludes fourcommunication ia
spaces 213 provided corresponding to the first outlet 2 I r, the
second outlet 21d. the tlurd outlet ZIC. and the fourth outlet
21f. The respective conununication spaces 213 allow the
outlets 21c to 21( to conmiunicate with thc Iirst flow path
211;md thc second tlow path 212. 1

A door type valve body 214 is disposed in each contmu-
nication space 213 'I'he valve body 214 is sivitched between
a first position for fiilly opening the first flow path 211 wlule
completely closing the second flow path 212. and a second
position for completely chisin the Iirst tlow path 211 while io
fully opmiing thc second flow path 212. The valve body 214
is also operated to mi intermediate position where im opmt-
ing ratio of the hrst flow path 211 side to the second tlow
path 212 side is arbitrarily selectable.

Each valve body 214 is dnven by an electric actuator (not
shown). The number of electric actuators may be the same
as that of the valve bodies 214, or smaller than that of the
i alve bodies 214. When thc mmibcr of thc electric actuators
is snuillcr titan that ol'hc valve bodies 214, the electric
actuators and the respective valve bodies 214 ntav be io
coupled toaether via a link meclmnism or gear mechamsm to
communicatively drive the respective valve bodies 214.

Likewise. the second switching valve 22 also includes a
first flow path 221 in conununication with the first outlet
22a. and a second flow path 222 ui conunuiucation with the ii
second outlet 22b.

lite second switching valve 22 has four conununication
spaces 223 corresponding to the respective first inlets 22r to
22f. The respective comniunication spaces 223 allow the
first inlets 22c to 22fto communicate with the first flow path xo

221 and the second flow path 222.
A door type valve body 224 is dtsposcxl ui mich commu-

nication space 223. Thc valve body 224 is switched between
a Iirst position lor fully opening thc first flow path 221 while
completely closing the second flow path 222„and a second
position for contpletely closing the first tiow path 221 wlule
fully openin the second flow path 212. The valve body 224
is also operated to an intermediate position where an open-
ing ratio of the first flow path 221 side to thc second tlow
path 222 side is optiooafly selcctablc. o

Each valve body 224 i ~ dnvcn by an electric actuator (not
shoivn) 'I he mimber of electric actuators may be the same
as that of the valve bodies 224, or smaller than that of the
valve bodies 224. When the number of the electric actuators
is smaller than that of the valve bodies 224. the electric s.
acxuators and the rcspimtive valve bodies 224 nuiy bc
coupled together via a link mechanism or car mccharuam to
conuuunicatively dove thc rcspcctive valve bodws 224.

'lite hrst switching valve 21 may include a plurahtv of
valve bodies. I'he second switching valve 22 inav include a ro

plurality of valve bodies The valve body of the first switch-
in valve 21 may be mechanically coupled to the valve body
ol thc second switching valve 22. The valve body of thc lirst
switchuig salve 21 and thc valve body ol flie simond
suitchuig valve 22 may be uitcgrafly fortncxi together. si

Now, the leakage fmm the first and second switchiag
valves 21 and 22 will be described below. Iior example,

when thcrc is a drlferencc: in prcssure beta ccn thc inlets 21a
and 2 ib and the outlet 2)i to 21fof the first switching valve
21, even though the valve body 214 is operated to the
position for completely closiag the first flow path 211 or the
second Ikiw path 212. the valve body 214 is sli htly open
according to the difl'erence in pressure. cmising the leakage
of coolant. Hcrcinaftcr, such a lcakagi: of thc coolant is
referred to as a '*valse leakage", and thc amount of leakage
of the coolant is referred to as a "leaking amount"

I'he leaking amount changes depending on a seal stnicture
of the valve body ZI4. and a holdin force for holding the
valve body Z14 in the position. Thus„ in order to decrease the
lealun amoiutt. a strong seal structure. and a powerful
clcctnc actuator are required. However, when adopung thc
strollg scull stiilcullc allil tlic powcliul clci:tric tictiiator,
slight valve leakage is acnmlly inevitable becmise of an
increase in volume or iveight of the entire system

I,ikewise, in the second switching valve 22, for example,
v hen there is a difference in pressure between the outlets
22a and Z2b and the inlet 22c to 22fof the second cwitchin
valve 22. cvmi though the valve body 224 w operated to thc
position for completely closing the Iirst tlow path 221 or thc
second tioiv path 222. the valve body 214 is slightly open
according to the difference in pressure, causing the valve
leakage

Now, an eiectric controller of the thermal management
system 10 will be described with reference to FI(I. 2. A
controller 50 is comprised of a known microcomputer.
including CPU, ROM. RAM, and thc like, aud a peripheral
circuit thereof the controller 5(l is a control device fiir
controlbng the operations of the devices connected to the
output side, including the first pump 23, the second pump
24. the compressor 41. an electnc actuator 51 of the first
switchui valve 21. and an electric actuator 52 of the second
switclung valve 22, and thc hkc by perl'onnuig venous kinds
of computations and processing basixl on air conditionuig
control progranw stored in the ROM

I'he controller 5(l is integmlly structured with a control
unit fiir controlling various control target devices connected
to the output side of the controller. The control unit for
controllin the operation ofeach of the control target devices
includes a structure (hardware and software) adaptixi to
control thc opcrauon of each ol'hc control target devices.

In particular, a switclung salve coutroflcr 50a has thc
stnicture (hardware and software) for controlling the opera-
tions of the electric actuator 51 of the first switching valve
21. and the electric actuator 52 of the second sv itching valve
22. Obviously. the sivitching valve controller 50a may be
inde)tcndcntly provided from thc controller 50.

Detection signals from a group ol'ensors, includuig an
inside air seiwor 53. an outside air sensor 54, a solar
mdiation sensor 55, and a humidity sensor 56 and the like are
input to the input side of the controller 5(l

The inside air sensor 53 is a detector (inside air tempera-
ture detector) for detecting the tempemture of inside air (or
thc tcmpcraturc of thc vcluclc uitcnor). Tlic outside air
sensor 54 is a dctcctor (oumiiic air tmupcraturc dctiwtor) lor
dctimting the tcmpcraturc of outside air. Thc solar radiation
sensor 55 is a detector (solar radiation amount detector) fiir
detecting the amount of solar radiation onto the vehicle
interior. The humidity sensor 56 is a detector (humidity
detector) for detecting the humidity of the vehicle interior.

Au operation panel 58 is dtsposcxt near an instrument
board at the front of thc vchiclc compartment Operation
signals arc input from various types of mr conditionuig
opemtion switches pmvided on the operation panel 30, to the
input side of the controller 50. Zhe various types of air
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cond&i&oning opcrunon sw&&ches pmv&dcd in ihe Operation
panel 55 include an air conditioner switch. an automatic
switch. ml air volume sctnng sw&ich, a veluclc-uiteuor
tenlpemture setting switch. and the like.

lllc air cond&t&oner sw&tch is a switch for sw&tclung
bet&veen nperating and stoppuig (on and oflj of air condi-
tioning (cooling or heatin ). The automatic switch &s a
switch fnr setting or resettuig mtto&natic contn&l nf the air
conditioning. The air volume setting switch is a switch for
scinng thc volume of air from thc uitcrnor blower. The
vehicle-interior temperature setting switch serves ns target
iempcraiurc sett&ng means for scinng a iar ci vchiclc &ntcruor

temperature set by a passenger's operation
Now, thc opera t&on of iheabovc-mentioned structure w &ll

be described 1 he contmller 5t) controls the operatinns nf the
electric actuator 51 of the first switching valve 21 nnd the
electric actuatnr 52 of the second switching valve 22 to
s&vitch arming vanous kinds of operation modes.

Spec&fically, the first flow path 11 and at least onc of thc
third to sixth flow paths 13 to 16 form a first coolant
c&rmilation circuit (first lmdt mcdnun c&rcu&i). The second
flo&v path 12 and the remaining tlov: path anxmg the tlfird to
sixth tlo&v paths 13 to 16 form a second coolant circulation
circuit (second heat nledituli circuit)

In each of the third to sixth flow paths 13 to 16. switchin
can be performed bete een the connection to the first coolant
c&rculanon c&rcu&t and thc connection to ihe scmund cuulmli
c&rculanon c&rcu&i dcpcnding on ihc situation, thereby
adjusting each tempemture ad)ustment taiget device to an
appropriate temperature according to the situation.

Alternatively. one or some of the third to sixth flow paths
13 to 16 may be connected to both the first coolant c&rcu-

lation circuit and the second coolant circulation circuit,
thcrcby nux&ng and c&rculating thc coolanl in the lira&

coolant c&rculat&on c&rcu&i mid thc coolant ui thc second
coolant c&rculat&on c&rmiii.

In the example shown in I'Ri l. the first sv itching valve
21 and the second s&vitching valve 22 are switched such that
the first, third. and fifth flow paths 11, 13. and 15 conunu-
nicnte with each other. Bnd that the second. fourth. and s&xth
flow paths 12, 14, und 16 conunurucaic with each other.

illus, ihc lirst coolant c&rculaiion circu&1 (lngh-icmpcra-
iurc coolant circu&t) &nd&ca&cx) by tluck suhd lulcs ui FIG. 1

and the second coolant circulation circuit (low-temperature
coolant circuit) indicated by thick alternate long and shnrt
dash lines in FIG. I are formed.

In the first cooLmt circulat&on circuit, the coolant c&rcu-
laies &Im&ugh among thc radiator 26, mvcrter 31, electric
motor 32 for travel&ng, condenser 35, dnd hmitcr core 36.
Thus, ihc waste heat from thc invencr 31, cleclric mulur 32
for travelin, and condenser 35 is dissipated from the
radiator 26 and heater core 36. and thereby it can conl the
inverter 31. electric motor 32 for travelh&g, and condenser
35.

In Ihe scmond coolant circulation c&rcuil, tlm cuulmli
c&rculaies throu h among thc ch&lier 33, cooler cure 34. and
bancry 37. Thus, ihc coohmt cooled by flic chiller 33 &0 a
tenlpemture lower than the outside air tempensture can cnnl
the conler core 34 and the battery 37. IIy cooling the cnoler
core 34, the velucle interior can be cooled.

Further. in the example shown in FIG. 1. the valve body
224 corresponding to thc fourth inlci 22f &s sl&ghtly Opmi on
thc lira& flow path 211 s&dc such fllat ihc lira& cuulm&t
cnculatlon circU&i conunUB&cB&cs with thc second cooiBU&

circulation circuit in the second switching valve 22 As a
result. a conlmunication flow path R for conlmunication

bctwimn ihc lira& cooldni cIKUII&i&iin clrcU&i Bnd tlm sixiind
coolant circulation circuit is formed w&thin the second
switclnng valve 22.

At this time, the opening degree of the valve body 224
corresponding to the fourth inlet 22f is adjusted such that the
flow rate of cooiant in the conununication flow path R is
more than each of thc leaks gc mnount Irom thc lira& su itch-
ing valve 21 and ihc leakage amount from thc a&mond

sv itching valve 22.
&0 I'he reserve tank 46 is connected to the first flow path ll

(first c&rcuit fnnnation flow path) forming the first coolant
c&rculation circuit. When the volume of the coolant expands
or contracts together with the changes in tempemsture of the
coolant in thc first coohmi c&rculat&on c&rcu&t, thereby chang-

I lng ihc prcssulc ol ihc fust coolant circulation circ&11&, ihc
first coolant circulatioii circuit can exchange the coolant
v ith the reserve tank 46 'linig the pressure of the first
coolant circulatinn circuit can be nlaintanled within an
appmpriate range.

zo The second coolant circuLation circuit is connected to the
lirst coolmii c&rculation c&rmiii i is the conunun&canon flow
path R. When&he volume of ihc coolant expands or con&reels
together with the changes in temperature of the coolant in
the second coolant circulation circuit, thereby changing the
pressure nf the second coolant circulation circuit, the second
coolant circuiation circuit can exchange the coolant with the
reserve tank 46. Thus. the pressure of the secnnd coolant
c&rculatiun circuit can bc mainianu:d wiilun an appropnatc
rdngc

Io 'I'he reserve tank 46 is connected to the first tlow path I I,
and not cnnnected to the second flow path 12 In other
v ords, the reserve tank 46 is connected to only one floiv path
11 of the first to sixth flow paths 11 to 16.

Tluis. the coolant is not exchanged between the first
li coolant c&rculanon c&rcuii mid ihc second coolant circulai&on

circ&i&i vlii thc Icacrvc idnl 46. As II rcsUI&, when fllc'le ls s
d&lfcrm&cc in output bciwccn ihc lira& pump 23 and ihe
second pump 24, the waste of the pump power due to the
local fnnnation of the loop circuit and the loss of heat due

do to the mixing of the coolant having a difi'creat temperature
zone cnn be prevented.

Thc rcscrvc tank 46 is conmmied to Ihc downstream s&dc

of Ihe cuolmii flow with rcspcct io thc rad&ator 26, and io ihc
suet&on side of ihe lira& pump 23 ul thc lirst coolant c&rcu-
lation circuit. sn that the pressure on the suction side of the
first punip 23 becomes substantially the atmospheric pres-
sure. This embodiment can prevent an increase In pressure
loss due to the occurrence of cavitation and the breakdown
Of a coolant hose ihnt might be caused when the prcssure on

o the suction side of lie lira& pump 23 becomes a negative
prcssure.

I'he co&nmunication flow path R for communication
between the first and second coolant circulation circuits is
formed in the second switching valve 22 pos&tioned on the

ls downstream side (pump suction s&de). The phrase "the
second sw&tch&ng vah c 22 &s posit&oned on thc dog mire&un
sale (punlp sUcilon sulc) ds used hcrcnl a&cans ihB& ihc
second sw&tch&ng vah c 22 &s posit&oned on thc dog mire&un
side of the coolant floiv with respect to at least one of the

io temperature adjustnlent target devices 31, 32, 34, 36. and 37
and the heat exchangers 26. 33, and 35 v hich are disposed
in the first to sixth flow paths 11 to 16. as well as on the
suction side ol'hc lirst and second pumps 23 and 24. In ihc
example shown ui FIG. I, thc second sw&&clung valve 22 &s

Si pos&&ion&xi on Ihc downsircmn s&dc of the coolant flow w&ih

respect to the battery 37. as well as nn the suet&on side of the
first and second pumps 23 and 24
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In I(us way, bccdusc thc commuiucation flow path R is
fiirmed in the second switching valve 22 positioned on the
downstream side (pump suction side), it can prevent a part
of the second coolant circulation circuit from having a
negative pressure in the operation state where the lifting
height of the first pump 23 is lou er than that of the second
pump 24. Thc reason for tins will bc dcscnbed below.

For better undcrslamhng, ui thc dcscnplion below, the
operatiim state is assunted in Ivhich the first pump 23 is
stopped and the second pump 24 is opemting with a prede- lc
termined range of lift

When the first pump 23 ls stopped, the air-release reserve
tank 46 is connected to the first coolant circuLation circuit,
whereby miy part of thc lirsl coohml circulation circuit has
substantially Ihc almosphcnc pressure. At llus Irma, Ihc first
pump 23 and the second pump 24 ditfer froin each other in
a ranee of lift, thereby generating a ditference in pressure
betiveen the first and second coolant circulation circuits.
Thus, the first switchin valve 21 and the second switching
valve 22 generate the valve leakage described above. zc

When thc valve lcakagc occurs in lhe first Imd second
swilchuig ialvcs 21 mid 22. Ihc coolmit is transfcrrcd
betiveen the first and second coolant circulation circuits in
the respective first and second switching valve 21 and 22 in
such a direction as to equalize the pressure or the like
between these circulation circuits.

Suppose that when the communication flow path R is not
formtxl and thc amount of leakage on Ihc upstremn side
(pump discharge sale) is morc titan lhal of leakage on thc
downstream side (pump suction side), the pressures of the ic
firs and second coolant circuhstion circuits are equalized in
the lirst sivitching valve 21 from which an anxiunt of
leakage is the most. As mentioned above. since the air-
release reserve tank 46 is connected to the first coolant
cirtnilation circuit, when llm iirsl pump 23 is stopped, any ii
part of thc first coolant circulation circuit has substantially
thc almosphcnc prcssure. Rcgarduig thc pressure of the
second coolant circulation circuit. the pressure of the hrst
switching valve 21 becomes substantially the atmospheric
pressure. and tints the pressure on the discharge side of the do

second pump 24 also becomes substantially the aunospheric
prcssiiic.

In Ibis case. Ihc prcssure on thc suction side of lhc scmond
pump 24 bccomcs a prcssure obtained by subtractin a
pressure correspondmg to the lifting height of the pump
fmm the pressure on the discharge side of the second pump
24, As a result. the pressure on the suction side of the second
puntp 24 becomes a negative pressure.

ln llus way. In the case where Ihe communicalion tlow
path R is ixil formed, when thcrc is d ddli:rmice m lifting c

height bctwcmi the first pump 23 and thc second pump 24,
the pressure on the suction side of the second pump 24
becomes a negative pressure, so tlmt it can cause the
cavitation.

Front this point. since in the first embodiment, the corn- ss
munication flow path R is formed in lhc second switclung
I alve 22 positioned on thc downstream side, thc amount of
uansfcr of the coolant between thc iirsl and second coolmil
circulation circuits becomes the most in the communication
floiv path R sc

Tints, the pressures in the first and second coolanr circu-
lation circuits are equahzed ln the conununication flow path
R where lhe mnount of transfi r of Ihe coolmit becomes most.
As d rcsuln as lo lite prcssure ol llic sccoiid cooliiiil cilcli-
lauon cirtniil, the prcssure at thc second switclnng valve 22 si
becomes substantially atmospheric pressure„and thus the
pressure on the suction side of the second puinp 24 becomes
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substantially atmosphenc pressure. Tlus arrangcmenl can
avoid the pressure on the suction side of the second pump 24
from being a negani c prcssure.

'1'he valve leakage properties of the first and second
switclung valves 21 and 22 flucluatc depending on prodilc-
tion tolerance (accumu)afion of size variation, and assembly
variation). Thus, upon the ntass production of the thermal
management system 10 for a vehicle, it is supposed that in
some thermal managentent systems„ the amount of leakage
from lhc lirsl switching valve 21 is much more than Ihal
from the second switching valve 22„regardless of the
dilfi:rance ut prcssure bclwcmi tlu: lirst and second coolant
circulation circuits.
(Second Emboduncnt)

Although in the lirst embodiment, the air-release reserve
tank 46 is connected only to the first flow path 11. in a
second embodiment of the invention. as shown in lilti 3, the
air-release reserve tank 46 is connected not only to the first
flow path 11. bul also lo the second flow path 12.

The connection between the reserve tank 46 and the
second flow path 12 is pcrfonncd via the main coiuicclion
flov path 47. I'he main connection flow path 47 is branched
into nvo parts on the side opposite to the reserve tank 46, and
the parts are connected to the first and second flow paths ll
and 12, respectively. The two parts 47a and 476 bmnched
from the main connection flow path 47 are respectively
provided with negauvc prcssure valves 60 Thc sub-connec-
tion flow path 48 is prox idcd with a prcssunzing valve 61.

'1'he negative pressure valve 60 operates to close w:hen the
internal pressure of the floiv path is equal to or higher than
atnxispheric pressure, and to open when the internal pres-
sure of the flov; path is loiver than the atmospheric pressure.
Thus, when the intental pressure of the first coolant circu-
lation circuit is less Ihmi Ihc atmosphcnc prcssure, Ihe
coolant in thc reserve lank 46 is supphcd to thc lirsl coolant
clrciilalioit circuit. Wlicli llic iiilcmdl prcssiirc of Ilic sccoiid
coolant circulation circuit is less than the atmospheric pres-
sure, the coolant in the resene tank 46 is supplied to the
second cooiant circulation circuit.

The pressurizin valve 61 is closed v hen the internal
prcssure ol'thc tlow path is lower than a prcsct pressure (108
kpa in this example) which is higher than the atmosphenc
prcssure. and is open whmi lhe uitcntal prcssure ol'he flow
path is equal to or hi her than the preset piessure 'I'hus,
v hen the intenial pressure of the first coolant circuhstion
circuit is equal to or higher than the preset pressure. the
coolant in the first coohsnt circuLation circuit is dischar ed to
llic Icscivc Iaiik 46.

That is, the negative prcssure valve 60 and thc pressur-
izuig valve 61 each conligure a prcssure adlustmcnt valve
that is adapted to be open ivhen the mternal pressure of the
flov path exceeds a predetermined range

The end of the main connection flow path 47 opposite to
the reserve tmtk 46 is connected to the part on the suction
side of Ihc lirsl pump 23 ui the lirst flow path 11 as well as
thc part on Ihc sucuon side ol llu: second pump 24 ut thc
second flow path 12.

l,ike the above-mentioned first emlxidintent, also in the
second embodiment, the lirst switching valve 21 and the
second switching valve 22 are switched to perform switch-
in among various operation modes. in an example shown
in F)G. 3, like thc example shown in F)G. 1, the iirst. tlurd,
and lifth tlow paths 11. 13. and 15 conununicdlc with each
other lo Ihcrcby form ihe first coolant circulation circuit
indicated by thick solid lines of lilti 3. whereas the second,
fourth, and sixth flow paths 12, 14, and 16 communicate
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with each other to thcrcby foun thc second coolmit circu-
lation circuit indicated by thick alternate long and slxirl dash
lines of III(i 3

I'urther. m the exaniple sliow n in I'l(i 3, like the example
shown in FIFI. 1. the valve body 224 corresponding to the
fourth inlet 22f ts slightly open on the first flow path 211 side
sUch lhdl lhc Iirsl 0001BII( cilcUlafion cllcutl cotlllllUtilciucs
with the second coolant circulation circuit in lhc second
switching valve 22 As a msult, a comnninication flow path
R for conimunication between the first coolant circulation in

circuit and the second coolant circulation circuit is formed
ivithin the second switclfin valve 22.

At this tune, the opening dree of the valve body 224
corresponding to thc Ihurth uilct 22/is adjuslml such that thc
flow rate of coolant In the conunuiucation flow path R ls I

more than each of the leakage amount froin the (irst switch-
ing valve 21 and the leakage amount from the second
switching valve 22

The reserve tank 46 is connected to the first flow path 11

(first circuit formation flow path) via the negarive pressure Io
Valve 60. Win:n thc prcssure of the Iirst coolmil circulation
CIICUI( IS IOV I:I lhBII a Ill sl pICdc(Cmlitlixl ptcsSUIC (Bltllo-
spheric pressure in tins example) due to the contraction of
the volume of the coolant together with a decrease in
temperature of the coolant in the first coolant circulation
circuit, the coolant can be supplied from the reserve mnk 46
into the first coolant circulation circuit.

llic rescrvc tunk 46 Is conncctcd io die first flow path 11

(lira( circuit Ihmiation flow path) via thc prcssunzuig valve
61 'I he coolant in the hrst coolant circulation circuit can be 10

discharged into the reserve tank 46 when the pressure of the
firrt coolant circulation circuit is equal to or higher than a
second predetermined pressure (which is a preset pressure
hi her than the atmospheric pressure in this example) due to
thc expmision ol lhc volume ol lhc cuoldnl logetlmr with an 11

incrcdsc in temperature ol'he coolant ui lhc Iirst coolmit
cirmilation. As mmitioncd above, the prcssure ol'hc Iirst
coolmit circulation circuit can be maintained ivitlun an
appropriate range

The reserve tank 46 is connected to the second flow path do

12 (second circuit formation flow path) for iiinuing the
second coolant circulauon circuit vm dic negative prcssure
Valve 60. Whmi the pressure of thc second coolmit circula-
uon circuit is lower than the Iirsl predctennined prcssure
(the atmospheric pressure in this example), the coolant can
be supplied fmm the reserve tank 46 into the second coolant
circuLation circuit.

The reserve tank 46 is connected to the downstream side
ol lhc coolant flow with rcspccl to lhe radiator 26, aixl lo the
suciion side of lhc Iirst pump 231n thc Iirsl coolant circu- 0

lauon cirmtil, so lbal thc prcssure on thc suction side of the
firs pump 23 becomes substantially the atmospheric pres-
sure 'Ibis embodiment can prevent an increase in pressure
loss due to the occurrence of cavitation and the breakdown
of a coolant hose that might be caused when the pressure on is
the suction side of the Iirst pump 23 becomes a ncgativc
press itic.

llic rescrvc tiuik 46 is coiuiccled to the downstremn side
of the coolant flow with respect to the cooler core 34 and the
battery 37. and to the suction side of the second pump 24 in ic
the second coolant circulation circuit, so that the pressure 011

the suction side of the second pump 24 becomes substan-
udlly thc almosphcnc prcssure. This embodiment can prc-
i ant an uicrcasc In prcssure loss duc to thc occurrcncc of
cm i(ation mid the breakdown ol'a coulan( hose that nught be si
caused when the pressure on the suction side of the second
pump 24 becomes a negative pressure

Thc second coohml circulation circuit communicalcs with
the first coolant circulation circuit via the coiiiniuiiication
tlow path R. 'Ihus, the pressure of the first coolant circula-
tion circuit is also increased when the pressure of the second
coolant circulation circuit is increased due to the increase in
volume of the coolant together with the increase in tem-
pcralurc of Ihc coolant of Ihe second coolant circulation
circuit. As a result, when Ihe prcssure ol the Iirst coolant
circulation circuit is equal lo or higher than the second
predetermined pressure (preset pressure lugher than the
atmospheric pressure in this example). the coolant in the first
coolant circulation circuit is discharged to the reserve tank
46. As mentioned above, the pressure of the second coolant
circulation circuit can bc main(ann:d willun an appropnatc
tdtlgC

'I'he reserve tank 46 is connected to the hrst flow path 11

via the negative pressure valve 60 and the pressurizing valve
61 When the pressure of the hrst coolant circulation circuit
is maintained within an appropriate mnge, the coolant can-
not be transferred between the first and second coolant
circulation circuits vm ihe resort c lank 46. As a result, when
there is a difl'crmicc ui output between thc lira( pump 23 and
the second pump 24. the waste of the pump power due to the
local formation of the loop circuit can be prevented.

I,ike the above-mentioned first enibodiment. because the
conununication flow path R is formed in the second switch-
ing valve 22 positioned on the downstream side, it can
prcvmit a par( ol thc second coolant circulnlion circuit I'rom

llavitlg B UCgB(IVC prCSSUIC 111 lhC Opcl'it(lou S(B(c UhCIC lllC

lifiing height of the first pump 23 is lower than that of the
second pump 24

In the second embodiment. ivhen the mternal pressure of
the first flow path 11 exceeds a predetermined range. the
ne ative pressure valve 60 or pressurizing valve 61 is
closed, so lhal thc prcssure of the Iirst coolant circulation
circuit can be maintained witlnn a prcdclernuncd mngc.
When the inlcmal prcssure of thc second flow path 12
exceeds a predetermined range, the negative pressure valve
60 or pressurizing valve 61 is closed. so that the pressure of
the second coolant circulation circuit can be maintained
within a predetermined range. When the internal pressure of
thc rcscrvc (ank 46 cxcctxls a predetcnnined range, thc
ncgalivc prcssure vali c 60 or prcssunzuig valve 61 is
closed, so tha( thc mtenrdl pressure of the reserve lank 46
can be maintained ivithin the predeterniined range
('I'bird I imbodiment)

Although in the second embodiment. the sub-connection
flow path 48 is connected only to the hrst flow path 11, in
a third embodiment of thc invention, m shown ui Fit L 4. (hc
sub-connection tlov'nth 48 is co ntn:cled not only to the Iirsl
flow path 11. but also to the second flow path 12.

I'he sub-connection flow path 48 is branched into two
parts on the side opposite to lhe reserve tank 46, and the
parts are connected to the first and second flow paths 11 and
12. respectively. The two branched parts 480 and 486 of the
sub-connection tlov'ath 48 arc rcspcctivcly providml with
tile prcssutlzitlg valves 61.

Thc cnd Of the main connection flow path 47 opposite to
the reserve tank 46 is connected to the part on the suction
side of the first punip 23 in the first flow path 11 as well as
the part on the suction side of the second pump 24 in the
second flow path 12.

Thc cnd ol'hc subcmtuicction flow path 48 opposiie to
the rcscrvc tank 46 is conncc(ed to Ihc par( of llm Iirst pump
arrangemcn( flow path 11 on thc ihschargc side ol lhc Iirsl
piunp 23 as v ell as the part of the second punip arrangement
flov path 12 on the dischar e side of the second pump 24
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Like lhc above-mcnuoned first embodunmht, lhc first
switching valve 21 and the second switchin valve 22 are
switched to perform switching among venous operation
modes In the exaniple shown in I'I(i 4. like the example
shown in FIG. 1, thc lirsl, llurd, and liTth flov, paflhs 11. 13,
and 15 communicate ivith each other to thereby tihon the hrst
coolant circulation circuit indicated by thick solid lines of
lilt). 4. Ivhereas the second. fourth, and sixth flow paths 12,

14, and 16 communicate w ith each other to thereby form the
111

second coolant circulntion circuit uidicatcd by thick alter-
nate long and short dash lines of FIG. 4.

As shown in FIG. 4, In the third cmbodunent, unhke thc
above-nhentioned second embodiment, in the downstreanh
side sixond suitclung valve 22, the valve body 224 currc-
sponding to the fourth inlet 22f may completely close the
first flow path 211 side so as not to form the conuminication
flohv path It for conhmunication between the first and second
coolant circulation circuits.

Like lhc second embodiment, because flhe reserve thud 46
is connected to the first flow path 11 (first circuit fomiation
flow path) via the ncgalivc pressure valve 60 and the
pressurizing valve 61. it can maintain the pressure of the hrst
Cooldhll ciicillalioil Cih'Chill w illliil Bit BpphopihalC Idii e

Further. because tile reserve taihk 46 is coihnected to the
second flow path 12 (sixond circuit lbnnauon flow path) via
the negative pressure valve 60 and the pressurizing valve 6(l,

it can also maintain the pressure of the second coolant
Cii'Cillatlon CIICiiit 1Vitlllll Bfl appropi'IatC I'BIIBC

The reserve tank 46 is connected to the first flow path 11
I 1 i

dnd thc second flow path 12 via thc ncgauvc pressure valve
60 and the pressurizing valve 61. Thus, when at least one of
thc pressure of Ihc lirsl coolmil circulation circuit imd the
pressure of the second coolant circulation circuit is main-
tained witlun an appropriate range. Ihe coolanl c. Buhol bc
transferred between the first and second coolant circulation
circuits via the reserve tank 46. As a result, when there ls a
difference in output between the first puinp 23 and the
second punip 24, the waste of the pump power due to the do
local lhrmation ol'hc loop circuit and thc loss of heal due
to the mixing of the coolant having a difl'erent temperature
zone can be prevented.
(Fourth Embodiment)

Althou h in the above-mentioned third embodiment. the
negative pressure valve 60 Is disposed in the main coiuhm-
tion flow path 47, and the pressuriziiig valve 61 is disposed
in the sub-connection flow path 48. in a fourth embodunent
ol'hc uivcnlion. as shown in FIG. 5, Ihe negative prcssure
halve 60 and thc prcssunzuig valve 61 arc uitcgrally dis- o

posed in thc main connection flow path 47.
I'he negative pressure valve 60 and the pressurizing valve

61 are respectively pmvided in each of the tw n parts 47 a and
476 into ivhich the main connection flow path 47 ls
branched. In the fourth embodiment of the invention. the 11

sub-ufllow-outflow port 46b ol'hc rcscrvc tank 46 and thc
sub-connection flow path 48 arc not provided.

As shown In FIG. 6, the negative prcssure valve 60 and
the pressurizin valve 61 are disposed in a cap stnictural
portion 62 provided in each of the first and second tlow paths io
11 and 12. FIG. 6 illustrates the cap stnictuml portion 62
provided in the tlrst flow path 11.

lite slruclurc ol'hc cdp structural porlion 62 provulcd In
thc second flow path 12 Is thc same as lhal of lhe cap
structural portion 62 provided in thc lirst flow path 11. Tlnis, ss
the components corresponding to the cap structural portion
62 provided in the second flow path 12 are denotuI by

rcfcrcncc characters w Itlnn parentheses, and the dcscnption
of the cap structural portion 62 pmvided in the second flow
path 12 will be omitted

'I'he cap stmctural portion 62 includes a cylindrical por-
tion 62a formed in a pipe member 63 constituting the first
flow path 11 (second floiv path 12). and a cap member 626
litted into the cylindrical porlion 62a. Thc internal space of
the cyhndncal portion 62a commurucatcs with the lirst flow
path li (second flow path 12) lhe cylindrical portion 62a
is provided with a relief port 62II to which the main
cminection tioiv path 47a (476) is connected

The internal space of the cylindrical portinn 62a is
partitioned by a partition member 62c into a space 62c on a
side of Ihc first flov, path 11 (second flow path 12) and a

space 62fon a side of lhc cap mcmbcr 62b. Thc space 62e
on the cap inember 626 side communicates with the main
connection flow paths 47a and 47fi via the relief port 62J

'I'he partition member 62i is provided with a valve port
62g for conununication between both spaces 62e and 62f.
The valve port 62g is opened and closed by a valve body 628
fiir a ncgativc prcssure valve and a valve body 62i I'or d

prcssurizuig valve whiCh areauached to thc cap member
62b

I'he valve body 62i for a pressurizing valve receives an
urging force by a spring member 627 attached to the cap
member 626. The urging force of the sprin member 62t
causes the cap member 626 to close the valve port 62g until
a prcsct prcssure Is cxcccxicd.

In thc fourth embodiment of the invenuon, bccausc thc
negative pressure valve 60 and the pressurizing valve 61 are
disposed in the cap structural portion 62, it can smiplify the
stnicture of pipe comhection. Note that the cap stnictunhl
portion 62 is also used as an inlet for char in the coolant
thereinto.
(Fifih Embodiment)

Altllollgll ill tllC lirSI Ciilbodihlicilt, lllc Bii'-IClCBSC ICSCIVC

tailk 46 IS iliSposCd. Iii ii liflll cillbodihliciit Of fllC illvC11111111,

as shown in I'IG. 7, a sealed type reserve tank 65 is disposed
in place of the air-release reserve tank 46

The reserve tank 65 is a sealed type container (heat
medium storage portion) for stonng the coolant therein.
Exccssivc coolant is stored uh the rescrvc tank 65, and
thcrcby it can suppress thc decrease in liquid amount of thc
coolant circulating tluough the respccuvc flow paths.

lly using the sealed type reserve tank 65, fluctuations in
liquid surface ivithin the reserve tank 65 can be efficiently
kept minimum even in an operation state v here the range of
lift of the first piunp 23 is drastically different from that of
the sixond pump 24.

Thc rcscrvc lank 65 has d function of separating thc air
bubbles contiuned ui the coolant. into gas and liquid com-
ponents I'he reserve tank 65 holds the pressure of the
coolant at the appropriate pressure against abnormal
increase and decrease in pressure due to the expansion and
contraction caused by the chan e in temperature of the
coolant.

As shown In FIG. 8. thc rescrvc tunk 65 has a maui body
651 1Villl Bhh OpChhihlg foriilcil IIICICIII, diid II lid IIICillbc'I 652
for covering the openin of the mam body 651. 'Ilie lid
menhber 652 is fitted into a cylindrical portion 65 I a forined
around the opening of the main portion 651. The cylindrical
portion 651a and lid member 652 are provided with a
ticgdlivc prcsslihc valse 653 dhhd B prcssuhlzlilg vdlvc 654.

Thc ncgativc pressure halve 653 is open when an inner
prcssure of Ihc tank is equal to or less Ihmi almosphcnc
pressure I'he pressurizing valve 654 is open when an inner
pressure of the tank exceei(s a preset pressure that is equal
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Io or lughcr tlmu the atmosphenc prcssure. Tluis, thc inner
pressure of the tank can be maintained to the atmospheric
pressure or more, and to a preset pressure or less

'lliat is. the negative pressure valve 653 and the pressur-
izing valve 654 each configure a pressure adjustment valve
that is adapted to be open when the internal pressure of the
reserve I;ulk 65 exccixls a prcdctcnnined range.

lhc cyluidncal portion 651a. thc lid member 652, the
negative pressure valve 653. and the pressurizing valve 654
have the same structure as that of the cap stnictural portion IB

62 in the above-nlentioned filurth embodiment 'the relief
port 6516 formed in the cylindrical pottion 651a is opened
to the outside air.

A coolant Inlet 65a of thc reserve iank 65 Is Ibrmed above
the mmn body 651 Thc coolant inlet 65U is coiuiccied io thc
sub-connection flow path 48 A coolant outlet 65(I of the
reserve tank 65 is filrnied under the main body 651 'I he
coolant outlet 65b is connected to the main connection flov
path 47.

A partition ilail 65e is formed inside the main body 651 Ic
ol lhc 0: scrvc tank 65 so Bs 10 pBIIII1011 Ihc luicllnil spBcc 01

thc tank into an Inlet side space 65r mid an outlet side space
65ly The partition wall 65e can improve the gas-liquid
separation function of the reserve tank 65 In the example
shoivu in I 'Ci 8. the opening covered by the lid member 652
of the inain body 651 is formed on a side of the outlet side
space 65J.

Communicduon holes 65/ mid 658 for communication
bciwcml the inlet side space 65c mid thc Outlet snle space
65d are fornled in a lower part and an upper part of the lc

partition v all 65e, respectively I'he cominunication hole 65f
filrmed in the lower part of the partition wall 65e is a hole
for allolving the coolant to flow therethlough from the inlet
side space 650 to the outlet side space 65d. The conmluni-
cBuon hole 658 formed ul Ihc upper part oi Ihe pariilion wall li
65e Is d hole for allowuig thc air Io flow Ihcreihrough
betwcmn Ihe inlet side space 65c mid Ihe outlet side space
65lf

A connection part of the reserve tank 65 is suflicimit to be
disposed on the downstream side of the coolant flow v.ith dc

respect to at least one of the temperature adjustment target
dcviccs 31, 32, 34, 36, and 37 mid the hmu exchangcrs 26,
33. and 35. and on thc sucuou side of al lcasl one Of Ihc Iirsi
pump 23 and Ihc second pump 24.

I.ike the above-mentioned first einbodiment, the hrst
switching valve 21 and the second switching valve 22 are
slvitched to perform switching among various operation
modes. In the example shown in FICi. 7. like the example
shown in FIG. 1, the first, tlurd, and IiTih flow paths 11. 13,
dill 15 couuuliuicBIC with I Jch oihi I IO Ihi lcbv Ioml Ihc fits l

coolant circulauou circuit uidicatcd by Iluck solnl lines of
li(Ci. 7. Ivhereas the second. fourth, and sixth flow paths 12,
14. and 16 communicate with each other to thereby fornl the
second coolant circuLation circuit indicated by thick alter-
nate long and short dash line~ of FICi. 7. 11

Further. ul Ihc example shown in FIG. 7, like thc exinnplc
shown ul FIG. I, tlm valve body 224 corrcspondulg to thc
fourth Inlet 22f is slightly Open on Ihe Iirsi flov, path 211 side
such that the first coolant circulation circuit conununicates
with the second coolant circulation circuit in the second io
slvitching valve 22 positioned on the downstream side. As a
result, a cotmnunication flov path R for conununication
beiwcmn Ihc Iirst coolant circulation circuil mid tlm second
coolant cirmilatiou circuit m Ihrmed within flle second
suiichuig valve 22. si

At this time, the opening degree of the valve body 224
corresponding to the fourth inlet 22f is adjusted such that the

flow rate ol'oolant in thc communication flow path R is
more than each of the leal lge amount from the tirst switch-
iug valve 21 and ihc leakage amount from thc siwond
switclnng valve 22.

In thc Iifih embodiment. the rcscrvc lank 65 whose
internal pressure is maintained within the predetermined
range is connected to the first floii path 11. When the volume
of the coolant expands or contracts together with the
changes in temperature of the coolant in the tirst coolant
circulation circuit, thcrcby chmlging thc prcssure ol'he Iirsi
coolant circulation circuit, the first coolant circulation circuit
ciin cxchiiugc thc coolalll v:Iih thc rcscrvc Iriuk 65. TIIUS, Ihc
pressure of the first coolant circulation circuit can be main-
talllcil within iin ilpproplliiic rJugc.

'I'he second coolant circulation circuit is connected to the
first coolant circuLltion circuit via the conmuinication flow
path R. When the volmne of the coolant expands or contracts
to ether with the changes in temperature of the coolant in
thc second coolant circulation circuit, Ihcreby changing thc
pressure of the second cooLant circulation circuit. the second
coolallt CIICUldiloll CIICUII Cdu CXCllallgc Ihc Coolant With ihe
reserve tank 65 'linis. the pressure of the secimd coolant
circulation circuit can be maintained ivithin an appmpriate
I 'lllge

The reserve tank 65 is connected to the hrst flow path 11

but not connected to the second flow path 12. Bnd thereby it
prcvmlts the coolant Ibom being u mlsferred bctw ccn thc first
dill sccollil ciiiilaui cllcllliiiliiil clrcilim via Ihc reserve tank
65 As a result, when there is a difference in output between
the hrst puinp 23 and the second pump 24, the waste of the
punlp power due to the formation of the local klop circuit
cml be prevented.

Like the above-mentioned first embodiment. because the
conumuucation tlov path R for comnninication between Ihe
Iirst mid sicond coolmii circulation circuits I ~ formed ui Ihe
second switching valve 22. ii can prcvcui a part of Ihe
second coolant circulation circuit from havmg a negative
pressure in the operation state where the range of lift of the
first pump 23 is lower than that of the second pump 24.
(Sixth Embodiment)

Although ui thc aboi 0-mcnfioncd Iifth cmbodimcnt, only
ollc scxilcil rcscrvc lallk 65 Is dlsposcil, lu B sixth culboili-
mcnt of thc ulvmli ion. Bs shown In FICi. 9. two sealed rcscrvc
tanks 65 are disposed (tilr convenience. hereinafter referred
to as a "first reserve tank 65" and a "second reserve tank
65").

The first reserve tank 65 is disposed on the suction side of
the Iirsi pump 23 ui the Iirsi flow path 11. The second reserve
tank 65 is disposed on Ihc suction side of Ihc second pump
24 in ihc second flow path 12 In other words. thc Iirsi
reserve tank 65 is directly connected to the first flow path ll
and the second resene tank 65 is directly connected to the
second flow path 12.

Each of the first and second reserve tank 65 is provided
wilh thc ncgaiivc prcssure valve 653 and thc prcssunng
valve 654 which arc thc smnc as those ul the abovc-
mcntioned Iifih cmbodimmii shown ui FIG. 8 Thc ncgauvc
pressure valve 653 and pressunzing valve 654 provided in
the first reserve tank 65 are opened when the internal
pressure of the first reserve tank 65 exceeds a first prede-
termined range defined for the hrst reserve tank 65. The
llcgdllvc prcssUrc valve 653 Bill prcssiinziug vdlvc 654
provnlcd in the second rcscrvc tank 65 are opmlcd when Ihe
llllcrual plcssiirc ol Ihc sccollil rcsclvc L'iuk 65 cxccc'ils a
second predetemlined range defined for the second reserve
tank 65
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Like thc above-mcnuoned first embodunmit, thc first

svvitching valve 21 and the second sivitching valve 22 are
switched to perform switching among various operation
modes In the exaniple shown in I'ICi 9. like the example
shown in FIG. 1, the first, tlurd, and IiTih flow paths 11. 13,
dnd 15 communicate with each other to thereby Ihmi the first

coolant circulation circuit indicated by thick solid lines of
IIICi. 9. Ivhereas the second. fourth, and sixth flow paths 12,
14. and 16 conununicdtc with each other to thereby I'onn thc
second coolant circulation circuit uidicatcd by thick alter-
nate long Bnd short dash line~ of FICI. 9.

I'urther. m the exanlple sliow o in I'l(i 9, like the example
shown ui FIG. I, thc valve body 224 corresponduig to the
fourth uilet 22f w open in a small amount on tlm Iirst flow

path 211 side such that the first coolant circulation circuit
comnnmicates with the second cooLlnt circulation circuit in
the sixond switching valve 22 on thc downstream sale As
a result. the commulucatlon flow path R Iiir conununication
between the first coolant circulation circuit and the second
coolant circulation circuit is formed as indicated by thick
alternate long and two short dashes lines of lq(i. 9

At this time. thc flow rate OI'hc coolant m tlm commu-
nication floiv path R is adiusted so as to be more than each -"

of the leakage amount front the first switching, valve 21 and
the leakage amount fmm the second switching valve 22 by
adlustuig the opcnulg degree of the valve body 224 corre-
sponding to the fourth inlet 22f

Note that in the example shown in I'l(i 9. the valve body
214 corresponding to the fourth outlet 2ff of the hrst
su itclnng I alve 21 may sct both the first flow path 211 side
and the second flov path 212 side with arbiuary intemie-
diate openinas degree to thereby mix and tlov the coolant in ii
the hrst coolant circulation circuit and the coolant m the
second coolant circulation circuit ui Ihc sixlh flow path 16.

The first reserve tank 65 whose internal pressure ls
niaintained withm a first predetermined range is coiuiected

do
to the first Ikiw path 11 (firs circuit formation flow path).
When the volume ol'he coolant cxpimds or contracts
together with the changes in temperature of the coolant in
thc Iirst coolant circulauon circuit, thereby changing the
pressure of the first coolant circulation circuit, the hrst
coolmit circulauon circuit can cxchan c Ihe roolanl with thc
first reserve tank 65 I'lnis, the pressure of the first coolant
circuLation circuit can be maintained v, ithin Bn Bppmpriate
ranae

Likewise, the second reserve tank 65 whose internal o

prcssulc Is Indultanu:d withal d second prcdctcllnulcd riingc
is connected to the second flow path 12 (second circuit
formation tlow path) When the volume of the coolant
expands or contracts to ether with the chan es in tempem-
nire of the coolant in the first coolant circulation circuit, ss
thereby changing the pressure of the second coolant circu-
latloll clrciiit, lhc first cooldlli clrcidatioll oil cillt can
exchange thc coolant with thc second reserve tank 65. Thus,
the pressure of the second coolant circuLltimi circuit can be
maintained within an appropriate range. SB

Because the first and second reserve tanks 65 are con-
nected to one of the first flow path 11 and the second flov
path 12, it prcvmlts thc coohmt Irom bcm transfcrrcd
betw Own thc Iirst and second coolant circulalion circuits via
thc reserve tank 65. As a result, when lhere ls a diflbrmicc in si
output between the first pump 23 and the second pump 24,
the waste of the punip power due to the fiirmation of the

local loop circuit and thc loss of heat due to thc mixing of
the coolants having ditTerent temperature zones can be
prevented

'I'he first reserve tmik 65 is comlected to the downstream
side of the coolant liow with respect to the mdiator 26, and
to the suction side of the first pump 23 in the first coolant
clrcillB(lon cllcillt, so thdt thc prcssUIC oil thc sUclloll side'. CI

the first pump 23 bccomcs substanually thc atmosphcnc
pressure This enibodiment can prevent an increase in pres-
sure loss due to the occurrence of cavitation and the break-
down of a coolant hose that mi ht be caused when the
pressure on the suction side of the first pump 23 becomes a
negative pressure.

Thc second rescric tank 65 is connected to the down-
stream side of thc coohmt flow with rcspcct to thc cooler
core 34 and the battery 37. and to the suction side of the
second puinp 24 in the second coolant circulation circuit. so
that the pressure on the suction side of the second pump 24
becomes substantially the atmospheric pressure. Tlfis
arran ement can prevent an increase in pressure loss due to
the occurrence of cavltauon mid the breakdown of a coolant
hose tlrdt nught be caused as the prcssure on the suction sale
of the first pump 24 becomes a negative pressme

I'he coinmunication flow path R for communication
between the first and second coolant circulation circuits is
formed in the second switching valve 22 on the downstream
side. Thus, in the operation state where a discharge pressure
of the pump in one ofthe Iirst and second coolant circulation
clrciitls cxcccds B plcsct prcssiirc of thc prcssUnznlg valve
654 of the reserve tank 65 disposed in the other circuit, the
pressurizing valve 654 can be prevented fmm heing opened
'I'he reason for this ivill be described below

For better understanding. in the description below, the
operating state is assunied in which the first pump 23 is
stopped and the second pump 24 is operating with a prede-
tcruuncd Iiingc of lllh

Wlmn thc Iirst pup 23 is stopped and thc second pump 24
opemltes in a predetermined range of hft. there occurs a
diITerence in pressure betlveen the first and second coolant
circulation circuits. thereby causing the valve leakage from
the Iirst and second switching valve 21 and 22. The coolant
is oflml Iransfbrrcd between the Iirst and second coolanl
clrcillatloil clrcillts 111 sucll II ihrcctlon that cqUtihzcs thc
prcssure thcrebetwecn.

Regarding the difference in pressure between the first and
second coolant circulation circuits, normally, the pressure
difl'erence at the first switching valve 21 positioned on the
upstream side (pump discharge side) is Llr er titan that of the
second switching vnlvc 22 positioned on the downstream
sale fpump suction side). Thus. thc amount of leakage ln the
Iirst swltclung valve 21 is more than that in thc siwond
sv itching valve 22.

guppose that ivhen the communication flow path R is not
formed, the pressures of the first and second coolant circu-
lation circuits are equalized in the first switching valve 21
from wluch an mnount ol'leakage ls thc most.

Thc second coolant circulation circuit ls conncctcd to thc
si cond IC'set vc tank 65 tllchldnlg thc ni ga tive pl i ssllrc valve
653 When the second pump 24 operates in the predeter-
nuned rmige of lift, the pressure of the second coolant
circulation circuit becomes substantially the atmospheric
pressure on the suction side of the second pump 24. and
biwomcs a lcvcl corresponding to addition of thc atmo-
sphcnc prcssure and the hfung height of thc siwond pump 24
on thc discharge side oi'hc second pump 24. Thus, thc Iirst
coolant circulation circuit in v hich the hrst pump 23 is
stopped substantially has the pressure corresponding to the
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addition of the atmosphcnc prcssure and Ihc lifling height of
the second pump 24 in any position thereof

'linis, when the lifting height of the second pump 24
exceeds rhe preset pressure of the pressurizing valve 654 of
the first reserve tank 65. the pressurizing valve 654 might be
opened even though the first pump 23 is stopped. Bnd the
coolant in Ibc Iirst cool anl circ u la lion circ ui I flow s to Ihe Iirs I

I CSCI VC IBilk 65 10 i d risc Bit ulCI case 111 Wa ICr ICVCI W illlixl lllC

firs resene tank 65
When the coolant in the first coolant circulation circuit Iu

floxvs to the first reserve tank 65, the coolant in the second
coolant circulation circuit flows to the first coolanr circula-
tion circuit. so that its amount is reduced in the second
cooldxll cxrcUldlxon circiiit, thereby reducuxg thc water lcvcl
w'i thin lhc sccoxld rcscrvc Idxlk 65. If stlch a stale coxltixlUcs, I

a phenomenon occurs in which the second reserve tank 65
becomes empty to suck the air. As a result, the second pump
24 nxiaht rotate without the cooLxnt, causing a shaft or
bearing of the second pump 24 to be melted Bnd broken due
to friction heat 20

From llus point, ui Ihc sixth embodimcnl of lhe invmxlion,
thc communicauon flow path R fixr conunumcation between
the firs coolant circulation circuit and the second coolant
circulation circuit is fornxed in the second switching valve
22 positioned on the downstream side, so that the amount of 'ransferof the coolant between the first and second coolant
circulation circuits becomes the most in the conuminicarion
flow palh R.

Titus, thc presses in lhc first and second coolant circula-
tion circuits are equalized rn the communication flow path R xo

in xvhich the amount of tmnsfer of the coolant becomes
most As mentioned above, the pressure of the second
coolant circulation circuit becomes substantially atmo-
spheric pressure on the suction side of the second pump 24,
and thus thc prcssure at the second switclnng valve 22 also xs

bcuomcs substanuully almosphcnc prcssure. As a result. the
pressure ux the Iirst coolant circulation circuit becomes
substantially atmospheric pressure, and thereby it can avoid
the pressurizing valve 654 of the first reserve tank 65 fronx
being opened. So

The first and second reserve tanks 65 are independently
coiuux led lo the Iirsl and second coolanl circulauon circuils,
rcspccuvcly, thereby having lhc I'ollowing ddvanuigcs (I) to
(3). as compared lo thc case where thc reserve «ud 65
common to the hrst and second cooLsnt circulation circuits
is connected.

(I) This embodiment can respond vvell to abnxpt changes
in pressure. (2) Bubbles mixed in the coolant can be appro-
pnalcly scparalcd into gas and liquid componenls. (3) The
cooltixil ctixx bc ddcqUdlclv charge'4 iipon rcpliicixig ixf lllc
cooltini.

Further. the first and second reserve tanks 65 connected to
the firs and second coolant circulation circuits. respectively,
are of a sealed type. Wlxen there is a diff'erence in lifting
height benveen the first pump 23 and the second pump 24, 11

lhC rCSCrVC L'ink 65 111 fllc coolaxxl CirCiildutxn C11CUit 011 thC

low lifi rmxgc side can bc prcvmxted from overflowm . Thc
reason Iixr ibis will be described beluw.

I'or better understanding, in the description bekm, an
operatin state is assumed in which the lifting height of the ic
second pump 24 is higher than that of the firsr pump 23.

Suppose that the two reserve tanks are of the Bir-release
type. Ihc pressure in a connection portion of lhc second
reserve lank in thc second coolanl circ ula lion circuit (thai is,
thc prcssure on thc suction side of lhe second pump 24) ss
becomes substantially the atmospheric pressure. 'Iherefore,
a pressure PR2 in the connection portion of the second
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coolant circulalron circuit with tlu: commurucalion flow path
If is represented by the following formula:

PR2 —atmospaer c Pressure+st— Ptessum L ss oi Sec
ortd Coolutt Cuculsttou Circuit

in which rx is a ddli:rentidl prcssure gcncralcd by thc
second pump 24.

In the steady state, no coolant flows through betw:een the
first and second coolant circulation circuits. whereby the
pressure PR1 in the connection portion of the first coolant
circulation circuit rvith the comnninication flow path R is the
same as Ihc prcssure PR2 ux the connection poruon of Ihe
second coolant circulation circuit with the commurucalion
flow path R.

In such a case, the pressure Pl (in other words, pressure
on the suction side of the first pump 23) in the connection
portion of the first coolant circulation circuit with the first
reserve tarxk is decreased by a combination of a drflerential
prcssure gcncratcd by lhc Iirsl pump 23 and a pressure loss
in lhc first cooldxll clxclrhilioxl circUil, Bs corxxparcx! 10 lllc
prcssure PR1 in Ihc coiuxccuon poruon ol the first coolanl
circulation circuit xvirh rhe communication flow path R
I lere, when the ditferential pressure generated by the first
pump 23 is O. lou a pressure P1 in the connection portion of
the first coolant circulation circuit rvith the first reserve tank
65 is rcxrrcscntcd by thc following formula

P stu I, s. Bluet('ut('u 1st m('ince
the pressure loss in the coolant circulation circuit

cmmot exceed the differential pressure generated by the
pump„vvhen the communication flow path R is av ay from
a suction part ol Ihc pump, the pressure Pl in Ihc coruxcc lion
portion of thc first coolani cirmilauon circuit with the first
rescrvc ttufl. 65 is found to be lugher thmi thc almosphcnc
pressure

I'hus, when the first and second reserve tanks 65 are of an
air-release type, the coolant constantly flows into the first
reserve tank 65. In tlus case. the water level of the coolant
incrcascs by a potential head which is thc same amount as
thai of a prcssure head (gauge pressure) in Ihe connection
poruon ol'he Iirsl coolant circulauon circuit with dxc first
reserve tank, thereby causin the first reserve tank 65 to
overtiow due to the relationship benveen the capacity of the
first reserve talxk 65 and a difference from a lifiing height of
the first pump 23.

Wlmn Ihe coolant flow s inlo Ihc Iirst rcscrvc lank 65. Ihe
coolant is suppfrcxi from Ihc second reserve Lurk 65 by Ihe
amount thereof'into the Iirsl reserve tank, and thcrcby it can
make the second reserve rmxk 65 enxpty

Itl'ixlti this point. in rhe sixth embodiment of the mvention,
the first and second reserve tanks 65 are of a sealed type.
When the cooiaiu fiorvs into the first reserve tank 65, the
inlerrm1 prcssure of Ihc Iirst rcscrvc Lurk 65 is incrcascd. As
a result. the incrcasc in water level inside thc Iirst rcscrvc
tank 65 can bc supprcsscxh

As shown in ltl(i Ib, two sealed-type reserve tanks 65
can be integrated together ro improve the mountability of the
reserve tank 65 on the vehicle.
(Seventh Embodiment)

As shown in Flfi. 11. a seienth embodiment of Ihe
invention difli:rs Irom thc Iirsl cmboduncnt in thc arrange-
ment of thc devices.

In the first flow path 11. Ihe first punxp 23, the condenser
35, and the heater core 36 are arranged in series with each
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other. In thc sixond flow path 12. thc second pump 24. (hc
chiller 33. and the cooler core 34 are arranged in series v ith
each other.

In the third flow path 13, the Im erter 31 and a temperature
adjustment targret device 70 are disposed in parallel with
each other. In the fourth path 14, the radiator 26 is disposed.
A part of the fourth flow path 14 on thc side of thc almond
switchulg valve 22 with rcspcct to thc radiator 26 is con-
nected to one end side of the bypass flow path 28 via the
three-way valve 29. Another part of the fourth flov path 14 Io

on the side of the first switching valve 21 with respect to the
radiator 26 is connected to the other end side of the bypass
flow path 28. The three-way valve 29 switches between the
flow of ihe heat medium In the lourth flow path 14 to thc
radiator 26, and thc flow ol'he heat medium to the bypass
flolv path 28 In the fifth flow path 15, the battery 37 is
disposed

In an example shown in lrl(i. I I, the fourth outlet 2flof
the first switching valve 21. and the fourth inlet ZZf ond the
sixth flolv path 16 of the second switching valve 22 ore not zo

provided.
Also, in a seventh mnboduncnt of the mvcntion, hke the

first embodiment, the contmller 50 controls the operations of
the electric actuator 51 for the first switching, valve 21 and
the electric actuator 52 for the second switching valve 22 to
switch among various kinds of opemltion modes.

Specifically. the first flow path 11 and at least one of the
third to lifih flow paths 13 to 15 Ibrm the lira( coulmlt
circulanon circuit (lira( heat medium circuil). Tlm second
flolv path 12 and the remaining flow path among the third to io
fifth flov paths 13 to 15 foun the second coolant circulation
circuit (second heat nledium circuit)

In the example shown in FICi. 11. the first ond third flov
paths 11 ond 13 conumuucate with each other to thereby
form ihe lira( coolant circulation circuil indicated by thick li
sohd lines of FIG. 11, whcrcas thc second. Ibunh. and lifth
flow paths 12. 14, and 15 conunuiucdtc with each other to
thereby form the second coolant circuhstion circuit indicated
by thick alternate long and short dash lines of ill(i 11

Further. in the example shown in FIG. 11. the valve body do

224 corresponding to the outlet 22e is open in o small
duloullt ou Ihc side of thc firsl flow path 211 such Ihilt thc
Iirst coolant circulation circuit communicalcs with the sm-
ond coolant cirmilauou circuit in the sicond switclun valve
22 positioned on the downstream side. As a result, a conl-
munication tlow path R for conununication between the hrst
and second coolant circulation circuits is fomted within the
second sivitcifing valve 22. Tins embodiment can also obtain
thc slime operations and clfi:cts os those of thc Iirst mnbudi-
mcnt dcscribcd above. o

(Eighth Embodnueut)
In an eiahth embodiment of the invention, as shown in

IIICi. IZ, the connection stnicture of a reserve tank 46 Is
configured in the some way as that of the third embodiment
lvith respect to the structure of the above sevenrh embodi- ss
ment. That is, thc air-rclcasc type rcscrvc tank 46 is con-
nimtcd not only to the first flow palh 11, bul also Io thc
second flow path 12. Ncgativc prcssure valves 60 arc
respectively disposed in the two parts 47rr and 476 Into
which the mam comiection tlov: path 47 is branched Pres- io
surizing valves 61 are disposed in the two parts 48o ond 486
into wluch the sub-connection flow path 48 is branched.

Like thc lirst cmboihmcnt, thc controller 50 controls the
operations of thc chmtnc actuator 51 for thc first switchulg
I olvc 21 and thc chmtnc actuator 52 for thc second switch- si
ing valve 22 to switch anlong various kinds of operation
nlodes

Spccdically. thc lirst flow path 11 (first pump arrangcmcnt
tlow path) and at least one of the third to fifth flow paths 13
to 15 form the first coolant circulation circuit (first heat
medium circuit) I'he second flow path 12 (second pump
arran ement flow path) and the remainin flow path amon
the third to fifth flolv paths 13 to 15 form the second coolant
circulation circuit (second heat mcdnun circuit).

In the example shown in FIG. 12. thc lirst and third flow
paths ll and 13 communicate v ith each other to thereby
form the first coolant circulation circuit indicated by thick
sohd lines of I'l(i IZ, whereas the second. fourth, and fifth
flov paths IZ. 14. and 15 conuuunicate with each other to
thereby form the second cooLant circulation circuit indicated
by thick alternate long and shod dash hnes of FIG. 12.

Furtlmr, in thc example shown in FIG. 12, thc valve body
224 corresponding to the outlet 22e is open in a small
amount on the first flow path 211 side such that the first
coolant circulation circuit conlmunicates with the second
coolant circulation circuit in the second switching valve 22
positioned on the downstreanl side. As a result, a conunu-
nication flow path R lor comnninication between the lira(
coolant circulanon circuii mid thc second coolant circulation
circuit is filrmed lvithin the second switching valve 22 'I'his

embodinient can also obtain the sante operation and etfects
as those of the third embodiment described above
(Ninth Embodiment)

Although in the above-mentioned iirst embodiment, the
conunuiucation flow path R is formed ulside thc almond
switclung valve 22, ul a mnth cmbodunent of thc ulvcntiun.
as shown in FI(i 13, a communication flow path 73 is
formed outside the second switching valve 22.

One end of the communication flow path 75 is connected
to a part between the first outlet 22a of the second switchin
valve 22 and the suction port of the first pump 23 in the first
flow path 11. The other cnd of thc communication flow pall
75 is connected to a perl bcttI ceo the second outlet 22b of
the second switclnng Ialve 22 and thc suction port of thc
second pump 24 in the second liow path 12

A flow path throttle 76 is disposed in the communication
flov path 75. Specifically, the dimensions and the like of the
conununication flolv path 75 and the flow path tlu at tie 76 are
sct such that the flow rotc of the coolant ul thc conununi-
canou flow path 75 Is morc tlmn each of thc leakage Imlount
from thc lirst siwitclnng valve 21 aud the Icakagc Iunount
from the second sivitching valve 22. Instead of the flow path
throttle 76, the entire communication flow path 75 may be
configured for a pipe with o fine diameter.

Like the above-mentioned first embodiment, the first
switclung valve 21 and thesccond switchulg valve 22 are
swilchcd lo pcrlonn switching among venous operation
modes In thc cxiunple shown in FIC) 13, hkc the cxtmlplc
shown in IIICi. I, the first. third, and fifth flow paths I I. 13,
and 15 communicate with each other to thereby form the first
coolant circulation circuit indicated by thick solid lines of
FICi. 13, whereas the second, fourth. and sixth flow paths 12,
14, and 16 communicate with each other to thcrcby Ibrm thc
second coolmlt circulation circuit indicated by tluck altcr-
natc long and short dash lulcs of FIC) 13.

In the ninth enlbodiment. because the comnlunication
tlow path 75 can establish comnlunication betweml the first
coolant circulation circuit and the second coolant circulation
circuit on its dov:nstream side (pump suction side), it can
nb(dill thc sdnlc opcl'dnolls dial cflccls as those ol lhc llrsl
embodiment.
(Tmlth Embodiment)

Although in the abioe-mentioned first to ninth embodi-
mentg the first sv, itching valve 21 and the second switching
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i alve 22 each arc conligurcd of a mulii-way valve, m a tenth
enlbodiment, a first sv itching valve 81 and a second switch-
ing i alvc 82 cuch are conligurcd of a four-way valve.

l1Ci 14 shows a system configuration in the tenth
mnbodimcnt. FICi 14 om&ts thc &llustrat&on of fl&e rescrvc
tank I lowever. the connectiim structure of the reserve ta&nk

46 is the same as that of the reserve tank in each of the first
to ninth emlx&dinients

In the first flow path 11 (first pump arran ement flow
Ill

path). the lirst pump 23 and thc condenser 35 are d&sposcd
in series with each other. In the second flow path 12 (second
pump arrangemcnt flow path), Ihe lira& pump 24 and thc
chiller 33 are disposed in series with each other

In the tlurd path 13. the baucry 37 &s d&sposcd. In the
fi&urth flow path 14, the mverter 31 and the radiator 26 are
disposed in parallel with each other. In the tenth embod&ment
of the invention, the fifih and sixth flow paths 15 and 16 are
not provided.

11&c first switch&ng valve 81 lies a lirst inlet Bla and a

second inlet Blb into wluch the coolant flows. and a first
outlet Blc and a slxond outlet 81d from winch tlm coolm&t

flo&vs. lite first s&vitching valve 81 is a first switch for
switclnng Ilu: commun&cation stale among Ihc lirsl and
second inlets 8 in and Bib and the first and second outlets
Blc and Bld.

'lite first inlet 21&i &s connected to one end side of the hrst
flow path 11. The second inlet 21b is connected to one end
side of the second flow path 12 'lhe first outlet 2tr &s

connected to one end side of the third flow path 13 The &i&

second outlet 21d &s connected Io one cnd sale ol'he fourth
flow path 14.

11&e scmond switch&ng valve 82 has a iirst inlet 82a and a

second outlet 82b fmm which the coolant flows. and a hrst
inlet 82c and a second outlet 82d uito winch the coolmit
flo&vs. 'I'he second switching valve 82 is a second switch fi&r

sivitching the communication state amoiig the first and
second outlets 82u and 82b and the first and second inlets
82c and 82d. 40

11&e first outlet 82u &s coru&ected Io Ihe other cnd s&dc of
the first flow path 11. The second outlet 82b is connected to
the other end s&de ol'he second flow path 12. The iirst inlet
82& is connected to the other end side of the third flow path
13. Thc slxond inlet 82d is co&ulcc&ed to ihe ofl&er cnd side
of the fourth flow path 14

Both the first pump 23 and the second pump 24 are
arranged to suck the coolant from a side of the second
sivitching valve 82 and to discharge the coolant toward a
side ol'he lirst sw&tching valve 81.

FIG, 15 shows the specific stnicture of the second switch-
ing valve 82. Thc second sw&&clung valve 82 includes a valve
body 821 that rotates. The valve body 821 is provided with

lira& valve body flow path 822, and a second valve body
flo&v path 823. The valve body 821 is rotated to a hrst
rotation posiuon shown &n FIG. 15. and a second rotation
position (not shown). In the first rotation position, the hrst
valve body flow path 822 communicates with the first outlet
82a and the hrst inlet 82r, and the second valve body tllow

path 823 communicates with the second outlet 82b and the
second uric& 82d. In Ihc second rotanon pos&t&on. Ihe first
valve body flow path 822 communicates with the first outlet
82u and the second inlet 82d, and the second valve body
flou path 823 comnninicatcs w &th thc second outlet 82b and si
the hrst inlet 82& . 'I'he valve body 821 is driven by an electric
actuator (not shown)

Furtlmr, thc valve body 821 is prov&ded w&th a commu-
nication flolv path 824 for comniunication between the first
valve body tiolv path 822, and the second valve body flow
path 823.

The first sivitching valve 81 has the same basic structure
as that of the second switchin valve 82, but does not have
the structure corresponduig io Ihc conmiun&canon flow path
824 ol'hc second sw&tchmg i elvc 82, w hich d&fli rs from Ihc
second switching valve 82

Now, the operation of the above-nientioned structure will
be described. The controller 50 controls the operations of the
electnc actuator for the first switching valve 81 and the
electnc actuator for the second switching valve 82 to thereby
sw&tch among venous kuids of opcrut&on modes.

Spccflically. thc lirst flow path 11 and at least one of thc
tlurd and fourth flow paths 13 and 14 fern& the first coolant
c&rculation circuit (first heat medium circuit) 'I'he second
tlow path 12 and the remaining other one of the third and
fourth flow paths 13 and 14 fiinn the second coolant
c&rculation circuit (second heat medium c&rcuit).

Thc lira& and second coolant c&rculat&on circu&ts commu-
n&cate with each other by the comnninication flow path 824
formed in the second sivitchin valve 82 'I'hat is, the first
and second coolant circulation circuits comniunicate lvith
each other on the downstream s&de (punip suction side)
Thus, this embodiment can also obtain the same operation
and eflects as those of the first embodunent described above.
(Eleventh Embodiment)

Allhough ui thc respective embod&mm&ts, each of Ihc
device arrmigement flow paths &vith the teniperature adjust-
ment devices 31 to 37 disposed therein is connected to both
the first slvitching valve 21 and the second switching valve
22. in an eleventh embodiment as shown in FICiS. 16 and 17,
the hfth floiv path 15 is not connected to the second
switclung valve 22. but Io thc conunun&cauon flow path 75.

Thc conumuucat&on flou path 75 conligurcs a branch
passage for branching Ihc lifth flow puth 15 into thc lirst flow
path ll side and the second flow path 12 s&de 1'he reserve
tank 46 is connected to the fift flow path 15 v&a the tank
connection flow path 47.

When the desi ned pressure of a device pos&tioned in the
fifth flow path 15 is lughcr by a prcdctennu&cd amount than
thc designed prcssure of thc rcscrvc tiuik 46 (wh&ch is e&tuai

to a prcssure adluslmcnt prcscl value), thc lank connect&on
tlow path 47 is connected to ihe downstream s&de of the
coolant flow of the device When the designed pressure of
the device positioned in the fiffll ikcw path 15 is lower by a
predetermined anu&unt than the desi ned pressure of the
rcscrvc lank 46. Ihc uu&k connect&on flow path 47 is cun-
nlmtcd to Ihc upstream s&dc of the coolant flow of Ihc device.
As a result, thc prcssure range of Ihe dev&cc can bc main-
tained to an appropriate one.

I'he fifih flo&v path 15 is a sv itching target floe: path that
can be switched to bet&veen the first flow path 11 side (first
coolant circulation circuit side) and the second flow path 12
side (almond coolant circulation c&rcu&t s&dc).

FICiS. 16 and 17 illustrate parts of thc dcv&ce arrangcmcnt
flow paths 13, 14, mid 15 as the dcv&cc arrangcmcnt flow
path, mid omit illustration of other device arrangement flow
paths. In the device arrmigement flow paths 13, 14, and 15,
various temperature adjustment tar et devices 91, 92, and 93
are d&sposed. The temperature adjustment target devices 91,
92, and 93 each arc a coolant c&rculauon dcv&cc (heat
mednim circulation dcv&cc) for allowu&g the coolant Io
i:irculatc tllcicthroligll.

In the examples shown in I'ICIS 16 and 17, the chiller 33
is disposed in the first floiv path I l. and the condenser 35 is
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disposed in thc second flow path 12. Altcmatively. any
device other than the chiller 33 and condenser 35 may be
disposed ui thc lirst flow path 11 and thc second flow path
(2 )he first flow path ll and second flow path 12 are not
niwessarily provided with any device.

As shov n in lfl(i 16, when the first switching valve 21

connects the hfth flow path 15 to the second flow path 12
side, the coolant havmg flowed through the tifth tlow path 15
flows into the second flow path 12. but does not tlow into the
Iirst flow path 11. That is, although a circuit ibr circulation
of the coolant is formed between the fifth flow path 15 and
the second flow path 12, no circuit for circulation of thc
coo)wit is formed between the fifth flow path 15 and the hrst
flow path 11, and thereby it cannoi cause the inflow of the
coolant in a steady state fmm the fifth flow path 15 to the
first flow path 11.

As shov n in lfl(i 17, when the first switching valve 21

connects the tlfth flov path 15 to the tirst flow path 11 side,
the coolant hawng flowcd through (he tifth tlow path 15
flows into the first flov path 12, but does not flow into the
second flow path 12. That is, although a circuit for circula-
tion of the coolant is formed betiveen the fifth flow path 15
and thc lira( flow path 11, no circuit for circulauon of thc
coo)wit is fornted between the fifth flow path 15 and the
second flow path 12, mid thcrcby it cannot cause the nfllow
of the coolant in a steady state fnim the fifth flow path 15 to
the second flow path 12

In the eleventh embodiment of the invention. the tifth tlow
path 15 is connected to the conununication tlow path 75 and
the lira( sw itclnng valve 21. Titus. because thc Iilth flow path
15 may not be connected to the second switching valve 22,
it can decrcasc thc number of (number of ports) of the
coolant outlets in the second switching valve 22. thereby
simphfyutg the structure oi'hc second switrlnng valve 22.

In a second modified exwnple shown in IIKi I 0, the pump
25 (pump fora switching tar et flow path) is disposed in the
fifth flow path 15 (sivitching tar et flow path). So that the
flow rate of the fifth flov path 15 can be adjusted by control
oi'a driving force oi'he pump 25. By adj usting the flow rate
of the fiffli flow path 15, the tempemture adjustment of the
tempcraturc adjusnncnt target device disposed ui the fifth
flow path 15, mid thc amount ofheat disstpatcx) and absorbed
fmm and into the tempemture adjustment target device 93
can be precisely controlled.

Even ivhen the second switching valve 22 is broken. the
circuLation of the coolant through the fifth flow path 15 can
be conunued. Spccilically. suicc thc tcmpcrature adjusunent
target dcvicc 93 is dtsposcx) ui the Iif(h flow path 15. ui the
cvclit ol Illilure of thc sccolld swltclllllg villvc 22. (llc
circulation of the coolant can be contimied fiir the tmnpera-
ture adjustnient target device 93 to continuously maintain
the temperature adjustment of the tempemnire adjustment
tar et device 93.

One end of thc communication flow path 75 may bc
coiuux ted to a part oi thc flow paths iurnung thc first coulmit
circulauon circuit betwemi the valve body 224 of thc second
switching valve 22 (see Iil(i. 13), aod a coolant suction
portion (heat medium suction portion) of the tirst pump 23.
The other end of the conununication flow path 75 may be
connected to a patt of the second coolant circulation circuit
between the valve body 224 and a coolant suction por(ion
(heat medium sucuon poruon) of thc second pump 24.

In a second modilicd cxampleshown ui FIG. 19. the
comnnmication tloiv path 75 may be tiinned inside the
second switching valve 22

(Twelfth Emboduncnt)
In a twelfth embodiment, as shown in FICI. 20, the reserve

tank 46 is connected to thc second flow path 12 via an enguie
cooling circuit 100.

Thc engine cooling cirmiit 100 is a coolant circulation
circuit for cooling an en ine 10( 'I'he engine cooling circuit
100 includes a circulation flow path 102 for allowin the
circulation of the coolant In the circulation flow path 102,
the engine 101. the third puntp 103. and the radiator 104 are

) I I

disposed.
The third pump 103 is an electric pump for suckin and

dischaiguig thc coolant. The third pump 103 may bc a

mechanical piunp driven by a pov er output from the engine
101

'I'he radiator (04 is a heat exchan er for heat dissipation
(air-heat medium heat exchan er) that dissipates heat of the
coolant into the outside air by exchanging heat between the
coolant and the outside air.

Thc circulation flow path 102 is conncc(cx) to a radiator
bypass flow path 105. The radiator bypass flow path 105 is
a flovv path tluough which the coolant flows wlulc bypassuig
the radiator (04

A thermostat 106 is disposed in a connection portion
between the radiator bypass floiv path (05 and the circula-
tion flov: path 102. The thermostat 106 is a coolant-tem-
perature responsive valve constructed of a mechanical
mccharusm that is designed to open and close a coolant flow
path by displacing a vabe body using a thcnno wax (tcm-

io perature sensing men)her) ivhose volunie changes in
response to the temperature.

Specifically, when the temperature of coolant exceeds a
predetermined temperature (for example, gfi" C. or higher),
the thermostat 106 closes the radiator bypass flow path 105.

ii When thc tempcraturc oi'oolmit is lower than thc prede-
tcnmncd tcmpcraturc (for example, less thmi SO'.). (he
themiostat 106 opens thc radiator bypass flow path 105.

I'he engine cooling circuit 100 is connected to the second
flov path (2 via the connection flow path 107 1 he coonec-

so tion flow path 107 is a connection flow path for connection
between the engine cooling circuit 100 and the first and
second coolant circulanon circuits In an example shown in
FIO. 20, onc connccuon flow path 107 is provided, but two
or morc (a plurality of) coiuuxuon flow paths 107 nmy bc
pmvided.

'I'he reserve tank 46 is connected to the circulation flow
path 102 via the ta k connectu&n flow path 47 Thus. the
reserve tank 46 is connected to the second flov path 12 via
the engine cooling circuit 100. In other words, the reserve

o tallk 46 ls collllcctixi to tile llrst coolallt clrciila(1011 clrciilt
slid tllC SCCOlld Coolililt ClrCillatloll ClrCillt Via illC CllglllC
cooling circuit 100.

In the nvelfth embodinient of the invention, ime reserve
tank 46 can be shared among tluee circuits. namely, the tirst

ss coolant circulation circuit, the second coolant circulation
circuit, and thc enguie cooluig circuit 100. thcrcby simp)i-
f)'lllg tllC StrllC(ilrC.

Like thc twelfth cmbodimcnt, cvmi though thc rcscrvc
tank 46 is connected to the circulation flow path it)2 of the

io eagine cooling circuit (00. the same operations and effects
as those of the respective emboihments described above can
be exhibited.
(Thirtccnth Embodiment)

In a tlurtecnth cmbodimcnt. as shown in Fifi 21, one
si rescrvc tiuik 46 is connected not only to the circulation flow

path 102 of the engine cooling circuit 1(N) but also to the fifth
flov path 15.
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lhc rcseri c tank 46 m conncc(ed Io the enguie cooling

circuit 100 and the fifth flow path 15 via the same cap
struc(ural portion 62 (negative prcssure valve 60, pressur-
izing valve 61) as that of the fourth embodiment shicwn in
FIG. 6. mid the tank connccuon flow paths 47A and 47B.

1he cap structural portion 62 serves as a pressure adjuster
for adjusting the pressure of coolant. The cap structural
portion 62 on a side of the engine cooling circuit 100 is
attached to the radiator 104 of the engine cooling circuit 100.
Thc cap structural poruon 62 on a side of thc liflh flow path
IS is attached to the radiator 26 disposed in the fifth flov
path IS.

As shov n in lq(i 22, a pipe ill for a first flow path, a

pipe 112 Ihr a second flow pa(h, and a pipe 113 for air are
inserted into a container forming the reserve tank 46 'I he
pipe 111 for the first flow path forms the tank connection
flolv path 47A on the fifth flow path IS side The pipe 112
for the second flow path 112 forms the tank connection flov
path 47B on the engine cooluig circui( 100 sale. The pipe
111 for the first floe path and the pipe 112 for the second
flow path are ulser(cd into under a hqunl surlhce of the
coolmlt within the reserve tank 46

1he pipe 113 fbr air is a pipe for causing the space in the
reserve tank 46 to commumcate with the air. The pipe 113
is inserted into above the liquid surface of the coolant within
the reserve tank 46. Tlnls, the pressure at the liquid surface
of Ihc coolmlt stored in the reserve tank 46 becomes atmo-
spheric pressure. Thc rcscrvc tank 46 may be configured
such that the pressure at the liquid surface of the coolant
stored therein becomes a predetermined pressure (pressure
different front the atnlospheric pressure)

In the thitteenth embodiment. one reserve tank 46 can be
shared among three circuits, namely. the first coolant circu-
lauon circui(, thc second coolan( circulation circui(. Snd the
cnginc cooling circ ui( 100, Ilmrcby snnplifying Ihe slruc lure.

According to the thirteenth cmbodimen(, when Ihc inter-
nal pressure of the fifth flow path (3exceeds a predeter-
nlined range, the negative pressure valve 60 or prewsuriziag
valve 61 provided in the cap structural portion 62 is closed,
so that the pressure of the first and second cooLlnt circulation
circui(s can bc maintauled witlun the predctennulcd range.
Further. wlu:n the in(cmal prcssure ul Ihe circulauon flow
path 102 of thc cnginc cooling circui( 100 exceeds a prc-
deternlined mln e. the negative pressure valve 60 or pres-
surizina valve 61 provided in the cap structumll portion 62 is
closed, so that the pressure of the engine cooling circuit 100
can be nlaintained v ithin the predetermined range. More-
over. when the internal prcssure ol'hc rescrvc tank 46
exceeds d predetcnnuled range, Ihe ncga(ive prcssure valve
60 or pressunzing valve 61 provided ui flle cap struc(ural
portion 62 is closed, so that the internal pressure of the
reserve tank 46 can be maintained within the predeternuned
range.

In the thirteenth embodiment, the cap stnicturnl portion
62 is auached Io thc radia(ors 26 and 104, and Ihcreby i( can
easily discharge air retauled ui hulk portions of Ihc radiators
26 and 104 while easily using thc cxistulg radiator s(ructurc.
(Other I imbodiments)

'Ihe above-mentioned other embodiinents can be appro-
priately combined together Various modiTications and
changes can be made to the above-mentioned embodiments
ds lollows.

(I) Various dcviccs can bc used as Ihe Iemperature adjusl-
mcnt targe(device. For example, Ihe tempera(ure adj us(ment
target device may be a heat exchanger incorporated in a seat
where a passen er sits and adapted to cool and heat the seat

by coolant. Thc number of Icmpcra(urc adlusunent Iaiget
devices may be any nnnlber as long as the nunlber is a plumll
nunlber (two or more)

(2) In each of the above-mentioned enlbodunents. the
coolant may intermittently circulate tllrough the temperature
ad)ustment target device to thereby control the heat
exchanging capacity for Ihc tempera(ure adluslmcnt targcl
dcvicc

(3) In the embodiments descnbed above. the chiller 33 filr
Io cooling the cooLlnt by the lolv-pressure refrigerant of the

refrigeration cycle 40 is used as the cooler for cooling the
coolant Hovvever. a Peltier element may be used as the
cooler.

(4) In each of thc dboic-men(ioncd mnbodunen(s. thc
coolan( is used as Ihc heal medium. Altcrnanvely. various
kinds of media, such as oil. may be used as the heat medium

(3) Nano-ihiid may be used as the coolant (heat medium)
'I'he nano-ihiid is a fhiid into lvhich nanoparticles lvith a
particle diameter of the order of nanometer are mixed.

lo Mixing of the nanoparticles into the cooLmt can have the
fhllowing cfli:CL in adihuon to thc same eflbct of dccreasulg
d flcezlug poill( as Ihd( Iu usc of a coolall( usillg c(hvlcllc
glycol (so-called antifreeze solution)

I'he obtained operations and etfects include unprovemeot
of a thermal conductivity in a specific temperature range,
increase in heat capacity of the coolant, prevention of
corrosion of a metal pipe or degradation of a nlbber pipe,
and enlmncing a fluidity of thc coolant at an ultralow
tel up el 't

are .

lo Such operations and effects vary dependmg im the com-
position, shape, and compounding ratio of a nanoparticle, an
additive, and the like

This arrangement can improve the thermal conductivity,
and tints can obtain the same coo)in efficiency, even thou/I

ls the above solution con(aimng Ihc nanopar(icles Is used ul a
suulll allloulln ds coulpdlcd 01 Ihc cthvlcllc gl)'col coolaill.

A themud capacity ol'he coolant can be uicrcascd Io
increase the amount of the cold heat stored in the coolant
itself (cold stored heat due to sensible heat).

do An aspect ratio of the nanoparticle is preferably equal to
or more than SO. Tlus is because sufficient heat conductivity
can bc obtained. Thc term '*aspcxt rauo" as uses) herein
means a shape uldcx indicative ol' ratio bctwccn thc
longiludinal and laleral dunmisions ol the nanoparlicle.

Nanoparticles for use can include any one ofAu, Ag, ( u,
and C Specifically. as atoms of the nanopanicles, an Au
nanoparticle. an Ag nanowire, a CNT (carbon nanotube), a
gmphene. a graphite core shell type nano particle (gmsin
body havuig a structure surroundin thc above-men(jones)

o atom, such as a cdrbolulanotube). an Au nanopar(iclc-cun-
tauiing CNT. etc.. cim bc used.

(6) The refrigeration cycle 40 in each of the above
embodinlents employs a fluomcarlxm refngerant as the
refrigemnt, However, the kind of the refri emlnt is not

ss limited to such a kind of refrigerant. Specifically. a natural
rcfngcrdnt, such as carbon dioxide, a hydrocarbon-based
rcfngcrdnt, and thc like may also bc used as the rcfrigcran(.

Thc rcfngcration cycle 40 of each of Ihc above embodi-
ments forms a subcritical refrigemltion cycle whose high-

io pressure side refrigerant pressure does not exceed a critical
pressure of the refrigerant. Alternatively„ the refrigeration
cycle may form a supercritical refrigeration cycle whose
high-prcssure side rclbigcrant pressure cxcccx)s thc cn(ical
prcssure of Ihe refrigcran(.

ss (7) In each of the aboie-mentioned embodiments, Ihe
vehicle cooling system of the present disclosure is applied to
the hybrid car by ivay of example.
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Altcnu&tn cly. the prcscnt d&&closure may be applied to an
electric car which obtains a driving force for traveling from
dn &'h:clue nlotor for I&Bvchng wi&hou& nlclUdu&g Bn cngn&c,
a h&el ceil vehicle winch uses a fuel cell as a traveling energy
gcncra&or. or thc l&kc

(8) Although in each of the above-mentioned embodi-
ments, a door-type valve body is used as the valve lx&dies

214 and 224 of the hrst switching valve 21 and the second
switching valve 22„a rotary valve or butterfly type valve

Ui
body may bc used us thc valve body ol thc lirst mul a&mond

s&vitching valves 21 and 22.
(0) Al&hough &n each of thc above-mentioned cmbod&-

n&ents. the reserve tanks 46 and 65 are connected to the hrst
and second flow pu&hs 11 and 12 by way of ex unple, thc
reserve tanks 46 and 65 n&ay be connected to the tlnrd to
sixth flow paths 13 to 16.

(10) Alrhou h in each of the above-mentioned embodi-
n&ents. Ihe comn&unication flow paths R, 75. and 824 are
founed such that the first and second coolant circulariou
circuits communicated w&th each other on the downstream
side (pump suet&on side) by way of example, rhe conunu-
Il&cal&o&1 flow patlm R, 75. and 824 may bc fiinncd such tha&

Ihc fits& dnd sccorid cooldn& cncUla&&on cncUI&s conununuu&tc
with each other in positions other than the downstream s&de.

Also. in this case, the first and second coolant circulation
circuits cotmnunicate with each other. thereby adjusting the
maximum pressure of the first and second coolant circuha-
tion circuits.

(H) in the above iirs& cmbodimcnk Ihc conununica&ion
flou pd&h R is fonnixl by cdusuig thc valve body 224
corresponding to the fourth inlet 22f in the second switching
valve 22 to be opened in a small amount on a side of the hrst
flow path 211. However. the comnn&nication flow path R
may be fi&rmed by causin the valve body 224 correspond- &I

ing to the first to third inlets 22C to 22c in a small amount
on a side ol'hc first flow path 211.

Whar is clain&ed &s

1. A thermal mana ement system for a vehicle, compns- do

n&g

a lira& pump and u second pump sucking mid d&sclmr ing
d l&qu&d hcd& n&Cd&UU&,

II Icn&pi &BIU&c Bii)Usnucn& ta&gct dcv&cc hdvh&g B &ca&pc&a-

n&re adjusted by the heat medium;
a hear exchanger exchanging heat with the heat medium,
numerous flow paths for c&rculation of the heat med&um,

including a first pump arrangement flow path in which
Ihc firsl pUU&p &I disposed. B second pUU&p Iur&ulgcn&cn&

flow path in wh&ch thc second pump is d&sposcd. and a o

dcvicc arrungcmen& flow path in which a& least onc of
the temperature adjustment tar et device and the heat
exchanger is disposed:

a first s&vitch&ng portion connected to one end side of each
of the numerous flow paths, and adapted to selectively ss
csniblish commun&ca&ion bctwccn Ihc numerous flow
palhS: dial

a second sw&tching poruon conncc&cxi Io Ihc other cnd side
of each of the nmnerous flo&v paths. and adapted to
selectively establish communication between the ro
numerous flow paths; and

a reserve tank stonng the heat medium therein. wherein
the lirst sv»tch&ng poruon and Ihe second sw&tching

portion arc operated such tha& at least one of the
numerous flow paths conununicau:s w&&h &he lira& pump si
arrangement flow path to fi&nn a first heat n&ed&un&

circuit, and that at least another one of the nun&ermis
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flow pa&hs conununicates w &th the second pump
armngement flow path to fom& a second heat medium
circuit. and

the reserve tm&k is configured to set a pressure of a liquid
surface of Ihc heat medium s&orcd Io a prcdc&ernunod
pressure, and is connected to only one of the numerous
flow paths.

2 A thermal management system for a vehicle, compris-
ing

a i&isa punlp. B secor&i pUU&p, dnd a Ih&rd pUU&p sucku&g
and disclmrging a liquid heat medium;

a tempera&urc adlusnncn& targe& dcv&cc hav&ng a Icmpcm-
ture adjusted by the heat mediun&,

a heat cxcllangcr cxchdnging heat w &If Ihe heal nlcdiunl,
numemus flov, paths for circulation of the heat medium,

including a first pump arran ement flou path in wlfich
the first pump is disposed. a second pump arrangement
flow path in &vhich the second pump is disposed. and B

device arrangement flow pa&h u& wtuch a& less& onc of
the temperature adjustment target device and the heat
cxclmngcr is d&sposcd:

a hrst sv;itching portion connected to one end side of each
of the numemus flow paths, and adapted to selectively
establish con&munication be&ween the numerous floiv
paths: and

a second sivitching portion connected to the other end side
of each of Ihc numerous flow pu&hs, aud adap&cxj Io
sclcctively es&abhsll conn&&UU&era&on bc&ween &lie

numerous flow paths;
a reserve tank storin the heat mediun& therein:
a c&rculation tio&v path provided with the third pump. and

alloiving the heat medium to circulate therethrough;
Bnd

at less& onc connec&ion flow path connecuug at less& one
of the nimicrous flow pafl&s Io thc c&rculauou flow path,
wherein

the first sivitching portion and the second switching
portion are opemted such tlmt at least one of the
numerous flow paths conununicates with the firs pump
armngement flow path to form B first heat medium
circu&I, and that a& lanai another onc of thc numerous
flow pa&hs conununicates w &th the second pump
arrangemcn& flow pa&h io fonu a second hca& mednun
circuit. and

the reserve tm&k is configured to set a pressure of a liquid
surface of the heat n&edium stored to B predetermined
pressure. and is connected to the c&rculation flow path.

3 A thermal mandgemm&I system for a vcluclc, compr&s-
nlg.

a lira& pump rmd a second pump sucku&g and dischargu&g
a liquid heat medium:

a temperature adjusunenr target device havmg a tempem-
ture adjusted by the heat niedium,

a heat exchanger exchanging heat with the heat medium
Io change a tempera&urc ol'hc hca& mcdnun,

uumcmus tlow pa&hs for circula&ion of Ihc heat medium.
includu&g a lirst pump drrangemcnt flow path in w luch
the first pun&p is disposed, a second pump arrangement
flov path in which rhe second pump is disposed. and a
device arrangement flow path in wluch at least one of
the temperature adjustn&ent target dev&ce and the heat
cxclmngcr is d&sposcd:

a iirs& sw &Ichrng por&ion connected to onc end s&dc of each
of thc numerous flow purim, and adap&cx) Io sclccuvcly
establish con&munication be&ween the numerous floiv
paths: m&d
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a second sw&tching port&on conncclcxl lo lhc olhcr cnd side

of each of the nmnerous floiv paths. and adapted to
selectively establish communication between the
munerous flow paths;

one or two reserve tm&ks connected to a predetermined
flow path of the numerous flow paths. Bnd storing
Iherein Ihc heal mcdnun, and

a pressure adlusuncnt valve that opens when ml ultenml
pressure of the predetermined flow path or an internal
pressure of the reserve tank exceeds a predeternuned lc
range. v herein

the first sw&tching port&on and the second switching
portion are operated such that at least one of the
numerous flow paths conunu&ucalcs w&th lhc lirsl pump
arrangemcnt flow path to lhml a iirst heat &uubu&u
circuit, and that at least another one of the nunlerous
tlow paths con&municates with the second pump
armngeinent flow path to fi&rm a second heat ntohu&n
cu'cult.

4, ik thermal management system for a vehicle, compos- lo
ulg:

B lllsl p&&nip. B second punlp, Bnd il lhll'd pl&nip slicking
and discharging a liquid heat medium;

a temperature adlustn&ent target device having a tmnpera-
ture adjusted by the heat medium;

a heat exchanger exchangmg heat with the heat med&um
to change a temperature of the heat medium:

numerous tlow paths I'or c&rculauon of lhc heat mednim,
including a first pump arrangemcnt flow palh ul which
the first pump is disposed. a second pump arrangement &o

tlow path in &vhich the second pump is disposed. and a
device arrangen&ent flow: path in lvhich at least one of
the tempemture adlustment target devices and the heat
exchanger is disposed:

a lira& sw ilchulg port&on connected Io onc cnd side ofeach &s

of Ihe numerous flow paths, and adaplml lo selectively
establish commun&cation between Ihe numerous tlow
paflls:

a second sw&tching portion connected to the other end side
of each of the numemus flow paths. and adapted to so
selectively establish conununication between the
numerous flow paths,

a circulauon flow path prov&dcd w &th flle llurd pump. and
aflowulg Ihc heal mcdnun to circulalc lhcrclluough.

at least one connect&on flow path connecting at least one
of the numerous flow paths to the circulation flow path,

one or two reserve tm&ks connected to a predetermined
flow path of the numerous flow paths and the circuta-
uon flow puth, aud adapted to store fllercin flle heat
nledlunl; Bnd c

a pressure adlusuncnt valve that opens when ml ultenml
pressure of the predetermined flow path or an internal
pressure of the reserve tank exceeds a predeternuned
range. &vherein

the first sw&tching port&on and the second switching ls
portion are operated such llml al lmisl onc of thc
numerous flow paths conunu&ucalcs w&th lhc lirsl pump
arrangemcnt flow path to lhml a iirst heat &uubu&u
circuit, and that at least another one of the nunlerous
tlow paths con&municates with the second pump io
arran ement flow path to ii&rm a second heat med&um
cu'cult.

5. Thc thcrmul nuinagcment sysiem fiir a velucle accord-
ing to claun 1, further comprisul .

a communicauon flow path for cununu&ucal&on belwecn Ss

the tirst heat n&edium circuit and the second heat
mediunl c&rcuit

6 The thermal managemmlt system for a velucle accord-
ing to chunl 5. fullhcr conlprbsh&g'

switching target floiv path that allo&vs the heat medium
to circulate theretl&rou h. the switching target flow path
be&n connected to the conmnuucat&on flow path and
the second switching porta&n.

7 Thc thermal managcmmlt system for a vcluclc accord-
hlg Io claun 6, whcl cut

the switching target flow path is provided with a heat
medium circulation device thmugh which the heat
medium circulates

8 The themlai management system for a vehicle accord-
ing to claim 7, &&herein

lhc sw&&clung large& flow path &s

prov &dcd

w&lh a su itclung
target flow-path pump thai sucks and d&scharges thc
heat medium

9 The thermal management system for a vehicle accord-
ing to claim g. wherein

a pressure adjuster adjusting a pressure of the heat
medium is attached to the heat medium circulation
dcv&ce.

10. Thc them&el maruigcment system for a vch&cle accord-
lllg to chain 5, whcreul

the second switching portion is a switch&ng valve with a
valve body for s&vitchin a flow of the heat medium;
and

the communication flow path is provided inside the sec-
ond sw llchhlg potion.

11. Thc thermal mmlagcmcnt systmn for a vclucic accord-
ing to claim 5. wherein

the second switching portion includes a valve body that
sw&tches a flolv of the heat medium:

one end of the conununication flow path is connected to
a portion between the valve body and a heat medium
sue&&on poruon of thc lirst pump in thc flow pafll
fomling thc lira& heal medium c&rcu&L and

the other cnd of the conununication flow path &s cun-
nected to a portion between the valve body and a heat
medium suction portion of the second pump in the flolv
path forming the second heat medium circuit.

12. The thermal management system for a vehicle accord-
ulg to clBun 5, whc&cul

lhc commurucalion flow path estubl&shcs commu&ucat&on
bein&On the lirst heat medium c&rcu&t m&d the almond
heat medium circuit, at a downstream side of a heat
medium flo&v lvith respect to at least one of the tem-
perature adjustment target device and the heat
exchanger. and at a suction side of each of the first
pl&nip Bnd Ihc second p&&nip.

15. Thc them&el maruigcment system for a vch&cle accord-
hlg Io claun 5, whclcul

the communication tloiv path &s formed by causing the
second switching portion to establish communication
between the first punlp arrangement flow path and the
second pump arrangement flow path.

14. Thc &fennel management system for a vcluclc accord-
ulg to clBun 5, whc&cul

thc second swilclung porlion includes a valve body pro-
vided with a first valve body flow path in communica-
tion with the lirst pump arrangement flow path, and a
second valve body flow path. and

the communication flow path is a flow path formed in the
valve body, and cstabl&shcs conunurucat&ou be&warn&

thc lira& valve body flow path and thc second valve
body flow path.

15. I he thermal management system for a vehicle accord-
ing to claim 1, wherein
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a connccltou portion ol thc reserve lank Is localcd al B

downstream side of a heat mcdnun tlow with rcspcmt lo
at least one of the temperature adjustment target device
and the heat exchanger, and at a suction side of nt least
one of the first punlp and the second pump

1 6. 'I he thermal management system filr a vehicle accord-
hlg to cldlul 1, wherein

the resene tank has an inflow-outflow port into which and
from tvhich the heat medium flows,

the inflotv-outflow port is connected to the tirst pump
arrangement flow path via a main connection flow path
that allows the heat medilun to circulate theretluough,
and

onc end of thc nunn connection flow path, opposite to thc
reserve tank, is connected to a part of the tirst pump
armngement floiv path at a suction side of the hrst
plllrlp.

17. The thermal management system for a vehicle accord-
in to claim 1, wherein

the reserve tank has a maul inflow-outflow port and a
sub-ulflow-outflow port, ulto which mid from w luch the
heat nledium flows,

the nlain inflow-outflow port is connected to the hrst
pump arrangement flow path via a main connection
flo(v path that allows the heat medium to circulate,,
theretftlo

uvre.

thc sub-inflow -outflow port ls connimtcd Io the first pump
arrangcmcnt flow path vm a sub-connection flow path
in v hich a resistance of a flo(v of the heat medium is
larger than that in the main connection flow path,

one end of the main connection flo(v path. opposite to the
reserve tank„ is connected to a part of the first pmnp
arran ement flow path at a suction side of the first
pump. and

onc end ol'he sub-cotutcction fiow palh, opposilc Io the 3(
reserve tank, is connected to a part of the tirst pump
arrangement tlow path at a discharge side of the hrst
plinlp

lg. The thermal management system for a vehicle accord-
ing to cLsim 3„wherein

thc reserve tank lrds an inflow-outflow port ulto and from
which tla: heat medium fiows,

the inflotv-outflow pon is connected to the tirst pump
armngement flow path and the second pump arrange-
nlent flow path via a main comlection flotv path which
allows the heat medium to circulate theretiuougt, and

one end of the main connection flow path. opposite to the
rcscrvc lank, Is connimted Io B part ol'he firs! pump
drrangemcnt flow path at a sucuon side of Ihe lira(
pump. and connected to a perl ol Ihc almond pump
arrangement flow path. at a suction side of the second
plinlp

19. The thermal management system for a vehicle accord-
ing to cLsim 3„wherein

Ihc reserve lank has a maul infiow-outflow port and B

sub-inflow-outflow port ulto which imd from whwh thc
heal medium flows,

Ihc main ufllow-outflow port is connected Io Ihe firsl
pump arrangement flo(v path and the second pump
arrangement flow pnth via a main connection flow pafll
that allows the heat medium to circulate therethrough,
dud

the sub-inflow-outflow port is connected to the first pump
arrangement flow path and the second pump arrange-
ment flow path tie d sub-connimuou flow path havulg
a resistance of the flow of the heat medium larger than
fllat lu the inalll connection flow path,

one end of the main connection flow path opposite to the
reserve tank is connected to a part of the first pump
armsngement flow path at a suction side of the first
pump. and connected to a part of the second pump
arrangemcnt flow path di a sucuon sale ol the almond
pitulp, itnd

one end of the sub-connection flow path, opposite to the
reserve tank, is connected to a part of the first pump
arrangeinent tlotv path at a discharge side of the first
pump. and connected to a part of the second pump
arrangement flotv path at a chscharge side of the second
pllulp.

20. Thc Ihcmlal maruigcment system for a vehicle accord-
hlg to clauu 3, whclcul

only the one reserve tank is provided.
the predetemlined flow path is at least one of a first circuit

fomlation flow path formin the first heat medium
circuit. and a second circuit formation flov path fonn-
hlg Ihc sccttud hcdt ult:ilhtul clrcUIL dud

fllc ouc Icscrvc IBuk ls couflgUrcd ki sct a plcssUIE'. Cf II

liquid surlhce of thc storcxl heat medium to Bn atmo-
spheric pressure, and is connected to the at least one
circuit formation flotv path via the pressure adjustment
valve.

21. The theunal management system for a vehicle accord-
hlg to clauu 3, whclcul

the tw o rcscrvc tanks arc prot ldcd,
onc of Ihc Iwo rcscn c Lulks is connected Io a first circuil

fommtion flow path forming the first heat medium
circuit,

the other one of the two reserve tmlks is connected to a
second circuit formation flow path formin the second
heat medium circuit,

fllc plcsstlrc itillttstuu:ut vdlvc ls pl'ovldcd lu both of Ihc
onc rcscn c tank mid the other reserve tank,

the pressure adjustment valve provided in the one reserve
tank is open when ml internal pressure of the one
resen e tank exceeds a first predetemuned msnge, and

the pressure adjustment valve provided in the other
rcscrvc tank Is opt:u v;hcu Bu hltcruB1 plcssUrc of lhc
other reserve Lank excccds a second prcdctcrnuncxf
ldugC.

22. I he thermal management system for a vehicle accord-
ing to claim I, tvherein the predetermined pressure is an
atmospheric pressure.

t r r r
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