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HEAT EXCHANGER WITH A PLURALITY PRIOR ART DOCUMENT
OF HEAT EXCHANGING PORTIONS

Pit(cut Docllnlcnt
('OSS RlililikiiNC If I'0 Rifi,A'I III)

APPLICATION

I'llil,l) Oli 'll III INVJJN'I'ION
20

lite present disclosure rclatcs to a heat cxchangcr for
exchanging heat between a refrigerant and a heat medium.

BACKCIROUND OF THE INVENTION

(:onventionally. as disclosed in Patent l)ocument 1. there
is proposed a heat controller lor cooling a motor generator,
an inverter. a battery and a vehicle compartment of an
electric vehicle. iil

'lite heat controller in the related art includes a cooling
circuit for allowing a coolant for cooling the moror generator
and thc uiverter to circulate thcrethrough, a Jirst circulation
circuit for allowing a coolant for coolin. the battery and
1 t:hiclc conlpilt titicnt to ca cUlatc thcl cthrollgh, Bnd B second Is

circulation circuit for allowing a coolant passing tlirough an
ouidoor heat exchanger and cxchanguig heat with outside mr
to circulate therethrough

Further. the heat controller includes a first valve for
40

connecting or disconnecting between the cooling circuit and
the first circulation circuit. a second valve for connecting or
disconnectin the cooluig circuit to either the hrst circula-
tion circuit or second circulation circuit. and a third valve for
conncmtuig or discounccting bctw ccn thc coolmg circuit and
the second circulation circuit. The respective valves are
controlled to switch thc sublimt of coiuicction of thc cooling
circuit bettveen the first and second circulatiim circuits

Heat cmi bc transfi:rrcd by a heat transfer device between
thc ct1t11ilnt clrcUlatulg thtoUgh thc Jlrst cuculatlon clrclnt
and Ihe coolant circulatuig tluough the second circulation
circuit. 1 he heat transfer device transfers the heat front the
coolmit at a low temperature to the coolant at a high
temperature benveen the coolants in the first nnd second
circulation circuits. 11

lilt: hcilt of thc coolant hi thc Jnsa clrcillittitni clrcillt Is
tramfbrrixl to the coolant In the second circulation circuit by
Ihe heat trarmfi:r device, and the heat ol Ihe coolmit ui thc
second circulation circuit is dissipated into the outside by the
outdoor heat exchanger. which can cool the battery and 00

vehicle compartment.
Thc cooing circuit is connected to the first circulation

cirmiit or second circulation circuit by use of tim first to tlurd
salves, so that thc heat of thc coolant ui thc cooing circuit
cmi be dissipated into thc outside mr by thc outdoor heat ss
excbmiger in the secoiid circulation circuit, thereby cooliits
the motor generator and inverter

This application is a divisional Application of U.S. patent
application Sar NO 14/376,277 filed on Aug I, 2014 which
is 0 U.S. National Phase Application under 35 U.S.C'. 371 of

I I I

Intcrruitional Apphcation No. PCT/IP2013/000521 Iiled on
Ian. 31. 2013 and pubhshed in Iapanese as WO 2013/
114SSO Al on Aug 8, 2013 which is based on )apancsc
Patent Applications No 2012-020905 filed on Iieb. 2. 2012,
No. 2012-084444 Jilcd on Apr. 3. 2012, Imd No. 2013-
0041)66 filed on .Jan 15. 2013. 'I'he entire disclosures of all
of the above apphcations are incorpomsted herein by refer-
ence.

PAI'I JNT l)O('I/MIJN'I' .IP 2011-121551A

SUMMARY OF INVENTION

I'he related mt described above has an advantage that only
one outdoor heat exchanuer is required to cool a plurality of
devices to be cooled, including the motor generator. the
inverter. the battery, and the vehicle compartment in a
cooling system. However, the entire circuit configuration
might bc comphcatcd. In this case. as the number ol'devices
to bc cooled increases, thc circuit conligumtion nught
become more coniplicated

lior example. the devices to be cooled, which require
cooling, include an I JCJR cooler, an intake air cooler, and the
like. in addition to the nu&tor generator, the inverter, and the
battery Those devices to be cooled have difl'erent required
cooing tmnpcratures.

In order to appropnatcly cool the rcspccuve dcviccs to be
cooled, the coolant to circulate through the respective
devices is proposed to be switchable among the devices, and
thereby it leads to an increase in the number of the circu-
lation mrcuits according to the number of devices to be
cooled. To ether with the increase. the number of valves for
connimtuig/disconnectmg bc(ween thc cooing circuit and
thc rcspectivc circulation circuits is also incrcascd, rcsultuig
in a very complicated stnicture of flow paths for connecting,
the respective circulation circuits and the cooling circuit

lior this reason, in order to simplify the system structure,
a plurahty of heat exchangers used for the cooling system is
proposed to be combined (Integrated) together The com-
bined (uitcgratcd) heat exchmigcrs, however, have 0 plural-
ity of inlets and outlets Ibr Jluids to bc heat-cxclmngcd,
resulting in Jess tlexibihty ui cotuicction of pipes or arrange-
ment of the heat exchan ers

I'he present disclosure has been made in view of the
foregoin matter~, and it is an object of the present disclo-
sure to provide a heat exchanger having hi h flexibility in
collncction of pipes and Ilirilngcnicnt of llcat cxchangcrs.

According to one aspect of the present disclosure. a heat
cxchangcr utcludes: (i) a heat cxchan»ng portion conligurod
by stacking a plurality of refri erant tubes through which a
refrigerant in a vapor-compression refrigeration cycle floivs,
and a plurality of heat mediuni tubes througrhwhich a heat
medium flows to exchange heat with the refngerant: and (ii)
a tiuik portion provided w ith at least ouc of a rcfrigcrant tank
space aikipted to collect or distribute thc rclbigcmnt with
respect to the rcfngcrant tubes, and a heat mcdnun tank
space adapted to collect or distribute the heat medium ivith
respect to the heat mediuni tubes In the heat exchanger, the
heat exchanging portion and the tank portion are formed by
bonding plate members. The heat exchanging portion
includes a Jirst heat cxchanguig pornon in wluch heat is
cxchangcd bct3s ccn thc heat medium aud thc refrigerant on
d high-prcssUIc sale of fln: vdpot-conlprcssion rclrlgcrdtion
cycle, and a second heat exchanging portion in which heat
is exchanged between the heat medium and the refrigerant
on a low-pressure side of the vapor-compression refrigera-
tion cycle. The tank portion is pmvided with a relhigemsnt
inlet that allows the relrigerant to liow into thc rcfrigcrmit
tank spdcc. B Icfllgcrant UU(lct tllat Blliiws thc Icfl1gctilnt to
liow from the rclhgerant t;utk space, a heat mcdnun uilct
that allows the heat medium to flow into the heat medium
tank space, and a heat medium outlet that allows the heat
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medium lo floe lrom lhe heal medium Bulk space. Further-
more. at least one of the refri erant inlet. the refrigerant
ouilcl, Ihe heat medium Inlet, and Ihe heal medium oullet ls
disposed bc(ween both ends of thc tank poruon ul a tube
stacking direction of the refrigerant tubes and the heat
nledium tubes

Thus. at least one of the refri erant inlet. the refrigerant
outlet, the heat medium inlet, and the heat medium outlet Is
disposed between both the ends of the tank portion in the
lube slacking dlrccuon ol thc refrigerant lubcs and lhc heal la

medium tubes, aud thereby 11 is possible to mcrease thc
flexibilit in connection of the pipes aud arnsngement of the
heat exchangers as compared to the case v here all the
refrigerant inlet, refri emsnt outlet, heat medium inlet. and
heat medium outlet are disposed at both ends of the tank ls
pot(ton.

III(if:I'IIS('l(IP'I'ION Ol')l(AWIN(iS

FIG. I is an entire configuration diagmm of B vehicle lo
coohug sy'slcul ul a first reft:lcucc cxiuuplc;

FIG. 2 ls a ihagram for explauun a first mode in the
vehicle cooing system of ill(i. I;

Fl(i 3 is a diagram for expLsining a second mode in the
vehicle cooing system of ill(i. I;

FI(L 4 is a diagram for explaining a third mode in the
vehicle cooling system of FICi. I;

FIG. 5 is a pcrspectlvc view showing a first swltclung
ialve and a second switciung valve ul lhc first rcfermlcc
example: IO

I 1(r 6 Is an exploded perspective vieiv of the hrst
switching valve of l1(i 5;

FIG. 7 is a cross-sectional view of the first switching
valve of FICi 5:

FIG. 8 is a cross-sccuonal vww of lhc first switching ls
ialvc of FICi 5,

FIG. 9 is a cross-sccuonal vww of lhc first switching
valve of I'I(i 5:

Fl(i 10 is a cross-sectional view of the first switching
valve of FICi. 5: du

FI(L 11 is B cross-sectional view of the first switching
illlvc ol FIG. 5:

FIG. 12 is a cross-sccuoual view showulg a lirst state of
the lira( su i(clung valve of FIG. 5,

l1(i 13 is a cross-sectional view showing a second state
of the first sivitching valve of I'l(i

FIG. 14 is a cross-sectional view showing B tl»rd state of
the first switching valve of FICi. 5;

FIG. 15 ls a block dlagriun showing ml clectuc controller
ol'he i chicle coolulg system shown in FIG. 1. o

FIG. 16 ls an mlure configuration did run of' vehicle
cooling system according to a first embodiment of the
invention:

FI(L 17 is a diagram for explaining a first mode in the
vehicle cooling system of FICi. 16; s.

FIG. 18 ls a dlagrmn for explaimng d second moilc ul thc
I chicle coolulg system ol'IG. 16,

FIG. 19 ls a diagram lbr explailung a tlurd moilc ul thc
vehicle cooling system of ill(i. 16;

l1(i 20 is a diagranl for expLsining a fourth mode in the io
vehicle cooling system of FICi. 16;

FIG. 21 is B dta~vam for explaining a fifth mode in the
i chicle coolulg system ol'IG. 16,

FIG. 22 is a perspccuvc vice shuwing a coolant cooler
and B condenser ln lhc lirst cmbodimcno Ss

FI(i 23 is a flowchart sboiving the floe of a contml
pmcess perfornled by a contmller of the first embodiment,

FICi 24 Is du cuulc conflgordlion dlagraul ol a vi:hlclc
cooling system according lo a second embodiment of the
lnvcntlilfu

ill(i 25 is a diagram for explaining a first mode in the
vehicle coolin system of FI(L 24,

FICi. 26 is a diagram for explaining a second mode in the
vchiclc cooing system of FIG. 24,

FICi 27 ls a diagrmn for explaining a third mode ul lhc
vehicle cooling system of I'I(i 24;

llf(i 28 is a perspective view showing a coolant cooler, a
cmldenser, and a supercooler in a second enlbodiment;

FICi 29 is an entire configuration diagram of a vehicle
cooling system according to B third embodiment of the
iuvmuion,

FICi 30 ls B diagram for cxplalnulg a lira( mode in thc
vehicle cooling system of I'l(i 29,

ill(i 3( is a disgranl filr explaining a second mode in the
vehicle cooling system of I'l(i 29,

FICi. 32 is a dia~vam for explaining a third mode in the
vehicle coolin system of FI(L 29,

FICi 33 ls an entire conliguration diagram ol' vehmlc
cooing system according io a fourth mnboduncnt of lhc
lllvcutlou;

llf(i 34 is a diagmm filr explaining a first mode in the
vehicle cooling system of I'I(i 33;

FICi 35 is a dia ram for expLaining a second mode in the
vehicle cooling system of FICi. 34„

FICi 36 Is du cuulc conflgordlion dlagraul ol a vi:hlclc
cooling system accordulg lo a lifth mubodimenl of thc
lnvcntlilfu

ill(i 37 is a perspective viev showing a coolant cooler, a
condenser. and a supercooler in a sixth embodiment:

FICi. 38 is a perspective vielv showing a coolant cooler, a
condenser, and an expansion valve In a seventh embodi-
ulcul;

FICi 39 is a dlagrmn for explaining a lirst mode in a
vchiclc cooing system m d second rcfi:rcnce cxiunplc:

llf(i 40 is a diagmm for explaining a second mode in a
vehicle cooling system in the second reference exanlple;

FICi 41 is a diagram for explainin B third mode in a
vehicle cooling system in the second reference example;

FICi 42 is a diagrmn for explmning a fourth mode in a
vcluclc cooing system ln the scmond refi:rcucc example,

FICi 43 ls a blocl diagram showing an electric controller
of the vehicle cooling system shown in the second reference
cxaulplc;

FICi. 44 is a flowchurt showing the floe of a control
process perfomled by B controller of the second reference
I:xlunplc:

FICi 45 ls an entire conliguration diagram ol' vehmlc
cooing system according lo a tlurd rcfi:rcncc cxmnplc:

llf(i 46 is ml entire configuration diagranl of a vehicle
cooling system accordin to a fourth reference example:

FICi 47 is a perspective view shov ing a coolant cooler
and a condenser in an eighth embodiment,

FICi 48 is a pcrspectivc I lcw of a cutout portion of parts
of thc coolant cooler and condenser shown in FIG. 47,

FICi 49 is B I'ront I ice of thc coolant cooler Bnd con-
denser shown in ill(i. 47;

ill(i 50 is a side view of lhe coolant cooler and condenser
shown in FICi. 47:

FICi. 51 is a side view of a coolant cooler and a condenser
iu a lirst modified example of lhc eighth mnboduncnu

FICi 52 is a front vice of a coolant cooler aud a condenser
iu a second modilicd cx;mlple of lhc eighth cmbodunent.

llf(i 53 is a graph showing the perfilrnlances of the
coolant cooler and condenser shown in ill(i. 52;
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FIG. 54 ls a front vww of a coohmt cooler and a condenser
in a third modified example of the eighth embodiment:

FIG. 55 is a graph showulg thc performances of the
coolant cooler and condenser shown in I'l(i 54:

FIG. 56 ls a pcrspccuve view show m a coohmt cooler
and a condenser in a ninth enlbodiment:

FIG. 57 is a perspective view of cutout parts of rhe coolant
cooler and condenser shown in I'l(i 56;

FIG, 58 is a perspective view showing a coolant cooler
1 I 1

and a condenser in a tmlth embodiment.
FIG. 59 is a perspective view of cutout parts of rhe coolant

cooler and condenser shown ul FIG. 58.
FI(i 6(r is a perspective view showing a coolant cooler

and a condenser in an elcvcnth embodimenl,
l1Ci 61 is a perspective view: of cutout parts of the coolant

cooler and condenser shown in FICi. 60;
FI(i 62 is a perspective view showing a coolant cooler

and a condenser rn a twelfth emlxldiment:
FIG. 63 ls a perspective view showlllg a coolalu cook:1, ii ur

condenser„and an auxilmry heat exchan. er in a thirteenth
cmbodimcnt:

l1Ci 64 is a perspective view: of cutout parts of the coolant
cooler. condenser, and auxiliary heat exchanger shown in
lilCi. 63;

FIG. 65 is an cxcmplary perspccrivc view ol'hc coolmlt
cooler illul condenser shown ill FIG. 63,

FIG. 66 is a front view showulg s coolanl cooler, a
condenser, and an auxiliary heat exchanger in a fourteenth
elllbodinleiltt ii)

FIG, 67 is a perspective view showing a parr near a hrst
fiuid outlet shov, n in FICi. 66;

FIG, 68 is a perspective view showing a part near a second
fiuld outlet shown in FIG. 66,

FIG. 69 is a lyon( view ol' plate member formillg
condenser m a fifteenth embodiment:

l1Ci 7(r is a front view of a plate member fornling a
coolant cooler in the fifteenth embodiment;

FIG. 71 is a cross-sectional view showiilg a part near an
expansion valve in the fifteenth embodiment:

FIG. 72 is an enure couiigurarion disgmm of a thermal
management system in auorlmr cmboduuent of thc mvml-
tion: and

Fl(i 73 is an entire configmation diagram of a thernlal
management system in another embodiment of the inven- as

1 lou.

DIITAII IID Diig('RIP)'ION Oli 'IIII:
PRI il11RRI iD I I M I IODI Ml INTS

o

In the following. preferred embodiments of the present
invmlrlon and rcfi:rcnce examples will bc descnbed with
rcfcrencc to thc accompanyurg drawings. The s unc or
equivalent paris in the respective embodiments and refer-
ence exanlples below are indicated by the same reference ss
characters tluou bout the tigures

First Rcpcrencc Exmnple

A first reference exanlple of the invention will be ic
described below based on FICiS. 1 to 15. The first reference
example is as a precondition iilr a first embodiment to be
descnbcd later. A vclucle coolulg system 10 (veluclc thermal
management system) shown ul FIG. 1 is used ro cool venous
devices mounted on a vclucle (devices requiring cooling or ss
heating) or an interior of the vehicle to an appnlpriate
temperature

In llus rcfi:rance example, thc coolulg system 10 is
applied to a hybrid car that can obtain the driving force for
traveling from borh an intcmsl combusuon mlgulc (engine)
and an electric motor for travehng

Thc hybnd car ol'his rclbrence example 1 ~ conligurcd as
a plug-in hybrid car that can charge a battery (vehicle-
mounted battery) mounted on the vehicle with power sup-
plied from an external poiver source (conlmercial power
source) during stopping of the vehicle. For example. a
lithnun ion battery c;m bc uscxl as the battery.

A drivin force output from an engine rs used not only for
traveling ol the vehicle, but also filr opcrauug a gcncraror.
Pov er genemtted by the aenerator and power supplied from
the cxtcmal power source c;m bc stored in rim battery. The
power stored in the battery can be supplied not only to the
electnc motor for traveling„but also to various vehicle-
nxlunted devices, such as electric components included in
the cooling system.

As shown rn FIG. 1. rhc cooling system 10 includes a first
pump 11. a second pump 12. a radiator 13, a coolant cooler
14, a bauery cooler 15, an invcrtcr cooler 16, im exhmisi as
cooler 17, a cooler core 18, a tirst switching valve 19. and
a secmld switching valve 2t)

I'he first pump I I and the second punlp 12 are an electric
pump for sucking and discharging the coolant (heat
medium). The coofisnt is preferably hqurd containing at least
crhyleuc glycol or dimcthylpolysiloxaue.

Thc radiator 13 ls a hear exchanger lbr heat dissipation
(radiator) that dissipates heat of the coolant into the outside
air by exchanging heat benveen the coolant and the outside
air 'I'he coolant outlet side of the radiator 13 is connected to
the coolant suction side of the first pump 11 An outdoor
blov er 21 is an electric blovver for blowing the outside air
to the radiator 13. The radiator 13 and the outdoor blower 21
are dlsposrxl ar thc forefront of thc velucle. Thus, dunng
traveling of the veluclc, the radiator 13 can face thc tmvclulg

all''he
coo)wit cooler 14 is a cooling device filr cooling the

coolant by exchan ing heat between the coolant and a
low-pressure refrigerant of a refri emotion cycle 22. The
coolant inlet side ofthc coolant cooler 14 is connrxted to thc
coolant discharge side of the srxond pump 12.

Thc coolant cooler 14 scrvcs as an evaporator of thc
refrigeration cycle 22 The refri eration cycle 22 is an
evaporation compression refriaerator which includes a com-
pressor 23. a condenser 24, an expansion valve 25, and the
coolant cooler 14 as the evaporator. The refrigeration cycle
22 of this rcfbrcnce cxsmplc employs a lluorocsrbon refrig-
eraul as thc rcfrigernnu and forms a subcntmal rcfngcrarion
cycle vvhose high-prcssure side refngcraut pressure docs nor
exceed the critical pressure of rhe refrigerant

I'he compressor 23 is an electric compressor driven by
power suppiied from the battery. The compressor 23 sucks
and compresses the refrigerant in the refrigeration cycle 22
to discharge thc comprcssixl refugcrant thcrcfrom. Thc
condenser 24 is u lugh-prcssure side hest exchanger lhr
condensing a lugh-prcssure rcfngerant by exchanging heat
betwcml the outside air and rhe high-pressure refrigerant
discharged front the compressor 23

The expansion valve 25 is a decompression device for
decompressing and expanding a liquid-phase reibigemsnt
condcnscd by thc condcnscr 24. The coolant cooler 14 is s
low-prcssure side hear cxchmlgcr lbr cvaporarulg a low-
prcssure rcfngcrmlr by exchmlging heat between the coolant
and the low-pressure refri erant deconlpressed and
expanded by the expmlsion valve 25 'I'he gas-phase refrig-
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crant ci aporated at thc coolant cooler 14 is sucked mto and
compressed by the conlpressor 23.

'Ihe radiator 13 serves to cool the coolant by the outside
air. while the coolant cooler 14 serves to cool the coolant by
the low-pressure refri emsnt of the refrigeration cycle 22.
Thus, the temperature of the coolant cooled by the coolant
cooler 14 ls lower than that of the coolant cooled by the
radiator 13.

gpecifically. the radiator 13 cannot cool the coolant to a
temperature lower than that of the outside air, whereas the Io

coolmlt cooler 14 can cool the coolant to a temperature lower
than that of the outside air.

Hereinafter. the coolant cooled by the outside air in the
radiator 13 is referred Io as an "intcrmcdialc-Icmperaturc
coolmlfk and the coolant cooled by flle low-pressure refng-
eration of the refrigerant cycle 22 in the coolant cooler 14 is
referred to as a "low-tenlperature coolant"

I iach of the coolant cooler (4, the battery cooler 15. the
inverter cooler 16„ the exhaust gas cooler 17, nnd the cooler
core 18 is the device to be cooled (device iilr temperature 10

ad(ustment), which ls coo(cd( (or whose Icmpcraturc is
ad(us(cd) by either the lntcnuediatc-temperature coolanl or
the low-temperature coolant

1he battery cooler 15 has a flow passage for coolant. and
cools the battery by dissipating the heat of the battery mto
the coolant. The battery preferably has its tempermue
maintained in a mnge of about 10 to 40'. for the purpose
ofplevcllnng Ihc rixhlclloll 111 output, d dccrcasc 111 chal ing
cfllclcncvl dcgrddiuloll. dnd Ihc hkc.

'Ihe inverter cooler 16 has a flow passage for coolant, and lc
cools the inverter by dissipating the heat of the inverter ulto
the coolant The im crier is a power converter that converts
a direct-current (DC) power supplied from the battery to an
alternating-current (AC) volta e to output the AC voltage to
an clcctnc motor I'or travcluig. The invertcr prcfbrably lms ls
its Imnpcra Iure maul ( a ined at 65'. or lower lor Ibc purpose
ol'reventing thc degradation Ihereol or Ihc like.

1he exhaust gas cooler (7 has a flow passage for coolant,
and cools exhaust gas by dissipating the heat of the exhaust
gas of the engine into the coolant. The exhaust gas cooled by do

the exhaust gas cooler 17 is retunted to the inmke side of the
migine. The exhaust gas rctumcd to Ihe intake side of thc
migine preferably has its Icmpcrature mainuiined in a range
of'(0 (0 IOO C. for Ihc purpose oflcihiculg thc cngnu: loss,
and preventing knocking and generation of NOX. and the
like

The cooler core 18 is a heat exchanger for coolin tlmt
cools blast air by exchanging heat between the coohmt and
thc blast mr. An indoor blower 26 is tm clcctnc blower for
blowing the outside air to thc cooler core 18. The cooler cure o

18 and the indoor blower 26 are disposed ulsxlc a casing 27
of the indoor air conditioning unit

1 lech of the first and second switching valves (9 and 20
is a flow switching device that su itches the flow of coolant.
The tirst switchin valve 19 and the second switchin valve 1.

luivc Ihe same basic structure. Howcvcr. Ihc lira( switclung
salve 19 difli:rs lbom thc second switclung valve 20 in that
dn filet iuul 011(lct fol'hc coolalit ill c Icvcrscd 10 iuicii olhcn

'Ihe first sivitching valve 19 includes nvo inlet ~ 190 and
196 as an inlet for the coolant, and four outlets (90, 19d, 19e, ic
and 19fas an outlet for the coolant.

The inlet 19a is connected to the coolant discharge side of
thc lira( pump 11. Tlm inlet 196 is connected Io Ihc coolmlt
outlet side of thc coolant cooler 14.

lhc ouflet 19c is connected to Ihe coolant mlct side of the ss
cooler core 18 The outlet 19d is connected to the coolant
inlet side of the exhaust gas cooler 17 'Ihe outlet 19» ls

connimtcd to Ihc coolant inlet side of the bauery cooler 15.
'I'he outlet (9f is connected to the coolant inlet side of the
inverter cooler 16

'I'he second switching valve 20 includes inlets 20a, 206,
20C, and 204 as an inlet for the coolant, and outlets 20e. and
20jas an outlet for the coolant.

Thc inlet 20a is colulcctcd to Ihc coolant outlet side of Ihe
cooler core 18. Thc inlet 20b is councctcd Io the coolant
outlet side of the exhaust gas cooler (7 'Ihe inlet 201 is
cmlnected to the coolant omlet side of the battery cooler (5
The inlet 2017 is comlected to the coolant outlet side of the
inverter cooler 16.

The outiet 20e is connected to the coolant inlet side of the
radiator 13. The outlet 20(is conncctcd to thc coolant suction
side of Ihc second pump 12.

'I'he first switching valve 19 is configured to be capable of
switclnng ainong three types of comnlunication states
betweml the inlets 19a and (9k and the outlets 191, 19d,
19e, and 196 The second switchin valve 20 is also confi-
ured to be capable of switclung among tltree types of
conumuucation states bc(is can the inlets 20a, 20b, 20C, and
204. mid the outlets 20e and 20(.

lil(i 2 shows the operation (hrst nlode) of the cooling
system 10 when the first and second switching valves 19 and
20 are sv itched to a first state.

In the first state. the first switchin valve 19 connects the
inlet 19a vvith the outlets 19d. 19e„and 19f, and also
connimts thc uilct 196 with the outlet 19C. Thus, thc first
swltclung valve 19 allows Ihc coolant cntcnug thc uilet 19a
to flow Out of the outlets 19J. 19c. and 19f as indicated by
alternate long and short dashed armws m I'IG 2, and also
allows the coolant entering the inlet 19b to flow out of the
outlet 19c as indicated by a solid arrow in FICi 2.

In the first state. the second switching valve 20 connects
the inlets 20b, 20C, dnd 204 with thc outlet 20e, and also
connimts thc inlet 20a with Ihe outlet 20j. Thus, Ihc almond
switclung valve 20 allows Ihe coolant cntcrulg thc uilets
2(lb, 20C, and Zfld to floiv out of the outlet 20e as indicated
by alternate iong and short dashed arrows in lfl(i. 2, and also
allows the coolant entering the inlet 20a to flow out of the
outlet 20f as a solid arrolv in FIG. 2

Flfi 3 shows the opcrauon (second mode) of the coolulg
system 10 when thc lirst and second switching valves 19 and
20 arc switched to a second state.

In the second state, the first switching valve 19 connects
the inlet 19a v, ith the outlets 19d. and 19f, and also connects
the inlet 196 v,ith the outlets 191 and 19e. Thus. the first
switchui vaive 19 allows the coolant enterin the inlet 19a
to flow out of thc outlms 19d. and 19j as uidicatcd by
altcmatc long and short dashed arrows in Flfi. 3, and also
allow s Ihc coolant catering thc inlet 196 Io flow out ol'he
outlets 19C and 19c as solid arnlws in lfl(i 3

In the second state. the second switching valve 20 con-
nects the inlets 20a and 20C with the outlet 20j; and also
connects the inlets 206 and 20J with the outlet Zfle Thus, the
second switching vah c 20 allows thc coolant entering thc
inlets 20b and 20d to flow out of thc outlet 20C as indicdtod
by altcmate long aixl short dashed arrows in FIG. 3, and also
allows the coolant entering the inlets 20a and 201 to flow out
of the outlet 20f as solid armivs in ill(i 3

FICi. 4 sholvs the operation (third mode) of the coolin
system 10 v:hen the first and second sw itching valves 19 and
20 arc switched Io d tlurd state.

In Ihc third state, Ihc lirsi su itclnng valve 19 connects Ihe
inlet 19a with the outlet 19J, dnd also colulccts thc inlet 19b
with the outlets (9C, 19e. and 19f Thus, the first switching
valve 19 allov, 1 the coolant entering the inlet 19a to flow out
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of the outlet 19d as u&dicatcd by an ahemalc ion and shor&

dashed arrow in 11Ci 4, and also allows the coolant entering
the inlet 19b to flo&v out of the outlets 19c, 19e, and 19fas
solid arrows &n 11(i 4

In the third state. the second switching valve 20 connects
the inlet 20b w&th the outlet 20e and also connects the inlets
20a. 20c. and 20d w&th ihc outlet 20f. Thus. thc a&mond

su ilchu&g salve 20 allows thc coolm&t entering lhe inlet 20b
to flow out of the outlet 20e as indicated by an alternate Iong
and short dashed arro&v in I&ill 4, and also allo&vs the coolant &o

entering the inlets 20a. 20&. and 20d to flow out of the outlet
20fas indicated by a solid arrow in FI(.&. 3.

As shown in FICi. 5. the first switching valve 19 and the
second sw &tclung valve 20 u&elude reiary shells 191 and 201
of valve elmuenls. respix nvcly. A relation lorce of an output
shafl 30a of an electric motor 30 for a switching valve &s

transferred to the rotary shafts 191 and 201 via gears 31. 32,
33. and 34 'I'hus, by the common electric motor 30 for a
s&vitching valve, the valve element of the first switching
valve 19 and the valve element of the second switching &o

salve 20 are dnvcn lo coopcral&vcly rotate.
Allen&at&vclv) tu& elix'Ir&c u&olor Iol a sw &lchlug valveu&a)'e

individually provided &n each of the first and the second
switching valves 19 and 20 In such a case, the operations of
the nvo electric motors for the switching valves n&ay be
cooperatively contmfled, so that the valve elements of the
first and second sv itclung valves 19 and 20 can be driven to
coopcraiively rotate.

11&c lira& sw&tcluug valve 19 imd iheserond sw&tclung
valve 20 have the san&e basic stn&cture In the following. the &o

specific structure of the first switching valve 19 v ill be
described. and thus the description of the specific stnicture
of the second sw&tching valve 20 will be omitted.

The first switchin valve 19 includes a case 192 serving
as an outcr shell. Thc case 192 is formed in a substantially &s

cylmdrical shape cxtcnding in the longitudu&al d&recnon of
thc rotary shaft 191 of Ihe valve clement (m lhc vertical
direction of l1Ci 5) 1he mtary shaft 191 of the valve
element penetrates one end surface (upper end surface
shown in FICi 5) of the case 192. so

The cylindrical surface of the case 192 has outer and inner
d&amctcrs thereof decrcascd in four stages lbom onc cnd side
(upper end s&de of FIG. 5) to thc oiher end side (other end
side of FIG. 5). Spccilically, at thc cylindrical surlhce of thc
case 192, a first cylindrical portion 192a with the largest
outer and inner d&ameters. a second cylindrical portion 192b
with the second Largest outer and inner diameters, a third
cylindrical portion 192c v ith the third largest outer and inner
duuncicrs. and a fourth cylu&dncal ponion 192d w&th the
smallcsl outer and &nncr d&amelcrs arc formed u& that order o

from thc om: cnd sale io thc other cnd side.
1'he flrst cylindncal portion 192a is provided with the

outlet 19is 1 he second cylindrical portion 192b is prov&ded
&vith the outlet 19d. The third cylindrical portion 192c &s

provided &vith the outlet 19e The fou&th cylindrical portion &.

192d is provided w&th thc outlet 19f.
As shown u& FICI 6. at the other m&d surface ol'thc case

192 (lower end surlhcc shown u& FIG. 6), thc u&let 19a for
coolant and the inlet 19b for coolant are formed

An inner cylindrical n&en&ber 193 is inserted into an io
internal space of the case 192. The inner cylindrical member
193 is formed in a cylindrical shape with constant inner and
ouicr d&ameters, und pos&t&oned coaxially w&lh rcspec! Io the
case 192. One end ol'he &nncr cylu&dncal member 193 on
thc other end s&dc ol'hc case 192 (thc lower m&d ihcrcof ss
sho&vn in I'ICi 6) is fixed in intimate contact with the other
end surface of the case 192

A part&t&on plate 193a &s prox idcd witlun thc nu&er cylin-
drical member 193. The partition plate 193a is formed
across the cnt&rc arcs ol'hc &oner cyl&ndnca 1 member 193 in
the axial direction thereof to partition the internal space of
thc umcr cyl&ndncal mmnbcr 193 into two half-round spaces
193b and 193c

The first space 193b of the nvo spaces 193b and 193c
communicates v,ith the inlet 19a of the case 192, and the
second space 193c thereof conmnuucates with the inlet 19b
of ihc case 192.

The cylindrical surface of the inner member 193 is
provided w&th four opcmngs 193d. 193e, 193f, and 193g
cmnn&unicating &vith the flrst space 193b. and four openings
193b, 193i, 193j. and 1932 communicating w&th the a&mond

space 19lc.
W&th the inner cylindrical member 193 inserted into the

case 192, the openings 193d and 1936 of the inner cylin-
drical member 193 are opposed to the first cylindrical
port&on 192a of the cylu&dncal mcmbcr 193. thc openings
193e and 193i are opposed to the second cylindrical portion
192 b of Ihc inner cylindrical member 193, thc openings 193f
and 193j are opposed to the third cylindrical portion 192& of
the inner cylindrical member 193, and the openings 1935
and 193/. are opposed to the fourth cylindrical port&on 192d
of the inner cylindrical me&nber 193.

A valve element 194 for opening and closmg eight
openings 193 d lo 1932 ol'hc inner cyl&ndncal mcmbcr 193
is iuscrtcd into bclwimn lhc case 192 aud thc uu&cr cylin-
drical member 193 'I he valve element 194 is formed in a
substantially cylindrical shape. and pos&tioned coaxially
v ith respect to the case 192 and the inner cylindrical
member 193.

A rotary shaft 191 is fixed to the center of one end surface
(upper cnd surface of FIG. 6) of thc valve clcmcnt 194. The
valve clcmcnl 194 &s rotatable w&th tlm rotary slrafi 191
cenlcrcd with respect lo ihe case 192 and llm nu&er cylin-
drical member 193.

I'he im&er dian&eter of the valve element 194 is set
constant. like the outer dianteter of the inner cylindrical
member 193. Like the inner diameter of the case 192. the
outcr diameter of the i alve clement 194 &s decreased in li&ur

stages Irom onc cnd side lo the oilmr end s&dc Ihercoli
Spccflically. al Ihc outcr peripheral surface of Ihc valve

element 194, a first cylindrical portion )94a with the largest
outer diameter, a second cylindrical portion 1946 with the
second lar est outer diameter. a third cylindrical portion
194c with the tlurd largest outer diameter. and a fourth
cyhndrical portion 194d w &th thc smallest outcr d&amcler are
fern&cxi u& fl»&l order Iron& lhc ouc eud suh: lo fl&c othe& eud
sale.

W&th the valve element 194 inserted into between the case
192 and the inner cylindrical member 193, the first cylin-
drical portion 194a of the valve element 194 is opposed to
the first cyiindrical portion 192a of the case 192. the second
cyl&ndrical port&on 194b ol'lhc i alve clmncnt 194 is opposed
to ihc second cylindrical portion 192b ol'he case 192. thc
th&rd cyl&ndncal port&on 194c of thc vulva clcmcnt 194 is
opposed to the third cylindrical portion 194c of the case 192,
and the fourth cylindrical portion 194d of the valve element
194 is opposed to the fburth cylindrical portion 194d of the
case 192.

A plurality of holes 194e &s formed ai thc lirst cylu&dncal
portion 194a of Ihc valve clement 194. A plurahty ol'oles
194f &s fom&cd ai thc a&mond cylu&dncal portion 194b of Ihe
valve element 194 A plurality ofholes 1945 is formed at the
tlurd cylindrical porfion 194& of the valve element 194. A
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plurality of holes 194h &s fom&cd at thc ihurlh cylindrical
portion 194d of the valve element 194.

FIG. 7 is a cross-sccuonal vmw of Ihc first sw&tching
valve 19 taken at a pari of the first cylindrical portion 194n
ofthe vah c clement 194 &n the &fraction perpm&d&euler to thc
axial direction thereof.

The three holes 194e of the first cylindrical portion 194a
of the valve element 194 are fanned in the circumferent&al
direction of the first cylindrical portion 194a. When the

I& I

salve element 194 &s loca&cd u& a prcilclcmuncii rolalu&g
position. the holes 194e are superimposed over the openings
193d and 193h ol'hc inner cylindrical member 193.

A packina 195 is hxed to the periphery of each of the
ope&ungs 193d and 193h ol'he inner cylinilrical member
193 the packing 195 &s in intimate contact with the hrst
cylindrical portion 194a of the valve element 194. and
sel&es to seal a ap between the first cylindrical portion 194n
and the openings 193d and 193h of the inner cylindrical
member 193 iu a 1&qu&d-tight manner. io

A first rin -hke space 196u is fom&ed between the first
cylmdrical port&on 194a of the valve element 194 &md the
firs cylindrical port&on 192&& of the case 192 1he hrst
rin -like space 196a conlnn&n&cates with the outlet 19r

Fl(i g is a cmss-sectional vie&v of the first switchiag
valve 19 taken at a part of the second cylindrical portion
194b of the valve element 194 in the direction perpend&cular
lo Ihe axial direct&on thereof.

11&c tlucc holes 194f ol'he secund cylu&ducal portion
194h of the valve element 194 are fi&oned in the circumfer- &o

ential direct&on of the second cylindrical portion 194b. When
the valve element 194 is located in a predetermined rotating
position. the holes 194fare superimposed over the openings
193e and 193/ of the inner cylindrical member 193.

Thc packing 195 &s lixed to thc peuphery of each of the &s

ope&ungs 193 e and 193 i ol'Ihc inner cylmdnca1 member 193.
Thc packing 195 m &n &ntimatc contact with tlm second
cylindrical portion 194/i of the valve element 194, and
selves to seal a gap be&ween the second cylindrical portion
194b and the openings 193e and 193i of the inner cylindrical so
member 193 in a liquid-tight manner.

A second nng-l&kc space 196b &s lonued between thc
second cylindrical port&on 194b of ihe valve clement 194
and thc second cylu&ducal port&on 192b of thc case 192. Thc
second rin -like space 1966 comnnulicates with the outlet
19d.

FIG. 9 is a cross-sectional view of the first switching
valve 19 taken at a part of the third cylindrical portion 194c
ol'the vah e element 194 &n thc ihrcclion pcrpendwular to the
ax&ill ih&cohen &her&:of. c

11&e &luce holes 194g of thc llurd cylu&dural purl&on 194c
of the valve element 194 are formed in the circumferent&al
direction of the third cylindrical portion 194c. When the
valve element 194 &s located in a predetemlined rotating
position, the holes 194g are superimposed over the openings &2

193f and 193j of Ihc un&cr cylu&ducal member 193.
11&c packu&g 195 is fixed lo the pcr&phcry ol'ach of thc

opcnmgs 193f aud 193/ ol'he nu&er cylu&drical member 193.
'I'he packing 195 is in intimate contact &vith the third
cylindrical portion 194c of the valve element 194. and serves io
to seal a gap between the third cylindrical portion 194c and
the openin s 193fand 193j of the inner cylindrical member
193 in a liquid-t&ght marumr.

A liard nng-l&kc space 196c &s fom&cii bctwcen lhe llurd
cylmdrical port&on 194c ol'he valve element 194 &md the ss
third cylindrical portion 192&" of the case 192. 1'he third
rin -like space 196& con&n&unicates with the outlet 19».

FI(i 10 is a cross-sectional &iew ol'hc lirst switclung
valve 19 taken at a part of the fourth cylindrical port&on 194d
of the valve element 194 in the d&rection perpendicular to the
'lx&al d&rection therm&f.

The tluee holes 194h of the fourth cylindrical portion
194d of the valve elenient 194 are formed in the circumfer-
enluil dircmlion of Ihe third cylindncal portion 194c. When
the valve clement 194 &s located &n a predetcrnuned mtalu&g
position, the holes 194h are superimposed over the openings
193g and 193/. of the inner cylindrical member 193.

I'he packing 195 is lixed to ihe periphery of each of the
openings 193g and 193/'f the inner cylindrical member
193 The packing 195 is in intimate contact w&th the fourth
cyl&ndrical port&on 194d of the valve element 194, and
serves lo seal a gap bclwcm& the lhurlh cyhndncal port&on
194d and the openings 193g and 193/ of the inner cylindri-
cal member 193 in a liquid-ti ht nlanner

A fourth ring-like space 196d is fi&rnled between the
fourth cylindrical portion 194d of the valve element 194 and
the fourth cylindrical portion 192d of the case 192. The
fi&urlh nng-like space 196d conunun&ca&as w&lh Ihc oullcl
19/.

As shown in Fl(i 11, a aap between the first ring-like
space 196a m&d the second ring-like space 196b &s sealed by
a packing 197 in a liquid-tight manner I'he packing 197 is
formed in a rin -like shape so as to have its entire periphery
sandv iched betv,een a stepped surface of the valve element
194 m&d a slapped surface of lhc case 192.

Although nol shown. a gap belwcmu the second m&d third
riag-like spaces 196b and I 96&. as well as a gap between the
tlurd and fourth ring-like spaces 196c and 196d are also
sealed by the ring-like packin 197 in the liquid-tight
manner.

The first state of the first switchin valve 19 will be
described below based on FI(i. 12. FIG. 12 m a cross-
scct&onal view ol'hc lira& sw ilclnng valve 19 taken at a part
of thc Iirst cyhnduca1 port&on 194a ol'he valve clcmcnl 194
in the direction perpendicular to the axial direction thereof
I&or better understanding of the descript&on. I&i(i. 12 illus-
trates only one of tluee ln&les of each of the types 194e, 194f,
194g, and 194h wlfile omitting the illustmstion of other
rmuain&ng Iwo holes 194e, 194f, 194g, and 194h ol'ach
type.

In the lira& state, Ihc salve clement 194 & ~ rota&cd to thc
position slmlvn in FI(i 12, so that the hole 194e of the first
cylindrical portion 194u of ihe valve element 194 is super-
imposed o& er the opening 193/1 on the second space 193c
side of the inner cylindrical member 193. thereby causin
the iirst cylindrmal poruon 194a ol'hc valve element 194 Io
close thc openu&g 193d on the lira& space 193b side of Ihe
inner cylu&ducal mcmbcr 193.

I'hus, as indicated by the solid arro&vs in l&i(i. 12, the
second space 193c of ihe inner cylindrical member 193
conununicates with the outlet 19c v&a the opening 193h of
the inner cylindrical member 193 „ the hole 194e of the valve
clement 194, and thc lira& ring-hke space 196a. On the other
hand, llm lirst space 193b ol'he &rumr cyl&ndncal member
193 docs not conuminicatc with thc outlet 19c.

Accordingly. in the first state. the outlet 19& communi-
cates with the inlet 19h. and not with the inlet 19&&

Although not shown. in the first state, the hole 194fof the
second cylindrical portion 194b of the valve element 194 is
supcnmposcd over Ihc opening 193e on thc first space 193b
sale of thc inner cylindrmal mmnbcr 193, thcrcby causu&g
the second cyl&nducnl portion 194b ol'hc valve clcmcnl 194
to close the opening 193/ on the second space 193c side of
the inner cylindrical member 193.
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Titus, as indicated by a dashed arrow in FIG. 12, fiie iirsl

space 193b of tile inner cylmdrical ineniber 193 comnnuu-
cares with the outlet 19d. and the second space 193r of the
inner cylindrical member 193 does not communicate v ith
the outlet 19d. Accordingly. the outlet 19d communicates
with the inlet 19a. and not with the inlet 19b.

Although not shown, ui thc lirst siatc, the hule 194g of the
tlnrd cyluidncal portion 194c ol'hc valve clement 194 is
superimpnsed over the opening 193fon the first space 193b
side of the inner cylindrical member 193„ thereby causing In

the third cylindrical portion I 94c of the valve element 194
to close the opening 193/ on the second space 193c side of
the inner cylindrical member 193.

Titus, as indicated by a dashed arrow in FIG. 12, fiie iirsl
space 193b ol'hc uincr cyluidncal mcmbcr 193 conunum-
cares with the outlet 19e, and the second space 193c of the
inner cylindrical member 193 does not communicate v ith
the omlet 19e Accordingly, the outlet 19e communicates
with the inlet 19a. and not with the inlet 19b.

Although not shown. in the first state, the hole 194b of the io
fourth cyluidncal poruon 194d ol'he valve clemmit 194 is
superimposed over thc opening 193g on the iirst space 193b
side of the inner cylindrical member 193„ thereby causing
the fourth cylindrical portion 194d of the valve element 194
to close the opening 193/ on the second space l93c side of'heinner cylindrical member 193.

Thus. as indicated by the dashed arrow ofFICi. 12. the iirst
space 193b ol'hc uincr cyluidncal mcmbcr 193 conunum-
catcs with thc outlet 19/, mid the second space 193c of thc
inner cylindrical member 193 does not communicate v ith sc
the outlet 19f. Accordingly, the outlet 19f communicates
with the inlet 19a. and not with the inlet 19b.

The second state of the first switching valve 19 will be
described below based on FICi. 13. FI(.i. 13 is a cross-
sccuonal view ol'the first switclung valve 19 taken at a part is
ol'lhc first cylindrical portion 194a of fiie valve element 194
in Ihc dircmlion perpendicular lo thc axial direction thereof.
lier better understanding of the descriptinn. Iil(i 13 illus-
trates only one of three holes of each of the types 194e, 194f,
194g, and 194/i while omitting the illustration of other so
reniaining two holes 194c. 194f, 194g. and 194/i of each
lvpix

In the second state, thc valve clement 194 is rota(cd lo thc
position shown ui FIG. 13, so that Ihe hole 194e of fiie iirsl
cylindrical portion l94rr of the valve element 194 is super-
imposed over the opening 193b on the second space 193r
side of the inner cylindrical member 193. thereby causing
the first cylindrical portion 194a of the valve element 194 to
close the opening 193d on thc lirst space 193b side of the
inner cylindrical member 193. o

Titus. as indicated by a solid arrow ui FIG. 13, lhe second
space 193c of the inner cylindrical meinber 193 comntuni-
cates with the outlet 19r, and the first space 193b of the inner
cylindrical member 193 dnes not communicate with the
outlet 19c. Accordingly, the outlet 19c conununicates v.ith s.
the uilct 19b. and not with thc inlet 19a.

Although nol shown, in lhc second slate, lhe hole 194/ of
the second cyluidnca1 portion 194b of thc valve clement 194
is superimposed over the opening 193e on the first space
193b side nf the inner cyhndrical member 193, thereby rc
causing the second cylindrical portion 194b of the valve
elenient 194 to close the opening 193i on the second space
193c side of thc iruier cyluidncal mcmbcr 193.

Titus. as indicated by a dashed arrow in FIG. 13, the lirst
space 193b ol'he uincr cylindncal member 193 conumuu- ss
cates with the outlet 19d. and the second space 193c of the
inner cylindncal member 193 does not comnnuiicate v ith

thc outlet 19d. Accorduigly. Ihc outlet 19d conununicates
v ith the inlet 19a, and not v ith the inlet 19b

Although not shoivn, in the second state. the hole 194g of
the third cylindrical portion 194r of the valve element 194
is superimposed over the opening 193/ on the second space
193c side of the inner cylindrical member 193, thereby
cmwing thc tlurd cylindrical portion 194c ol'he valve
elcmcnt 194 to close the opmiuig 193/on the lirsl space 193 b
side nf the inner cylindrical niember 193

I'hus, as indicated by a dashed arrow in I'l(i 13, the
second space 193c of the inner cylindrical member 193
conununicates with the outlet 19e„and the first space 193b
of the inner cylindrical meinber 193 does not communicate
with thc outlet 19e. Accorduigly. tlm outlet 19e conununi-
cates with the uilct 19b. and nol with thc inlet 19a.

Although not shoivn, in the second state. the hole 194b of
the fourth cylindrical portion 194d of the valve element 194
is superimposed nver the opening 193g on the first space
193b side of the ituier cylindrical member 193, thereby
causing the fourth cylindrical portion 194d of the valve
elcmcnt 194 to close the opcnuig 193/- on thc second space
193c side ol'hc outcr cylindncal member 193.

I'hus, as indicated by the dashed armw of lri(i. 13, the first
space 193b nf the inner cylindrical member 193 conununi-
cates v ith the nutlet 19fi and the second space 193c of the
inner cylindrical member 193 does not conumuucate with
the outlet 19f. Accordingly. the outlet 19f comnumicates
with thc inlet 19a, and not with thc uriel 19b.

Thc third slate of the lira( switching valve 19 will bc
described belnw based on I'ICi 14 lrl(i 14 is a cross-
sectional vieiv nf the first switching valve 19 taken at a part
of the first cylindrical portion 194rr of the valve element 194
in the direction perpendicular to the axial direction thereof.
For better understanding of the description. FICi. 14 illus-
trates only onc ol'three holes of each ol'hc types 194e, 194f,
194g, and 194b wlulc omitting the illustrauon ol'ther
remauung lwo holes 194e, 194/. 194g, and 194b ol'ach
type.

In the third state, the valve element 194 is rotated to the
position shown in FIG. 14, so that the hole 194e of the first
cylindrical portion 194a of the valve element 194 is super-
imposed over the opening 193b on thc second space 193c
side of Ihc inner cyluidncal member 193, thereby causuig
thc Iirst cylindncal portion 194a ol'he valve clement 194 to
close the opening 193d on the tirst space 193b side of the
inner cylindrical meniber 193

Tluis. as indicated by a solid arrow in FICi. 14, the second
space 193c of the inner cylindrical member 193 communi-
catcs w ith the outlet 19c. and fiie lirst space 193b of the inner
cyhndrical mcmbcr 193 does nol conunurucate with Ihe
outlet 19c. Accorihngly. the outlet 19c communicatcs wifii
the inlet 19b, and not ivith the inlet 19rr

Although nnt shoivn, in the third state, the hole 194fof the
second cylindrical portion 194b of the valve element 194 is
superimposed over the opening 193e on the first space 193b
side of Ihc inner cyluidncal member 193, thereby causuig
thc second cyhndncal portion 194b ol'he valve clement 194
to close the opctung 193/ on thc second space 193c side of
the inner cylindrical member 193.

'illus, as indicated by a dashed armw in lil(i 14, the first
space 193b of the inner cylindrical member 193 communi-
cates with the outlet 19d, and the second space 193c of the
inner cyhndncal member 193 does not coriununicatc wifii
the outlet 19d. Accordingly, thc outlet 19d conunuiucatcs
with the inlet 19a, and nol with thc inlet 19b.

Although not shown, in the third state, the hole 194g of
the third cylindrical portion I 94r of the valve element 194
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is superimposed over thc opening 193j on thc scconil space
1911 side of the inner cylindrical inember 193, thereby
causina Ihe third cylindrical portion 194C of the valve
element 194 to close the opening 193('on the first space 193ji

side of the iiuter cylindrical member 193.
Tints, as indicated by a dashed arrovv in FICi. 14, the

second space 193c of thc nuier cylmdncal member 193
commumcates with thc outlet 19e, and the first space 1936
of Ihe inner cylindncal member 193 does not comnnuucate
with the nutlet 19e Accordingly. the outlet 19e comntuni- ic
cates with the inlet IUII, and not with the inlet 19a.

Although not shown, In the third state. the hole 1946 of
the fourth cylindrical portion f9411 of the valve element 194
is supcnmposcxf over flm opening 193 j- on flie simond space
193c side of the inner cylindrical mcmbcr 193, thereby
causina the fourth cylindrical portion 1941( of the valve
element 194 to close the opening 193 nn the first space
1936 side nf the inner cylindrical inember 193.

Tints, as indicated by a dashed arrovv in FICi. 14, the
second space 193C of the mner cylindrical member 193 Ic
commumcates with the outlet 19j, imd thc first space 1936
ol'thc inner cylindncal member 193 does not conumuiicate
with the outlet 19f Accordingly. the outlet 19f comntuni-
cates with the inlet IUII, and not with the inlet 19a.

Next. an electric controller of the cooling system 10 will
be described with reference to FICi. 15. A controller 40 Is
contprised of a known microcomputer, including CPU,
ROM. RAM, and thc like, and a pcriphcral circuit Ihcrcof.
Thc conuollcr 40 is a control device for controlling thc
operations of the devices connected to the output side, Ic
includin the first punip ll, the second pump 12. the
compressor 23. the electric motor 30 fiir a switching valve,
and the like by performing various kinds of compumtions
and processing based on air conditioning conuol pmgrams
stored ui tlu: ROM. 31

lite controller 40 is uitcgrally structurcxl with a control
unit for controlling venous dcviccs for control connected Iu
an output side of the controller. 'lite control unit for cnn-
trolling the operation of each of the devices tiir contml
includes a structure (hardware and software) that is adapted su
to control the operation of each of the devices for contml

In tlus rcferencc cxiunple, particularly, thc structure (hard-
w arc and softw are) Ihat controls thc operation of Ihc clecIric
motor 30 for a switching valve acts as a switching valve
controller 4(tu. Obviously, the switching valve controller s
40u may be utdependently pmvided from the cnntrnller 40.

Detection signals from a group of censors. including nn
inside air sensor 41. an outside air sensor 42. a water
tcmpcraturc sensor 43, mid thc like are input Io the uiput side
ol'he controller 40. c

lite inside air sensor 41 is a detector (inside mr tempera-
ture detector) fiir detectmg the teinperature nf inside air
(temperature of the vehicle interior). 'I he out ~ ide air sensor
42 is a detector (outside air tempemnture detector) for detect-
ing the temperature of outside air. The water tempermue ss
smisor 43 is a dctcctor (heat medium temperature detector)
for ilctcctuig thc tcmpcraturc of coolant flowing thcrc-
Iluough directly alter passing fluough Ihc raihator 13.

Alt operation sigltal is input from an air coilditioning
switch 44 to the input side of the contmller 40 The air rc
conditioning switch 44 is a switch for switchiitg an air
conditioner between ON and OFF (in short. ON and OFF of
cooluig). and disposed near a dash board in the vehicle
cotllpiirllnenn

Now, thc operation of Iheabovc-mentioned structure will si
be described When an outside air temperature detected by
the outside air sensor 42 is equal to or kiwer than I

5'' the

16
controllcr 40 perfomts thc first mode shown ut FICi. 2. When
an outside air temperature detected by the outside air sensor
42 ranges frnm niore than 15''nd to less than 40" ( the
controller 40 performs the second mode shown in I'l(i 3

When an outside air temperature detected by the outside air
sensor 42 is equal to or higher than 40" C., the controller 40
pcrfiinns thc third mode shown ut FIG. 4.

In thc lira( mode, thc controller 40 controls thc clectnc
nxitor 30 fnr a switchina valve such that the first and second
sv itching valves 19 and 20 are brought into the first state
shown in Fl(i 2 to thereby operate the first and second
pumps 11 and 12 and the compressor 23.

Thus. the first switching valve 19 connects the inlet 1911

with thc outlets 19rf, 19e, and 19(; and also connects the uilet
196 vvith thc outlet 19c. The second switching valve 20
connects the inlets 20h, 20c, and 20d with the outlet 20e, and
also connects the inlet 2(ln ivith the outlet 2(lf

Accordingly. a first coolant circuit (interniediate-tempera-
ture coolant circuit) is fomted of the first pump 11. the
battery cooler 15. the inverter cooler 16, the exhaust gas
cooler 17, and thc raCiator 13, whcrcas a simond coolant
circuit (low-Iempcraturc coolant circuit) is fomicd of Ihe
second pump 12, the coolant cooler 14. and the cooler core
10

I'hat is, as indicated by alternate long and short dashed
arrows in FICi. 2, the coolant discharged fmm the first pump
11 is branched by the first switchin valve 19 into the battery
cooler 15, the Invciter cooler 16, aud thc exhaust gas cooler
17. llicn, the coolant flows in parullcl through the baucry
cooler 15, the inverter cooler 16, and the exhaust gas cooler
17 are collected into the second switching valve 20 to flow
through the radiatnr 13. thereby being sucked into the first
pillllp 11.

On the other hand. as indicated by a sold arrow in FICi.

2, the coolant discharged from Ihc simond pump 12 flows
throtlgh thc coolallt coolci 14 illlil (hell throilgh Ihc ciioli:I
core 18 via Ihc lira( switclung valve 19 into thc simond
sv itching valve 20 I'he coolant flows through the second
sv itching valve 20, thereby being sucked into the second
pump 12.

In tlus way. in the first mode, the intemtediate-tempera-
ture coolant cooled by thc radiator 13 flows tluough thc
battery cooler 15, thc invcrtcr cooler 16, and Ihc cxltuust gas
cooler 17, whereas the low-Imnperaturc coolant coofcxf by
the coolant cooler 14 tlows through the cooler core 10

As a result, the battery. the inverter, and the exhaust oas
are cooled by the intemtedinte-tempemture coolant. and the
blast air into the vehicle interior Is cooled by the low-
tclnpciiinllc coolalln

For cxamplc. when the outside nir tempcraturc is about
I 5'., Ihc intcmiediate coolant cooled by thc outside air in
the radiator 13 becontes at a temperature of about 25" ( . so
that the intermediate-tentpemture coolant can sufficiently
cool the battery. inverter, and exhaust gas.

The low-temperature coolant cooled by the low-pressure
rcfngcrant ol'the rcfrigerauon cycle 22 in thc coolant cooler
14 becomes at about O'.. so that thc low-tcmperaturc
coolant can sufliciently cool the blast air into the vcluclc
In turin I'.

In the first inode. the battery. inverter, and exhaust gas are
cooled by the outside nir, which can effectively achieve the
energy saving as compared to the case in which the battery,
iuvertcr, and exhaust gas are cooled by the low-prcssure
relyigcrant ol'hc rcfngcrauon cycle 22.

In thc second moCk, thc controller 40 controls the clectnc
nxitor 30 fnr a switching valve such that the first and second
sv itching valves 19 and 20 are brou ht into the second state
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shown in FICi. 3 to llmrcby operate the first and second
pumps 11 and 12 and the compressor 23

'lint~, the first sivitching valve 19 connects the inlet 19a
with the outlets 19d and 19f, and also comtects the inlet 1913

with the outlets 19c and 19e The second switching valve 20
connects the inlets 206 and 20d with the outlet 20c, and also
connects the inlets 20a and 20C with thc outlet 20f

Accordingly, Ihc lirsl coolant circuit fintcrmcdiatc-tem-
perature coolant circuit) is formed of the first pump 11, the
inverter cooler 16, the exhaust oas cooler 17. and the radiator la
13. whereas the second coolant circuit (loiv-temperature
coolant circuit) is formed of the second pump 12. the coolant
cooler 14. the cooler core 18, and the battery cooler 15.

lluil is. as indicated by alternate long and short dashed
arrows of FIG. 3, thc coolant dischar cd from the first pump
ll is branched by the first switching valve 19 into the
inverter cooler 16 and the exhaust gas cooler 17 I'hen, the
coo)ants floiving m parallel thniugh the inverter cooler 16
and the exhaust gas cooler 17 are collected into the second
sivitching valve 20 to floss through the radiator 13. thereby so

beuig sucked into thc first pump 11.
On the other hand, as utdicalcd by sohd arrows of FIG 3,

the coolant discharged fmm the second pump 12 flows
through the coolant cooler 14. and is branched by the hrst
switching valve 19 into the cooler core 18 and the battery
cooler 15. Then, the coolants flowing in parnflel tluouch the
cooler core 18 and the battery cooler 15 are collected into the
second switching valve 20 Io be suckix! uito lhe scmond
pump 12.

'lliat is. in the second mode, the intermediate-temperature so

coolant cooled by the radiator 13 flows through the inverter
cooler 16 and the exhaust gas cooler 17. whereas the
low-temperature coolant cooled by the cooLsnt cooler 14
flows tluough the cooler core 18 and the battery cooler 15.

As a result, thc invertcr and thc cxlisusl gas are cooled by ss
thc uilcrnuxliatc-lempcralurc cookml, dnd Ihc battery and
tire blast air into the veluclc uilenor arc coolu! by the
low-teniperature coolant

For example. when the outside air teinperature is about
25" C., the intemiediate coolant cooled by the outside air in do

the radiator 13 becomes at a temperature of about 40' . so
llidl llic iiilcriticdian:-lcitipcldloic coolaiil catt slifllcicittlv
cool lhe invcrtcr, and exhaust gas.

llic low-Icmperaturc coolant coo)cd by Ihe low-prcssure
refrigerant of the refrigeration cycle 22 in the coolant cooler d

14 becomes at about 0" C, so that the battery and the blast
air into the vehicle interior can be sufliciently cooled by the
low-temperature coolant.

Since in Ilu: second mode thc baucry is cooled by the
low-prcssure rcfngcrant of thc refn era(ion cycle 22, the o

battery can bc suflicienlly cooled even when lhc oulsidc mr
cmlnot cool the battery adequately because of the high
temperature of the outside air.

In the third mode, the controller 40 controls the electric
motor 30 fora sssitclfin valve such that the first and second ss
suilclnng valves 19 and 20 are brought uilo Ihc tlurd state
shown in FICi. 4 to llmrcby operate the first and second
pumps 11 and 12 and thc compressor 23.

'lint~, the first sivitching valve 19 connects the inlet 19a
with the outlet 19d and also connects the inlet 1913 v ith the io
outlets 19c. 19c. and 19f The second switchiitg valve 20
connects the inlet 206 st ith the outlet 20c, and also connects
thc uilets 20a. 20C. mid 20d with thc outlet 20f.

Accordingly, Ihc lirsl coolant circuit fintcrmcdiatc-lcm-
pcrdliirc coo)dirt circilil) is foiiitixl of llic ln'sn puittp 11, llic Ss

exhmist as cooler 17, and the radiator 13, vhereas the
second coolant circuit flow-temperature coolant circuit) is

formed ol'he second pump 12. the coolant cooler 14, thc
cooler core 18. the battery cooler 15. and the inverter cooler
16.

'I'hat is, as indicated by an alternate long and short dashed
arrow in FIG. 4. the coohml discharged from the first pump
ll flows through the exhaust gas cooler 17 via the first
switchut vaive 19. and then through the msdiator 13 via the
second switching valve 20, thereby heing sucked into the
first pump 11.

On lhc other hand, ds uidicated by sohd arrows ut FIG. 4,
the coolant discharged from the second pump 12 flows
tluough the coolant cooler 14, and is branched by thc first
sv itching valve 19 into the cooler core 18. the battery cooler
15, and thc invcrlcr cooler 16. Then, thc coo)ants flow ing in
parallel through the cooler core lb. the battery cooler 15, and
the inverter cooler 16 are collected into the second switching
valve 20 to be sucked into the second pump 12

Tluls. in the third mode„ the intermediate-temperature
coolant coo)cd by the radiator 13 flow s tluough thc exhaust
gas cooler 17, whereas the low-temperature coolant cooled
by lhc coolant cooler 14 flows tluough thc cooler core 18,
the battety cooler 15, and the im crier cooler 16

I'hus, the exhaust gas is cooled by the coolant cooled by
the radiator 13, and the blast air into the vehicle interior. the
battery. and the inverter are cooled by the coolant cooled by
the coolant cooler 14.

For example. Chen thc outside air tcmpcralure is about40', thc intermcihdlc-tcmperaturc coolant cooled by thc
outside air in the radiator 13 becontes at a temperature of
about 50'', so that the intermediate-temperature coolant
can sutficiently cool the exhaust gas.

The low-temperature cooLsnt cooled by the low-pressure
refri erant of the refrigeration cycle 22 in the coolant cooler
14 becomes at about O'., so that thc blast air uito llic
vchiclc uilcnor, thc battery, and thc utvcrter cmi bc sulfi-
cicnlly coolcxl by the low -Iempcraturc coolant.

Since in the third mode the battery and the inveiter are
cooled by the low-pressure refrigerant of the refngeration
cycle 22. the battery and the invetter can be suificiently
cooled even when the outside air cannot cool the battery and
thc uiv crier ixicqu ately because ol'hc very lugh Icmpera lure
of thc outsulc air.

This rcpcrcncc example employs thc simple structure in
v hich the devices 15, 16, 17. and 18 to be cooled are
connected in parallel between the first and second switching,
valves 19 and 20 to thereby switch the coo)ants circulatin
through the respective devices 15. 16, 17, and 18 to be
coolcil aitioitg tltc ilcviccs.

Spcciiically. the outside mr temperature is dctcctcd as a
tcmpcralure associated with Ihc Icmperaturc ol thc coo)wit
obtained after the heat exchange by the radiator 13. and then
based on the outside air temperature detected, the operations
of the first sivitching valve 19 and the second switching
valve 20 are controlled to thereby perform the first to third
modes lluis. thc coolant circulating through each of thc
devices 15, 16. 17, and 18 to be cooled can bc swttchcxi
among thc devices accorduig to the Imnpcralure of thc
coolant obtained afler the heat exchange by the radiator 13

More specifically, when the outside air tempemsture is
lower than a predetermined tempemsture (15'. in tlfis
embodiment). the first mode is performed to allow the
coolant to circulate bc(ween the lirst pump 11 and each of
the devices 15, 16, 17. dnd 18 to bc cooled. When thc oulsule
air lcmpcrdlure is lnghcr than Ihc prcxtctctmtncd Icmpcralure
i )5" (l in this embodiment), the operation is shifted fmm the
second niode to the third mode as the outside air temperature



19
US 10,557,660 B2

20
bimomes lughcr. w hich increases thc number oi'devices to bc
cooled for allowin the coolant to circulate tlmcugh the
second pump 12.

Thus. the cooling load ol Ihc coolant cooler 14 (thai is,
cooling load of the refrigeration cycle 22) can be changed
accordiim to the temperature of the cooLcnt obtained after
the heat exchange by the mdiator 13, which can aclfieve the
energy saving.

More specifically, the devices 15. 16, 17. and 18 to be
cooled hate dilfi:rmii required cooling temperatures. When Iii

Ihe oumidc air Imnperaturc is lugher Ilwn Ihc predetcrmuied
tenipemture ()5" ('. in this emlxidiment), ac the outside air
tenipemture becomes higher, the operation is shifted front
the second mode to the third mode. whereby the coolant
circuhctes starting from the device requirin the lower cool-
in temperature through the other devices in the order of
increasing Ihc required cooling temperature with respect Io
thc somond pump 12.

In this way. this enibodiment can shift the circulation
through the respective devices to be cooled 15, 16. 17. and io
18 between the low-tempemcture coolant and the high-
temperature coolant in accordance with the required coolant
temperature thereof„ thereby appropriately coolin the
dcviccs 15, 16, 17, and 18 to be cooled, wlule aclucvuig thc
ciicrgv wivlllg.

First Embodiment

Alfltough iii ilic llrst iclcicllcc cxalllplc, tlic cxliailsl gris
cooler 17 is connected betw:een the outlet 19d of the hrst io
switching valve 19 and the inlet 206 of the second switching
valve 20, in a first enibodiment. as shown in 11C). 16, a
condenser 50 (device to be cooled) and a heater core 51 are
connected between the outlet 19d of the first switching valve
19 and the inlet 20b ol'hc simond switclung valve 20. )c

lhc condenser 50 is a lugh-pressure siCk heat exchanger
for condcnsuig a high-prcssure refngerimt by exclranguig
heat benveen the coolant and the high-pressure refrigerant
discharged fmm the compressor 23, thereby heating the
coolant. The coolant inlet cide of the condenser 50 is co

connected to the outlet 19d of the first switching valve 19.
lhc heater core 51 i ~ a heat exchanger for heanng thai

heats the blast air by cxclranging heai between flie coolmii
and Ihe blast air havuig passed fluough the cooler core 18.
'I'he heater core 51 ic disposed on the downstream side of the
air flow of the cooler core 18 ivithin the casing 27 of the
indoor air conditioning unit.

The coolant Inlet side of the heater core 51 is connected
io Ilic coolalii outlet side of fllc ciiiido'llsci 50. Thc ciiiiialli
outlet side of thc lmatcr core 51 is connocicd Io the mlet 20b o

ol'he second switching valve 20.
vxlthouah in the first reference example, the coolant cooler

14 is connected between the discharge side of the first pump
11 and the inlet 19b of the hrst switching valve 19, in tlus
enibodiment, the coolant cooler 14 ic connected between the ss
lira( ant(clung valve 19 and Ilm cooler core 18. Specifically,
Ihe coolant inlet side ol'hc coolant cooler 14 is connected
Io thc outlet 19C of thc lirst switching valve 19, and thc
coolant outlet side of the coolant cooler 14 is connected to
the coolant inlet side of the cooler core 18. so

The first switching valve 19 is confi ured to be capable of
scvitching among the five types of conmtunication states
betw own thc inlets 19o and 196 and thc outlets 19C. 19d, 19c,
and 19f The second sw itclung valve 20 is also conii urcd to
be capable of switching among five types of conununicaiion sc
stares between the inlets 20m 20io and 20d and the outlets
20k, and 20f

FICi 17 shoccs tile opcliilioii (llrsi lllodc) ol Illc coollllg
system 10 ivhen the first and second sv itching valves 19 and
20 arc switched Io a lira( state.

In the first state, the hrst sivitching valve 19 connects the
inlet 19a with thc oui)cia 19d. 19e, aud 19f, mid also
cminects the inlet 19b ivith the outlet 19C Thus, the first
switchui vaive 19 allows the coolant enterin the inlet 19o
to flow out of the outlets 19d. 19C. and 19f as indicated by
alternate ion and short dashed arrows in FICi. 17. and also
allow s Ihc coolant entering thc inlet 19b Io flow out ol'he
outlet 19c as indicated by o solid arrow in FICi 17.

In Ihc lira) state, Ihc second switching valve 20 connects
the inlets 20b, 20C, and 2Ud with the outlet 20e, and also
connimts thc inlet 20a with Ihe outlet 20f. Thus, Ihc simond
switclnng valve 20 alloivs the coolant entering the inlets
208 20c. and 20d to flow out of the outlet 20e as indicated
by alternate long and short dashed arrows in Iil(i 17. and
also allows the coolant entering the inlet 20o to flow out of
thc outlet 20f as a solid arrow ui FIC) 17.

FICi 18 shoivs the operation (second mode) of the cooling
system 10 when the lira( and second switching valves 19 and
20 are sv itched to a second state.

In the second state. the hrst switching valve 19 connects
the inlet 19a with the outlets 19d. and 19f, and also connects
the inlet 19b ivith the outlets 19C and 19e. Thus. the first
sv itchin i alve 19 allocvs the coolant flowing into the inlet
19o to tlow lbom Ihc outlets 19d, and 19f as indicated by
altcmatc long and short dashed arrows ui FICi. 18, ond thc
coolant flowing into the inlet 196 to flow front the outlets
19c and 19e as solid arrows in lil(i 18

In the second state, the second switching valve 20 con-
nects the inlets ZOb and 20d with the outlet 20e and also
connects the iniets 20a. ond 20C with the outlet 20f. Thus, the
second switching vahe 20 allows Ihc coolant entering Ihe
inlets 206, and 20d Io flow oui of thc outlet 20C as ladies)ox)
by altcniatc lung and short dashed arrows ui FIG. 18, and Ihe
coolant entering the inlets 20k and 21)i to flow out of the
outlet 20f as solid arroivc in I'l(i. 18

FICi 19 shoivs the operation (third mode) of the cooling
system 10 ivhen the first and second sv itching valves 19 and
20 arc switches) to a Ilnrd suite.

In thc tlurd state, Ihc first su i)chin valve 19 connects Ihc
inlet 19a with thc outlet 19d, and also coiuiects the uilet 19b
v ith the outlets 19c, 19e. and 19f I'hus, the first switching,
valve 19 allows the coolmit entering the inlet 19o to tlov: out
of the outlet 19d as indicated by an alternate long and short
dashed arrow in FIG, 19. and also allows the coolant
enicruig the uilci 19b io flow out of thc outlets 19c. 19k, and
19f as sohd arrows ui FIG. 19.

In Ihe Ilurd state. thc sixoui sw i)clung valve 20 connecIs
the inlet Zflb v, ith the outlet 2UC and also connects the inlets
21lo, 20c, and Zfld with the outlet 2()f qhus. the second
sv itchin valve 20 allows the coolant entering the inlet 20b
to flow out of the outlet 20c as indicated by on alternate long
and short dashed arrow ui FIG. 19. aud also allows thc
coolant catering the uilcis 20a. 20c, and 20d to flow out of
thc outlet 20f as indicamd by a solnl arrow in FIG. 19.

lil(i 20 chocks the operation (fourth mode) of the cooling,
system 10 v;hen the first and second switching valves 19 and
20 are switched to a fourth state.

In the fourth state. the tirst switchin valve 19 allows the
inlet 19a to commumcaie with Ihc outlets 19c, 19c, ond 19f,
and also allow s Ihc uric) 19b to conmiuni cate with Ihc outlet
19d Thus, thc first swiiclmig calve 19 allows thc coolant
flov ing into the inlet 19a to floiv from the outlets 19io 19e,
and 19f as indicated by solid armws in Iil(i 20, and the
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coolmit flowuig into thc utlet190 to liow from the outlet 19J
as indicated by an alternate long and short dashed arrow in
lil(i. 2(l.

In the fourth state, the secicud sivitching valve 20 connects
the inlet 200 with the outlet 20fand also connects the inlets
20a. 20c, and 20d with the outlet 20e. Thus, the second
switchuig salve 20 allows the coolant entering thc inlets
20a. 20c. and 20d io flow out of the ouilct 20e as mdicatcd
by solid armws in liifi 20. and the coolant entering the inlet
20/i to flow out of the outlet 20fas an alternate long and short ic
dashed arrow in lilfi 20

FIG, 21 shoivs the opemtion (fifth mode) of the cooling
system 10 when the first and second switchiitg valves 19 and
20 arc switched to a lilth state.

In thc fifth state. the first switclung valve 19 connects thc
inlet 19a v ith the outlet 19r, and also connects the inlet 190
with the outlets 19J. 19e. and 19f. 'I'lnis. the first switching
valve 19 allows the coolant fiowin into the inlet 19a to flov
front the outlet 19c as indicated by a dashed arrow in FICi.
21. and the cooLmt flowing into the inlet 190 to flow fmm zo

thc outlets 19d, 19e, mid 19/as uidicated by mt alternate long
and short dashed arrow in FIG. 21.

In the tifth state. the second switching valve 20 connects
the inlet 20a with the outlet 2tie and also connects the inlets
20/x 20r. and 20r/ with the outlet 2tif. 'Ihus. the second
switching valve 20 allows the coolant enterin the inler 20a
to flow out of the outlet ZUe as indicated by a dashed arrow
in FIG. 21. and also allows thc coolant entering thc inlets
200. 20c. and 20J to flow out of tlm outlet 20/ as mdtcatcxl
by alternate long and short dashed arrows in )rifi 21 io

'lite specific structures of the coolant cooler 14 and the
condenser 50 in this embodiment will be described belov
with reference to FICi. 22. The coolant cooler 14 and
condenser 50 are included in one heat exchanger 52 of the
tank-and-tube type Onc hall'f the heat exchanger 52 is
consututcs the coolant cooler 14, while thc other half of the
heat exchanger 52 constitutes the cundenser 50.

1he heat exchanger 52 includes a heat exchanger core
(heat exchanging portion) 52u, taiik portions 520 and 52c,
and a partition portion 52d. The heat exchanger core 52a so
includes a plumlity of tubes tltrough which the coohmtt and
the rcfrigcrant indcpcndcntly flow. The tubes are snicked on
each other ui parallel.

lhc trask portions 52b and 52c arc disposcri on both sides
of the tubes to distribute and collect the coolant and refrig-
erant with respect to the tubes. 'I'he internal spaces of the
tank portions 520 and 5Zc are partitioned into a space for
allowing the coolant to flow theretlwough, and another space
for allowuig thc rclrigcrant to flow thcretluough by a
partiuon mcmbcr (not shown). o

The partition portion 52d partitions the uwides of thc tank
portions 520 and 52r into two spaces in the tube stacking
direction (in the left-right direction of I'lti. 22). One side of
the heat exchan er 51 (on the right side of Fit L 22) in the
nibe stacking direction with respect to the partirion portion i.
528 constitutes the coolant cooler 14, whereas thc other side
of the heat cxchangcr 52 (on the lcfl side of FIG. 22) ut thc
tube slacking ihrccnon with respect to the partition portion
52r/constitutes the condenser 50 'I hus. the partition portion
52r/ form s a boundary between the coolant cooler 14 and the to
condenser 50.

One side of the heat exchanger core 52a (on the righr side
ol'FIG. 22) ut the tube stackuig direcuon wah respect to the
partiuon portion 52d coimututes a heat exchanging portion
52w (second heat exchanging portion) of thc coohmt cooler ss
14 'I'he other side of the heat exchanger core 52a (on the left
side of I'l(i. 22) in the tube stacking direction with respect

to thc partition portion 52r/ constitutes a heat cxclianguig
portion 5Za (first heat exchanging portion) of the condenser
50.

Members constitution the heat exchanger core 52a. the
tank portions 52b and 52c, and the partition portion 524 arc
formed of metal (fiir exmnple, an aluminunt alloy), and
bonded together by brazing.

A part of one tank portion 520 serving as the coolant
cooler 14 is provided with an inlet (heat medium inlet) 52e
fiir thc coolant and an outlet (rcfrigcrant outlet) 52/ for the
refrigerant.
Further, a part of the other t;uik portion 52c scrvuig as thc
coolant cooler 14 is prmided with an outlet (heat medium
outlet) 52g fiir the coolant and an utlct (rclbigerant inlet) 52/r
for the refrigerant

Thus. in the coolant cooler 14, the coolant flows from the
inlet 52e into the tank portion 520, and is then distributed to
the tubes for the coolant (tubes for the heat medium) by the
tank portion 52b. Thc coolmits after having passed dmiugh
the tubes for the coohmtt are collected into the tank portion
52c to flow out of thc outlet 52g

In the coolant cooler 14, the coolant flows front the inlet
52/r into the tank portion 52r, and is then distributed to the
tubes for the coolant by the tank portion 52c. 'I'he coolants
after hating passed through the tubes for the coolant are
collected into the tank portion 52/r to flov from the outlet
52/.

Thc inlet 52e and outlet 52g for the coolant of thc coolant
cooler 14 are disposed between both ends 52ri and 520 of the
tank portiiilis 520 and 52r in the tube stacking direction
(both ends in the left-right direction of lflti 22) In the
example shown in FICi. 22, the inlet 52e and outlet 52g are
disposed betv een the partition portion 52r/ and the end 52o
of thc truth poruons 520 and 52c in thc tube stackuig
direction. Thus, thc coolant cooler 14 docs not allow the
flow of coolant to make a I/-tum.

I'he inlet 52e and omlet 52g are opened while being
oriented in the direction perpendicular to the tube stacking
direction. In the example slmivn in FICi. 22. the inlet 52e and
outlet 52g are oriented in the direction parallel to the tubes
for thc rcfngcrant mid for thc coolant.

uk part of one tank portion 520 scrwng as thc condmtser 50
is provided with an mica (heat medium inlet) 52i for thc
coolant and an outlet (refriaerant outlet) 52/ for the refrig;
erant Iiurther, a part of the other tank portion 52c serving as
the condenser 50 is provided itith an outlet (heat medium
outlet) 5Zk for the coolant and an inlet (refrigerant inlet) 52/
fiir thc rclrigerann

Thus, in thc condenser 50, the coolant flow s from thc uric/
52i into thc tank portion 520, and is then ihstnbutcd to the
tubes for the coolant by the tank portion 520. 'lite coolants
after having passed through the tubes for the coolant are
collected into the tank portion 52c to flow from the outlet
52/t

In the condeiwcr 50. the refngerant flows I'rom thc uilet
52/ uito the tank pomon 52c. and is thmi distnbuted to thc
tubes for the rcfngcrmit by tlm tank portion 52c. Thc
coolants afler having passed through the tubes for the
refrigerant are collected into the tank portion 52/i to flow
from the outiet 5Z/.

The inlet 5Zi and outlet 52i'or the coolant of the
condcnscr 50 arc disposed bctw can both thc cods 52o and
52p of the tank portions 520 and 52r in the tube stackuig
direction (both ends in thc lcfi-nght direction of FIG. 22). In
the exmnple shoivn in lilCi. 22. the mlet 52i and outlet 52k
are disposed beta een the partition portion 52d and the other



23
US 10,557,660 B2

24
mxi 52p of the tunk portions 52(t and 52k in the tube stacking
direction Tlnis, the condenser 5(J does oot allow the flow of
coolant to make a I.J-turn

'(lie inlet 52( and outlet 52k are oriented in the direction
perpendicular to the tube stacking direction. In the example
shown in FIG. 22, the inlet 52e and outlet 528 are onented
in thc direction parallel to the tubes I'or thc refngerant and
Jor thc coiiltiiit.

1'he heat exchanger 52 is not limited to the tank-and-tube
type heat exchanger. and can be applied to other types of ia
heat exchangers I'or example. a Ia(ninate-hype heat
exchanger including a lamination of a number of plate
members may be adopted.

A control process cxccu(cd by thc controller 40 of tlus
mubodimcnt Ss ill bc described with reference to FIG. 23.
'I'he controller 40 executes a computer program according to
a flowchart of I'IG 23.

I'irrt, in step S(00. it is determined whether the air
conditioning slvitch 44 is tumed on or not. When the air
conditioner 44 is determined to be turned on. the cooling is io
considercxl to be ncccssary, and then thc opcrauon proceeds
to s(cp S110. In step S110, it is dc(ermincd whether the
temperature of coolant detected by the water temperature
sensor 43 is lower than 40 degrees or not

When the tenlperature of coolant detected by the water
temperature sensor 43 is determined to be lower than 40
degrees„ the temperature of the coolant (intermediate-tem-
pers(ure coolan() cooled by the outside mr ui thc radiator 13
is considered to bc low, and then (he operation proceeds to
step 812U. In step S12U, the first mode shown in JSICI. 17 is io
performed.

In the first mode, the controller 40 controls the electric
motor 30 for a switclun valve such that the first and second
slvitching valves 19 and 20 are brought into the first state
shown ui FIG. 17 to thereby opcmie the (irst and almond ii
pumps 11 and 12 and thc compressor 23.

Titus. the Iirst switchulg valve 19 coiulccts the mlct 19a
with the outlets 199, 19k, and 19/: and also cimnects the inlet
(9(i lvith the outlet l9k I'he second switching valve 2(J

connects the inlets 20(x 20c, and 20r( with the outlet 20k. and so
also connects the inlet 20a with the outlet 20f.

Accordingly, thc first coohmt circuit (ultermcdiatk-tmn-
pcrs(ure coolant circuit) m formed of thc first pump 11, thc
baucry cooler 15, (hc uivcrter cooler 16, ihe condenser 50,
the heater core 5(, and the msdiator 13, whereas the second
coolant circuit (low-temperature coolant circuit) is formed
of the second pump 12. the coolant cooler 14. and the cooler
core 18.

lllat is, as uldicstcd by altenia(c long and shorl dashed
arrows ul FIG. 17. thc coolant dischiugcd from the Iirst o

pump 11 is branched by the Jirst su itclung valve 19 mto the
battery cooler (5. the inverter 16, and the condenser 50 to
flolv in parallel through the battery cooler 15, the imerter
cooler 16, and the condenser 50. The coolant (lowing
tlu ough the condenser 50 flows in series through the heater s.
core 51. Thc coolants Jlowuig through thc heater cure 51,
tluough the battery cooler 15, and enough thc mvcrter
cooler 16 arc colhx(cd by the second swttclun valve 20 to
flolv through the radiator 13. thereby being sucked into the
firs pump (1. so

On the other hand. as indicated by a solid arrow in FICI.

17. the coohmt discharged from the second pump 12 (lowe
tluough thc coolant cooler 14 and thc cooler core 18 ui sauce
l ia the Iirst su itcluug valve 19. imd is then suckixl ulto the
second pump 12 vui thc second swiichulg valve 20. Si

In this lvay. in the first mode. the intermediate-tmnpera-
ture coolant cooled by the radiator 13 flov s thniugh the

battery cooler 15, the im crtcr cooler 16. thc condcnscr 50.
and the heater core 51, whereas the low-teniperature coolant
cooled by the coolant cooler (4 flows thmugh the cooler
core 18.

Tluis. in the battery cooler 15 and the inverter cooler 16,
the battery and inverter are cooled by the intemiediate-
tcmpcrature coolant. In thc condcnscr 50, the uitenncdmle-
tcmpcrature coolant is heated by exchanging heat with the
high-pressure refrigerant of the refri eration cycle 22. In the
cooler core N, the blast air into the vehicle interior is cooled
by exchanging heat between the low-temperature coolant
and the blast air into velficle intenor.

The intermediate-tenlperature coolant heated by the con-
dcllsel 50 cxclltlngcs herd %1(h thc blast tlir having passed
tluough thc cooler core 18 when (lowing tluough thc hester
core 51. 1)ius, the heater core 51 heats the blast air having,
passed through the cooler core N '(hat is. the blast air
cooled and delmmidihed by the cooler core 18 can be heated
by the heater core 51 to foun a conditioned air at a desired
temperature.

For cxamplc. when the outside air tempcraturc is about
I 5'., thc intcmiediate coolant cooled by thc outside air in
the radiator 13 beconles at about 25" ('., so that the inter-
mediate-temperature coolant can su(lie iently cool the battery
and the inveiter

The low-temperature coolant cooled by the low-pressure
refrigemnt of the refrigeration cycle 22 in the coolant cooler
14 becomes at about O'.. so that thc low-tcmperaturc
coolant can sufliciently cool the blast air into the vcluclc
in(eliot'.

In the first mode, the battery and the inverter are cooled
by the outside air, which can effectively achieve the energy
saving as compared to the case in which the battery and the
inverter are cooled by the low-pressure refrigemsnt of the
reibigcration cycle 22.

In contrask in s(ep S110, win:n thc tmupcra(urc of the
coolant dctcctcxI by thc water tmnpersturc sensor 43 is
determined not to be lower than 40 degrees, the teniperature
of the intermediate-temperature coolant is considered to be
higher. Snd then the operation proceeds to step S130. In step
S130. it is determined whether or not the temperature of the
coolant dctccted by thc us(cr tempera(urc sensor 43 is 40
dcgrccs or more to less than 50 dcgrccs.

When the tmnpcrsture of thc coolant de(CO(Ox( by thc water
temperature sensor 43 is determined to be 40 degrees or
more, and less than 50 degrees. the operation proceeds to
step S140. in which the second mode is performed as shown
in FICJ. 18.

In thc second mode, thc controller 40 controls the clectnc
motor 30 for a switclung valve such that thc Iirst and almond
switclung valves 19 nnd 20 sre brought ulto thc second stme
shown m ill(i. (8 to thereby opemste the Jirst and second
plunps ll and (2 and the con(presser 23.

Thus. the first switching valve 19 connects the inlet 19ii
with the outlets 19d and 19f'„and also connects the inlet 196
with the outlets 19c and 19k. Thc second su i(clung valve 20
connimts thc uric(a 20b and 20r( with thc outlet 20k, mid also
connimts thc inlets 20a mid 20c with thc outlet 20f.

Accordingly. the first coolant circuit (mtermediate-tem-
perature coolant circuit) is formed of the hrst punip I I, the
inverter cooler 16. the condenser 50. the heater core 51. and
the radiator 13, whereas the second coolant circuit (low-
tculpcltihllc. ciiolallt circuit) ls lorulcd oi thc second pilnlp
12, thc coolant cooler 14, thc cooler core 18, and the bauery
cooler 15.

I'hat is, as indicated by alternate long and short dashed
arrows m li(CI. (8. the coolant discharged from the first
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pump 11 is branched into thc uiveuer cooler 16 and thc
condenser 50 by the hrst sw:itching valve 19 tn flow in
parallel through the inverter cooler 16 and the condenser 50.
'I'he coolant flowing through the condenser 50 flov s in series
through the heater core 51 The coolants flowiiig tluough the
heater core 51 nnd throu h the inverter cooler 16 are
coflecttxf by the second switclung valve 20 to flow through
thc radiator 13, Ihcrcby beuig sucked uilo lhc lirsl pump 11.

On the other hand. as indicated by solid amiv'3 in I'l(i 18,
the coolant discharged from the second pmnp 12 is branched in

into the cnolant cooler 14 and the battery cooler 15 by the
first switching valve 19 to flow in pamllel tlirou h the
coolant cooler 14 and the battery cooler 15. The coolant
flow mg fluough the coolant cooler 14 flows in series flu ough
the cooler core 18. The coolmils flowing lluou h Ihc cooler
core 18 and tluough the battery cooler 15 are cnllected by
the second switching valve 20 to be sucked into the second
pump 12.

Tints, in the second mode, the intermediate-temperature
coolant cooled by the radiator 13 flows tluough the inverter io
cooler 16. the condcnscr 50, and thc heater core 51, whcrcas
thc low -Iempcraturc coolant cooled by the coolant cooler 14
floivs through the cooler core 18 and the battery cnnler 15.

1lnis. the inverter can be cooled by the intermediate-
temperature coolant, and the battery can be cooled by the
low-tempemsture coolant. Additionally. like the first mode,
the blast air cooled and dehumidified by the cooler core 18
is hcatcd by thc lied(et cote 51. wlllcli cari illakc tlic
conditioned mr at the dcstrcxf tcmpcralure.

I'or exiunPI. when the outside air temperature is abnut sc
30" ('., the intermediate-temperature cooLsnt cooled bv the
outside air in the radiator 13 becomes at a temperature of
about 40'.. so that the intermediate-temperature coolant
can sufficiently cool the inverter.

Tlic low-tcmpcrature coolant cooled by lhc low-prcssure is
refrigerant of the rcfrigcralion cycle 22 m Ihe coolant cooler
14 becomes at about O'., so that thc battery mid the blast
air into the vehicle interior can be sufliciently cooled by the
low-teniperature coolant

Since in the second mode the battery is cooled by the do

low-pressure refugernnt of the refrigeration cycle 22. the
bauciy edit bc sufllclciilly'oolcil even wlicil llic olilsulc dir
cdiliiol cool tlic bat(cry Bdixliidlcly'ccalisc of llic hlgli
lciiipcliiuiic of llic oiimidc Bin

In step S130, when the temperature of coolant detected by
the ivater temperature sensor 43 is determined to be 40
degrees or more to less than 50 degree~. the temperature of
the intermediate-tempemsture coolant is considered to be
tery high, and then thc opcrauon procccds to step S150. In
slap S150, lhc third mode shown ui FIG. 19 is pcrformcd o

In Ihc ilurd mode, thc controller 40 controls the electric
nioior 30 fnr a switching valve such that the first and secnnd
switching valves 19 and 20 are brought into the third state
shown in FICi. 19 to thereby operate the first nnd second
pumps 11 nnd 12 and the compressor 23. Bs

llius, thc lirst switcluug valve 19 connects flie mlet 19ii
with the outlet 19d and also coiuiccls Ihe inlet 19b w ilh thc
outlets 19c. 19e, and 19f. The second suitclnng valve 20
connects the inlet 20b with the outlet 20e, and also cnnnects
the inlets 2Uib 20c. and 20d w:ith the outlet 20f. so

Accordingly, the first coolant circuit (intermediate-tem-
perature coolant circuit) is formed of the first pump 11, the
condenser 50, thc heater core 51. mid thc radiator 13,
w hcrcas Ihc second coolant circuil (low -lcmpcra lure coolmil
cirmiil) is fonncd of thc second pump 12, thc coolant cooler ss
14. the confer cnre 18, the battery cooler 15„and the inverter
cooler 16
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That is, as indicated by an altcmalc long and shou dashcxi

arrow in FICi. 19, the coohunt discharged from the first pump
11 flows tluough thc condenser 50 and heater core 51 in
senes via the first siviiching valve 19. and then through the
radiator 13 via thesccond swilclung valve 20, thereby bcuig
sucked into the first pump 11.

On the other hand, as indicated by solid arro~ s in FICi. 19,
the cnolant discharged front the secnnd pump 12 is branched
into the coolant cooler 14, the battery cooler 15. and the
iuverlcr cooler 16 by thc lirst switclung valve 19. The
coolant flov, in tiu ough the cooLsnt cooler 14 flows in series
tluough thc cooler core 18. Thc coolanls flow uig du ough thc
cooler core 18, through the battery cooler 15, and through
the invcrter cooler 16 arc colhxled by the second swilchuig
valve 20 tn be sucked into the second pump 12

In this way. in the third ntode. the intemiediate-tempera-
ture cnolant cooled by the radiator 13 tlows through the
condenser 50 and the heater core 51„whereas the low-
tcmperaturc coolant cooled by the coolant cooler 14 flows
throu h the cooler core 18. the battery cooler 15, and the
iuverlcr cooler 16.

'illus, the battery and the inverter can be cooled by the
low-tcmpcrdlure coolant, dnd like the first aud siuond
nxides, the blast air cooled and dehumidified by the cooler
core 18 is hcatcd by Ihc heater core 51, wluch can make Ihe
conditioned air at the desired temperature.

For example. when the outside nir tempemsture is about40', the intemiediate-temperature coolant cooled by the
outside air in the radiator 13 becomes at about 50" C. The
low-tcmpcrdture coolant cooled by thc low-pressure refrig-
erant of the refrigemtion cycle 22 in the coolant cooler 14
biuomcs al about 0" C.. so that Ihc blast air into thc vehmle
interior, the battery, and the inverter can be sufficiently
cooled by thc low-tcmpcraturc coolant.

Since in the third mode ihe battery and the inveiter are
cooled by the low-pressure refri emsnt of the refrigeration
cycle 22, the battery and ihe inverter can be sufficiently
cooled even when the outside air cannot cool the battery and
the iuverlcr adctfuatcly bccausc ol the very lugh lcmpcralure
of the outside air.

When Ihc air conihuomng switch 44 is delcnnuicd nol to
bc turned on ui step S100. thc cooling is considcrcd not to
be necessmy, and then ihe operation proceeds to step S160
In step SI60, it is determined whether the outside air
temperature detected by the outside air sensor 42 is lower
than 15 degrees or not.

Wlmn Ihc outside air temperature detcclcd by Ihc oulsule
air sensor 42 is delcnnined to be I 5 decrees or less. thc iugh
healing capacity is considered lo bc niucssary, and then Ihe
opemstion proceeds to step 817U, in which a founh mode is
performed as shnivn in lilCi. 20

In the fourth mode. the controller 40 controls the electric
motor 30 for a switclun valve such that the first and second
switclung valves 19 and 20 are brought uilo thc fourth siatc
shown in FIG. 20 to thcrcby opcratc the lirst and siuond
pumps 11 and 12 and thc compressor 23.

'illus, the first switching valve 19 connects the inlet 19a
v ith the outlets 19c, 19e, and 19f, and also connects the inlet
19b with the outlet 19d. The second switching valve 20
connects the iniets 20a, 20c, and 20d with the outlet 20e. and
also connects the inlet 20b with thc outlet 20f.

Accorduigly, a Iirst coolant circuit (low-tmupcra lure cool-
ant circuit) is formed ol Ihc first pump 11, the coolant cooler
14, the cnoler cnre 18, the battery cooler 15, the inverter
cooler 16. and the radiator 13, whereas a second coolant
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ciicllil (llltcrllicdlau:-tcitlpclatoic coolallt cllcult) Is folilli'.0
of the second pump 12. the cicndenser 50. and the heater core
51

'lliat is, as indicated by solid arniws in I'I(i 20. the
coolant dischar ed from the first pump 11 is branched Into
the coolant cooler 14, the battery cooler 15. and the inverter
cooler 16 by the lira( switclun valve 19. The coolmit
flou ing Iluough thc coolant cooler 14 flows in series through
the cooler core 18 The coolants flowing through the cooler
core 18, through the battery cooler 15, and thniugh the Io

inverter conler 16 are collected by the secnnd switching
valve 20 to flow through the radiator 13, thereby bein
sucked into the first pump 11.

On the other hmid, as indicated by im altcmate ion and
short dashed arrow in FICi 20, thc coolant disclrirged from
the second pump 12 flows through the condenser 50 and the
heater cnre 51 m series via the first switching valve 19. and
is then sucked into the second pump 12 via the second
sivitching valve 20.

Tints, in the fourth mode. the low-tempemture coolant io
cooled by the coolant cooler 14 flows tluough thc cooler
core 18. the baucry cooler 15, mid Ihe invcrtcr cooler 16,
which can conl the blast air into the vehicle interior, the
battery, and the inverter by the low-temperature coolant

In the fourth mode, the low-temperanire cnolant cooled
by the coolant cooler 14 flows throu h the radiator 13,
allowing the coolant to absorb heat from the outside air in
the radiator 13. Then, the coolant that luis absorbcsf heal
from Ihc outside air ui Ihc radiator 13 cxclianges heat with
the refrigerant of the refngeration cycle 22 in the coolant io
cooler 14 to dissipate heat therefrom 'I'lnis, in the coolant
cooler 14, the refrigerant of the refrigeration cycle 22
absorbs heat from the outside air via the coolant.

The refri emsnt v hich has absorbed heat from the outside
mr ui Ihc coolant cooler 14 cxclranges hea1 with Ihc coolmit is
ol Ilic Ilitcmlcillatc-Iclllpcrahllc coolaiil circillt iii tile coit-
denscr 50, whereby thc coolant ol'he tntcnncdtatc-tempera-
ture coolant circuit is heated 1'he coolant nf the intermedi-
ate-temperature circuit heated by the condenser 50
exchanges heat with the blast air having passed thmugh the so
cooler core 18 in flow in through the heater core 51. thereby
dissipating heat therefrom. Thus, Ihe heater ccrc 51 heats thc
blast mr hating passid through thc cooler ccrc 18. Accord-
ingly, Ihc fourth mode can aclucvc heat pump heatmg Ihat
heats the vehicle interior by absorbing heat from the nutside
'Iii'or

exaniple. when the outside air temperature is 10'.,
the interntediate-temperature coolant heated by the con-
denser 50 bcmomcs at about 50'., so fliat Ihc blast mr
having passed through thc cooler core 18 can bc suflicicntly o

healed by Ihc intcrmcihatc-Iemperahirc coolann
1'he loiv-temperature coolant cooled by the lniv-pressure

refrigerant of the refrigemstion cycle 22 in the conlant cooler
14 is at about 0" C., so tlint the battery and the inverter can
be sufficiently cooled by the low-temperature cooLsnt T.

Note that the fourth mode can aclucve Ihc dcluumdilica-
uon heating wluch involves allowing Ihe heater core 51 to
heat the blast air cooled tmd dehumidified by Ihc cooler core
18

In the following step 8180. Tt is determined ivhether or nnt io
the inside air tempemture detected by the inside air sensor 41
is 25 degrees or hi+er. When the inside air temperature
detixtcd by thc insole air sensor 41 is determined not to be
25 degrcms or morc, thc lugh heatuig capacity is considered
to bc ncccssary, mid thmi thc operation returns Io step S180. ss
'I'lnis, until the inside air temperature is increased tn 25
degrees nr more, the fourth mode is performed

When the inside air Icmpcrature dctccted by the uisidc air
sensor 41 is determined to be 25 degrrees or more, the high
hcaIing capacity is considered not Io bc necessary. and then
the nperation prnceeds to step S190. in winch a fifth mode
is pcrformcxl as shown in FIG. 21.

In the fiflh mnde, the contrnller 4U contmls the electric
motor 30 for a switclung valve such that the first and second
switclnng valves 19 and 20 becontes the hfth state shown in
FICT. 21.

Thus, Ihc lirst switchuig valve 19 connects thc uilet 19a
v ith the outlet 19C and also connects the inlet 19b with the
outlets 19d, 19e, and 19fi Thc second suitchuig valve 20
cmtnects the inlet 20a ivith the nutlet 2Ue, and also connects
the inlets 200, 20c. and 20d with thc outlet 20f.

Accordingly. a first coolant circuit (low-tentperature cool-
ant circuit) is formed of the first pump 11, the coolant cooler
14, the confer core 18, and the radiator 13, whereas a second
coolant circuit (intermediate-tenipemture coolant circuit) is
formed of Ihc second pump 12, thc baucry cooler 15, thc
inverter cooler 16. the condenser 50, and the heater core 51.

At tlus time. thc second pump 12 is operated Io thereby
stop the first pump I I and conipressor 23 1 bus. in the first
coolant circuit indicated by dashed arrows in lii(i 21, the
coolant does not circulate therethmugh

On the other hand, as indicated by alternate long and short
dashed arrows in FIG. 21, in the second cooLsnt circuit, the
coolant discharged from Ihc second pump 12 w bntncltcxl
into thc baucry cooler 15, thc uivertcr cooler 16. mid thc
condenser 50 by the first sv itching valve 19 I'he coolant
tlowing through the condenser 50 flows in senes through the
heater core 51. I'he coolants flov ing through the heater core
51. through the battery cooler 15, and tluouvgh the inverter
cooler 16 are collected by the second switching valve 20 to
bc sucked into the second pump 12.

Thus, ui Ihc Iil'th mode. the coolmit which has absorbcxf
hca1 Irom Ihc bat(cry in Ihc battery cooler 15 and Ihc coolant
which has absorbed heat front the inverter in the inverter
cooler 16 flnw thmugii the heater core 51. so that the blast
air Into the vehicle interior can be heated by exhaust heat
from the battery and inverter.

For cxamplc. when the outside air Icmpcrature is 10'..
thc coolant hcatcd by Ihc battery cooler 15 and thc invencr
cooler 16 becomes at about 30'. whcrcby thc blast air mto
the vehicle interinr can be heated to 25 degrees or more ivith
the inside air teniperature maintained at 25 degrees or more

In tlfls embodiment. when the outside air tempemsture is
lower than a predetermined tempemsture (15':. in tlfls
embodiment), the forth mode or the lil'th mode cmi be
cerned out to perform hcaung.

In Ihe lour(i mode. Ihc coolmit circulatcs bctwccn Ihe
coolant cooler 14 and the first pump 11, ivhereas the coolant
heat niedium circuiates between the condenser 50 and the
second pump 12.

Thus. the coolant cooled by the coolant cooler 14 flows
tluough thc raihator 13. so that Ihc refugcrant ol'hc rcfrig-
crauon cycle 22 in the coolant cooler 14 can absorb heat
from thc outsulc mr i is the coolant flowuig tluough thc
msdiator 13 11nis, the heat of the outside air can be pumped
up front the conlant cooler 14 (low-pressure side heat
exchan er) of the refrigemstion cycle 22 to the condenser 50
(high-pressure side heat exchanger).

Thc heat of Ihc outside air pumped up by thc rcfngcration
cycle 22 can heat the blast air into thc vehicle interior by use
of thc heater core 51, which can achicvc Ihc heat pump
heatin which involves heating the velucle interior by
absorptinn of the heat from the outside air
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In Ihc lifth mode, Ihc coolan( circulatcs between each of

the battery coolant 15 and the heater core 51. Snd the second
pump 12. whereby thc opera(ion ol thc lira( pump 11 is
stopped 1 lnis. the coolant absorbs heat from the battery in
the battery cooler 15, aud Ihc coolant 0 luch has absorbed thc
heat from the battery heats the blast air into the vehicle
interior by the heater core 51. so that the exhaust heat fmm
the battery can be used to heat the vehicle interior

In this enlbodiment. the coolant cooler 14 and the con-
I il

denser 50 are ultearatcd into one heat cxcluulger 52. which
can significantly unpmve the productivity as compared to
Ihc cdsc v'hcl'c lhc coolaill cooler 14 and Ihc condcllscr 50
are fornled of different heat exchangers.

Further. ul tlus mnbodimcnt, thc ullct 52e and outlet 52g
filr the coolant of the coolant cooler 14 are disposed between
both the ends 520 and 52p of the tank portions 52b and 520
in the tube stacking direction, lvhich can increase the flex-
ibility in connection of the pipes and arrangement of the heat
cxchangers as compared Io thc case where Ihe mlet 52c and lil
outlet 52g for the coolant are disposed at both the ends 520
and 52p of tlm tank portions 52b and 52c in the tube slacking
direction 'I'he coolant cooler 14 does not allow the fklv of
coolmlt Io make a U-(um, mid thus cdn reduce Ihe loss of
prcssure of Ihc coolant ul thc coolaiu cooler 14.

I.ikelvi se. the inlet 52( and outlet 521 for the coolant of the
condenser 5U are disposed benveen both the ends 520 and
52p of the tank portions 52b and 520 in the tube stacking
direction, wlfich can Increase the flexibility in connection of
the pipes and armngement of the heat exchan ers as corn- Io

pared to Ihc case where thc inlet 52( and outlet 52k for the
coolan( arc disposixl at both thc ends 520 mid 52p of thc tank
portions 52b and 520 in the tube stacking direction 1he
condenser 50 does not allow the flow of coolant to make a
U-turn. and tints can reduce the loss of pressure of the li
coolant in the condenser 50.

That is. at least one of the refrigerant inlets 52h and 521,
refrigerant outlets 52f aud 52j, coolant inlets 52e and 52i,
dnd coolant outlets 52g and 52k is disposed betw emu both thc
ends 520 and 528 of the tank portions 52(i and 52i in the du

tube stackin direction Such a system can increase the
flexibility of connection of the pipes and arrangement of the
heat exchangers as compared to the system in which all the
refrigerant inlets 52h and 521. reibigemnt outlets 52fand 52j,
coolan( uric(s 52e and 52(, and coolan( ou(lcls 52g imd 521- ds

arc disposed ut both the ends 520 and 52p ol'he tank
portions 52b and 520

Second Emboduncnt
0

Although in the lirst embodimcnt, Ihc low-prcssure rcfng-
emnt of the refngeration cycle 22 is evaporated by the
coolmlt cooler 14 to thereby cool the blast air into the vehicle
interior by the cooler core 18, in a second embodiment. as
shown in FICi 24. the lov -pressure refrigerant of the refri - ss
crauon cycle 22 is evaporated in the coolant cooler 14 and
dn evaporator 55, thereby coohng Ihe blas( air into thc
i chicle ultcnor by Ihc evaporator 55 of the rclhgcraiion
cycle 22.

'lhe evaporator 55 allows the refrigerant to flov in io
parallel to the coolant cooler 14. Specifically. the refrigerant
cycle 22 has 0 bmnch portion 56 for refrigerant flow that is
loca(ox) between Ihc rcl'ngcmnt discharge side 01'lle com-
pressor 23 and thc refngermlt inlci side of Ihe expansion
i alvc 25, and a collection portion 57 for rcl'rigerant flow Illa( si
is located between the refrigemnt outlet side of the coolant
cooler 14 and the refrigemilt suction side ot Ihe conlpressor

23. An expansion Salve 58 mid the evaporator 55 arc
connected between the brmlch portion 56 and the collection
pot(1(ill 57

'I'he expansion valve 58 is a decompression device fiir
decompressing and expanding 0 liquid-phase reibigemnt
bmnched by the branch portion 56. The evaporator 55 is
adap(cd Io cvapordtc a low-pressure refngerant so as to cool
the blast air by exchanging heat bctw ixu the blast air ulto Ihc
vehicle interior and the lolv-pressure refngerant decom-
pressed and expanded by the expansion valve 25

An electromagnetic valve 59 (opening and closulg valve)
is connected between the branch portion 56 and the expan-
sion valve 25. When the electroma netic valve 59 is opened,
thc rcl'rigeraut discharged from thc compressor 23 flows
tluough the expansion i alve 25 and thc coolant cooler 14.
When the electromagnetic valve 59 is closed, the flow of
refrigerant tolvtmd the expansion valve 25 and the coolant
cooler 14 is internipted The operation of the electromag;
netic valve 59 is controfled by the controller 40.

The refrigeration cycle 22 includes a supercooler 60. The
supcrcoolcr 60 is d heat exchanger (auxiliary heat
cxchilllgcr) foi furlhcl'iiolillg Ihc liqliid-phase l chlgcidnt Io
increase a supercooling dearee of the refngerant by
exchanging heat between the coolant and the liquid-phase
refrigerant condensed by the condenser 50

The coolant inlet side of the supercooler 60 is connected
to the outlet 19e of the first switching valve 19. The coolant
outlet side of ihe supercoolcr 60 is councctcd Io thc coolant
inlc( side ol'he baucry cooler 15.

In this embodiment, the battery cooler 15 and the battery
are accominodated in an insulating container formed of
thermal insulating material 'illus. cold energy stored in the
battery can be prevented from escaping outward. thereby
keepin the battery cold.

Thc Iirst sw itclnng i elve 19 is conligurcd to be capable of
switclung bc(wccn Iwo types of communica(ion s(ates
bc(wimn the inlets 19a mid 19b and tlm outlets 190. 19d, 19e,
and 19fi I he second switching valve 20 is also configured to
be capable of slvitchina between two types of conmiunica-
tion states between the inlets 20a. 20k 20c. and 20d and the
outlets 20c. and 20f.

FICi 25 shous thc opclrilioll (lira( nlodc) ol fllc cooling
system 10 when the lirst and second switching valves 19 and
20 are switched to a lira( s(ate. and thc clectromagnctic valve
59 is switched to an opened state. Ill(i. 26 shows the
opemtion (second nlode) of the cooling systenl 10 when the
first and second switching valves 19 and 20 are switched to
the first state, and the electromagnetic valve 59 is switched
to d CIOSCd S(d(C.

In Ihc Iirst and second a(dies, the lirst switclung valve 19
connimts Ihc inlet 19a with Ihe outlets 19d, and 19j, and also
cmlnects the inlet 19b with the outlets (9C and 19C 'I'hug the
first switching valve 19 allows the coolant entering the inlet
19a to flov, out of the outlets 19d. and 19f as Indicated by
alternate long and short dashed arroyo s in FICiS. 25 and 26,
and also allows Ihe coolant entcnng the inlet 19b to flow out
of thc outlets 19c and 19e as solid arrows in FICiS. 25 and
26.

In the first and second stares, the second switching valve
2U connects the inlets 2Ub and 20d with the outlet 20c and
also connects the inlets 20a. and 200 S(ith the outlet 20f.
Thus, the second switching valve 20 al)ons the coolant
cn(crulg the inlets 20b, and 20d Io flow out ol'hc outlet 20c
as utdicaicx) by alternate lung and short dashed arrows in
FIGS. 25 and 26, and also allows the coolant entering Ihc
inlets 2()a and 20C to flolv out of the outlet 2()f as indicated
by solid arrows in I'ICrS 25 and 26
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FIG. 27 slxiws thc operation (flurd mode) ol'hc cooling
systeni 10 when the first and second switching, valves 19 and
20 are sv itched to the second state.

In the third state, the first switching valve 19 allov s the
inlet 19ri to comnuuiicate with the outlets 19c. and 19f. and
also allows the inlet 19b to communicate with the outlet 19d,
thcrcby closing the outlet 19e. Thus, thc (irst swiiclnng valve
19 allows the coolant flowuig uito the inlet 19a to flow from
the outlets )9c and 19fas indicated by solid arrows in lrlfi.
27. mid the coolant flowmg mto the inlet 19b to flow front Ia

the outlet 19d as indicated by an alternate long and short
dashed armw in FICi. 27. thereby preventing the coolant
from flowing out of the outlet 19e.

In thc flnrd state, thc second switching valve 20 connects
the uileis 20a mid 20d with the outlet 20e and also connects
the inlet 20b with the outlet 20f, thereby closing the inlet
20c. 'I'Inis, the second switching valve 20 allows the coolant
entering the inlets 20rr and 2(kj to flow out of the outlet 20e
as indicated by solid arrov s in FICi. 27. and also allows the
coolant entenn the inlet ZUb to flow out of the outlet 20fas zo

indicated by au altematc long and short dashed arrow in
FIG. 27, thereby preventing the coolant from fluwm out of
the inlet 2Uc.

1he specific structures of the enchant cooler 14. the
condenser 50, and the supercooler 60 in this embodiment
rvill be descnbed belo~ v ith reference to FICI. 2S.

The coolant cooler 14, the condenser 50. and the super-
coolei 60 all: lllcludixl ill otic liest cxcliailgci 61 oi tile
tank-mid-tube Iy)tc. Specifically, thc superroolcr (auxihary
heat exchanger) 6U is disposed be(wears the coolant cooler io
)4 and the condenser 5U.

')lie heat exchanger 6) includes a heat exchanger core
(heat exchan in portion) 61a. tank portions 61b and 61c,
and two partition portions 61d and 61d. The heat exchanger
core 61a includes a plurahty ol'ubes tluough wluch the ss
coolant and the rclbigcrant uidcpendenily fluw. Tlm tubes are
stacked on each other ui parallel.

1he tank portions 6)b and 6)c are disposed on both sides
of the tubes to distribute and collect the coolant and refrig-
erant with respect to the tubes. The internal spaces of the so
tank portions 61b and 61c are partitioned into a space for
sllowuig thc coolant to flow thcrctluou h, and another space
for sllowuig thc rclbigerant to flow thcrciluough by a
parunon member (not shown).

')lie two partition portions 6ld and 6ld partition the
insides of the tank portions 6)b and 6)c into three spaces in
the tube stacking direction (in the left-right direction of FIC).

28). One side of the heat exchan er 61 (on the rig)I side of
FIG. 28) ui the tube stacking direction wuh respect tu the
partiuon portion 61d cousuiutcs ihc coolant cooler 14, o

w hcrcas Ihc other side of thc heat exchanger 52 (on Ihc left
side of Iriti. 28) in the tube stacking direction with respect
to the partition portion 6)d constitutes the condenser 50,
rvhereby a gap between the partitions 61d and 61d serves as
the supercooler 60. ss

11&us, onc purtitiou portion 61d lbrms a boundary (iirsi
boundary) betwemi thc coolant cooler 14 and ihesuper-
cooler 60, and thc oilmr partition portion 61d lomm another
boundary (second boundary) between the supercooler 60
and the condenser 50 so

A part of the heat exchanger core 61a of the heat
exchanger 61 on one side in the tube stacking direction (on
thc right side ofFIG. 28) with respect to Ihc parution portion
61d constitutes a heal exchanging portion (second heat
cxchanguig portion) of thc coolant cooler 14. A pari of Ihe ss
heat exchanger 6) on the other side in the tube stackina
direction (on the left side of I IG 28) with respect to the

partition portron 61d coimniuics a heat cxchauguig portion
(first heat exchanging portion) of the condenser 50. Apart of
the heat cxclmngcr bciwccn thc partition poruoim 61d and
6)d constitutes a further heat exchanging portion (auxiliary
heat cxclmnging poruon) of the supcrcoolcr 60.

Members constitutin the heat exchanger core 6)a. the
tank portions 61b and 61c, and the partition portion 61d are
founed of metal (for exaniple, an aluminuni alloy), and
bonded together by brazing.

A purl ol one tank poruon 61b serving as Ihe coolant
cooler 14 is provided rvith an inlet 61e for the coolant and
an outlet 61j Ibr Ihc rclbigcrant. A part ol'hc other tank
portimi 6)c serving as the coolant cooler 14 is prov rded rvith
an outlet 61g Ibr the coolant and au inlet 61b lbr Ihc
refrigerant

Thus. in the coolant cooler 14, the coolant flow s from an
inlet 6 le into the tank portion 6)b, and is then distributed to
the tubes for the coolant by the tank portion 61b. The
coo)ants aficr havuig passed through thc tubes for thc
coolant are collected into the tank portion 61c to flow from
illa outlet 61g.

In the coolant cooler )4. the refrigemsnt flows from the
inlet 616 into Ihc tank poruon 61c. aud is Ihmi rhsinbuted io
the tubes for the refrigerant by the tank portion 6)c The
rclrlgcidllm riflcl liavlllg passed tllruilgll tile Itlbcs loi lite
refrigerant are collected into the tank portion 6)b to flow
from the outlet 61j.

I'he inlet 6le for the coolant of the coolant cooler 14 is
disposed between both ends 6(rj and 61r of the tank portion
61b in thc lube stacking dirccuon (both mids in ihe lel't-right
direction of FIC). ZS). The outlet 61g for the coolant of the
coolant cooler 14 is disposixl amide both ends of the lank
portion 6)c in the tube stackiim direction (both ends in the
left-right direction of FIG. 28) In thc cxrunple shown in
lrifi 28, the inlet 61e and outlet 61g for the coolant are
disposed between one end 619 and the part)t)on portion 61d
(specifically. the partition portion 6)d forniing the boundary
between the coolant cooler 14 and the supercooler 60) of the
tank portions 61b and 61c ui tlu: tube slacking direction.
Thus, the cooiant cooler 14 does not allow the flow of
coolant to make a U-turn.

Thc inlet 61e and outlet 61g are omcntcd in thc direction
perpendicular to the tube stacking direction In the example
shown in lrN) 26, the inlet 6)e and outlet 6)g are oriented
in the direction parallel to the nibes for the refrigemsnt and
for the coolant.

Apart ol'onc t uik portion 61b serving us ihc condenser 50
is provulcd with an uric( 611 for ihc coolant. A hole 61j for
allow rng thc rcfngerant io flow thcrctluough is lbmicd in a
part of the partition portion 61d for partitioiting the inner
space of the tank portion 6lb into a tank space for the
condenser 50 and another tank space for the supercooler 60.
A part of the other tank portion 61c serving as the condenser
50 is pruvxhxl with an outlet 61k fiir thc coolant and an uilet
611 for Illa iclrigcirllli.

Thus, in Ihc cundcimcr 50, the coolant flow s from the uilet
6)i into the tmik portion bib, and is then distributed to the
tubes for the coolant by the tank portion 6)b )lie coo)ants
after having passed through the tubes for the coolant are
collected into the tank portion 61r to flow from the outlet
61k.

In thc condenser 50. thc rcfngcrant flows I'rom thc uric(
611 into thc nuik portion 61c, and is then di~ tributed io Ihc
tubes for the refrigerant by the tank portion 61c The
refrigerants afier havina passed through the tubes for the
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refrigerant are collcctcd into the lank porfion 61b to flow
from the supercooler 60 v&a the hole 617 of the partition
por(ion 61J.

'lhe inlet 61( for the coolant of the condenser 50 &s

d&sposcd betwcmu both thc ends 61q mid 61r of Ihe tank
portion 6( jp in the tube stacking direction (both ends in the
leftright direction of FICi. 28 i. The outlet 61I for ihe coolant
of the condenser 50 is d&sposed inside both the ends 61&j and
61r of the tank portion 61c m the tube stackin direction. In

i&ithc cxmnplc shown &n FICi 28, thc inlet 61( and outlet 61j-

for the coolant &s disposed bemveen the other end 61r and the
parunonporfion 61&f (part&non portion 61d fi&rnun a bound-
ary bet&veen the supercooler 60 and the condenser 50l of the
tank porlions 616 and 61c ul thc lube s(acfong direction.
'I'lnis, the condenser 5U does uot allow the flow of coolant to
make a (T-turn.

1'he inlet 6(i and outlet 6(k are oriented in the direction
perpendicular to the tube stacking direction. In the example
shown ul FIG. 28, thc ullet 61( and outlc( 618 are oncnted
in the direction pamllel to the tubes for the refrigerant and
ICI Ihc coi&1&in(.

A part of one tank portion 6( jp serving as the supercooler
60 is pmvided with an outlet 6(m for the coolant A part of
the other tank portion 61i serving as the supercooler 60 &s

provided with an inlet 61a for the coolant and an outlet 61a
for the refri emm&t

11&us, &n tlu: coudm&scr 60, Ihc coolant flow s from Ihe inlc(
61n in(o ihe lank pornon 61C. Imd is (hen d&s(nbu(cd tu Ihc
tubes tier the coolant by the tank portion 6(c 'I'he coo(ants &c

after havi&m passed through the tubes for the coolant are
collected into the tank port&on 6(jp to flow from the outlet
61 m.

In the supercooler 60, the refkigemant flows into the tank
portion 616 Um&ugh thc hole 61j of thc partinon port&on 61&j, 3&

and is then distnbutcd Io thc tubes for thc refrigerant by the
tank portion 616. Thc rcl'ngerants alter havm passed
through the tubes for the refrigerant are collected into the
tank portion 6(c to tlow fmm the outlet 61a

The inlet 61a and outlet 61a for the coolant of the so
supercooler 60 are disposed be(ween both the ends 61q and
61r of Ihc lank portion 61(p ul Ihc uibc stackm dirac(ion.
Thc ou(lcl 61&pp for Ihe coolant of Ihe supcrcooler 60 &s

d&sposcd betwcmu both thc ends 61q mid 61r of Ihe tank
portion 6(c in the tube stacking direction. In the example
sho&vn in l&l(i. 28. the inlet 6(a and outlet 61m for the
coolant and the outlet 61a for the refrigerant are disposed
between tw o partition portion~ 614. Thus, the coolant cooler
60 docs not allow thc flow ol'oolani Io make a U-(um.

11&e ullet 61u and outlet 61m for Ihe coolml( arc oncntcd o

in the d&rection pcrpcnd&euler to thc tube s(scion direction.
'I'he inlet 61a and outlet 6(o for the coohant are oriented in
the direction pamailel to the tubes for the refrigerant and fi&r

the coolant. The outlet 61a for the refrigerant is oriented in
the direction perpendicular to the tube stacki&ig direction. &s

Thc outlc( 61a for the rcfrigcran( is onentcd ul thc dirac(ion
pi&Iallcl to thc tubes for the rely&gcran( and lor the coolant.

Now, Ihc operat&on of thc above-mentioned structure will
be described When the butte&y is char ed with an external
power source, the controller 40 perfi&nns the first nlode ia
shown in FICi. 25.

In the first mode, the controller 40 controls the electric
nlotol'0 lor'I switchulg valve such thai thc (i&st and scconil
su i(chulg & elves 19 and 20 arc brough( ul(o the Iirs( state
shown ul FIG. 25 to opera(e thc firs( and second pumps 11 si
and 12 and the conlpressor 23, thereby switching the elec-
tronlagnetic valve 59 to the opened state

Thus, thc firs( swi(cluing valve 19 connects the &nlc( 19a
with the outlets 19d and 19j'„and also connects the inlet 196
w&th thc ou(lets 19C imd 19e. Thc second sw&tclung valve 20
connects the inlets Zflb and 20pj with the outlet 20e. and also
connimts Ihc inlets 20a mid 20C w&th thc outlet 20(.

Accordingly, the (irst coolant circuit (intermediate-tem-
perature coolant circuit) is formed of the first pump 11, the
inverter cooler (6, the condenser 50, the heater core 31. and
the rad&ator 13„whereas the second coolant circuit flow-
tcnlpcliinilc. coolant circa&t) &s lorn&cd ol Ihc second pinup
12. the coolant cooler 14, the supercooler 60. and the battery
cooler 15.

I'hat is, as indicated by alternate long and short dashed
arrows ul FIG. 25. thc coolmlt discharged lkom thc firs(

punlp ll is branched into the im crier cooler (6 and the
condenser 50 by the first switching valve 19 to flow in
parallel through the inverter cooler 16 and the condenser 50
The coolant fio&ling through the condenser 50 flow s in series
tluough Ihc hca(cr core 51. The coolants flowulg Uuough thc
heater core 51 and tluough the inverter cooler 16 are
co(lcc(cx( by thc second switclung vulva 20 to flow tluough
the radiator 13. thereby being sucked into the first pump 11

On the other hand, as indicated by sohd arrows in I l(i 25,
the coolant dischar ed from the second pump 12 is branched
into the cooiant cooler 14 and the supercooler 60 by the tirst
sv itch&n valve 19 to fio&v in parallel through the coolant
cooler 14 and thc supcrcooler 60. Thc coolau( flowulg
tluough Ihc supcrcoolcr 60 flows &n series through thc
battery cooler (5 The coolants fiowing through the battery
cooler 15 and thmugh the coolant (4 are collected by the
second switching valve 20 to be sucked into the second
pump IZ.

In tins way. in the first nlode. the intermediate-tempera-
ture coolant cooled by the radiator 13 flows through Ihe
iuver(cr cooler 16, thc condenser 50, and thc lmatcr core 51,
whcrcas Ihc low-tempera(urc coolant cooled by Ihc coolan(
cooler 14 flows through the supercooler 6U and the battery
cooler (5

As a result. the inverter and the hi h-pressure refrigemant
of the condenser 50 are cooled by the intern&ed&ate-tempera-
ture coolml(, and Ihc bat(cry and Ihc l&qu&d-plrasc refrigerant
of thc supcrcoolcr 60 arc cooled by thc low-tcmperaturc
coolan(.

When the battery is charged with the external power
source, the con&pressor 23 of the refrigerat&on cycle 22 is
driven by po&ver supplied front the external power source.
Thus, &n the first mode, the cold energy is stored in the
ba((cry using thc power supplied from thc cxtcn&al power
So&&I CC

In fllc 1&&s( nloilc. Ihc cviipora(or 55 cxchiingcs heal
between the blast air into the vehicle interior and the
low-pressure refrigemnt of the refngeration cycle 22 to
thereby cool the blast air into the veh&cle intenor In the tirst
mode. the condenser 50 exchanges heat between the inter-
mcdiatc-lemperalurc coolant and Ihc h& J&-prcssure rcfn cr-
au( of thc rclhgerat&on cycle 22 to thereby heat thc intcr-
nlcdiatc-Icnlperalurc coolant. whereas Ihc hister ccrc 51
exchanges heat benveen the blast air into the vehicle interior
and the intermediate-tempemture coolant to thereby heat the
blast air into the vehicle interior.

Tluis. the conditioned air at the desired temperature can be
m&ulc Io adjus( Ihc Icmpcrature of a&r ul Ilm vcluclc ul(enur.
For exmnplc, when the bancry is clrargcd bclhrc a passenger
rides on a vcluclc, prc-mr condflion&ng cun be carncxf out Io
perform air conditioning of the vehicle intenor before the
passenger rides on.
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When Ihc bat(cry is not charged with thc cxlcmal power
source and the intenor of the vehicle needs cooling, the
controller 40 pcrlhnns thc second mode shov,n in FI(i 26.

In the second mode. the controller 40 contnils the electric
motor 30 for a su itcluug valve such Ihdt flle lira( and second
switching valves 19 and 20 are brought into the first state
shown in FIO. 26 to operate the first and second pumps 11

and 12 and the conlpressor 23, thereby switching the ehx-
tromagnetic valve 59 to the closed state. That is. the second

Illmode has Ihc same states of thc lira( mid second switching
valves 19 and 20 as those in the first mode. but differs fmm
Ihe lira( mode in Ihui Ihc clectronmgnciic valve 59 is c(oscx(.

11nis. the low-pressure refrigerant of the refrigeration
cycle 22 docs not flow tluough the coolant cooler 14, and is
a result the coolant is not cooled by the coolant cooler 14.
However. the coolant is cooled by the cold energy stored at
the battery in the battery cooler 15 in the first mode

Since the low-temperature coolant cooled by the battery
cooler 15 flow s tluough the supcrcoolcr 60, Ihc liquid-plmsc
refrigerant (ifivg-pressure refrigerant) is cooled by the low-
tcmpcraiurc coolunt.

11nis. in the second mode, the cold energy stored in the
battery can be used to supercool the high-pressure refuger-
ant of the refrigeration cycle 22. which can impmve the
efficiency of the refngeration cycle 22. thereby achieving the
energy saving.

Noie thai in thc second mode. Ihc low-tcmpcralurc cool-
ant may be cooled by thc coolani cuolcr 14 with thc
electromagnetic valve 59 opened i(l

yyhen the battery is at a predetermined temperature (for
example. 40" (' or less, and thus does not need cooling. and
when the vehicle interior does not need to be heated. the
controller 40 performs the third mode shown in FIC( 27

In Ihc ilurd mode, thc controller 40 conlrois the elcclric li
nlo(01'0 loi'l swltchulg vdlvc sUch 01st thc (list Bnd scconil
su iichulg valves 19 mid 20 arc brou lu into Ihc second state
sholvn in I'l(i. 27 to thereby operate the first and second
pumps 11 and 12 and the compressor 23, thereby switching
the electromagnetic valve 59 to the opened smte. do

Thus. the first switching valve 19 connects the inlet 19a
with thc outlets 19c. and 196 and also connects Ihe mlct 196
with ihc outlet 19d, thereby closing flle outlet 19c Thc
second switching valve 20 connects the ullcts 200 and 201(
with the outlet 20c, and also connects the inlet 20(i with the
outlet 2% thereby closing the inlet 201"

Accordingly, a first coolant circuit (low-temperature cool-
ant circuit) is formed of the first pump 11. the coolant cooler
14. the ulverier cooler 16, mid thc radiaior 13. whereas a
second coolant circuit (intermcdmic-temperature cooimu o

cirmiii) is fornuxl ol'hc second pump 12, the condenser 50,
and the heater core 5(.

Zhat is, as mdicated by solid arrows in ill(i 27. the
coolant discharged from the first pump 11 is branched into
the coolant cooler 14„and the inverter cooler 16 by the hrst s.
sulichulg vdlvc 19 10 flowulg lhtoil h Ihc coolilnl cooler 14
dnd the invcrtcr cooler 16 ul pamllel. Thc coolants flowing
Iluough Ihc coolunt cooler 14, and Iluuugh Ihc mvcrter
cooler 16 are collected by the second switching valve 20 to
flolv through the radiator 13. thereby being sucked into the ic
first pump 11.

On the other hand„as indicated by an altemate long and
short dashed arrow in FICi. 27. Ihe coolant discharged from
thc sixond pump 12 flows tluough thc condenser 50 and the
healer core 51 in sencs via Ihc lirsi switclung valve 19. and si
is then sucked into the second pump (2 via the second
switching valve 20.

36
Thus, in the Ihird mode, thc low-Icmpcraiure coolant

cooled by the coolant cooler 14 flows through the inverter
cooler 16, which cal'I cool fllc invcrlcl bv thc lolv-tclllpcra-
ture cooffint.

In this case, the battery is at a predetermined temperature
(for example, 40'.) or less. and thus does not need to be
cooled, so that thc circulauon of thc coolant to thc bauery
cooler 15 is stopped.

ln the third mode, the low-temperature coolant cooled by
the coolant cooler (4 flolvs through the msdiator (3. allolving
the coolant to absorb heat from the outside air in the radiator
13. Then. the coolant that has absorbed heat from the outside
air ln the radiator 13 exchanges heat with the refri emmtt of
thc refrigeration cycle 22 ul thc coolant cooler 14 Io dissi-
pate heat therefrom. Tlnis, in the coolant cooler 14. thc
refrigerant of the refrigeration cycle 22 absorbs heat from
the outside air via the coolant.

'I'he refrigerant lvhich has absorbed heat from the outside
air ln the coolant cooler 14 exchanges heat v ith the coolant
of the Intermediate-tempemsture coolant circuit in the con-
dcnscr 50, whcrcby Ihc coolmlt of thc intemlcdmic-tempera-
ture coolant circuu is healed. Thc coolmlt of the intermedi-
ate-temperature circuit heated by the condenser 50
exchanges heat v, ith the blast air having passed thmugh the
evaporator 55 in flowina through the heater core 5(. thereby
dissipating heat therefrom. Tluis, the heater core 51 heats the
blast air after having passed through the evaporator 55.
Accordingly. the fourlh mode can achwvc heat pump heatulg
thin hcBis thc vehicle lnu:1101 by'bsorbing heal lronl fllc
outside air

'I'he blast air heated by Ihe heater core 51 is a dried cool
air cooled and dehumidihed by the low-pressure refrigerant
of the refri eration cycle 22 in the evaporator 55. Thus, in
the third mode. the dehumidification heating can be per-
lornlcxl.

Altcmaiivcly, v hcn Ihc tcmperdturc of flm bauery
iucrcascs in Ihe tlurd mode. Ihc iutcrmeduiie-Icmpcraiure
coolant or iolv-tempemture coolant may circulate into the
battery cooler 15, thereby coohng the battery

In this embodiment, when the battery is charged with the
electnc polver supplied front the external power source, the
clectromagnctlc vah c 59 is opcncd to ullow thc low-pres-
sure rcfngcrani of ule rclngeration cycle Io flow inlo thc
coolant cooler 14, so that Ihc coolant cooled by thc coolant
cooler 14 flows through the battery cooler 15 to thereby cool
the battery Thus. the cold energy made by the reffigemstion
cycle 22 can be stored in the battery.

After the battery is charged lvith the electnc power
supp(md fiom thc cxtcnuil power source, the coolant flowulg
tluuugh the battery cooler 15 flows tluough thc supcrcooler
60, so fllilt fllc rcfilgcldni flow lng fllroUgh Ihc sUpi rcooh I 60
can be cooled by the cold energy stored in the battery, further
inlproving the efficiency of the refrigeration cycle 22 At this
time, the electromagnetic valve 59 is closed to prevent the
low-pressure refrigerant of the refrigeration cycle from
flowulg uuo the coolant cooler 14, thereby decrcasln
cooling load on Ihc refrigeration cycle 22.

Thus, for example. when the cxtcnlal power soUIcc can-
not be used during tmveiing of the vehicle, the cold energy
stored in the battery can be used for cooling the devices to
be cooled, thereby decreasing the power consumption.

In this embodiment, the supercooler 60 and the battery
cooler 15 arc connected Iogcthcr ul senex, wluch can cfli:c-
tlvcly cool the coolant hcatcd Qmiugh thc supcrcoolcr 60
with the cold energy siortxl in the baucry cooler 15 as
cmnpared to the case in which the supercooler 60 and the
battery cooler 15 are connected together in parallel
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In Ilus cmboduncnt, thc coolant cooler 14, the condenser

50, and the supercooler 60 are integrated into one heat
exchanger 52, wh&ch cau sigruticanily unprove thc produc-
tivity as compared to the case w:here the coolant cooler 14,
the condenser 50, m&d thc supcrcoolcr 60 are fi&nncd of
ditferent heat exchangers

Further. in tlus embod&ment, the inlet 61e and ourlet 61g
fr&r the coolant of the coolant cooler 14 are disposed inside
both the ends 61q and 61r of the tank portions 61b and 61c

1&&

in thc tube stack&ng d&recuon, which can incrcasc the tlcx-
ibitity in connection of the pipes and arrangement of the heat
cxchangers as compared Io thc case where Ihe mlei 61e and
outlet 6 tg for the coolant are disposed at both ends 6 1 q and
61r ol'he tank portions 61b and 61c in thc tube slacking
direction 'I'he coolant cooler 14 does not allow the th&v of
coolant to make a L)-turn, and thus can reduce the loss of
pressure of the coolant in the coolant cooler 14.

Likewise. the inlet 61r and outlet 610 for the cooLsnt of the
condcnscr 50 are d&sposrxl inmdc both the ends 61q and 61r
of the tank port&ons 61b and 61c in the tube stacking
d&rccnon, wtuch cau &ncrcasc Ihe tlcx&biliIy in co&u&cci&on of
the pipes and arrangen&ent of the heat exchangers as con&-

pared to thc case whcrc thc inlet 61) and outlet 610 for thc
coolm&1 are d&sposed ai both thc ends 6(q m&d 61r ot'he tank
portions 61b and 6)c in the tube stacking direction 'the
condenser 50 does not allow the flow of coolant to make a
U-turn, and thus can reduce the loss of pressure of the
coolant in the condenser 50.

Likewise. the inlet 61a and outlet 61m for the coolanr and &o

thc outlet 6(o for thc rcfngcrant of thc supcrcoolcr 60 are
d&sposcd ins&de both the ends 61q anil 61r ol'l&e tank
portions 61b and 6 to in the tube stacking direction, which
cm& increase the flexibility in connection of the pipes and
arrangement of the heat exchangers as compared to the case &s

&vhere the inlet 61i and outlet 61)- for the coolant nnd the
outlet 61o for the refngerant are disposed at both the ends
61&) and 61r of thc tiu&k portions 61b m&rl 61c m the tube
steel u&g d&rccuou Thc condenser 50 docs not allow fl&e llew
ofcoolant and the flow of refrigerant to make the t)-turn. and so

thus can reduce the loss of pressure of the coolant in the
condenser 5U.

Tlurd Eu&bodtu&cnt

In a third embodiment of the invention, as shown in lflC).
29. an intake air cooler 65 (device to be cooled) is added to
the structure of the above second embodiment. The intel e
mr cooler 65 is a heat cxchangcr that cools intakeair by
cxchangu&g heat bciwccn Ilm coolant m&d Ihc intake air ai a o

lugh Imnperaturc compressed by a supercharger Ibr an
engine '11&e intake a&r is preferably cooled dov n to about
30" C.

The coolant inlet side of the intake air cooler 65 &s

connected to the outlet 19g of the tirst switching valve 19. &s

Thc coolant outlet s&de of the iniakc mr cooler 65 &s

co&uuxicd to thc u&lci 20g of the second sw&&clung valve 20.
In Ilus cmbodnueni, thc supcrcoolcr 60 is co&u&em&ed to

bet&veen the coolant outlet side of the coolant cooler 14 and
the inlet 20a of the second switchiog, valve 20 so

The first sr&itching valve 19 is confi ured to be capable of
s&vitching amon three types of conununicntion states
between thc inlets 19a and 19b and thc outlets 19c. 19d, 19e,
19f, m&d 19g. Thc srmond switching valve 20 is also con-
ligurcd Io be capable of sw&iclun among throu types of ss
comnnmicat&on states be&ween the inlets 20&r. 20b, 20c, 2Ud,
and 20g and the outlets 20e, and 21)f

FICI 30 shows thc opcI&&non (first n&orlr:) ol Ihc cooing
system I I) v;hen the first and second switching valves 19 and
2U are srvitched to a first state.

In the first state, the hrst s&vitching valve 19 connects the
inlet 19a v,ith the outlets 19d, 19f, and 19g, and also
connects the iniet 19b &vith the outlets 19c and 19c. Thus, the
lirst sw itching valve 19 allows the coolant entering Ihc u&lci

19a to flow out of Ihc outlets 19d, 19j. and 19g as tndtcaicxt
by alternate long and short dashed arrows in l&t(i 30. and
also allows the cooLsnt entering, the inlet I qb to flow out of
the outlets lqc m&d 19e as solid arrows in I'IG 30

In the first state. the second switch&ng valve 20 connects
the inlets ZOb. 20d, and 20g with the outlet 20c. and also
conncmts thc &nlets 20a. and 20c w&th thc outlet 20f Tlms, thc
second switch&ng vah c 20 allows thc coolant entering thc
inlets 2Ub, Zfld, and 20g to flow out of the outlet 21)e as
indicated by alternate long and short dashed arrows in I'l(i
3U, and also allo&vs the coolant entenng the inlets 20a and
20c to flov, out of the outlet 20fas solid arrow in FI(i. 30.

FICI. 31 shov, s the operation (second mode) of the coolin
system 10 when the lira& anil second sw &Ich&ng valves 19 and
20 arc switched Io a second stale.

In the second state. the hrst switch&ng valve 19 connects
the inlet 19a rvith the outlet 19d. and also connects the inlet
19b v ith the outlets )9c, 19e, 19f. and 19g 'Il&us. the first
sv itch&n valve 19 allows the coolant entering the inlet 19&r

to flow out of the outlet 19d as inchcated by an alternate long
and short dashed arrow u& FIG. 31. aud also allows thc
coolant m&tcnng thc inlet 19b to tlow out of the outlets 19rs
19e, 19f, and 19g as solid arro&vs in l&l(i 31

In the second state, the second switching valve 20 con-
nects the inlet Zflb rvith the outlet 20e and also connects the
inlets 20a. ZOc. 20d, and 20g with the outlet 20j: Thus. the
second switchin valve 20 allo&is the coolant entering the
inlet 20b Io flow oui of the outlet 20e as &ndtcaicxt by an
altcmatc long and sho&t dashed arrow u& FIG. 31, and Ihc
coolant catering thc u&leis 20a, 20c, 20d. and 20g io liow oui
of the outlet 21)f as a solid arrov in l&IG 31

l&I(i 32 shows the operation (th&rd mode) of the cooling
system 10 vvhen the first and second sv itch&ng valves 19 and
20 are switched to a third state.

In thc tlurd state, Ihc first switch&n valve 19 connects thc
inlet 19&r with Ihe outlets 19c and 19f, and also connects thc
inlet 19b w&th thc outlets 19d. 19e, and 19g Thus, Ihe first
switclnng valve 19 allo&vs the coolant entering the inlet 19a
to flow out of the outlets 19c. and 19fas indicated by solid
am&v s &n FICI. 3Z. and also allo&vs the coolant entering the
inlet 19b to flow out of the outlets 19d, 19e. and 19g as
indicated by at&emote long and short dashed arrows u& FIG.
32.

In Ihe &turd state. &hc srx on&I sw &&clung valve 20 connccIs
the inlets 20u, and 2Ud with the outlet 20e, and also connects
the mlets 2Ub, 20&, and 20g with the outlet 21)f I'hus, the
second switching valve 20 alto&vs the coolant entering the
inlets 20a and 20d to flow out of the outlet 20e as indicated
by solul arrows u& FIG. 32. and also allows thc coolant
m&icring Ihc &nlets 20b, 20c, and 20g to liow out of the ouilet
20f as the at&create lung and short dashed arrow u& FIG. 32.

Now, the operation of the above-ment&oned stn&cture will
be described. When the outside air tempemsture detected by
the outside air sensor 42 is more than 15" C, and less than
40'., the controller 40 performs the first mode shown in
FIG. 30.

In thc lira& mode, thc controller 40 controls thc clectnc
motor 30 for a swiiclung valve such that thc lirst and srmond
sv itching valves 19 and 20 are brought into the first state
shown m l&l(i. 31) to thereby opemste the tirst and second
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pumps 11 and 12 and thc compressor 23, thereby sw&tclung
the electromagnetic valve 59 to the opened state.

'Iln&s, the first s&vitching valve 19 connects the inlet 19a
with the outlets 19&I, 195 and 19g, and also connects the inlet
19b with the outlets 19c and 19e. The second switching
valve 20 connects the inlets 20b. 20d, and 20g with the outlet
20c, and also connects thc inlets 20a and 20c with thc outlet
20f

Accordingly, the first coolant circuit (intermediate-ten&-
perature cnnlant circuit) is formed of the first pump ll, the &n

inverter cooler 16, the condenser 50, the heater core 51, the
intake air cooler 65. and the radiator 13, lvhereas the second
coolant circuit (low-temperature coolant circuit) is fom&ed
of thc second pump 12, thc coolant cooler 14. the super-
cooler 60. and thc battery cooler 15.

'liat is. as indicated by alternate long and short dashed
arrows in I&I(i. 30. the coolant discharged frnm the hrst
pump 11 is branched into the im erter cooler 16, the con-
denser 50. and the intake air cooler 65 by the first switching
valve 19 to fk&w in pamsflel throu h the inverter cooler 16, lc
thc condcnscr 50, and Ihe u&take a&r cooler 65. Thc coolm&t
flow &ng tin ough the condenser 50 flow s u& scncs through the
heater core 51. I'he coolants flowing through the heater core
51. thmugh Ihe inverter cooler 16, and through the intake air
cooler 65 are collected by the second switching valve 20 to
flow tlu ough the rad&ator 13. thereby being sucked into the
first pump 11.

On thc other hund, as u&d&ca&cd by sohd arrov, s ofFIC. 30,
the coolant d&schargcd from thc second pump 12 &s branched
into the coolant cooler 14 and the battery cnoler 15 by the &c

firrt switch&ng valve 19 to flo&v in parallel thn&ugh the
coolant cooler 14 and the battery cooler 15 'the coolant
flowing through the coolant cooler 14 flows in series tluough
the supercooler 60. The coolants flowing tluough the super-
coolcr 60 and through thc bauery cooler 15 are collected by &s

thc second switch&ng vnlve 20 to bc suckml u&to thc almond
pump 12.

In this &vay. in the first mode. the intermediate-tmnpera-
ture coolant cooled by the radiator 13 flov s thn&ugh the
inverter cooler 16. the condenser 50. the heater core 51. and do

the intake air cooler 65, whereas the low-temperature cool-
ant cooled by the coolant cooler 14 flows tluough thc
supercooler 60 and thc bauery cooler 15.

As a result, Ihc &nvertcr, thc u&take mr. and the high-
pressure refrigerant of the condenser 50 are conled by the
intern&ediate-temperature coolant, and the liquid-phase
refrigerant of the supercooler 60 and the battery are cooled
by the low-temperature coolant.

In the Iirst mode. the cvapomlor 55 cxclru&ges heat
betwcmn the blast a&r into thc velucle u&tenor and the o

low-prcssure rci'ngerdnt of thc rcib&gars&ion cycle 22 Io
thereby conl the blast a&r into the vehicle interinr in the hrst
n&ode. the condenser 50 exchanges heat behvecn the inter-
mediate-temperature coolant and the hi+-pressure refnger-
ant of the refrigerat&on cycle 22 to thereby heat the inter- l.
med&atc-tcmperuture coolant, whcrcas the hmiter core 51
exchanges heat bctw ceo thc blast a&r into Ihc vehmlc &ntcuor
dnd thc intcrmed&atc-Icmpcrature coolant to thereby hca! thc
blast air into the vehicle intenor Tln&s. the conditinned a&r at
the desired temperature can be made to adjust the tempera- ic
ture of air in the veh&cle intenor.

When the outside air temperature detected by the outside
mr sc&mor 42 is 40'. or h&ghcr, thc controller 40 perfi&rnm
thc scmond mode shown &n FIG. 31.

In thc second mode, thc controller 40 controls the electric ss
n&otor 30 fnr a switching valve such that the first and secnnd
switching valves 19 and 20 are brought into the second state

shown &n FIG. 31 to thcrcby opcratc the Iirst and almond
pun&ps 11 and 12 and the compressor 23, thereby switching,
the electromagnetic valve 59 to the opened state

'll&us, the first switching valve 19 connects the inlet 19a
v ith the outlet 19d and also connects the inlet 19b with the
outlets 19c. 19e, 19f, and 19g. The second switching valve
20 connects Ihc u&lct 20b with thc outlet 20C, and also
connimts the inlets 20a, 20c, 204. and 20g w&th thc outlet
21)f

Accordingly, the first coolant circuit (intermediate-tem-
perature conLlnt circuit) is tonned of the first pump II, the
condenser 50, the heater core 51. Cnd the msdfator 13,
whereas the second cooLant circuit (Iow-ten&pens&are coolant
c&rcuit) is Ibrmed oi'he second pump 12, thc coolant cooler
14, thc supcrcooler 60, the baucry cooler 15, aud thc lovel&cr
cooler 16

'I'hat is, as indicated by an alternate long and short dashed
am&v of FI(i 31, the coolant discharged fron& the first pump
11 flows tlu ough the condenser 50 and the heater core 51 in
senes via the first switclfing valve 19. and &s then sucked into
the Iirst pump 11 v&a thc second sw&tch&ng valve 20.

Ou the other Imnd, ds u&d&ca&ed by sol&d arrows in FIG. 31,
the coolant dischar ed from the second pump 12 is branched
into the cnolant cooler 14, Ihe battery cooler 15. the inverter
cooler 16. and the intake air cooler 65 by the first switching
valve 19. The coolant flowing through the coolant cooler 14
flov s &n series tluough the supercooler 60 The coolants
flowu&g tluough thc cooler core 60, tluough the baucry
coolcl 15, thin&&gh thc ulvcitcl cook:I 16, dud through thc
intake a&r cooler 65 are collected by the second switching,
valve 20 tn be sucked into the second pump 12

In this &Cay, in the second mode, the intermediate-tem-
perature coolant cooled by the radiator 13 flows through the
condenser 50, and the heater core 51, whereas the low-
tcmpcrature coolant coolcxi by the coolant cooler 14 flows
tluuugh the supcrcoolcr 60. thc buucry cooler 15, Ihe
iuvertcr cooler 16, and the intake a&r cooler 65.

As a result, the higi&-pressure refrigerant of the condenser
51) is conled by the intenuediate-ten&perature coolant, and
the liquid-plmse refrigerant of the supercooler 60. the bat-
tery. the inverter. and the intake air are cooled by the
low -tcmpcrdture coolant.

Iu thc second uiodc, Ihc evaporator 55 exchanges bed&

bctwimn Ihc blast air into ihe vchiclc interior and thc
low-pressure refrigerant of the refrigeration cycle 22 to
thereby cool the blast air intn the vehicle interior In the
second mode. the condenser 50 exchanges heat between the
hi h-pressure refrigerant of the refrlgemst&on cycle 22 and
the u&tcnnediatc-temperature coolant to thcrcby heal Ihe
u&tern&cd&&uc-ten&pc&a&ale cooliuln who&cad thc boatel cou:
51 cxchangcs hmit bc&ween Ilu: iutcrmeduite-Icmpcrature
coolant and the blast air into the vehicle interior to thereby
heat the bLlst air intn the vehicle interior I'ln&s, the condi-
tioned air at the desired ten&pemsture can be made to adjust
the temperature of air in the vehicle interior.

Even &n perfi&nn&ng thc Iirst mode. under sudden accel-
eration, such as upon snirtup. Ihc low-tcmpcraturecoolant is
allowed to flow Iluough thc u&take a&r cooler 65, thcrcby
cool&f&g fllc hit;ikc;u&'&th Ihc lo&v-tculpc& &tule coolant ln
the same way as the second mnde. 'I'hus, even though the
intake air temperature is increased due to an increase in
superchar ing pressure at the tnne of sudden acceleration,
the u&take a&r can bc suflicicntly cooled to improve thc I'ucl

efllc&cucv.
Wlmn Ihc outside air temperature detcctcd by Ihc outsule

a&r sensor 42 is 0" C or lo&ver. the controller 40 performs the
tlurd mode shown in FI(i. 32
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In Ihc llurd mode, Ihe conlrollcr 40 conlrols Ihe cleclric
motor 30 for a su itclfin valve such that the first and second
su ilchuig valves 19 and 20 arc brought uilo lhc llurd state
shoivn in lri(i 32 to thereby operate the first and second
pumps 11 and 12 and thc compressor 23, thereby swrtclung
the electromagnetic valve 59 to the opened state.

Tints, the first switchin valve 19 connects the inlet 19a
with the outlets 19c and 19fand also connect ~ the inlet 196
ivith the outlets 19d„19e, and 19g. The second switchin

i itsalve 20 coruiects thc uilcls 20a and 204 wrfli the outlet 20e,
and also connects the inlets 206. 20C. and 20g with rhe outlet
207

Accordingly, the first coolant circuit (loiv-temperature
coolant circuit) is fiinncd of Ihe lirst pump 11. the coolmil
cooler 14. the supercooler 60. the inverter cooler 16. and the
radiator 13. whereas the second coolant circuit (intermedi-
ate-temperature coolant circuit) is fiirmed of the second
punip 12, the battery cooler 15, the condenser 50, the heater
core 51, and the uitakc cooler 65. io

That is. as Indicated by solid arroivs of FI(k 32. the
coolant discharged lbom the lirst pump 11 rs branched uito
the coolant cooler 14, and the imerter cooler 16 by the hrst
switching valve 19 'I he coolant floiving through the coolant
cooler 14 flows irl series through the supercooler 60. The
coolants flowing through the supercooler 60 and tiuougr the
inverter cooler 16 are millected by the second switching
salve 20 to thereby be sucked uilo lhe lirst pump 11.

On Ihc other hmid, as indicated by allemalc long and short
dashed arrows of lrl(i. 32, the coolant discharged from the ic
second punip 12 is branched into the battery cnnler 15, the
condenser 50. and the intake air cooler 65 by the hrst
sivitching valve 19 The coolant flowing tluou h the con-
denser 50 fkiv, s in series through the heater core 51. The
coolanls flowuig through llm cooler core 51, lluuu h the is
battery cooler 15, and lluough thc mtake mr cooler 65 are
collectixl by lhc srmoud switching valve 20 to be sucked uito
the second pump 12

In the third mode, the low-tempemsture coolant cooled by
the coolant cooler 14 flows tlu ough the inverter cooler 16, sc
ivhich can cool the inverter by the low-tempemture coolant.

In Ihc llnrd mode, the low-lcmpcra lure coolant cooled by
the coolant cooler 14 tlow s tlu ough the radiator 13. allowing
Ihe coolmil to absorb heal from thc oulsule air ui lhc radiator
13 'I'hen. the coolant that has absorbed heat from the outside
air in the radiator 13 exchanges heat ivith the refrigerant of
the refrigemstion cycle 22 in the coolant cooler 14 to diss&-

pate heat therefrom. Thus. in the coolant cooler 14. the
rel'rigcranl ol'hc rel'ngcration cycle 22 absorbs heat from
tire olrmidc irrr via lire coolairl. o

lhc rcfrigcranl which has absorbed heal from the outside
air in the coolant cooler 14 exchanges heat v, ith the coolant
of the intermediate-tempensture coolant circuit in the con-
denser 50„ ishereby the coolant of the intermediare-tempem-
nire coolant circuit is heated. The coolant of the intermedi- i.
atc-temperature circuit hcalcd by thecondenscr 50
exchanges heal with Ihc blast air havuig passed lluough thc
cvaporaior 55 rn flow uig through Ihe heater core 51. thereby
dissipatirm heat therefmm. 'I'Inis, the heater core 51 heats the
blast air after having passed through the evaporator 55. Ic
Accordingly. the fourth mode can achieve heat pump heating
that heats the vehicle intenor by absorbing heat from the
oulsrdc arr.

lhc blast arr heated by lhc healer core 51 rs a dncd cool
mr cooled and dehumidified by the evaporator 55. Thus, rn ss
the third niode. the dehumidification heating, can be per-
formed.

In Ihc liard mode. Ihc inlenncdrnlc-tcmpcraturc coolanl
heated by the condenser 50 flows through the battery cooler
15 and thc uitakc air cooler 65 Thus, thc tlurd mode cmi
improve Ihc output of thc beu cry by heating thc battery, and
pmmoting the atomization of the fuel by heating the intake
arr. further irnpmving the fuel etficrency In particular. at the
cold start when fuel is difficult to atomize due to the cold
engine. the promotion of the atomization of the fuel can
improve the combustion efl)ciency.

lrourth I imbodiment

Although in the first enibodiment. the msdiator 13 is
connrmtcd bctwcen the outlet 20e ol'hc second switclung
valve 20 and thc sucuon side ol'tlu: lirst pump 11, ui a lburth
embodiment, as shown in lrl(i. 33, the radiator 13 is coil-
nected betv;een the outlet 19g of the first switchuig valve 19
and the inlet 20g of the second switching valve 20.

The coolant inlet side of the radiator 13 is connected to the
outlet 19g of the hrst switching valve 19. The coolant outlet
sale of thc radiator 13 is conmmted to the inlet 20g of Ihe
second switching vnlvc 20.

I'he first sv, itching valve 19 is configured to be capable of
sv itchrfrg 'rrlioilg two types of coruruurlic,'ltron states
between the inlets 19rr and 196 and the outlets 19r . Iprf, 19e,
19f, and 19g. The second switchin valve 20 ts also con-
figured to be capable of sivitching amon two types of
conunurucation slates bctss cen lhc uilels 20ir, 20b, 20c, 20d.
and 20g and the outlets 20e. mid 20$.

lrl(i 34 shows the opemtion (first mode) of the cooling,
system 10 v;hen the first and second switching valves 19 and
2U are sivitched to a first state.

In the first state. the first switching valve 19 connects the
inlet 19a with the outlets 19rf and 19e, and also connects the
inlet 19b with thc outlets 19C. 19f, und 19g. Tlnis, thc first
switclung valve 19 allows the coolant cntenug thc uriel 19a
to flow out of thc outlets 19J and 19e ns indicated by an
alternate long and short dashed arrow in lrl(i 34. and also
allows the coolant enterin the inlet 19b to flow out of the
outlets 19c. 19fi and 195 as solid arrows in FIO 34.

In the first state. the second switching valve 20 connects
thc uilcts 206, and 20c with thc outlet 20e nnd also connects
thc inlets 20a. 20d, and 20g with thc outlet 20f. Time, thc
second switching vah c 20 allows thc coolant entering thc
inlets 206 and 2Uc to flow out of the outlet 20e as indicated
by alternate long and short dashed arrows in lrKi 34. and
also allows the coolant entering the inlets 20a, 20d, and 20g
to flow out of the outlet 20f as solid arrows in FI(). 30.

FI(i 35 shows thc operation (second mode) of rim cooluig
system 10 when the lirst and second switching valves 19 and
20 arc switched lo a second stale.

In the second state. the hrst switching valve 19 connects
the inlet 19a ivith the outlet 192(. and also connects the inlet
19)r v ith the outlets 19C, 19e„and 19f. thereby closing the
outlet 19g. Thug the first switching valve 19 allows the
coolant cnlcnng Ihc inlet 19a to tlow oul of lhc millet 194
as indicated by an alternate long and short dashed arrow in
FIO. 35. and also allows thc coolant cutcnng llm inlet 19b
to flow out of the outlets 19i, 19e, and 19f as indicated by
sohd arrows in lrl(i 35. thereby preventing the coolant from
flowing out of the outlet 19g.

In the second state, the second switch)a valve 20 con-
nrmls thc ruler 206 with Ihc outlet 20e and also connccm Ihe
inlets 20ir, 20c. and 20d with ihc outlet 20f. thereby closuig
the inlet 20g. Thus, Ihc second sw itclung valve 20 allows Ihe
coolant entering the inlets 20)r to flow out of the outlet 20e
as indicated by an alternate long and short dashed armw in
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FIG. 35, and also allow s the coolant mitering thc inlets 20u,
20k, and 20d to flow out of the outlet 20/" as indicated by
solid arroivs in l1(i 35, thereby preventing the content frnni
floivina out of the inlet 2Ug

When the battery is charged with the power supplied fmm
the ex(en)at power supply at a very loiv temperature of the
outside air (for cxmnple, at O'.) in w mter. thc controller 40
performs Ihc lirst mode shown ui FIG. 34.

In the hrst mode, the controller 40 control ~ the electric
niotor 30 fnr a switching valve such that the first and secnnd in
switching valves 19 and 20 are brought into the first state
shown in FICi. 34 to thereby operate the first and second
pumps 11 and 12 and the compressor 23.

Thus, thc lirst switcluug valve 19 connects flie mlet 19ii
with the outlets 19d and 19e and also connects thc inlet 19b
with the outlets 19r, 19f, and 198 'lhe second switching
valve 20 connects the inlets 20b and 20c with the outlet 2Ue,
and also connects the inlets 20m 20d, and 208 v ith the outlet
20/

Accordingly, a first coolant circuit (intermediate-tempem- )o
turc coolmit circuit) m formed of Ihe first pump 11. the
battery cooler 15, thc condcnscr 50, and flic heater cure 51,
whereas a second coolant circuit (low-teinperature cnnlant
circuit) is formed of the secimd pump 12. the coolant cooler
14. the cooler core 18 the im crier cooler 16, and the heater
core 13.

That is, as indicated by alternate long and short dashed
arrows ui FIG. 34, Ilm coolant discharged Irom Ihc fire(

pump 11 is branched into thc utvetter cooler 15 and thc
condenser 50 by the hrst sw:itching valve 19 tn flow in sc

parallel through the inverter cooler 15 and the condenser 50.
'I'he coolant flowing through the condenser 50 flov s in series
through the heater core 51 The coolants flowiitg tluough the
heater core 51 and throu h the inverter cooler 15 are
cottecttxt by Ihc simoud switching valve 20 to be sucked uito )s
thc lira( pump 11.

On thc other hand. as uuhca ted by sohd arrow s in FIG 34,
the coolant discharged from the second pmnp 12 is branched
into the coolant cooler 14, the inverter cooler 16, and the
radiator 13 by the first switchin valve 19. The coolant so
flowing through the coohmt cooler 14 flows in series tluou h
the cooler core 18. The coolmi(s fiowing Iluou h Ihc cooler
core 18. Iluough thc invertcr cooler 16, anti Iluough thc
radiator 13 are collected by the second su itclnng valve 20 to
be sucked mto the second pump 12

In the first niode, the low-temperature coolant cnnled by
the coolant cooler 14 flows through the inverter cooler 16
and the cooler core 18, which can cool the inverter nnd the
blast air into the vehicle uitenor by the low-tempera(ure
cooltin(. c

In ihe lira( mode, thc low-temperature coolant cooled by
the coolant cooler 14 flows through the msdiatnr 13, all nv i ng
the coolant to absorb heat from the outside air in the radiator
13. Then. the coolant that has absorbed heat from the outside
air in the radiator 13 exchanges heat with the refrigerant of 11

Ihe refngcratiou cycle 22 in thc coolant cooler 14 Io dissi-
pate heat ttu:rcltom Thus, ui Ihe coolmit cooler 14. thc
refrigerant ol'hc rcl'ngcration cycle 22 absorbs heat from
the outside air via the coolant.

'(lie refrigerant which has absorbed heat frnm the nutside rc
air in the coolant cooler 14 exchanges heat with the coolant
of the intermediate-temperature coolant circuit in the con-
denser 50, whereby thc coolant ol'he tntcnnnhatc-tempera-
ture coolant circuit is hca(isk The coolant ol Ihc mtenuedi-
atc-temperature circuit heated by thc condenser 50 ss
exchmiges heat with the blast air having passed through the
cooler core I 8 in flowing through the heater core 51. thereby

dissipa(uig heat thcrcfrom. Thus. Ihc hcatcr core 51 heats thc
blast air having passed through the cooler core 18 Accord-
ingly, the tiiurth niode can achieve heat pump heating that
heats the vehicle interior by absorbin heat front the outside
alt.

The blast air heated by the heater core 51 is a dried cool
air wtuch is cooled mid dclnunidificd by thc cooler core 18.
Thus, in Ihc lirst moCk, the dehumidilica(ion hca(ing can be
performed

lior example, when the battery is charged before a pas-
senger ndes nn a vehicle. pre-sir cnnditioning can be carried
out to perform air conditioning of the velucle interior befiire
the passenger rides on.

Fur(lmr, in thc lirst moCk, ttu: iutermcdiatc-tcmperaturc
coolant hcatcd by Ihc condenser 50 flows tluough the baucry
cooler 15, so that the warn) energy can be stored in the
battery by heating the battery In this embodinient, in the first
mode, the battery is heated up to about 40" ('.

When the charging of the battery v, ith the pots er from the
external poiver source is completed and the vetucle starts
traveling, the conu oiler 40 performs thc second mode shown
iu FI(i. 35.

ln the second mode, the cnntmller 40 contmls the electric
nxitor 30 fnr a switchina valve such that the first and second
sv itching valves 19 and 20 are brou ht into the second state
shown in FICi. 35 to thereby operate the first and second
pumps 11 and IZ and the compressor 23.

Thus, thc first switctung valve 19 connects the inlet 19u
with thc outlet 19d, mid also coiuiects thc inlet 19b with thc
outlets 19c. 19e. and 19f. thereby closing the outlet 198 'the
second sv itching valve 20 connects the inlet 20b with the
outlet 20k, and also connects the inlets 20u, 20C, and 20d
v ith the outiet 20f, thereby closing the inlet ZUg

Accordingly, the first coolant circuit (intermediate-tem-
pcraIurc coolan( circuit) is liinncd ol thc lira( pump 11. Ihe
condcnscr 50. and Ihe banter cure 51, whcrcas thc simond
coolant circuit (low-temperature coolant circuit) is lonned
of the second pump 12, the coolant cooler 14, the cooler core
tg, the battery cooler 15. and the im crier cooler 16, thus
stopping of circulation of the coolant toward the radiator 13.

That is. as indicated by an alternate long and short dashed
arrow of FI('. 35. Ihc coolant ilischarged from thc lira( pump
11 flows through Ihe condmiser 50 and the hcatcr core 51 in
sencs via Ihc lirst swit clung valve 19, and is then sucked mto
the first pump I I via the second switching valve 20

On the other hand, as indicated by solid arrows in I 'l(i 35,
the coolant dischar ed from the second pump 12 is bmsnched
into the coolant cooler 14. the battery cooler 15, and the
iuver(cr cooler 16 by thc lirst switclung valve 19. The
coolant flow ing through the coolant cooler 14 flows ui series
tluuugh thc cooler core 18. Thc coolant s tlowing tlu ough Ihe
cooler core 18, through the battery cooler 15, and through
the inverter cnoler I 6 are collected by the second switching
valve 20 to be sucked into the second pump 12.

In the second mode. the low-temperature content cooled
by the coolmit cooler 14 flows throu h thc battery cooler 15.
allowing thc low-Iempcraturc coolant to nbsorb heat I'rom

thc baucry in thc rathator 15. Then, thc coolant wluch has
absorbed heat frnm the battery in the battery cooler 15
exchanges heat with the refrigerant n f the refngeration cycle
22 in the cooiant cooler 14 to dissipate heat therefrom. Thus,
in the coolant cooler 14, the refrigerant of the refrigeration
cycle 22 absorbs heal from Ihc baucry vin the coolant.

Thc rcfrigcrant winch has absorbed heat from the bauery
hl Itic coolillll conti:1 14 cxclldiIgcs heat with Ihc coolant of
the intermediate-temperature coolant circuit in the con-
denser 50. thereby heatina the cnolant of the intermediate-
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lciiipcltiniic coolaiil circuit. Tlic coolaiil of tire uttcnucsliate-
temperature circuit heated by the condenser 50 exchanges
heal with tlm blast air lraving passed fluuugh tlm cooler cure
18 in floiviag through the heater core 51, thereby dissipating
heal thcrcfrom. Thus, thc heater core 51 heats flie blast mr
luiving passed tluough the cooler core 18. Accordingly, thc
second mode cau achicvc heat pump heatuig thai heals thc
vehicle interior by absorbing heat froin the battery

'lite blast air heated by the heater core 51 is a dried cool
air which is cooled and delnimidiiied by the cooler core 18.
Thus, in the second mode, the dehumidification heating can
be perfonncd.

In tlus example, in the Iirst mode, thc battery is healed up
to about 40'., and hence in the second mode. Uie heat
pump can be achieved by drawing heat from the battery at
the 40'1 'Illus. this example can operate the thernial
management system at a higher temperature than the case
ivhere the loiv-pressure refngerant of the refri eration cycle
22 absorbs heat from flm outside air (for exiunple, 0" C ),
Ihereby improving thc opcraung cfliciency ol lhc heal pump.

In lhe six ond mode, the coolant docs not circulate flu ough
the radiator 13. and the radiator 13 does ui11 abaci'b heat front
outside air. which can prevent the frost fiinnation of the
radiator 13.

Iiifth I Imbodiment

Although in the above respective embodiments. the
devices to be cooled include the coolant cooler 14. the
battery cooler 15. the inverter cooler 16. the exlmust gas so

cooler 17, thc cooler core 18, the condenser 50. and the
intel c air cooler 65 by way ol'xiunplc, in a filth mnbodi-
nient, as shoivn in I'l(i 36. the devices to be cooled include
the intake air cooler 65. a fuel cooler 66. and a vehicle-
niounted electronic device cooler 67 ss

The fuel cooler 66 is a heat exchanger forcooiin fuel by
exchanging heat between the fuel supplied to the en ine and
the coolant Thc vehicle-mounted electronic device cooler
67 is a heat cxchangcr I'or cooling a veluclc-mounted
electronic device by exchanguig heat between the vehicle- so

mounted electronic device and the cooLsnt. In this v ay,
various devices can be used as the devices to be cooled.

Like this embodiment, the condenser 50 may be con-
nected to betiveen the discliar e side of the first pump 11 and
thc uilet 19a of thc Iirsl switclung valve 19.

Sixth Embodiment

Although in the above second cmbodunent, tlm ouflet 61g
and inlet 61n for lhc coolant arc lomied in parts coimtitu1uig o

thc coolant cooler 14 aud thc supercoolcr 60 ol'he tank
portion 6 I c of the heat exchanger 61, in a sixth embodiment,
as shoivn in Iil(I 37, the outlet 6lg and inlet 6ln tiir the
coolant are removed. and a hole 61p Iiir allowin the
refrigerant to flow theretluough is Iiinned in a part of the s.
parmion portion 61d that panitions lhe uilermil space of thc
lank portion 61c into a ttuik space Ior lhc coolanl cooler 14,
and;mother lank space Ior the supcrcooler 60.

'linis, in the coolant cooler 14, the cooLsnt floivs from the
inlet 61e into the tank portion 6 lb. and is then distributed to io
the tubes for the coolant by the tank portion 61b. The
coolants afier bavin passed through the tubes for the
coolant arc collected uito the tmd portion 61c lo flow from
thc hole 61p of Ihc parliuou portion 61d uilo lhe supercoolcr
60. ss

In the supercooler 6U, the coolant flows into the taiek
portion 61 i through the hole 6 lp ofthe partition portion 6 id,
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and is then distnbulcd lo Ihc tubes lor Ihc coolant by thc tank
portion 61c. The coolants after having passed tluough the
tubes fiir the coolant arc collected uito thc lank poruon 61b
to flow from Ihc outlet 61ni.

I'his embodiment can remove the outlet 6ig and inlet 61n
for the coolant with respect to the heat exchanger 61 of the
second embodiment, and tints can simplify the connection
stnicture of the coolant pipes.

Seventh iinibodiment

Although in the sixth embodiment, the coolant cooler 14,
the condenser 50, and the supercooler 60 are included in one
heat exchanger 61, ui a seventh embodiment, as shown in
FIO. 38, thc coolant cooler 14. Ihc coudcmer 50, and thc
expansion valve 25 are integrated together

'I'he coolant cooler 14 is composed of the tank-and-tube
type heat exchanger. and includes a heat exchanger core
(second heat exchanging portion) 14a, and tank portions 14b
and 14c. The heat exchanger core 14a includes a plumlity of
tubes fluough which the coolant and the rcfngcranl flow
iudo73cndcntly. The tubes are stacked on each other in
parallel. 'lite tmlk ponions 146 and 14c are disposed on Ixith
ends of the tubes to distribute and collect the cooLsnt and
refrigerant for the tubes.

Respective members constituting the heat exchanger core
14a. and the tank portions 14b and 14c are formed of metal
(for example, an alumuium alloy), and bonded together by
brazing.

'I'he condenser 50 is composed of the tank-and-tube type
heat exchanger, and includes a heat exchanger core (firs
heat exchanging ponion) 5Ua. and tank portions 50b and
50c. The heat exchanger core 50a includes a plurality of
tubes through which the coolant and the refrigerant flow
iudo73cndcntly. The tubes are stacked on each other in
parallel. llic tank ponions 50b mid 50c arc ihsposcd on bofli
ends ol'hc tubes to distnbulc and coflccl flm coolant and
refrigerant for the tubes.

Respective members constituting the heat exchanger core
50a. and the tank portions 50b and 50c are formed of metal
(for ex unple, an aluminuni alloy). and bonded together by
brazing.

Thc coolmil cooler 14 and thc condemcr 24 are disposed
iu parallel in thc slacking direction ol'ubes fui Ihc lel't-nghl
direction of FI(i 36) Specifically. the expansion valve 25 is
fixed while being sandwiched between the coolant cooler 14
and the condenser 24.

The expansion valve 25 is a thermal expansion valve
whose valve opemng dcgrcc is adlustcd by a mechanical
system such that a dcgrcc of superheat of the rcfrigcranl
flowing Iium Ihc coolant cooler 14 is in a prcdctcrnuncdt
mange Tlie expansion valve 25 has a tenipemsture sensing
portimi 25a for sensin the superheat degree of the refrig-
erant on the outlet side of the coolant cooler 14.

One tank portion 14r of the coolant cooler 14 is provided
wilh an inlet 14e for Ihc coolant and au ouflcl 14f lor thc
rcfrtgcmnt. Thc outlet 14f for lhe rcfngcrant is supcnmposcd
over flm refngcrmil uilcl ol the tempcraturc smisuig portion
25a of the expansion valve 25

'I'he other tank portion 14b of the coolant cooler 14 is
provided ivith an outlet 14g for the coolant and an inlet 146
for the refri erant. The inlet 146 for the refri erant is
siipciliiiposcd over ilia ieirigcraiil oullcl of llic cxpaiisioii
valve 25.

Thus, ui Ihc coohml cooler 14, the coolant flows from Ihc
inlet 14e into the tank portion 14is and is then distributed to
the tubes for the coolant by the tank portion 14i The
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coolmiis aficr havuig passed tluough thc tubes for thc
coolant are collected Into the tank pc(Sion 140 to tlow fmm
thc outlet 14g.

In the coolant cooler 14, the refrigerant decompressed by
Ihe expansion valve 25 flow s from Ihe inlet 148 uiio ihe lank
portion (4k and is then distributed to the tubes for the
refrigerant m the tank portinn 14b. The refrigerants having
passed through the tubes for the refrigerant are collected into
the tank portion 14c to flov from the outlet 14f into the

I I I

tcmpcraiurc sensing portion 25a of flie expansion valve 25.
The temperature sensing portion 25c of the expansion valve
25 Is provided with au outlet 25(I liir the rel'rigerant.

1hc inlet 14e and outlet 14g fiir the coolant of the coolant
cooler 14 are disposed bc(ween boih ends of each of tank
portions (40 and 14c in the tube stacking direction (both
ends in the left-nght direction of FIC(. 38). Thus, the coolant
cooler 14 does not allow the flow of coolant to make a
U-turn.

llic uric( 14c and outlet 14g are oriented ui ihc direction Io
perpendicular to the tube stacking direction. In an example
shown ui FIG. 38, thc inlet 14e and outlet 14g arc oncntcd
in Ihe direction parallel to the tubes for the refrigerant and
for the coolant.

One rank pnrtion 50(i of the condenser 50 is provided v ith
an inlet 50e for the coolant and an outlet 50f for the
refrigerant. The outlet 500 for the refrigerant is supenm-
poscil over ihc rcfilgcraiii Iillci of Ihc cxpBIisioil valve 25.
One other tank poruon 50c of the condenser 50 is provided
with an outlet 50g for the coolant and an inlet 508 for the Io
refrigerant

'llnig in the condenser 50, the coolant floivs from the inlet
50c into the tank portion 50(I. and is then distributed to the
tubes for the coolant by the tank portion 508 The coolants
Bflcr hating passed tluough thc tubes for thc coolant are Ii
colleciixl into ihc tank portion 50c to flow lrom the outlet
50g.

In the cnndenser 50, the refrigerant flows from the inlet
500 into the tank portion 50c. and is then distributed to the
nibes for the refrigerant by the tank portion 50i The so
coolants afler bavin passed throu h the tubes for the
refrigerant are collccicd into the lank portion 50b to flow
from the outlet 50f uito the cxpimsion valve 25. Thc rcibtg-
crani flow ing lbom the outlet 50/ into ihe expaiwion valve 25
is decompressed by the expansion valve 25 tn flow into the
coolant cooler 14

The inlet 50c and outlet 50g for the coolant of the
condenser 50 are disposed between both ends of tank
portions 50b aud 50c ui ihc lube sraclong diriuiion (both
ends in ihc left-nght direction ol FIG. 38). Thus, the o

condenser 50 docs not allow thc flow of coolant to make a
U-turn

1hc inlet 50e and outlet 50g are oriented in the direction
perpendicular to the tube stacking direction. In the example
shown in FIC). 38. the inlet 50c and outlet 50g are oriented i.
in the direction parallel to thc tubes lor flie refngcrant and
for ihc coolaiin

Further. ui tlus mnbodimcui, ihe uric( 14e and outlet 14g
fiir the coolant of the coolant cooler 14 are disposed between
both ends (both ends m the left-right direction of lil(i 38) io
ofeach of the tank portions 14(I and 14c in the tube stacking
direction, wlfich can increase the flexibility in connection of
thc pipes and arrsngciilcili of ihc llcai cxcliaiigcrs ils coill-
parcd io the case where thc Inlet 14e and outlet 14g Ibr the
coolant arc disposed at both ends of each of ihc «nd portions si
(48 and 14i in the tube stacking direction 'I'he coolant
cooler 14 does not allow the flow of coolant to make a

U-turn, and thus can reduce the loss of prcssure of thc
coolant in the coolant cooler 14.

Likewise, thc uilet 50e and outlet 50g for thc coolant of
the condenser 50 are disposed beuveen both ends (both ends
iu ihc left-ngh( diricuon ol'IG. 38) of each of thc tank
portimis 5Ub and 50c in the tube stackmg dimction, which
cmi increase the flexibility in connection of the pipes and
,'Ilrangcnicnt of thc heat exch;Illgcpi as compal'cd to thc cBsc
where the iniet 50c and outlet 50g for the coolant are
disposed a( bo(h ends ol'each ol'hc tank poruous 50b and
50C in the tube stacking direction. The condenser 50 does not
allow thc flow of coolant to make a U-turn, and thus can
reduce the lnss nf pressure of Ihe coolant in the condenser
50.

'I'his embodiment does nnt need any refrigerant pipe
between the cooiant cooler 14 and the expansion valve 25,
and betv een the condenser 5U and the expansion valve 25,
and thus can simplify the connection structure between the
rcfngcrani pipes.

.II first tank space 50i for the refngerant in the internal
space of the tank poruon 50b of thc coudmiser 50 that causes
the refugemnt to floiv intn the expansion valve 25 is
supcrimposcd over n second lank space 14i for ihc rcfrig-
crant in the tiuik portion 140 of the coolant cooler 14 that
causes the refrigerant flowing out n f the expansion valve 25
to flow thereinto as vieived fmm the tube stacking direction
Thus, a common part or component can be shared betvveen
the condenser 50 and the cookmt cooler 14

The first tmik space 50i for the refri emnt. a decompres-
sion flow path 25c ol'ihc cxp;msion valve 25. and thc simond
tank space 14i for thc refrigerant arc luicarly disposed sale
by side in the tube stackin direction I'lnis, the stmcture of
the coolant cooler 14, condenser 50, and expansion valve 25
can be simplified 1hc decompression flow path 25C of the
expansion I alve 25 is a flow path through which the relbig-
erant floiving from the condemer 50 Is decompressed to flow
into ihc coolant cooler 14.

Second Reference Example

ski(hough in the lirst rcfi:rance example, ilm operatuig
mode is switched accorduig io thc outside air tcmperaturc
dciiutcd by the outside mr semor 42. ui a second refi:rance
embndiment, the opemting mode is sivitched according to
the temperature of the inverter and the temperature of the
battery

The first sivitchin valve 19 is configured to be capable of
SWI(Chiiig ililloilg foils ivpiu Ol COIIIIIIBIIICBIIOII sia(CS
bciwiun the inlets 19a mid 19b and tlm outlets 19c. 19d, 19e,
and 19/. Thc second sw i(clung valve 20 m also conligurcd io
be capable of switching amon four types of communication
states between the inlets 2(kr, 200, 2Uc. and 2()d and the
outlets 20e. and 20f.

FICi 39 shows the operation (first mode) of the cooling
system 10 when the lirst and second switching valves 19 and
20 arc switched to a first state.

In ihc lira( state, thc lirst swiicluug valve 19 closes ihc
inlet 19ii, and cnnnects the inlet 19(I with the outlet (9c, 19d,
19e, and 19f. linis, the first sivitching valve 19 does not
allow the coolant to flow into the inlet 19a. but allows the
coolant entering the inlet 190 to lkiv, out of the outlets 19C,
19d. 19c, and 19tas uidicaied by solid arrows ui FIG. 39.

In thc first state, ihe second switchuig valve 20 cloaca ihe
outlet 20e, and connccis thc inlets 20c, 20b, 20c, mid 20d
with the outlet 20f 'I'lnis. the second switching valve 20 does
not allow the coolant to flow from the outlet 20e, but alkiws
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the coolmii enicrutg thc inlets 20a, 20b, 20c, mtii 20d to flow
out of the outlet 20fas indicated by solid arniws of lsl(i 39.

I 1(i 40 shows the operation (second mode) of the cooling
systent 10 when the first and second switching, valves 19 and
20 are svvitched to o second state.

In the second state„ the first sw itching valve 19 connects
thc uric( 19a with thc outlet 19d. and also connects ihc inlet
19b with tlu: outlets 19c. 19c. and 190 Thus. thc lirst
switching valve 19 allows the coolant entering the inlet I 9n
to

flow out of

th outlet 19das indicated by an alternate Iong to

and short dashed strow in IT(i 40, and also allows the
coolant entering the inlet 19b to flow out of the onrlets 19c,
19C, and 19f as solid arrows in FIG. 40.

In thc second state, thc second switching valve 20 con-
nimis ihe inlets 20a, 20c. and 20d widi die ouilct 20/;, and
also connects the inlet 20b with the outlet 2(le. Thus. the
second switching valve 2(i allows the coolant entering the
inlet 2(ib to flow out of the outlet 20C as indicated by an
alternate long and short dashed arrow in FICi. 40. and also
allows the coolant entering the inlets ZUC. 20c. Cnd 20d to io
flow oui of the outlet 20f as indicated by a sohd arrow ut
FIG. 40.

FIG 41 shows the operation (third mode) of the cooling
system 10 when the first and second switching valves 19 and
20 are switched to a tlurd state

In the third state. the first switchiitg valve 19 connects the
inlet 19a with the outlets 19d and 19C. Cnd also connects the
inlet 19b with thc outlets 19c, and 196 Thus, the lira(
su iiclnng 1 aloe 19 allows the coolmii entering thc inlet 1911

to flotv out of the outlets 19d and 19C as indicated by io
alternate long and short dashed arnitvs in I'l(i 41. and also
allows the coolant entering the inlet 19b to tlotv front the
outlets 19c and 19fas indicated by solid orrotvs in Fl(i. 41.

In the third state. the second switching valve 20 connects
thc inlcis 20a. and 20d with ihc outlet 20f, mid also connects 11

thc inlets 20b and 20c with thc outlet 20e. Tints, thc second
su iichuig valve 20 allows thc coolani cnienng the uiiets 20b
and 2(ic to flow out of the outlet 20e as indicated by alternate
ion and short dashed arrows in lsl(i. 41„and also allows
coolant entering the inlets 20C and 20d to flow out of the So

outlet 20f as a solid onoiw in FI(i. 41.
FIG. 42 shows thc operation (lburth mode) of ihc cooling

system 10 when thc lirst and second swiiclnng valves 19 and
20 tire suiichcil to a louith staten

In the fourth state, the first switching valve 19 connects
the inlet 19a with the outlet 19d. and also connects the inlet
19b with the outlets 19c ond 19f, thereby closin the outlet
19c. Thus. the first switching valve 19 allows the coolant
cntcring ihc inlet 19a to flow oui of thc outlet 19d as
indicated by an alternate long and short dashed arrow of o

FIG. 42. Snd also allows thc coolant emcnng the inlet 19b
to flow out of the outlets 19C aod 19fas indicated bv solid
arrows of I'l(i 42. thereby preventing the coolant front
flowing out of the outlet 19C.

In the fourth state. the second switching valve 20 connects as

the uilcis 20c mid 20d with thc ouilci 20f tmd also connects
the uilct 20b with thc outlei 20e, thcrcby closing ihc inlet
20o. Thus. the second switching valve 20 allows tlm coolant
entering the inlets 20b to flow out of the outlet 20» as
indicated by an alternate long and shorr dashed arrow of ro
FIG. 42„and also ollov s the coolant enteriitg the inlets 20c,
and 20d to flow out of the outlet 20f as indicated by solid
arrows of FICi. 42. thcrcbv prcvcnilng thc coolan1 flout
cntcring the uilct 20a.

Next. an clcctnc controller ol'hc cooluig system 10 will ss
be described with reference to I l(i 43. 'I'he electric con-
troller of the cooling system 10 has the structure, in addition

|0
to the above-mcnuoned suucturc of the first refi:rance
example. in which detection signals from an inverter tem-
pcra1urc sensor 45 and a battery tcmpcraiure sensor 46 are
input to the input side of the controller 40

Thc invcrtcr iempcraiurc sensor 45 ts an tnvcrtcr tem-
perature detector for detecting the temperature of the
inverter. For example. the inverter temperature sensor 45
may detect the temperature of coolant flowing fnim the
inverter cooler 16. The battery temperature sensor 46 is a
ba(1cry tcmpcraiurc deiccior for dc(ecting 1hc temperature of
the battery. For example, the battery temperature sensor 46
may dctcct the icmpcraiure of coolant flowing from thc
battery cooler 15

A coniml process executed by thc controller 40 of tlus
embodiment will be described tvith reference to I'l(i. 44
The controller 40 executes a computer program according to
a flov chart of lsl(i 44.

First. in step SZUU, it is detemtined whether an inverter
tcmperaturc Tuiv dctcctcd by ihc invcrtcr tempcraturc sensor
45 exceeds 60" C.

Wlmn the uivcricr imnpcraiure Ttnv ts dcicrmincd noi io
exceed 60" (.'., the priority of cooling of the inverter is
dcicrnuncd not to bc high. and thc operation procccds io stc71

S210, in v;hich the iirst mode shown in lsl(i. 39 is per-
lorn1cxl.

In the first mode, the controller 40 controls the electric
motor 30 for a switclun valve such that the first and second
sv itching valves 19 and 20 are brought into the first state
shown in FICi. 39. thereby operating the second pump 12 and
thc compressor 23, and sioppuig thc lirst pump 11.

Thus. the first svvitching valve 19 closes the inlet 1911, and
connimts the uric( 19b with ihc outlets 19c. 19d, 19e. and 190
'I'he second sivitchin valve 20 connects the inlets 2(lm 20b,
20c, and 20d with ihc outlet 20f, and cloaca thc outlet 20e.

I'hus, the low-tentperature coolant circuit ts fornied of the
second pump 12. the coofisnt cooler 14, the battery cooler 15,
the inverter cooler 16, the exhaust gas cooler 17, aod the
cooler core 18. and the intermeohate-temperature coolant
O1rcini ts not fofulcil.

That is. as indicated by solid arrows of FIG 39. the
coolant discharged from the second pump 12 flows dm1ugh
thc coolant cooler 14, and is branched by thc first switclung
valve 19 into the battery cooler 15. the inverter cmiler 16, the
exhaust gas cooler 17. and the cooler core 18 i hen, the
coolants flowing in parallel through the battery cooler 15,
the inverter cooier 16, the exhaust gos cooler 17, and the
cooler ccrc 18 arc coflccttxl into the simond swtichuig valve
20 io bc suckcxi uito ihc second pump 12.

In contrast, as indicatcil by a dashed arrow of FIG. 39. ihe
coolant is not disclmr ed fmm the first puntp ll. and does
not flow through the radiator 13

In this vvay. in the first mode„ the low-tempemture coolant
cooled by the coolant cooler 14 flows tluough the battery
cooler 15, ihc tmcrtcr cooler 16, thc exhaust gas cooler 17.
and ihc cooler core 18. As a rcsuln thc baucry, the utvcrter.
thc exhaust gas, and ihe blast air into the vcluclc tntcnor orc
cooled by the loiv-tempemoture coolant.

When the inverter tempemoture 'I'inv ts determined to
exceed 60" C, in step S200„ the prionty of cooling of the
inverter is determined to be high, ond then the operation
proceeds to step S220. In step S220, ti ts dctemuncd whether
the tnvcrtcr tempcrauirc Tuiv ts less than 70'. or nou

Wlmn ihc invader tcmpcraiurc Tuiv ts dctcnnincd io be70''. or more, the inverter is considered to be at an
abnormal high temperature, and the operation pniceeds to
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step S230. in wluch a warnuig li lu is li( up. Thus. a
passenger can be infornied that the inverter is at the abnor-
mal high temperature

When the inverter temperature 'I'inv is determined to be
less than 70'.. the inverter is considered not to be at an
abnormal hi/at temperature. and the operation proceeds to
s(ep S240. in wluch thc warnuig hglu is Iumcxl ofl: Thus. a

passenger can bc informed that thc inver(cr is no! at the
abnormal hmh temperature.

In step S250 following steps S23U and S240, it is deter- io

niined ivhether or not the coolant of the intermediate-
temperature coolant circuit (intermediate-temperature cool-
antl circulates tluough the exhaust gas cooler 17.
Spcmilically, whc(her or not the coolan( ol'he uttcnncxflate-
Iempcra(urc coolmit circus( flntcmtcdia(c-tempera(urc cool-
ant) circulates fltrough the exhaust gas cooler 17 is deter-
mined based on the operating states of the first and second
switching valves 19 and 20

When the intermediate-tempemcture coolant is determined
not to circulate through the exhauct gas cooler 17, the io
operation proceeds to s(cp S260 so as to rcsluce the cooling
capacity of the cxhaus( gas, in wluch thc second mode
shoivn in I'l(i 40 is performed

Ili die second nlode. tile contniller 40 con(mls the electric
niotor 30 for a switching valve such that the first and second
switching valves 19 and 20 are brought into the second state
shown in FICi. 40 to thereby operate the first ond second
pumps 11 and 12 and thc compressor 23.

llius, thc lirst switclung valve 19 connects flie mlet 19ir
with the outlet (9r( and also connects the inlet 19b v ith the io
outlets (9r. 19e, and 19f I'he second switching valve 20
connects the inlets 20a, 20c, and 20J with the outlet 2(lf, and
also connects the inlet ZUb with the outlet 20e.

Accordingly, an intermediate-temperature coohmt circuit
is formixl of the lirst pump 11, thc exhaust gas cooler 17, and ic
thc rudra(or 13. w hcrcas a low -tcmpcrature coolan1 circus( is
formcxI of Ihc second pump 12, Ilm coolan( cooler 14, Ihe
battery cooler (5. the invener cooler 16, and the cooler core
(8

That is. as indicated by an alternate lon and short dashed ao

arrocv of FICi. 40. the coolant diccharged from the first pump
11 flows tluuugh thc exhaust gas cooler 17 via thc (irs(
su i(clnng calve 19, and then through flie radmtor 13 via thc
second switclung valve 20, Ihcrcby being simked ui(o thc
firs pump (1.

On the other hand. as indicated by solid arrows in I'l(i 40,
the coolant dischar ed from the cecond pump 12 flows
through the coolant cooler 14 to be branched into the battery
cooler 15. thc invcrter cooler 16, mid thc cooler core 18 by
thc lira(switching valve 19. The coolmi(s flowing in parallel o

tluough the battery cooler 15, Ihc inver(cr cooler 16. and the
cooler core (8 are collected into the second switching valve
20 to be sucked into the second pump 12

In this is ay, in the second mode. the intermediate-tem-
perature coolant cooled by the radiator 13 floivs tluouch the s.
exhaust gas cooler 17, whereas thc low-tempera(ure coolmi(
cooled by thc coolant cooler 14 flows fluough thc bauery
cooler 15, tlu: invcrter cooler 16, mid flie cooler core 18. As
a result. Ihe exhaust gas is cooled by the intermediate-
tenipemture coolant, and the battery, the invener. and the ro
blast air into the vehicle interior are cooled by the lov-
tempemchire coolant.

llius. thc cooling capacity of the uivertcr cmi bc nnpruvcd
as compared to that in Ihe lirst mode in wluch Ihc cxhaus(
gas can also be cooled by Ihc low-temperature coolant sc

When the intehnediate-temperature coolant is deternuned
to circulate through the exhaust gas cooler 17 in step 5250,

52
thc operation proceeds Io step S270 In step S270. i( is
determined ~bather a battery temperature Tbatt detected by
the bat(ery tempera(urc sensor 46 exceeds 50' or nou

When the battery temperature 'I'batt is determined not to
cxcimd 50'., Ihc pnow(y of cooling ol'hc battery is
determined not to be high. and the operation proceeds to step
S280. in which the third niode shov n in FICi. 41 is per-
formed.

In the third mode, the controller 40 contmls the electric
motor 30 for a swi(clung valve such that thc lirst and simond
switchui valves 19 and 20 are bmught Into the third state
shown in FIG. 41 to thcrcby opcratc the lirst and simond
piunps ll and (2 and the con(presser 23.

Thus, Ihc lirst swi(chuig valve 19 connects thc uilet 19a
v ith the outlets 19d. and 19e. and also connects the inlet 19b
with the outlets 19c and 19fi The second switching valve 20
cminects the inlets 20a and Zflr( with the outlet 2(lf, and also
connects the inlets 20b and 20r with the outlet 20e.

Accordingly, an ui(cnntxliatc-tempcraturc coolant circuit
is fomied of the (irst pump 11„ the battery cooler 15. the
exhaus( gas cooler 17, mid thc radiator 13, whcrcas a
low-temperature coolant circuit is formed of the second
piunp (2, the coolant cooler 14. the inverter cooler 16, and
the cooler core (8

That is. as indicated by alteniate long and short dashed
arrows in FIG. 41. the coolant dischar ed from the (irst
pump 11 is branched by thc lirst switclung valve 19 uuo thc
ba(tery cooler 15 and the exlraust gas cooler 17 Then, thc
coolants flowing in parallel thmugh the battery cooler 15
and the exhaust gas cooler (7 are collected into the second
switclnng valve 20 to floiv through the radiator 13. thereby
being sucked into the first pump 11.

On the other hand. as shown in solid arrows in FICi. 41,
the coolant discharged Ibom Ihc second pump 12 flows
tluuugh Ihe coolant cooler 14 to bc branched into Ihe
inver(cr cooler 16 mid thc cooler core 18 by thc (irs(
sv itching valve (9 The coo(ants flowing in parallel through
the inveiter cooler 16 mid the cooler core 18 are collected
into the second sv,itching valve 20 to be sucked into the
second pump IZ.

In tlus way, in thc second mode, thc ut(crtncx(tate-Icm-
pcraturc coolant cooltxi by thc radiator 13 flows tlumigh thc
cxhaus( gas cooler 17 and Ihc ba((cry cooler 15, whcrcas thc
low-temperature coolant cooled by the coolant cooler 14
tlows through the inverter cooler (6 and the cooler core 18
As a result, the battery and the exlmust gas are cooled by the
intermediate-temperature coolant. while the inverter and the
blast air in(o thc vehicle in(crior are cooled by thc low-
tclllpciiihllc coolalln

Thus, thc cooling capaci(y of the inver(cr ctm bc improves(
as con(pared to that in the second niode in which the battery
can also be cooled by the loiv-temperature coolant

When the battery tempemcture Tbatt is determined to
exceed 50', in step S270, the priority of cooling of the
ba((ery is dc(ernuncd Io bc lugh, and thc operation proceeds
to stc7t S290, in which a fourth mode shown in FIG. 42 is
pcrfomicd.

In the fourth mode, the controller 4U controls the electric
motor 30 for a sivitchin valve such that the first and second
switchui vaives 19 and 20 are brought into the fourth state
shown in FIG. 4Z to thereby operate the first and second
pumps 11 and 12 and the compressor 23.

Thus, Ihc lirst swi(chuig valve 19 connects thc uilet 19a
with thc ou(lct 19r(, mid also coiuiects thc inlc( 19b with Ihe
outlets (9e and 19f. thereby closing the outlet 19c 1'he
second switching valve 20 closes the inlet 20a and connects
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the mist 206 w i(h the outlet 20e. and also corutccts the inlets
20c and 20'/ with the outlet 20f.

Accordingly, an uitcrmcdiatc-tcmpcraturc coolant circuit
is formixi of the lirst pump 11, thc exhaust gas cooler 17, and
the radiator (3. whereas a low-temperature coolant circuit is
formed of the second punip 12. the coolant cooler 14. the
battery cooler 15. and the inverter cooler 16.

That is. as indicated by an alternate lon and short dashed
arroiv of FICi. 42. the coolant discharged from the first pump
11 flows tluuugh thc exhaust gas cooler 17 via thc lira( iii

su i(clung salve 19, and then through flte radmtur 13 via thc
second sivitching valve 20, thereby being sucked into the
firs pump (1.

On the other hand. as indicated by solid arrows in FICi 41,
the coolant dischar ed from the second pump 12 tiows
through the coolant cooler 14. and is branched by the tirst
su iichutg valve 19 uito thc battery cooler 15 and ihc mvertcr
cooler 16. Then, the coolan(s flowutg ut parallel fluough the
battery cooler 15. and the inverter cooler 16 are collected
into the second switching valve 20 to be sucked into the ztt

second pump 12. In contmst. as indicated by a dashed arrow
in FIG. 41. the coolant does not circulate throu/~( the cooler
core 18.

In ibis way, in thesccoud mock. ihc uticrmcdiatc-tmn-
pcra(urc coolant cooled by the radiator 13 flows tluough thc
exhaust gas cooler 17, whereas the low-temperature coolant
cooled by the coolant cooler 14 flows through the battery
cooler 15 and the inverter cooler 16. stopping the circulation
of the coolant tov ard the cooler core 18. As a result. the
battery and the exhaust gas are cooled by the intemtediate- io

tcmpcra(urc coolant, and thc utvertcr is cooled by the
low-u:mpcraturc coolanu thereby stopping the cuulutg /ilia(
is, air conditioning) of the blast air into the vehicle inteuor.

qlnis. the cooling capabilities of the battery and the
inverter can be in(proved as compared to those in the second ii
mode in which the blast air into the vehicle interior can also
be cooled by the low-temperature coolant.

In tlus cmbodunent, when the utvcrier tcmpcralure Tutv is
lnghcr than the prcdctcrnuncxt tempera(urc (60'. ut tlus
example). the third mode is performed to allow the coolant so

to circulate between the inverter cooler 16 and the second
pump 12, and also to circulate between the battery cooler 15
and the first pump 11. Thus, when the inverter temperature
is high, the inverter with a smaller heat capacity can be
prefcrcntially coolixl as compared (o the baucry wiflt a larger zs

heal capacity. As a result, thc invencr can be cflbctivcly
cooled while suppressing the increase in temperature of the
battery.

Tlurd Refi:rcncc Example

As shown in lq(i 45. a third reference example of the
invention includes a coolant tank 70 for storing, the coolant
therein, in addition to the structure of the firsr reference
example. s.

llic coolant tank 70 is provided with a iirst cuulmtt
outlet/inlet 70ii and a second coolant outlet/utlci 70b. Thc
lira( coolant outlet/inlet 70u is connected to a lira( branch
portion 7( pmvided between the outlet 20e of the second
switching valve 2U and a coolant inlet side of the radiator 13. ii!

The second coolant outlet/inlet 70/i is connected to a second
branch portion 72 provided between an outlet 20f of the
second switcluug valve 20 and a suciion sale ol'hc simond
pump 12.

Titus. a coolant tlow path of (he lira( coolant circuit si
/coolant circuit on the first pump I I side) on the suction side
of the first pump (1 contmunicates with a coolant flow path

of tile sccollil coolilllt circilit /coolant circuit oil (lie'cciilli!
pump 12 side) on the suction side of the second pump 12 via
the coolmti tiuik 70.

In this embodiment, the tirst coolant circuit comnnuiicates
with thc second coolmtt circuits, which can equalize thc
internal prcssure between ihe lira( and simond coolant cir-
c ul0

'llius, a difference in pressure acting on a valve element
inside each of the first and second switching valves 19 and
20 can be decreased to thereby prevent the leaka e of the
coolant in the switching valve.

For cxamplc. given thai ihe lira( coolmit circuit and ihc
second coolant circuit conununicatc togc(hcr on the dis-
charge sale ol'onc pump as well as ou thc sucuou side of(he
other pump, the coolant circuit communicating on the suc-
tion side of the pump might have its internal pressure
abnomtally increased. In contrast. in this embodiment. the
first coolant circuit and the second coolant circuit commu-
nicate with each other on ihc suction sides of both pumps.
which can prcvcnt ihc uttcmal pressure ol'hc coolant
circuits from abnormally utcrcasing, thcrcby facihtating thc
design of parts ivith good pressure resistance

Fourth Rclbrencc Example

Although in the third reference example, the first coolant
circuit and the second coolant circuit commiuticate ivith
each other on the suction sides ofboth the pumps, in a fourth
reference example of the invention, as shown in FIC(. 46, the
first coolant circuit and the second coolant circuit conunu-
nicatc with each other on ihe discharge sales of both ihc
pumps.

Specifically, the (irst branch portion 7( of the first coolant
circuit is provided benveen the discharge side of the first
ptunp 11 and the inlet (9u of the tirst switclung valve 19, and
the second branch portion 72 of the second coolant circuit is
provided between the discharge side of the second pump 12
and thc inlet 196 of the lira( swiiclung valve 19.

Although ut ihc tlurd rclbrencc example. the coolant tank
7U is provided ivith the first coolant outlet/mlet 7(lu fiir
ciilulectloll v,ith the first coolant circuit, and the second
coolant outlet/inlet 706 for connection with the second
coolant circuit. in a fourth reference example, the coolant
tank 70 is provided with one coolant outlet/inlet 70c con-
nimtcd tu both thc lira( and second coolant circuits.

Togcthcr with ilus. onc coolmtt pipe connected to ihc
coolant outlet/inlet 7(ti of the coolant tank 70 is branched
from the coolant tank 70 side into two parts toward the first
branch portion 7( mid the second branch portion 72

This embodiment can also obtain the same opemtion and
efl'acts as those of the third reference example described
above

Eighth Embodiment

Au eighth embodunmtt of thc uivmition spccilically
shows thc structure ol'hc coolant cooler 14 and condenser
50 m thc first embodiment

lil(i 47 shows a perspective view of a heat exchanger 80
including the coolant cooler (4 and the condenser 50 I'l(i
48 shovvs a perspective vieiv of a cutout portion of the
stnicture shown in FICi. 47. The upward and downward
arrows shown in FIGS. 47 and 48 uidicatc the vcr(mal
direction uf the vclucle /or ihc direction of gmviiational
fiircc)

l'he heat exchanger 80 includes a heat exchanging portion
80(, an upper tank portion 802, and a lower tank portion
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803. Thc heat exchanging portion 801 is formtx) by stacking
(arrangin in parallel) a plurality of tubec 804 for the coolant
and a plurality ol'ubes 805 for the refngerant. Tlm stackuig
direction of the tubes BU4 for the coolant and the tubes 805
for Ihe rclhgcrant (namely, thc lail-nglu direction shown in
lit(IS. 47 and 48) is hereinafter referred to as a "stackiag
direction of the tubes**. In this example. the nibes S04 for the
coolant and the tubes 805 for the refrigerant are alternately
stacked on each other.

I 1 1lite upper tunk portion 802 includes d tank space 802u for
an upper coolant (tank space for a heat medium). and a tank
space 802b for an upper refngerant. Thc tank space 802u for
the upper coolant is adapted to collect the coolants for a
plurality of tubes 804 for thc coolant The tank space 802b
filr the upper refrigerant is adapted to distribute and collect
the cooLlnt with respect to a plurality of tubes S05 for the
refrigerant

The lower tank portion 803 includes a tank space S03u for
lower coolant (tank space Sir a heat medium). and a lank iii

space 803b for a lower refrigerant. The tank space S03u for
thc lower relrigcrant m adapted Io distribute Ihc coolant Io a

plurality of tubes BU4 for the coolant. 'I'he tank space 8036
for Ihc lower relngcrant is adapted lo distribute Ihe coolmil
and collect the coolants for a plumllity of tubes 805 for the
rel'rigcrant.

'(lie tank space 802u for the upper coolant and the tank
space 803u for the lov er coolant are diagonally positioned
as viewed fmm the tube stacking direction. 'I he tank space
802b for the upper refrigerant and the tank space 803b for 1(l

the lower rcfrigcrant are diagonally posiuoncd as viewed
from the tube stackin direction.

lite heal exchanger 80 is mounted on Ihe veluclc such Ilia(
the longitudinal direction of each of the tubes 804 for the
coolmit;md the tubes 805 for thc refngerrmt Ihercutafter
referred to as a tube longitudinal direction) conforms to the
vertical direction of the vehicle (or the direction of gravi-
tational force).

The heat exchan er 801s formed by stackiiig ond bondin do
a number ol'late mmnbcrs 806 in IIte tube stacking direc-
tion. The pLlte member 806 ic a plate having a substantially
elongated rectangular shaper and formed. for cx unpler using
d but(1-snhxl Chid illa(CilBl 111Cludiiig ail aluilliiiilili CCiln:r
layer with both sides thereof clad with brazing,

An overhanging portion 806u is formed at the outer
peripheral edge of the substantially rectangular plate mem-
ber 806. The overhan ing portion 806u protnides in the
dir'cctiiin pcIpcndlcillrlr to tile plB(c sililacc of Ihc pliltc
mcmbcr 806 (in tlm tube stackuig dtrtxtton). A number of o

plate members 806 are stacked on each other with the
respective overhanging portions 806u bonded together by
brari rig

The arrangement directions of the plate members 806 (the
directions in which protniding tipc of the overhanging 1.

portions 806u arc onentcd) arc Ihc same excep1 lor one plate
member 806A positioned at onc cnd ui thc tube stacking
dirccnon (on thc lcl't end shown in FIGS. 4'7 and 48)

'(lie respective tank spaces 802u, 802b, 803u, and 803b
are formed by cylindrical portions 806b of the plate mens- io
hers 806. Each cylindrical portion 806b cylindrically pro-
trudes in the direction opposite to the protniding, direcrion of
thc oi crhmiging portion 806u. Thc cylindrical portion 806b
has a communication hole fonncd thcrcui.

lite cylindrical portion 806b of the plate member 806 is sc
formed such that the tank spaces 802u and 803rr for the
coolmit do not coininunicate with the tube 805 thr the

i6
rcfngcrdnt, and such tluit the tube 804 for thc coolant does
not conununicate ivith the tank spaces 802b and 803 b for the
rclrigCidil(.

One side part ofthe heat exchanger 80 in the tube stacking,
direction (lel't part shown in FIGS. 47 and 48) comtitutes thc
cmidenser 50, ivhereas the other side part of the heat
exchan er 80 in the tube stacking direction (rigrht part shown
in llGS 47 and 46) constitutes the coolant cooler 14

The plate member 806 A positioned on one end in the tube
stacking direction (on the left end shown in FIGS. 47 mid 48)
is provided with a refrigerant inlet 80u of the condenser 50
and a rcfngcrdnt outlet 80b of tlm condcnscr 50. Thc
refrigerant inlet 80u of the condenser 5U communicates ivith
the tank space 802 b for thc upper rcl'ngerdnt Thc rcfrigcrant
outlet SUb of the condenser 50 communicates with the tank
space 803b for the lower refri emlnt.

('onnectors 807 for the refrigerant are respectively
attached to the refrigerant inlet 80u and refrigerant outlet
80b of the condcnscr 50. A coiuiector 807 for thc refrigerant
is formed by cutting or the like. and bonded to the plate
member 806 by brazuig.

I'he plate member SU6i) positioned on the other end in the
tube ctacking direction (on the right end shown in lrl(ig 47
and 48) is provided ivith a refriaerant inlet SUc of the coolant
cooler 14 and a refri erant outlet 80r( of the coolant cooler
14. The refrigerant inlet SUC of the coolant cooler 14
conunuiucatcs with thc tank space 803b for thc lower
rcfngcrdnt. Thc refngcrant outlet 80d of thc coolant cooler
14 communicates with the tank space 802b for the upper
refrigerant Other connectors 807 for the refrigerant are
respectively attached to the refriaemlnt mlet SUc and refrig;
emlnt outlet 80d of the coolant cooler 14

The overhanging portion 806u of the plate member 806
on thc condcnscr 50 side hds on its upper surfaccr a coolant
outlet 80c ol'hc condenser 50. Thc overhanging portion
806u of the plate member 806 on thc condenser 50 sole has
on its lower surface, a coolmit inlet 80fof the condenser 30
1'hus, the coolant outlet 80c and coolant inlet 80f of the
condenser 50 are opened in the ion itudinal direction of the
tubes.

Thc coolant outlet BUC of the condenser 50 conumuuca tea
with thc tiuik space 802u for the upper coolant. Thc coolant
inlet 80/ of thc condenser 50 conmiunicdics with thc tank
space 803u for the lower coolant Other connectors 808 filr
the coolant are respectively attached to the coolant outlet
80e and coolant inlet 80f of the condenser 50. Each of
connectors 808 fiir the coolant is formed by cuttin or the
like. mid bonded to thc plate member 806 by brazing.

Thc ovcrhanguig poruon 806u of thc plate mcmbcr 806
on thc coolant cooler 14 sale has on its upper surface. d

coolant outlet 808 of the coolant cooler 14 1'he overhanging
portimi 806u of the p(ate member 806 on the coolant cooler
14 side has on its lower surface. a coolant inlet 80b of the
coolant cooier 14. Thus, the coolant outlet 808 and coolant
inlet 80b of thc coolmit cooler 14 arc opcncd in thc ion i-
tuduial direction of Ihc tubes.

Thc coolant outlet 808 ol'he coolant cooler 14 commu-
nicates with the tank space 802u filr the upper coolant 'I he
coolant inlet 806 of the coolant cooler (4 communicates
v ith the tank space 803u for the lower coolant. Other
connectors 808 for the coolant are respectively attached to
the coolmit outlet 808 and coolant uilct 80b of thc coolant
cooler 14.

Thc coolant uilcts 80( unit 806 and coolant outlets SUC and
SUS are formed by holes formed in the overhanging portions
806u of the plate niembers 806
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Although ui ttus cxrunple, thc coolmit &nlets 80fand 80b
and the coolant outlets 80e and 80g are opened in the tube
lonaitudinal direction. the coolant inlets 8()fend 8(tf& and the
coolant outlets Sfle and SUg may be opened in the direction
perpendicular to both the tube longitudinal direction and the
tube stacking d&rect&on. Tl&at m, the coolant inlets 80f and
80h and coolant outlets 80» and 80g may bc lbrmed m a s&de

surface of the overhang&ng port&on 806a in thc plate member
806

A cavity ti1rmatio&i portion 809 is fi&aired at the bou&&dary

bet&veen the condenser 50 and the coolant cooler 14. The
cavity formation portion 809 is provided with a cavity S09a
into wlfich both the cooLsnt and refrigerant do not flow.

Spec&lically, thc cav&ty formation poruon 809 rs formed
by closing tlu: cylindncal port&on 806b of a plate mmnber
St)6G positioned at a boundary between the condenser 50
and the coolant cooler 14, and bonding the plate nieniber
St)6G positioned at the boundary to an adjacent plate men&-

her 806D.
The cavity 809a serves to suppress the hear transfer &o

be&weve a condcmer heat exchanging port&on (firs! heat
cxchanguig port&on) 80la ol'hc hest exchanging po»ion
Sill fonnin the condenser 50, and a coolant cooler heat
excbmiging porno&1 (second heat exchangina portion) 80th
of the heat exchanging ponion 801 forming the coolant
cooler 14.

A recessed portion may be fi&rmed in a plate surface of the
plate member 806C pos&t&oned at the boundary between thc
condcnscr 50 and thc coolm&t cooler 14, and abutted against
and bonded to the adjacent plate rnernber 806D. 'the &o

recessed portion can be fi&rmed in various shapes. including
a shape extending &n the tube longitudinal direction. a shape
extending in the tube short direction. and the like.

FIG. 49 shows an exemplary diagram of rhe flow of
coolant mid the flow of refrigerant in ihe heat exchanger 80. &s

In thc coolant cooler 14, the coolmit I'iowa from thc coolm&t
inlet 80b uito thc tank space 803a for fi&e lower coolant In
the tank space t(03a for the lower coolant. the coolant is then
distributed to the tubes for the coolant of the coolant cooler
heat exchanging port&ons 801b in the tank space 803a for the so
lower cooLsnt. After fiowmg through the tubes for the
coolmit ol'he coolant cooler heat exchan mg port&on 801b,
the coolants are collcctcd uito thc iank space 802a fi&r thc
upper coolant to flow out of thc coolam outlet 80g.

In the coolant cooler 14. the refrigerant flov s front the
refrigerant inlet 8Ud into the tank space 803h fi&r the lower
refrigerant. In the tm&k space 803b for the lower refrigerant,
the refrigerant is then distributed to the tubes for the refrig-
erant of the coolant cooler hest exchanguig port&on 801h.
Afier flowuig tluough tlm tubes I'or the rcfn creat of the o

coolant cooler heat exchang&ng portion 801b, thc coolants
are collected into the tank space 802b for the upper refrig-
emnt to flov out of the refrigerant outlet Stt»

In the condenser 50, the coolant flows from the coolant
inlet 80f into the tank space 803a for the lower cooLant In &s

the tank space 803a for the lower coolant, thecoolant &s then
d&stnbuted to thc tubes for thc coolant of thc condenser heat
cxchanguig portion 80la. After flowm through thc tubes
fi&r the coolant of the condenser heat exchanger 80 fir, the
contents are collected into the tank space 802a for the upper io
coolant to fk&v, out of the coolant outlet 80».

In the condenser 50. the refrigerant flows from rhe refrig-
erant uilei 80a into thc tank space 802b Ibr the upper
rel'rigcrant. In the tank space 802b for thc upper refngcrant,
thc rcfngerant &s then rhstnbutcd to thc tubes lor the rcfng- ss
erant of the condenser heat exchanging portion St)t a After
florvin tl&rou h the tubes for the refrigerant of the con-

is
denser heat exchanging port&on 801ir, the rcl'ngerants orc
collected into the tank space 803 b for the lower refrigemsnt
to flow out of thc refrigerant outlet 80b.

As shown in FI(i 5U, the coolant inlets Si)f and 806 are
duigonally disposed with respect to thc coolant mitlcts 80»
and 80g as viewed in the tube stacking direction, which
results in improved distribution of the coolant to the tubes
for the coolant In a modified example shown in l&l(i. 51, the
coolant iniets SOf and 80h and the coolant outlets 80» and
80g may bc located &n the same pos&uon &n thc thickness
direction of the heat exchanger 80 as viewed in the tube
stack&ng d&rect&on.

In an example shorvn in I'l(i. 49, the coolant inlets 80fand
80h m&d thc coolant outlets 80» and 80g arc located ui the
sante position in the tube stacking direction as v&ewed from
the front surface direction (specificafly. the direction per-
pendicular to the paper surface of l&l(i. 49) In contrast, in a

modified exampie shown in FIG. 52. the coolant inlets 80f
and 80b arc dragonally d&sposed w&th rcsprmt to thc coolant
outlets SOe and 80g as viewed from the front surface
d&rection (in thc direction perpend&cuter to both thc lube
stacking direction and the longitudinal direction of the tube),
wh&ch results rn unproved d&stnbut&on of tlm coolmu to thc
tubes fi&r the coolant.

Like thc above lirst embodiment, u& th&s cmbod&ment, the
coolant inlets 80f and 806 and the coolant outlets 80» and
80g ore disposed between the pLate members 806A and 806 B
positioned on both ends of the tank portions 802 and 803 in
the stockin direction of tubes. which can increase the
flexibility in conncc non o fpipes and arrangemcut of'he heat
exchangers.

Preferably. the coolant inlets 80f and 80b arc disposed in
the lower tank portion 8U3, and the coolant outlets SUe and
80g arc drsposcd ui thc upper tank portion 802. Thc coolant
flov s fmm the lo&ver side to the upper side, makmg it easier
to release air mixed in the coolant.

In the heat exchan in portion 801a of the condenser 50,
the refrigerant flo&v is desirably a descendin flow or hori-
zontal flow. Thc flov; d&rccuon ol'hc rcfngcrant &s &dent&cal

to the dropping direction of a condensed liquid, so that the
rcfngcrsnt can flow smoothly without uiterrupt&on of thc
drop of thc condcnscd liqu&d by thc refngerant flow.

In the coolant cooler 14. the refrigemsnt inlet 80c is
preferably disposed in the lower tank portion 803 rvith
improved distribution of the coolant.

In m accumulator cycle, as shown in FICiS. 49 and 52, the
coolant and thc rcfngcrant preferably tlow tluough the
coolant cooler 14 ui the same ilirect&on. As &llustmted in FIG.
53, good pcrfi&nnancc can be obtaunxl.

I'he accurmdator cycle is a refrigeration cycle in which an
accumulator (gas-liquid separator) is disposed on the suction
side of a compressor.

In a modified example shown in FICi. 54. the refrigemsnt
inlet 80» and thc rcfngcrant outlet 80d are reversed in
position with resprmt to thc example shown &n FIC). 52. That
is, thc refrigerant inlet 80» &s d&sposrxl &n thc upper tank
portion SU2, while the refrigerant outlet Sfld is d&sposed in
the lower tank portion 803.

In o receiver cycle. as shown in FICi. 54, the coolant and
the refrigerant preferably florv tluough the coolant cooler 14
iu opposite directions to each other. As &llustratcd in FIG. 55,
good pcrfonuancc cmi bc obta&ncd In tlus case, &n order to
suppress thc dctcnorat&on of distribut&ou of the refrigerant,
the number of tubes for the refngerant (or the number of
paths) is preferably increased.
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lllc liuclvt:I cy'clc ls a refllgcla(uui cv'clc ul which

receiver (fiquid receiver) is disposed between a radiator and
an cxpBnsliui valvi:

lite coolant inlets 80/ and 80h, and thecoohmt outlets 80c
and 80g may be reversed in position with respect to tlus
embodiment. Alternatively. the coolant inlets 80f and 80/I
and the coolant outlets 80e and 80g may be reversed in
position, and the refrigerant inlets 80a and 80C and the
refrigerant outlets 80h and 80d may also be reversed in
posulon. I it

AI least onc of the coolant ullets 80/ aml 80h, the coulml(
outlets 80e and 80g, the refrigerant inlets 80a and 80r, and
the refrigerant outlets 80h and 8(k/ is disposed between both
ends of each of the tank portions 802 and 803 in the tube
stacking direction„v hich can increase the flexibility in Is

connection of the pipes and armm&gement of the heat
cxchltngcl 1 Ils con&pareil Io lhc case w hei i: all Ihc ullcls anil
ou(lets arc dtsposcxf at cithcr of thc pin(e members 806A and
806l3 positioned on both ends of the tank portions 802 and
803 Ic

In tlfis enlbodiment, the cavity 809zi is formed between
the condenser 50 and the coolant cooler 14. thereby sup-
pressing the heat tmnsfer between the condenser 50 and the
coolmu cooler 14. lathe heat cxchan un porlion801a of thc
condcnscr 50, the tube located closcsi io thc coolan( cooler
14 may acme as a tube for the coolant so as to suppress the
heat transfer between the condenser 50 and the coolant
cooler 14. Likev, ise„ in the heat exchanging portion 8016 of
the coolant cooler 14. the tube located closest to the con-
denser 50 may serve as a tube for the coolant so as to lc
suppress thc heat trsnsfi:r between the condenser 50 and the
coolan( cooler 14.

Illat is, the tube for the refrigerant of the condenser 50 Is
not disposed adjacent to the tube for the refrigerant of the
coolmlt cooler 14, which can suppress the heat transfer &i

between the condenser 50 and the coolant cooler 14.

Ninth I inlbodiment

Although in the eiJtth embodiment, a number of plate st&

members 806 are oriented in the smne direction except for
the plate nu:mbcr 806A located on one cnd In thc tube
steel ulg direction, ui a ninth cmboduuent, as shown In
FIGS. 56 and 57, the plate members 806 arc oncn(cd In
opposite directions with the cavity formation portion 809
centered therebetween

The cavity formation portion 809 is founed by stacking
nvo plate members 806C together with the respective pro-
truding tips of thc ovcrlranging portions 806a abu(tcd
agamst each other Thus. the cavity 809a Is formed between o

thc two plate members 806C
1'he plate members 806 on the condenser 50 side and the

plate members 806 on the coolant cooler 14 side are stacked
together ivith the respective protruding tips of the overhan-
ing portions 806a directed toward the cavity fomlation &1

portion 809 In other words, the plaic members 806 on thc
condcnscr 50 sale and thc plate members 806 on tlm coolan(
cooler 14 side are disposed opposile (synunc(rically) Io each
other in the tube stacking direction

'(lie two plate members 806('re bonded together to fornl ic
the cavity fi&rmation portion 809. With this arrangement,
even in case of breakage of the connection beuveen the tv o
pla(e members 806C due Io thermal strain. Ihc leak of the
coolan( mid rclngcrsnt can bc prcvcnlcd.

Margins for brazuig ol'hc two pla(e mmnbcrs 806C si
prefembly have a longer length in a kmgitudinal direction of
the plate member 806 (or in the tube longitudinal direction)

than ano(hcr lang(h ul a short-direction ol thc plate member
806 (or in the tube short direction). As the margin for brazing
btuomcs longer, thc amount ol'xtension ol'he plate mem-
ber becomes more, so that the plate member is more likely
to bc broken. By seuulg Ihc margin lbr brazulg ul thc
longitudinal direction of the plate member 806 longer than
that in the short direction thereof, the breakage due to the
thermal strain can be suppressed.

Altemativeiy. recessed portions may be formed at the
plate surfaces of the Iwo plate mmnbers 806C to be abu((cxf
a ainst each other, and then the two recessed portions of the
two plate members 806C may bc bonded togcthcr. Thc
recessed portion may be fi&rmed in various shapes, including
a shape cxtcnding ul thc tube longitudinal dirtution. a slmpc
extending in the tube short direction, and the hke

'I'anth i tnlbodiment

Although in the above eighth embodiment. the coolant
inlets 80f and 80h and the coolant outlets 80c and 80g are
composed ol'holes formed in die overhanging ponions 806a
of the plate members 806. in a tenth embodiment, as shown
iu FICIS 58 and 59, the coolan( inlets 80/ and 80h, as well
as the coolant outlets 8UB and 80g are formed of a pair of
openings indcpmldcntly formed from thc plate mcmbcrs
UU6

Each opening formation member 810 is fomled of a
senti-cylindrical plate material. Specihcally, the opening
formation member 810 is fi&rmed using a both-sided clad
material ulcluihng an alununum center layer with both sales
thereof clad vvith brazing. The pair of opening fomlation
members 810 arc bonded toga(hcr to linn a cyluldncal
member. The openings fi&rmed in the cylindrical member
consti(u(e thc coolant ullc(s 807 and 80h and thc coolanl
outlets 80e and 80g

In tlus example, Ihc pmr of opcnuig forms(ion mcmbcrs
81U me stacked ou each other in the tube stacking direction
The Internal space of the cylindrical member formed by the
pair of opening formation nlembers 810 communicates ivith
the tank spaces 802a and 803a for the coolant

Thc pair of opmung fonnauon members 810 are bonded
to the plate members 806 by brazing v bile being inserted
iu(o rcccssed poruons 806d formed at thc upper lmd lower
edges of the plate menlber 806 (edges on both ends in the
tube longitudinal dircc(ion).

I'he plate members 806 are disposed in opposite direc-
tions with the opening fi&rmation member 810 centered
therebetween. Specificall, the plate member 806 ls disposed
such that the protrudin tip of the overhan in portion 806zi
is dircctcd opposi(e to thc opening formation mcmbcr 810.

Like thc ninth embodimcn(. tlu: plate mcmbcrs 806 arc
disposed in the opposite (symmetrical) directions to each
other with the cavity formation portion 809 centered.

According to this enlbodiment. the opening area of each
of the coolant inlets 80fand 80h and the coolant outlets 80C
an 80g can be increased to achieve good inflow and outfiow
of Ihc coolml( as compared to Ihc above eighth embodimcnu

Eleventh Embodiment

Although ul thc above tenth mnboduncnt, the pair of
opening lormation members 810 arc Inserted Into the upper
edge and lower edge of thc plate member 806, ui an clcvcndl
embodinlent, as shoivn in 11(ig 60 and 61. a pair ofopening
formation members 6 I I (nndtiple members) extend from the
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upper cnd to lower mid ol'hc plate member 806 to bc
stacked whde being sandwiched between the plate members
806.

I tach opening formation member 811 is fiinned of a plate
uidtcrldl v;Ith II silbstautlall)'lou Iiicil lcctaugillal sh;Ipc
which is rhe smne as that of the plate member 806 Specifi-
cally, the opening formation member 811 is formed usin a
both-sided clad material including an alumimiin center layer
tvith both sides thereof clad with brazing.

iii
An ovcrhanguig poruon 811a Is formed at thc outcr

peripheral edge of the substantially rectangular opening
fornuition mcmbcr 811. The ovcrhanguig poruon 806a pro-
trudes in rhe direction perpendicular to the plate surface of
thc opening formauou member 811 fui die tube stackuig
direction) Specifically, a pair of opening fiinnatinn men&-

hers 811 is disposed such that the respective prouuding tips
of the overhanging portions gila are directed opposite to
each other.

lhc plate members 806 are disposed m opposite dirum
tiom with the pair of openin formation member 811
centered thcrebetwecn. Thc plate members 806 and opening
fiirmation member 811 are stacked on each other such that
the protruding ups ol'hc ovcrhanguig portions 806a and
811a arc oriented ui thc srmic directiorc whereby the over-
hanaina portions 806ri and gila are bonded together by
brazing.

The pair of openin fomiation members 811 is provided
with recessed portions at its upper edge and lower edge (at
both edges in the tube longitudinal direction). The recessed ic
portions are supcrunposcd on each ofter to fomi opcnuigs,
winch uicludc auy ouc ol'hc coolant inlets 80) and 80h and
the coolant nutlets 8UC and 808

I.ike the tenth embodiment. the plate members 806 are
disposed in the opposite fsynunetrical) directions to each is
other with the cavity formation portion 809 cenrered.

In this enibodiment. the plate opening fiinnation members
811 arc stackixl on each other like die plate member 806,
whereby the coolant In)em 80j and 80h and Ihe coolant
outlets 8()e and 808 can be formed Thus. the heat exchanger do

of this embodiment can be more easily manufactured than
that of the tenth embodiment.

Tw clfih Emboduncn(

Aldiou h in the above eighth embodiment, the only one
coolant outlet 80c of the condenser 50 is formed. in a twelfih
embodiment. as shown in FIG. 62, a plurality of coolant
outlets 80e of thc condenser 50 are liinned.

In this example, thc tubes 804 for die coolant and the o

tubes 805 for thc rclbigcrant arc altcrnately arranges). The
coo)wit outlets 80e are formed by holes formed in the
overlmngin portions 806a of the plate members 806 that
foun the tubes 804 for the coolant.

A connector 82 for the coolant is attached ro the coolant s.
outlets 80e. Thc connector 82 lbr thc coolant is Ihnued by
cuuuig or thc like, and bonded to thc plate member 806 by
brazuig. The connector 82 for thc coolant uicludcs a plural-
ity of coolant inlets 82a, a coolant flow path 82k and one
coolant outlet 82r sc

The coolant inlets 82a of the connector 82 for the coolant
are provided corresponding to the coolant outlets 80e of the
condenser 50. Thc coolant flow path 82b of the connector 82
for Ihc coolant co)hum thc coohmm entering thc cooimit
inlets 82a. The coolant collected by thc coolmit flow path ss
82b floivs out nf one coolant outlet 62c of the connector 82
for the coolant.

In tlus embodiment, a plurahty ol'oolant outlets 80e arc
formed in the condenser 50„ thereby nllov ing the good
outflow ol'hc coolant as compared to thc case of fonna(ion
of one coolant outlet 80e in the condenser 50 like the above
eighth cmbodimcnm

I,ike the coolant outlets 80e of the condenser 50, there
may be provided a plurality of coolant inlets 80f of the
condenser 50, the coolant outlets 808 of the coolant cooler
14. and the coolant inlets 80h of the coolant cooler 14.

Thirteenth Embodiment

Although in the above eighth embodunent, the heat
exchanger 80 is composed of the coolant cooler 14 and
condenser 50, in a thirteenth embodiment. as shown in
FIGS. 63 and 64. thc heat exchanger 80 m composed of thc
coolant cooler 14. the condenser 50, and an auxiliary heat
exchm er 83.

In an example shoivn in lii(IS. 63 and 64, the auxiliary
heat exchanger 83 is an internal heat exchanger for exchang-
iug heat bctwccn a liquid-phase refngcraut (first fluid)
condensed by the condenser 50 and a gas-phase refbigemsnt
fsccoud fluid) evaporated by thc coolant cooler 14.

I'he auxiliary heat exchanger 83 is disposed between the
condenser 50 and the coolant cooler 14. Thus, an mixiliary
heat exchanging portion 801c forming the auxiliary heat
cxchangcr 83 ol'hc heat changing portion 801 is disposed
bctwimn a condenser heat exchanging portion 801a and a
coolant cooler heat exchan in portion 801)i

'I'he auxiliary heat exchan in portion 801r includes a
lanunate of tubes 812 for a first refrigerant (tubes for a first
fluid) tluough v:hich the liquid-phase refri emsnt condensed
by the condenser 50 fkitvs. and tubes 813 for a second
relbigcrant ftubcs lbr d second fluul) tluough which the
gas-phase rclhgerant et apordtcd by thc coolant cooler 14
flows.

In nrder to enhance rhe hear exchanging properties of the
mixiliary heat exchanging portion 80 I I . one of the tube 812
for the first refrigerant and the tube 813 for the second
refrigemnt is sandwiched between the tubes nf the other
type. )riorc preli:rably, thc tubes 812 lbr the first refrigerant
and thc tubes 813 for the second refngermit arc altcnmtely
dirilugCd.

'I'he refrigerant outlets 80i and 8Uj for allowing the
refrigerant (interns) fluid) tn flow fmm the auxihary heat
exchm er 83 are formed of holes located at the upper
surface and lovver surface of the overhanging portion 806a
of thc plate member 806.

Thc refrigerant outlets 80i mid 80j of the mixiliary heat
exchanger 83 arc disposed bctwcmi a boundary (first bound-
ary) Incated between the condenser 50 and the auxiliary heat
exchanger 83, and another boundary (second boundary)
located between the auxiliary heat exchanger 83 and the
coolant cooler 14.

Thc rcfngcrant outlet 80i on the upper side ol'he auxil-
iary heat exchanger 83 conunumcatcs with thc tank space
802b for thc upper refrigerant. Thc rclbigerdnt outlet 80i on
the lower side of the auxiliary heat exchanger 83 conunu-
nicates with the tmik space 8U3b for the lower refrigerant

The plate member 806A positioned on one end in the tube
stnckin direction fon the left end shown in FIGS. 63 and 64)
is provides) with the refngcrant inlet 80a of thc condenser
50. Thc relhgerant uric( 80a of the condenser 50 commu-
nicatcs with thc tank space 8026 for thc upper refrigerant.
The connectnr 807 for the refrigerant is attached to the
refrigerant inlet UUa of the condenser 50
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lhc plate nu:mbcr 806B posittoned on thc other end tn thc

tube stacking direction (on the right end shotvn in I'I(ig. 63
and 64) is provtded wtth the refrigerant inlet 80r of the
coolant cooler 14 'I'he refrigerant inlet 80c of the coolant
cooler 14 conmuuucates with the tank space 803b for the
lower refrigerant. Another connector 807 for the refrigerant
is attached to the refugcrtmt tnlct 80c of Ihe coolmt! cooler
14.

1he overhanging portion 806u of the plate member 806
olt the condenser 50 side has on its upper surface, the coolant to
outlet 8Ue of the condenser 50. The overhanging portion
806a of the plate member 806 on the condenser 50 side has
on its lower surface, the coolant inlet 80f of the condenser
50.

lhc coolant outlet 80e of thc condenser 50 commumcates
with the tank space 802u for the upper coolant 'I he coolant
inlet 8Uf of the condenser 5() conununicates with the tank
space 803rr for the lower coolant Other connectors 808 for
the coolant are respectively attached to the coolant outlet
80e and coolant inlet 80fof the condenser 50. 2o

The overhea»ng portton 806u ol'hc plate mmnber 806
on the coolmtt cooler 14 sale has on tts upper surlacc, Ihe
coolmtt inlet 8Uh of the cooL»nt cooler 14 11te overhanging
portion 8()6u of the plate metnber 806 on the coolant cooler
14 side lms on its lotver surface. the coolant outlet 808 of the
coolant cooler 14

The coolant inlet 80h of the coolant cooler 14 conunu-
ntcatcs w tth the tunk space 802a I'or the upper coolmtt. Thc
coolmtt outlet 808 of thc coolant cooler 14 communtcates
with the tank space 803a for the lower coolant. 1 he con- )o
nectors 8()8 for the coolant are respectively attached to the
coolant inlet 80h and coolant outlet 8Ug of the coolant cooler
14.

The cooLsnt inlets 80fand 80h and coolant outlets 80e and
80g arc fonncd by holes fomtcd in the ovcrhangmg port tons ) s

806u of thc plate members 806.
The plate mmnber 806E postuuncd at thc boundary

bettveen the condenser 50 and the mtxiliary heat excltanger
83 is titrmed to comtect the tank space 8036 for the lower
refrigerant with the condenser 50 side and the auxiliary heat to
exchanger 83 stde, and not to connect other tank spaces
802u, 802b. and 803a wtth thc condenser 50 sale and thc
auxiliary heat exchanger 83 side.

Thus, thc liqutd-phase rclbtgcmnt comlensctl by the con-
denser heat exchanging portirm 80 la flows into the auxthary
heat exchanging pornotl 80ic thn)ugh the tatlk space 803b
for the lower refngerant (tank space for the first fluid).

A part of the tank space 803b for the lower refrigerant
corresponding to the heat exchangut portton 801u of the
condenser 50 ts supcrimposcd on a patt of the space 803b o

corresponding to the heat exchangutg portton 801c of the
mtxiliary heat exchanger 83 as viewed from the tube stack-
ing direction.

The pLate member 806F positioned at the boundary
between the mtxtliary heat exchanger 83 and the coolant s.
cooler 14 ts fonntxl to connect thc tank space 802b lbr thc
upper refrigerant w tth thc mtxtliary hea( exchanger 83 side
and thc coolant cooler 14 sale, tmd not to communtcate other
tank spaces 8()2u. UU3u. and 803b with the auxiliary heat
exchanger 83 side and the coolant cooler 14 side so

Tints, the gas-phase refngerant evaporated by the coolant
cooler heat exchanging portion 801b flows into the auxtltary
heat cxclrangtng porttou 801c tluouJt thc tank space 802b
for the upper refngerant (tank space for thc second flutd)

A part of thc tank space 802b for thc upper ref» ermtt ss
corresponding to the heat exchanging portion 80 le of the
mtxiliary heat exchanger 83 is superimposed on another part

of the (turk space 802b corrcspondtn to thc heat cxcltangutg
portion 801b of the coohmt cooler 14 as viewed ibom the
tube stacking dtrtxuon.

As indicated by the armtv AI in I'l(i 65, the refrigerant
flowutg from thc rcfngcrant utlet 80a on thc condenser 50
side into the condenser 50 flows through the tank space 802b
for the upper refri erant, the condenser heat exchangin
portion 80)a, and the tmtk space 803b for the lower refrig;
erant tn that order to enter the auxiltary heat exchan er 83.
Then, the rclbigcrant flow s out of the upper sale rcfrigcrant
outlet 80t tiuough the auxiliary heat exchan in portion
801c

As indicated by the arrotv A2 m lqfi 65, the refrigerant
flowing Irom thc rcfugcrant utlct 80c on thc coolmtt cooler
14 side into the coolant cooler 14 flows through the tank
space 803b for the lower refrigerant, the coolant cooler heat
exchanging portion 8()lb, and the tank space 8026 for the
upper refri erant in that order to enter the auxiliary heat
cxchangcr 83. Then. thc rcfugcrant tlows out ol'he lower
side refrigerant outlet 80/ II)rough the auxiliary heat
exchangtng poruon 801c.

At tlus time, the auxiliary heat exchanging portion 80)r.
cxchangcs heat betwcxn thc refugcraut tlowutg Iheremto
from tlm condetwcr 50 and the rclh erant flowing theremto
from the coolant cooler 14.

In this embodiment, the inlet and outlet for the coolant
/fluid not passing tluough the auxiliary heat exchanger 83)
are opened in the direction perpendicular to the tube stack-
in direction. vvhereas the inlet and outlet for the reibigerant
jflutd passtng through thc auxiltary heat exchanger 83) are
opcntxl in the tube stackmg dhrtxuon

In contmst. the inlet mtd outlet for the refrigerant (fluid
passing through the auxiliary heat exchanger 83) are opened
in the dtrection perpendicular to the tube stacking direction,
whereas the inlet and outlet for the coolant (if)id passing
throu h the auxiliary heat exclmnger 83) are opened in the
tube stacking dtrccuon. wluch can dccrcasc the number of
inlets and outlcm opencxl ut the direction perpendicular to
the tube stacking direction

In this embodiment. internal thtid inlet and outlet 8()i and
8U/ of the auxiliary heat exchanger 83 are formed of holes
made at the upper and lower surfaces of the overhangin
portion 806u of the plate member 806. Alternatively. Iil e the
above clcvmtth mnbodunent, thc internal flutd inlet and
outlet 80i and 80/ of Iheauxthary heat cxclrangcr 83 nmy be
formed of a pair of opening formatton members 811 each
extending fmm the upper end to the lower end of the plate
men)her 8U6

The auxiliary heat exchanger 83 is not limited to the
internal heat exchanger, and may be a supercooler or a
coolant/coolant heat cxclumgcr.

Thc supercoolcr ts a heat cxchangcr Ibr cxclrangtng heat
betwcmt the coolant and the hqutd-phase refrigerant con-
densed by the condenser 5U, fitrther cooling the liquid-phase
refrigerant to increase the degree of supercoolutg of the
refrigerant.

The coolant/coolant heat exchanger is a heat exchanger
fitr cxchangtng heat bctwccn the coolant havtng passutg
tluuugh the condenser 50 and the coolant lraving passcxt
through the coolant cooler 14

Fourtccnth Embodiment

In a Iburtecnth cmbodimenn Ihc arraugmnent of the uric(
and outlet for fluid /for example, refngerant in the case of
the internal heat exchanger) flotving through the mtxiliary
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heal exchmigcr 83 fltcrcutaflcr rcibrrcd to as '*fluid inlet" and
*'fluid outlet" ) is modified with respect to that of the above
thirteenth embodiment

In this embodinient, as shown in l1(i. 66„a first fluid inlet
84a and a first fluid outlet 84b are disposed benveen the
condenser 50 and the auxiliary heat exchanger S3. whereas
a sixonii fluid inlet 84c and a simond flunl outlet 84d are
disposed between lhc mixiliary heal exchmigcr 83 tmd the
coolmit cooler 14

1'he first fluid inlet 84a is disposed under betiveen the lc
condenser 50 and the auxiliary heat exchanger 83. 'I he hrst
fluid outlet 84b is disposed above between the condenser 50
and the auxdiary heat exchanger 83.

llic sixond fluid inlet 84c is disposed above between thc
auxiliary heat cxchangcr 83 and lhc coolant cooler 14. Thc
second fluid outlet 84d is disposed under between the
auxiliary heat exchanger 83 and the coolant cooler 14

(:onnectors 85 are attached to the first fluid inlet 84u. the
first fluid outlet 84b. the second fluid inlet 84c. and the
second fluid outlet 84d. m

As indicated by thc arrow B1 ui FIG. 66, the fluid entering
thc Iirst fluid inlet 84a flows into onc of two I uik spaces
formed at the lower end of the condenser 50 As indicated by
the arrov B2 in l1(i 66. the fluid in the other of the two taink
spaces formed at the lower end of the condenser 50 flows
from the first fluid outlet 84b tluough the auxiliary heat
exchanger 83.

As indicated by thc arrow B3 ui FIG. 66, IIte fluid entering
the second fluid inlet 84c flow s into onc of lv,o tank spaces
formed at the upper end of the cooLsnt cooler 14 As sc
indicated by the arrow B4 in Iil(i. 66. the fluid in the other
of the nvo tank spaces formed at the upper end of the coolant
cooler 14 flows from the second fluid outlet 84d through the
auxiliary heat exchan er 83.

FIG. 67 shows a pari ui thc viciiuly of Ihc lirsl fluid outli:I is
84b. A pair oi'late opciuug Ibrmauon members 814 (a
plurality of members) arc dtsposixi bc(wing the condenser
50 and the auxiliary heat exchanger 83 to extend from the
upper end to lower end of the plate inember 806.

The first thud outlet 84b is fomied of an opening formed sc
at the upper surface of the pair of openiitg fomtation
members 814. Thc upper cud oi'he pair of opemng fomia-
uon member 814 is shaped to cxpmid in the tube stacking
dirccuon. Thc plate mcmbcrs 806 adfdci:iil to llii: pair of
opening formation members 814 have upper ends thereof s
recessed in the tube stacking direction, corresponding to the
shape of the pair of opening fiirmation members 814.

The plate members 806 are disposed opposed to each
other in the tube stackuig direction with thc opening Ihmia-
uon member 814 ccntercx) thcrcbelween as thc boundary c

belwcmn Ihc condenser 50 mid Ihe auxihary heal cxclxingcr
83

FIG 68 shows a part in the vicinity of the second fluid
inlet 84c. The structure in the vicinity of the second fluid
inlet 84c is the same as that in the vicinity of the first fluid s.
outlet 84b shown in FIG. 67.

llic plate members 806 are disposcri oppose to each
other in the tube stackuig dirccuon with lhe opening Ihmia-
tion ntember 814 centered therebetween as the boundary
betiveen the auxihary heat exchanger 83 and the coolant rc
cooler 14.

Although not shown in the figure, the structure ln the
s icmily of Ihc first fluid uriel 84a mid thc structure ui the
s icmily of tlu: second fluid outlet 84d are also thc same as
that ui the s icinity of thc lirst fluid ouilet 84b shown in FIG. ss
67 and that in the vicinity of the second fluid inlet 84c sltown
in liICi. 68

66
This embodiment docs nol need to guide a flunl lmvuig

passed tluough the auxiliary heat exchanger 83 to the end of
the heat cxchangcr 80 in the tube slacking direction in
flowing out thc fluid, anti thus can sunplify thc structure of
the heat exchanger

I'he pair of opening formation mentbers 814 in this
embodiment can be applied to the heat exchanger 80 of the
above eighth embodiment. That is, ln the heat exchanger 80
of the above eighth embodiment, the pair of openin for-
mauon mcmbcrs 814 may be disposed bclwixu thc con-
denser 50 and Ihc coolant cooler 14 to fiinn thc flunl uilet
and outlet In this case. a cavity may be formed benveen the
pair of opening formation mentbers 814 to suppress the heat
trmisfer between the condenser 50 and the coolant cooler 14.
That ls, the cavity formation portion 809 of the above eighth
embodiment can be fomied by the pair of openin fiirmation
members 814.

In tlus cmbodimcnl, the inlets and outlets for the fluid
flov ing thmugh the mixiliary heat exchanger 83 (filr
exaniple, the refrigerant in the case of the internal heat
exchanger) are disposed between the condenser 50 and the
auxiliary heat exchanger 83. and beni een the auxilimy heat
exchanger 83 and the cooLsnt cooler 14. Additionally, or
altcmatively. thc uilets and outlets for thc fluxl not flowuig
tluough the auxiliary heal cxchangcr 83 (Ihr cxtmiple, thc
coolant in the case of the internal heat exchanger) may be
disposed between the condenser 50 and the auxiliary heat
exchan er 83. and between the auxiliary heat exchanger 83
and the cooiant cooler 14.

Fifteenth I imbodiment

A fifieenth embodiment of the invention specifically
shows the structure of the coolant cooler 14, the condenser
50, and Ihc expansion valve 25 in thc scvmith embodiment.

Thc basic structure of the coolant cooler 14 mid condenser
50 is thc siuue as that oi'he heat exchanger 80 of thc above
eighth embodinient. 'Iliat is, the coolant cooler 14 and
cmtdenser 50 are fomied by stacking and bonding a munber
of plate members 806 in the tube stackin direction.

The coolant cooler 14 and the condenser 50 are not
bonded together by brazutg. How ever, thc coolmit cooler 14
and lhc condenser 50 arc mdividually assembled by brazuig.
and then the expansion s alvc 25 is assembled to bctw ceo thc
coolant cooler 14 and the condenser 50

lii(i 69 is a diagram of the plate member 806 forming the
condenser 50 as viewed from the expansion valve 25. FICI.

70 is a diagram of the plate member 806 forming the coolant
cooler 14 as viewed Irom thc expansion valve 25.

With Ihc coolant cooler 14. condemcr 50, aud cxpmision
valve 25 intcgcafly nsscmbled together, lhc tank space 803b
for the lower refrigermit of the condenser 50 (or first tank
space for the refrigerant) and the tank space 803b filr the
lower refri erant of the cookmt cooler 14 (or second tank
space for the refrigerant) are positioned to be superimposed
ou each other as view cd Ibom lhc tube stackuig dirccliun.
Tints, a conuuon plate mmnber can be used as thc plate
member 806 Ihrmuig lhe condenser 50 and thc plate member
806 forming the coolant cooler 14.

lii(i 71 shov,s a cross-sectional view of a part in the
vicinity of the expansion valve 25.

The expansion valve 25 has the decompression flow path
25c for decompressing thc rcibigcrant flowing from Ihe
condcnscr 50 to aflow lhc decomprcsscd refugcrant lo flow
into thc coolant cooler 14. 11ic uriel 25d and outlet 25e of Ihe
decompression flow path 25r are disposed in ditferent
positions as viewed from the tube stacking direction
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lllc outlet 25e of Ihc decompression flow palh 25c is

disposed to be superimposed on the tank space 803b for the
lower rcfrigersn( o I' bc coolant cooler 14 as vlcv, ed from the
tube stacking direction 'I'he outlet 25e of the decompression
flow path 25c and thc tank space 803b lbr thc lower
refrigerant of the coolant cooler 14 are connected and
communicate with each other via the connector 86.

'lite inlet 25d of the decompression flow path 25C is
disposed in a position diflerent from that of the mnk space

I it803b for Ihc lower refngerant of thc condmlscr 50 as v ww cd
front the nibe stacking direction. A refrigerant flow path
fornuitlon mmnber 815 I'ormulg a refrigerant flow path 815a
is disposed between the inlet 23d of the decompression tlow
path 25C and thc tlat 8 space 803 b I'or flle lov, er rcfhgcrant of
the condenser 50

The refrigerant floe path formation member 815 is a plate
nlember formed using, for example, a both-sided clad mate-
rial including an aluminum center layer with both sides
thereol'clad with bmztng. Thc refhgermlt flow path lbmla- lii
tion menlber 815 Is stacked over and bonded to the plate
mcmbcrs 806 I'onnulg the condenser 50 by brazutg.

'lite refrigerant flow path 815a is a flow path for allov ing
the tank space 803b for the lower refngerant of thc con-
dcnscr 50 Io communicate with thc uilct 25d of flle decom-
pression tlow path 25C, and extends non-parallel to the tube
stacking direction 'I he refrigerant flow path 815a is con-
nected to the inlet 25d of the decompression flow path 25c
via the connector 86.

In this embodiment, the refrigerant flow path 815a so

cxtcnding non-parallel to Ihc lube staciong dircwtion is
formcxI be(waco Ihc ullet 25d of Ihe dkx:ompression tlow
path 25i and the tank space 803b for the lower refrigemsnt of
the condenser 50, so that the expansion valve 25 v ith the
inlet 25d and outlet 25e of the decompression tloiv path 25r ls
not arranged linearly can be assembled between the coolant
cooler 14 and the condenser 50 without any trouble.

Contrary Io Qiw cmboduuent, Ihe ullet 25d of Ihe decom-
pression flow path 25c is supcnmposcxl on Ihc I uik space
803b for the lower refngerant of the condenser 50 as viewed so

fmm the tube stacking direction. and the outlet 25e of the
decompression flow path 25i" is disposed in a position
difl'erent from that of the tank space 803b for the lower
refrigerant of the coolant cooler 14 as viewed from the tube
s(ackulg dirixuou In Ibis case. Ihe refngcranl flow palh ss
815a cxtmlding uon-parallel Io Ihe lube slackin direction
nlay be fiirmed benveen the outlet 23e of the decompression
floiv path 25C and the tank space 803(i for the lower
refrigerant of the coolant cooler 14.

Other Embodimen(s

Various modifications and changes can be made to the
above-mentioned embodiments and reference examples as
follows. ss

(I) Various devices can bc used as thc devices to bc
cooled. For example. a heat exchmlger incorpora(cd in a seat
for a passmlgcr Io sit ou and adapted Io cool and heal Ihe seat
by usina coolant may be used as the device to be cooled. 'I he
number of devices to be cooled may be any number as long io
as the number is a pluml number (two or more).

(2) The above first reference example shows one example
ol Ihe arrmlgemmlt

pattern

ofholes lormcd in valve elements
ol'Ihe lirst and second swltchulg valves 19 and 20. Howcvcr,
thc arrangcmmlt pattern of holes formed in Ihc valve elc- ss
nlents of the first and second switching valves 19 and 20 can
be changed in various manners

Thc coiulcction state bc(ween thc inlet and outlet for thc
coolant can be changed in a variety of ways by modifying,
the arrangement pattern of the holes fornled in the valve
elements of the first and second switching valves 19 and 20,
v hich can easily adapt to the change of specifications,
including addition of an operatmg mode and the like.

(3) Although ul Ihc above lirst rcfcrcnce cxtmlple, Ihe
swilclung is pcrlbnncd among Ihc lirst Io Ilurd modes basest
on the outside air temperature detected by the outside air
sensor 42, the switchina may be performed among the first
to third nlodes based on the coolant temperature detected by
the water temperature sensor 43.

(4) Althouagh in the above second embodiment. the cold
mlcrgy stored in the baucry ls used to supcrcool the lugh-
prcssurc rclbigcrim( of thc refugcrauou cycle 22 in thc
second mode, the cold energy stored in the battery may be
used to cool the air of the vehicle mterior, the inverter, and
the like.

(5) In the reference examples described above, the coolant
cooler 14 for cooling the cooLant by the low-pressure
rel)igcrant of thc relbigeration cycle 22 is used as thc cooler
fiir coolulg Ihc coolant down Io a lower Icmpcra(ure than Ihe
outside air temperature I lowever, a Peltier device may be
used as the cooler.

(6) In each of the alxive-mentioned embodiments and
reference exampies. the cooLant may intermittently circulate
throu h the battery cooler 15 to thereby control the cooling
capacity fiir thc bat(cry.

(7) In each of thc above-mcntioncd mnbodimcnts and
reference examples, the sivitching niay be perforined
between a state of circulation of the interniediate-tempera-
ture coolant through the exhaust gas cooler 17 and another
state of circulation of the low-temperature coolant there-
through according to a load on an engine. When a load on
the cnginc ls small, for example. while thc veluclc ls
traveling in mnltown. Ihc su i(clung can be pcrlonncd to Ihe
low-tcmperaturc coolant circulation Io cool Ilm cxhaus( as
by the refrigeration cycle 22, resulting in an mcrease in
density of exhaust gas retrmled to the engine intake side,
thereby improving the fuel efliciency

(8) In each of the above-mentioned embodiments and
rcfcrcncc examples, Ihc coolant is used as the heat mednun
for coolulg the dcvicc Io bc cooled. Altcmativcly. various
kulds ofmedia, such as oil. may be used as thc heat medium.

(9) (he refrigeration cycle 22 of each of the above
embodiments and reference examples enlploys a fluonicar-
bon refrigerant as the refrigemsnt. However. the I ind of the
refrigerant is not linlited to such a kind of refri emsnt.
Spccitically, a na(urnl refrigerant, such as carbon dioxide, a
hydrocarbon-based rclhgeran(. and thc like may also bc uscxt
as Ihc relrigerant.

I'he refrigeration cycle 22 of each of the above embodi-
ments and reference examples fonna a subcritical refrigem-
tion cycle whose hi+-pressure side refri emsnt pressure
does not exceed a critical pressure of the refngerant. Alter-
natively, thc refrigeration cycle may form a supercntlcal
rcfrlgcidtlou cy'clc v;hose high-prcssiirc side lchlgcl'tiill
prcssure cxcecxls Ihe critical pressure of Ihc rcfngeranm

(10) In each of the above-mentioned embodiments and
reference examples, the vehicle cooling systenl ot the pres-
ent disclosure is applied to the hybnd car by way of
example. Alternatively, the present disclosure may be
applied Io an electric 1 chicle which nb(ants a dnving force
fiir traveling Irom an clccsnc motor lor Iravclulg wl(bout
lilcluihug au cughlc.

(1 I) Although in the above respective embodiments, the
heat exchanger 80 is disposed such that the longitudinal
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direction of the tubes m uleuucal lo Ihe vertical direction,
nantely„ the direction of gravitational force, the invention ls
nol lumled Ihcrclo. Thc direction of drrangcmenl of dte heat
exchanger 80 can be appropriately changed

(12) The coolant cooler 14 and condenser 50 of thc
above-nientinned entbodiments can be applied to a therntal
managentent system shown in FKiS. 72 and 73.

In the thermal managenient system shown in FKiS 72
and 73, the condenser 50 is adapted to cool the refri erant,

I 1 I

wlnle heating thc intcrmcdiatc-iemperaturc coolant by
exchanging heat between the intermediate-tempemture cool-
dni circulating through the first coolmil circuil C1 (inlcmtc-
diate-temperature coolant circuit) and the refrigerant circu-
hniilg lhroiiglt thc rclbigerdtion cycle 22.

In the thermal managenient system shown in FKiS 72
and 73. the coolant cooler 14 is adapted to cool the low-
temperature coolant by exchanging heat between the Iow-
temperature conlant circulating thniugh the second conlant
circuit C2 (low-temperature coolant circuit) and the refri - Io
erant circulating through the refrigeration cycle 22.

In the thermal management cystem shown in FICi. 72. the
hcalcr core 51 aud thc coolant pump (nol shown) arc
disposed in the first coolant circuit C1, whereas the radiator
13 and the coolant punip (not shoivn) are disposed in the
second coolant circuit ('2

In the thermal mana ement syctem shown in FICi. 73. the
radiator 13 and the coolant pump (not shown) nre disposed
in the first coolant circuit CI, whereas the cooler core 18 and
thc coolant pump (not shown) Brc disposed ut lhc sixond
cooliiiu circUII C2.

1'he cnnlant cooler 14 and condenser 50 in the therntal
nianaaement sycteni shown m I'Kig 72 and 73 can be
integrated to ether, like the first embodiment.

The coolant cooler 14. condencer 50, and expansion valve Ic
25 of the above-mentioned seventh embodiment cnn also be
dpphcd to a thcnua1 managmncnl system shown in FICiS 72
dnd 73. The coolant cooler 14, condenser 50, and expansion
valve 25 in the thermal ntanagement systein shown in Ii fliS.
72 and 73 can be integrated together. like the seventh
embodiment.

(13) The above-mentioned embodiments mny be appro-
priately combined together within the realm of possibility.

tyhat is claimed is
I A hear exchanger comprising:
a plurality of plate members which are stacked and

bonded to each other. v herein
the plurality ol'late members constiuile

heat cxchanguig portion ut wluch refrigerant tubes o

and heat medium tubes are suickcd with each other,
a refrigerant iit a vapor-coinprecsinn refrigeration
cycle fiowing thniugh the refrigerant tubes. a heat
medium flov in through the heat medium tubes to
exchange heat with the refri emcnt. and ss

a uutk portion ut which at least onc ol a rcfrigcranl lank
spime and a heat meihum tank space is defined. thc
refngcrmit tank space being adapted lo collect or
distribute the refrigerant with respect to the refrig-
erant tubes, the heat medimn tank space being ro
adcapted to collect or distribute the heat medium with
respect to the heat medium tubec,

the ical exchanging portion includes
Iirsl heat cxchauguig portion in wluch heat is
cxchangcd between thc heat medium and Ihc rcfug- sc
creat nn a high-pressure side of the vapor-cmupres-
cion refrigeration cycle, and

a second heal exclmnging portion in which heai is
exchanged between the heat medium and the refbig-
craiit oit a lov:-piiusUIC side of lllc viipol'-coitlpics-
sion refrigeration cycle.

lhc Itufl. poruon is provulixl with a rclngerant uriel
through which the refrigerant tlows into the refrigerant
tunk space. a refrigemnt outlet tltrough which the
refrigerant flows out of Ihe refrigerant tank space, a
heat medium inlet through which the heat medium
flows into thc heal medium tank space, imd B heal
medium outlet through which the heat medium flows
out of Ihc heat nuxlium lank spuce,

at least one of the refriaerant inlet, the refrigerant outlet,
thc heat medium inlet, mtd thc heat medium outlet is
disposed betiveen both ends of the tank portion in a
tube stacking direction of the refrigerant tubec and the
heat medium tubes,

nn auxiliary heat exchanging pottion that exchanges heat
bein ixn a lirsl fluid and a second fluid is provided
between the first heat exchanging portion and the
second heat exchanging portion,

the first fluid is the refrigerant or the heat medimn,
thc second fluid is the rcfrigcranl or thc heat mcdnun, and
at least one of the first fhiid and the second fluid ic the

rcfngcranl or Ihc heal medium flowuig from al least
one of the first hear exchan in portion and the second
heat exchangin portion.

2 Tiie heat exchanger according to claim l. wherein
the auxiliary heat exchanging portion includes first fluid

tubes Bnd second fluid tubes stucked with each other.
the first fluid flowing tluough the first fluid tubec, the
second Ihnd tlowuig tluough the second fluid tubes.

the first fluid tubes are the coolant tubes or the heat
medium tubes,

the second fluid tubes are the refrigerant tubes or the heat
medium tube~, and

one nf the first fluid tubes is sandwiched berween adjacent
two of the second fluid tubes

3 Thc heal cxchnnger Bccordutg to claun I, whcrcin
the first fluid is the refrigerant or the heat medium flowin

from the Iirsl heal cxclrdnging portion. aud
thc sixond tluid is thc refngerant or the heat mednun

flov ing fmm the second heat exchanging portion
4 I he heat exclianger according to claim 3. wherein
the tank portion is provided with a first thud tank space

adapted to allow the first fluid flowing from the firct
ltciu Excllditgcr 10 ciitcl lite BUxiliarv llcal cxclidilgiilg
portion, and u second fluid lank space ndapted lo allow
thc second tluid flow ing from the second heat exchmig-
ing pnrtion to enter the auxiliary heat exchanging
poriioii.

the first fluid tank space is the refrigemnt tank space or the
heat medium tank space,

thc second fluid tank space is the rel'ngcrnnt tank space or
lllC hCBI itlediU111 tailk spdCC.

a part ol Ihc first tluid lank space corresponding lo thc Iirsl
heat exchanging, portion ic supennipoced on a part of
the first fluid tank space corresponding to the auxiliary
heat exchan in portion when being viewed from the
tube stacking direction, and

a part of Ihc sixond fluid lani space corresponding to Ihe
second heat cxclianging portion is supcrimposcd on d

part of Ihc scxond fluid iank space corresponding to Ihc
auxiliary heat exchanging portion when being viewed
front the tube stacking direction
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5. The heat exchanger accorduig to claim 3. whcreui
ihc Iirsi Iluid is the rcfngerant Ilowing out ol Ihc Iirst heat

exchanging portion. and
the second fiuid is the reibigemsnt fiowing out of the

second heat exchanging portion.
6 1 he heat exchanger according to claim I, v herein
at least onc of the rcfngcrant outlci mid the hmit medium

outlet is disposed between fii a tirst boundary serving
as a boundary betv een the first heat exchanging portion
and the auxiliary heat exchanging portion, and (ii) a
second boundary serving as a boundary between the
auxiliary heat exchanging portion and the second heat
cxcliilllglllg portloll

7 1 he heat exchanger according to claim I, v hereiii
at least one of the refrigerant inlet and the refrigerant

outlet is disposed between both ends of the mnk portion
in the tube stacking direction of the refrigerant nibes
and the heat medium tubes.

8. The heat exchanger accorduig io claim 1. wherein
at leasi one of thc rclrigersnt inlet, thc refrigerant outlet,

the heat niedium inlet. and the heat medium outlet is
formed by multiple members disposed between the
plurality of plate members

9. The heat exchan er accordin to claim 1. wherein
at least one of the refngerant outlet and the heat medium

outlet is constituted by multiple members disposed
between thc plurality ol'late members. mid

the multiple members are disposed at least one of (ii
betiveen the first heat exchanging portion and the

2o

auxiliary heal exchanguig pornon, und fiii bctwivn thc
auxiliary heat exchangin portion and the second heat
cxclianging portion.

1(l 'I'he heat exchanger according to claim 9. w:herein
thc nniltiplc mcmbcrs cxtcnd I'rom onc cnd to thc other

end of the plurality of plate niembers in a longitudinal
direction of the refrigerant tubes and the heat medium
tubes, and

outlets formed by the multiple members among the reibig-
crant outlet mid Ihe hcai nuxlium outlet arc disposed at
both the one end and the other end of the reihigemsnt
tubes and thc heat mixlium tubes.

11. 'I'he heat exchanger according to claini 11), wherein
Ihc plurahty ol plate members are ihsposed opposite to

each other in the tube stacking direction with the
multiple members centered.

12. 1'he heat exchanger accordmg to claim l. wherein
at least one of the refrigerant inlet. the refri erant outlet,

thc heat medium inlet. mid thc heat medium mitlct is
opened between both the ends in a direction perpen-
illculal tii tile tube stiicking direction.

13. 1'he heat exchanger accordmg to claim l. wherein
the plurality of plate members are disposed opposite to

each other in the tube stacking direction. with a bound-
ary between the first heat exchanging portion and the
second heat exchanging portion, as a center.
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