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REFRIGERATION CYCLE DEVICE

CROSS REFERENCE TO RELATED
APPI I«A'I ION APPI 1«A'I'IONS

1'his application is a I.J S National Phase Application
under 35 U.S.C. 371 of International Application No. PCT/
)F2013,'(X)1144 filed on lich 27. 2013 and published in
lapanese as XVO 2013/136693 Al on Sep. 19. 2013. This
application is based on and claims the benefit of priority
from Japanese Patent Apphcattons No. 2012-056724 liled
on Mar. 14, 2012, and No. 2012-176873 tiled on Aug 9,
2012. The entire disclosures of afl of the above applications
are incorporated herein by reference

FIELD OF THE INVENTION

'lite present invention relates to a refrigeration cycle
device tiir adjusting tenipemtures of a plumolity of types of
subjects for tempemoture adiustment.

IIA(VK(iR(RIND

AR'I'onventional

electric vehicles. including an elecuic car
and a hybnd car, are designed to supply electric power
stored in an electric storage device, such as a secondary
battery, to an cleclnc motor vm an uiverler or lhc like 10

thcrcby output a dnvuig force Rir lraveluig. Those electric
devices including the secondary battery, inverter. electric
niotor. and the like niight malfunction or be broken v hen
reaching lugh temperature due to self-heating or the like. For
this reason„ the electric vehicles need to be equipped lvitb. a
temperature ad)ustment device for cooling such an electric
dcvicc.

For example, Patent Document I ibscloscs lhc usc of 0

vapor compression refngemotion cycle device for cooling air
to be blov n into a vehicle interior in a vehicle air condi-
tioner. as an example of the temperature adjustment device
for cooling the electric device More specifically. Ihe refrig-
eration cycle device disclo~ed in Patent Document I

iiichuhv lwo cvaporalors colllicclcd iii pBI'Blh:1. Otic of lllc
cvaporators is adapted lo cool thc air lo bc blown into the
vehicle interior, while the other one is adapted to cool a heat
niedium for cooling the electric device

In other words, the refri emotion cycle device in Patent
Document I is configured to adjust the temperatures of two
types of subjects of tempemoture adjustment. namely. the air
(Iirsl lmnpcraturc-ddiuslmcnt subiccl) and lhc heal muhum
(second lcmpcraturc-adiusnncnt subiccl).

RELATED ART DOCUMENT

Patent Documciu

(patent Document 11 .Ip-A-2002-313111

SUMICLARY OF INVENTION

I lowever. under low temperature. soine of the electric
devices descnbed above cannot exhibit its perfonnance
sufiiciently. For example, the secondary battery lms its input
and output charactenstics degraded v:hen reachin 0 lov
tcmpcralurc Thus, when thc secondary bancry is usual under
SOCII II low -tClilpcl'it lure BliiiospllCIC lliti1 Callant W Bioii ilp lllC

battery only by lhc self-healing, suflicicnl eleclnc power
niight not be output, or regenerative power cannot be
sutficiently used for charging

611,079 B2

Thcrcforc. the lcmpcrdlure adjustmcnt devices for thc
electric devices which are applied to electnc vehicles need
to have not only a function of siniply coolmg the electric
device, but also another hinction of adjusting the tempera-
ture of the electric device in a predetermined temperature
range by heating the electric device. However, the refri-
erauon cycle device disclosed in Patent Document I cmi
cool only lhc heal medium. and lhus cannot adjust lhe
temperature of the electric device in the predetermined

ui temperature range under the lov -tenlperature atmosphere.
On the contrary. the inventors have proposed a refrigem-

tion cycle device for a vehicle air conditioner that can be
used as the temperature adjustment device for adjusting the
tcmperaturc ol lhc electric device In the prcdclernuncd
tcmperaturc range, in a Japanese Patent Application No.
2011-91847 (hereinafter referred to as a prior application)

Specifically, the refrigeration cycle device of the prior
application includes a heat exchanger for cooling a heat
medium by exchanging heat benveen a low -pressure refri-

10 emont and the heat medium for tempemture adjustment of the
elcctnc device, and another heal cxchungcr for healuig lhe
heat medium by exchanging heat bctwccn a high-prcssure
refrigerant and the heat medium. I)oth the heat exchangers
are used to cool or heat the heat mediuni. thereby adjusting
the temperature of the electric device (specifically, second-
ary battery) in the predetemiined tempemoture ran e.

Such a refrigeration cycle device of the prior application,
howcvcr, includes tv:o exclusive heal cxcbangcrs dedicated
to respectively cool dnd heat lhc heal medium (sivond

10 temperature-adjustment subject) to adjust the temperatures
thereof, in addition to the stnicture of the normal refrigera-
tion cycle for an air conditioner designed to adjust only the
temperature of air (first temperature-adjustment subject).
This disadvantageously leads to an increase in size of the

Ss entire rclrigcralion cycle device. and lo a complicated struc-
ture ol'he cycle device.

In view of lhc foregoing maucrs, il is an object of lhe
present invention to downsize a refngeration cycle device
that can adjust the tenipemtures of a plurality of types of

40 subjects for temperanlre adjustment.
Further. it is another object of the present invention to

silnphfy 0 cvclc slrucnilc of d rcfrlgcl'illioii cvclc dt'vice llldl
can adjust thc lempcralurcs of the plurahty of types of
subjects for lcmpcralure adiusnnmil.

A refrigeration cycle device according to an aspect of the
present disclosure includes a compressor conipressiilg Biui
discharging a refri erant; an exterior heat exchanger that
exchm es heat betlveen outside air and the reihigemont
discharged Irom the compressor. and cuuscs lhc rcfrigcranl

0 to flow oul toward a side ol a suction port ol the compressor,
d user-side litilt cxcliaiigcr llldl cxclialigcs liest beiwccii B

first temperature-adjustment subject and one of the refrig-
emont discharged from the compressor and the refrigerant
flov ing out of the exterior heat exchanger: an mlxlliary heat

s. exchanger that exchanges heat benveen the refrigerant and a
second tcmpcralure-ndjuslmenl subicct, and a refrigeranl
flow-path switch switclung between refngcrmit flow paths in
each w luch the rclhger;ml circ u1 a tea in a cycle. Furthermore.
the refrigerant flos-path switch is capable of switching at

(0 least between a first refrigerant flow path and a second
refrigerant flow path. The first refrigemnt flov path allows
the refrigerant in a range front 0 discharge polo side of the
compressor 10 an uilet side of lhc cxtcnor heal cxclian cr lo
flow into tbe auxiliary heal exchanger, and guides lhe

ss relbigcrant flow ing Ibom thc auxihary heat cxclrdnger to lhe
inlet side of the exterior heat exchanger. 'I'he second refrig-
emont flow path alloivs the refrigemont in a range from an
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outlet side of the exterior heal exchanger lo a suction port
side of the compressor to flow into the auxiliary heat
exchanger. and guides thc rclbi cmnt flowulg from the
auxiliary heat exchanger to the suction port side of the
coulpliwsor.

With this arrangenlent. the user-side heat exchanger can
exchange heat between the first temperature-ldjusmtent
subject and the high-tenlperature refrigerant discharged
from the compressor or low-temperature refri erant flowing
from Ihc exlcnor heat cxclmngcr to thereby adlusl the
tempemsture of the first temperature-adjustment subject.

When Ihe refngcranl flow-path switch perfilnns an itclung
to the first refri erant flow path, the mlxiliary heat excllanger
cml cxchmlgc heat bctwccn thc second lnnpemlurc-ddjusl-
ment subject and the high-temperature refrigerant in a mange

from the dischar e port side of the compressor to the inlet
side of the extenor heat exchanger, thereby heating the
second tempemsture-adjustment subject. When the refnger-
dni flow-path switch performs switching lo the second
refrigerant flov, path, the auxiliary heat exchan er can
exchange heal benveen Ihc second lemperalurc-ddjuslmenl
subject and the low-tempemltme refrigerant in a range front
the outlet side of Ihc exterior heat exchmlgcr to the suction
port side of the conlpressor, thereby cooling the second
tcmpcralurc-adlustmcnt sublccl.

'lherefore. the refrigeration cycle device of the present
disclosure can adjust the tempemstures of a plurality of types
of temperature-adlustment sublects. including the first tenl-
perature-adjustment subject and the second temperature-
ddluslmenl sublcct. In this case. only one conunon auxihary
heat exchanger can be used to cool or heat the second
tcmpcralurc-adlustmcnt subjcca As a result, fins nnbudi-
nlelrt c'ill reduce the sire of the entire refrigeration cycle
ih:vlcc ds conlpalcxl lo a stria:huc fol cooling ol hiaalng thc
second tenlperature-sdjustment subject using a plurality of
heat exchangers.

'lhe refngeration cycle device of the present disclosure
can guide the low-temperature refrigerant or hi+-tempem-
turc reliigcrant to thc one common auxiliary hnit cxclrulgcr,
thereby simplifying the cycle structure of the entire refrig-
crauon cycle device as compared lo a structure lor unling
the lolv-temperature refrigerant or high-temperature refrig-
erant lo a plurality of heal exchangers. As a resull, il can
Inlplovc lhc ulounldblllty'l lhc lchlgcldtlon cycle device
ou 'I pi'oducm

BRIEF DESCRIPTION OF DRAWINGS

FIG. I is an nltirc conliguration diagrmu showing a
refrigerant flow m an interior-cooling and device-cooliag
operation mode of a refrigeration cycle device according to
a first embodiment of the present disclosure.

FIG, 2 is an entire configumtion disdain showin a
refrigerant flow in a cooling opcrauon mode of the refng-
crauon cycle device ul the lirsl cmbudimcnl.

FIG. 3 Is an nltire conligurauon diagrmn showing a
refrigerant flow in a device-cooling operation mode of the
refrigeration cycle device in the first embodiment

FIG. 4 is an entire configuration diagram show:ing a
refrigerant flow in an interior-heating and device-heating
operation mode ol Ihc rcfrigcralion cycle device m lhe lirsl
cmbodimcnt.

FIG. 5 is an nltirc conliguration diagrmu showing a
refrigerant flow m a heating operation mode of the refrig-
emtion cycle device in the first embodiment

FICi 6 is an enure configuration ihagram showulg a

refrigemnt flow in a device-heatin operation mode of the
relbigcration cycle dcvwe In Ihc first cmbodunena

ill(i 7 is an entire conhguration diagranl shoiving, a
rcfngcrdnt flow ul dn ulterior-hcaung and dcvicc-coolulg
opemltion mode of the refrigeration cycle device in the first
embodiment.

ill(i 8 is an entire conhguration diagranl shoiving, a
refrigemnt flallv in an interior-cooling and device-cooling

I il
operation mode of a rcfngcrdlion cycle device iwcordulg Io

a second embodiment of the present disclosure.
FICi 9 is an enure configuration ihagram showulg a

refrigerant tiow in a cooling operation mode of the refrig-
erauon cycle dcvicc ul thc second embodiment.

ill(i 10 is an entire confiauration diagram showing a
refrigemnt flow in a device-cooling opemstlon mode of the
refrigeration cycle device in lhe second enlbodiment

FICi. 11 is an entire configuration diadem showing a

IO rcfrlgcldnl flow In iul Inlcnol-hcallllg dnd device-hcdllng
operation mode of the refrigeration cycle device in the
second embodiment.

ill(i 12 is an entire confiauration diagram showing a
rcfngcrdnt flow ul a hcaung operation mode of thc rcfrig-
emltion cycle device in the second emlxldinlent

FICi 13 is an entire conliguration diagram showing a

refrigerant flow in a device-heating operation mode of the
refrigemtion cycle device in the second embodiment.

ill(i 14 is an entire confi uration diagram showing a
11) refrigerant flow in an interior-heating and device-cooling

operation mode of the relbigeration cycle device ul thc
second embodiment.

FICi 15 is an cnurc conliguralion diagram of a rclbigerd-
tion cycle device accordin to a third embodiment of the
present disclosure.

ill(i 16 is an entire configuration diagram of a refrigem-
tion cycle device according to a fburth embodiment of the
present disclosure

do FICi 17 is an entire configuration diagram showing a
relbigcrant flow ul an inlcnor-coolulg and device-coolulg
operation mode of a refrigeration cycle device according to
a liflh clubodllucnl of lhc present ihsclosurc.

ill(i III is an entire confi uration diagram showing a
relbigcrant flow In n coolulg operation mode of the refrig-
eration cycle device in the fifth embodiment

FICi 19 is an entire configuration diagram showing a
refrigerant tioiv in a device-coolin opemstion mode of the
refrigeration cycie device in the fifth embodiment.

a FICi 20 is an entire conliguration diagram showul a

refrigemnt flov; in an interior-heating and device-heating
operation mode of the rcfngcrauon cycle dcvicc in Ihe liflb
embodiment.

FICi 21 is an nllire conliguration diagram showul a
ss

refrigerant tiow in a beeline operation mode of the refrig-
eralion cycle dcvicc ul lhc lifth embodunnlt.

ill(i 22 is an entire confiauration diagram showing a
refrigemnt flow in a device-heatin operation mode of the
refrigeration cycle device in lhe hfth enlbodinlent

FICi. 23 is an entire configumtion dia ram showing a
rcfngcrdnt flow ul dn ulterior-hcaung and dcvicc-coolulg
operation mode of the refrigeration cycle device in the fifih
embodiment.

ss FICi 24 is a Mollicr chart showing a slate of rcfrigcranl
in an interior-heating and device-heating operation mode of
the refrigeration cycle device in the fifth embodmlent.



US 10,1
i

DESCRIPTION OF EMBODIMENTS

First Embodunem

A Iirsi embodiment of the prcscn( disclosure will bc
described below with reference to I'I(iS I to 7 In tlus
embodiment of the present disclosure. a refrigeration cycle
device 10 is applied to an electric vehicle that is designed to
obtain a drivin force for traveling from an electric motor for
travcluig. Further. in Ihc electric car ul Ilus embodiment. the
refrigeration cycle device 10 can be used to control air
conditioning (cooling and heating) of a veluclc intcnor. and
also to adjust the temperature of (cooling and heating) a
secondary battery (device) 55 which scrvcs as an electric
stomge device for storing therein electric power to be
supplied to the electric motor for tmveling.

More specihcally, the iefmgeration cycle device 10 per-
forms a function of adjustin the temperature of air for the
t chicle intcnor to be blown uiio a velucle compar(mrna(, and
another function of adjusting the temperature of air for the
battery io be blown tow ard the ace onilary battery 55. In other
words. the refrigemtton cycle device 10 of thi ~ embodiment
is adapted to adjust the tentperatures of a plurality of types
of subjects for temperature adjustment, namely, the air fiir
the vehicle interior (first temperature-adjustment subject)
and the air fiir the battery (second temperature-adjustment
subicci).

A compressor 11 among components of Ihe rclngcraiion
cycle 10 is positioned in a bonnet or hood, and is to suck,
compress, and discharge the refrigerant in the refrigeration
cycle device 10 'I'he compressor is an electric compressor
which drives a fixed displacement compression mechanism
with a fixed discharge capacity by use of an electric motor.
Thc ehxuic motor ol'hc compressor 11 has its operation
(thc number of revolutions) controlled by a control sigiml
ouipui from a controller io bc descnbed laIcr.

1he refrigeration cycle 10 employs a hydrofluorocarbon
(ills(') refrmerant (naniely, RI34a) as the refrigerant, and
forms a subcritical refri erat(on cycle of a vapor compres-
sion type vvhose hiJvt-pressure side refrigerant pressure does
not cxcced the cntical pressure of thc refngcrani. Obviously,
a hydrofluoro-olciiu (HFO) rclbigeraiu (namely. RI234yi) or
Ihe like may bc used as thc reliigermi1. Rclngcraiing
machine oil fiir lubncatmg the compressor 11 is mixed into
the refrigerant. and a part of the refrigemting machine oil
circukates tluough the cycle together yvith the refrigerant

A dischar e port side of the compressor 11 is connected
to a refrigerant inlet of a Iirsi branch poruon 12a to branch
thc flow of refngcrant disclrargcd foun thc compressor 11.
Thc Iirsi branch portion 12a is formcxl oi' tlucc-way
coupling having three inlet and outlet ports, one of v hich is
a refrigerant inlet, and the remaining Iwo of v hich are
refrigerant outlets. Such a three-way coupling may be
formed by jointing pipes with difierent dimneters. or by
formmg a plurality of refmgcrani passages ui a metal or resin
block.

One of Ihc rclngerani outlets of Ihe Iirsi bmnch portion
12a is connected to a refrigerant inlet of an interior con-
denser 13 'I he interior condenser 13 is disposed in a casing
31 that forms an air passage for air of the vehicle interior in
an interior air conditioning unit 30. The interior condenser
13 is a heat cxclranger for heat dissipation mnong the
user-sale heat exchangers dcscnbcd m thc accompanied
clauns. lite uiienor coudcuscr 13 exchanges heal beIwecn
the refrigerant discharged from the coinpressor 11 and the air
for the interior having passed tiuough an interior evapomtor
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20 (to bc described later) to thereby dissipate heat from thc
refrigerant I he details of the interior air conditioning unit
30 will be described later

A refrigerant outlet side of the interior condenser 13 is
connected to one of refrigerant inlets of a first mergin
portion 1Zb. The first merging portion 126 is formed of the
same Iypc of three-way coupluig as Ihc Iirsi branch portion
12a Tlm tlucc-way coupling has three inlet aud outlet ports,
two of v hich are refrigerant inlets, and the reniainmg one of

Ia which is a refrigemnt outlet
In contrast, the other refriaerant outlet of the first branch

portion IZa is connected to a first tltree-way valve 14a. The
three-v ay valve 14a is an electric tltree-way valve whose
operation is conirollmi by a control volnigc output from thc

I colltrollci;
Specifically, the first three-way valve 14a is adapted to

switch betv;een a refrigerant flow path for connecting the
other outlet side of the first branch portion 12a to the
refrigerant inlet side of an auxiliary heat exchanger 15, and

Io another refrigerant flow path for connectin the outlet side
of an expansion valve 21 Ibr a baucry to bc descnbed laier
and thc refngcrant uric( side of the uuxiliary heat exchanger
15 Tints, the first three-ivay valve 14a serves as a refrigerant
flov -path sivitch for switching between the refngerant floiv
paths for allov,ing the refri erant to circulate through the
cycle.

The auxiliary heat exclmnger 15 Is disposed in a battery
pack 50 that forms an air passage for the baucry io bc blown
toward Ihc secondary bauery 55. Thc auxiliary heat

io exchanger 15 is to adjust the temperature of the air for the
battery by exchanging heat benveen the refrigemnt floiving,
therethrough and the air for the battery. 'I'he details of the
battery pack 50 v, ill be described later. A refrigerant outlet
side of the auxiliary heat exchanger 15 Is connected to a

ii second tlucm-way valve 14b. The sixond thrcc-way valve
146 has Ihc same basic structure as thut of thc Iirst flucc way
valve 14a.

Specifically, the second three-v ay valve I 4b is adapted to
sv itch between a refrigerant flow path for connecting the

ao refrigemnt outlet side of the mixiliary heat exchanger 15 and
the other refrigerant inlet of the first merging portion 126,
and miothcr refrigerant flow path for connecting thc rcfrig-
crant outlet side of thc auxiliary heat exchanger 15 and onc
rcfngcrani inlet ol a tlnrd merging portion 12/ to bc
described later I hub the second three-way valve (46 serves
as a refrigerant tiow-path sivitch for switching between the
refrigerant flow paths for allowing the refri emnt to circu-
Late tltrou h the cycle. like the first three-way valve 14a.

A rclrigerant outlet of Ihc Iirsi mcrguig portion 126 is
o connimtcd to mi uric( siiie of an cxpmisiou valve 16 for

hcauug Thc expaimion vah e 16 dccomprcsscs thc rcfnger-
ant flowing out of the first merging portion I Zti when the air
for the interior is heated to thereby heat the vehicle interior

The expansion valve 16 for heating is an electric expan-
s. sion valve including a valve body whose throttle opening is

ad( usIable, and an electric actuator with a stepping motor lor
changing the throttle opmiuig of thc valve body. The expan-
sion valve 16 lms its opcrauon controllcdi by a control signal
output from the controller. A refrigemnt outlet side of the

ro expansion valve 16 for heating is connected to a refrigerant
inlet side of an exterior heat exchanger 17.

Further. a refrigerant outlet of the hrst merging portion
126 is cotuicoied (o a bypass passage 16b for allowing Ihe
rclbigcrant flowing oui oi'hc Iirsi merging portion 12b io

si bypass ihc expansion valve 16 for heauug to bc guided io Ihe
refrigerant inlet side of the exterior heat exchanger 17 The
bypass passage 166 is provided with a bypass passage
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opcnmg/closu&g valve 16U for ope&un m&d closu&g thc
bypass passage 16b 'I'he bypass passlge opening,'closiug
valve 16u is an electromagnetic valve whose opening and
closing operations are controlled by a control pressure
output fron& the controller

A loss in pressure cm&sed when the refrigemnt passes
thrt&Ugh lhc by'pdss passdgc opcnulg/closulg valve 16&1 Is
much smaller than tlrdt caused wlmn fl&c rcfngcrant passes
through the expansion valve 16 for heating 'fin&s. the
refrigerant havmg flowed out of the first merging portion
12/& flows into the exterior heat exchanger 17 via the bypass
passage 166 tvithout being decompressed when the bypass
passage opening/closin valve 16a is open. and flows Into
the exterior heat exchanger 17 wlulc beu& decompressed by
the expansion valve 16 I'or heatu&g when fl&e bypass passage
openiua/closing valve 16U is closed.

'Ihe bypass passage opening/closing valve 16U forms a
refrigerant flow-path switch As such a refrigerant flow-path
s&vitch. an electnc three-way valve or the like may be
employed &vhich is adapted to switch between a refrigerant
flou pdlh for connect&ng the rcfngera&u outlet s&dc ol Ihe lira(
mcrg&ng pornou 126 to the u&let s&dc of thc expansion valve
16 for heat&ng. and another refrigerant flow path for con-
necting the refrigemnt outlet side of the first merging portion
12/& to the inlet side of the bypass passage opening,'closiug
valve 16a.

An expansion valve with a fully-opening function can be
used as the cxpans&on valve 16 for hcatu&g to thereby fully
open the tluottlc open&ng ol &ts valve body, so that a
decompression effect is hardly exhibited, which can abohsh
the bypass passage 16/& and bypass passage opening,'closiug
valve 16a. Ilowever. like th&s embodiment, the bypass
passage 166 and the bypass passage opening/closin valve
16a are desirably provided to improve the response to
s&3 itchu&g betwem& a state of decompress&on ol'he rclhger-
ant flowu&g from thc lirst mcrgu&g portion 126 mto the
cxtcrior heat exchm&gcr 17 m&d another state ol'non-dccum-
pression of the refugerant.

1hc exterior heat exchanger 17 is disposed in the bonnet
of the vehicle, and to exchange heat betvveen the refrigerant
flowing therethrough and outside uir blown from a blower
f m 1'7a. More spec&fically, thc exterior heat exchanger 17
scrvcs as Bn cvBpo&'dtor fo& cab&biting a heal absorption
cflcct by'i dporB(hlg &I low-plcssUIC lclllgc&dnt when w&Blu-

ing the veh&cle interior by heating the air for the interior. and
also serves as a radiator for dissipating heat from a high-
pressure refrigemnt when cooling or uir-conditionin the
vehicle interior by cooling the air for the interior.

11&e bio&3 cr I'au 17U &s m& clcctnc blower whose operating
rat&o, that &s, whose number of revolutions /volume of air) &s

controlled by a control voltage output from &hc controller.
An outlet side of the exterior heat exchanger 17 is co&utected
to a refri erant inlet of a second branch portion 12& the
branch the flow of refrigemnt dischur ed from the exterior
heat exchanger 17

One ol the rel'ngcrant outlets ol'he second branCh portion
12c is cotu&cctcd to B rcfngerant inlet ol' tlurd branch
portion 12d v&a a check valve 18. The other onc of thc
refrigerant outlets of the second branch portion 12C &s

connected to one refugerant inlet of a second mergiug
portion 12e via B suction s&de opening/closing valve Iga.
The basic structures of the second and third branch portions
12C and 12&/ and tlm second tmd tlurd mergmg port&ons 12C
and 12/ arc the same as those ol'he first branch pot&ton 12U

and thc first merging poruou 126, respect&vcly.
1hc check valve 18 allows the refrigerant only to tlow

fmm a side of the second branch portion 12C (on the

rcfngcrdnt outlet sale of Ihe cxtcrior heat cxclmngcr 17) to
the th&rd branch portion IZ&/ side /refrigerant inlet side of the
iutcnor evaporator 20 or rclbigcrant Inlet s&dc of thc aux&l-

iary heat exchanger). 'I in&s. the check valve 18 prevents
backtlow of the rcfr&germ&1 from the rcfngcrm&1 u&let s&dc of
the u&terior evaporator Zfl or the refrigemnt Inlet side of the
auxiliary heat exchan er to the refri emnt outlet side of the
exterior heat exchanger 17

The suction side opening/closing valve 18U is an electro-
tu&lgnctlc vdlvc havnlg thc sana: s&IUc(UIC Bs tht&1 ol lhc
bypass passage opening/closing valve 16U. When the sue-
t&on s&dc opening/closu&g valve 18a m open, thc refrigerant
having flov;ed out of the exterior heat exchanger 17 flows
into an accumulator 23 to be descmbcd later vm thc almond
merging portion 12C In contrast. when the suction side
opening/closing valve 18U is closed. the refri emlnt having
flov ed out of the exterior heat exchanger 17 flows into the
th&rd branch portion 12&/ via the check valve 18. Tin&s, the
suet&on s&dc opcnu&g/closu&g valve 18a serves as thc refrig-
erant flow-path switch.

Ouc rcfngcrant outlm of the third branch portion 12d &s

cm&nected to a refrigerm&t inlet side of the interior evaporator
20 via an opening,'closina valve 19U for cooling and an
expansion valve 19 for cooling. The other refrigerant outlet
of the third branch portion 12d is connected to the above-
mentioned hrst tluee-way valve 14a via an opening/closing
valve 2 la for thc battery and thc cxpans&ou valve 21 for thc
bat&cry

&o 'I'he opening/closina valve 19U for cooling is an electro-
n&ag»et&c valve &vith the same stn&cture as the bypass pas-
sage opening/closina valve 16a The opening/closing valve
19a can switch bet&veen the refrigerant flow paths for the
refrigerant circuiating through the cycle by openin and

&i ck&sulg a Iclrlgcl'&un passdgc Ironl onc rcfrlgcldnt outlct sale
of thc tlurd branclung portion 12d to thc rcl'ngcmnt inlet sale
of thc Interior evaporator 20. Thus, the open&ng,'closu&g
valve 19U for cooling serves as the refrigerant flow-path
sv Itcll

do The expansion valve 19 for coolin &s an electric expan-
sion valve v, ith the same stra&cture as the expansion valve 16
for heating. Thc cxpdns&on valve 19 &s a decompress&on
dcv&ce for decompressing the rcfngcrant flow&ng out of thc
cxtcrior heat exchanger 17 u&to the &ntcnor evaporator 20
v hen a&r-conditioning or coohng the vehicle Interior by
cooling the air for the interior.

The Interior evaporator 20 is disposed on the upstream
side of the air flow with respect to the intenor condenser 13
w&thin thc casu&g 31 of thc Interior mr condinoning u&ut 30.

o The interior evaporator 20 among thc user-s&de heat
cxchangcrs dcscnbcd in the chnms serves as a heat
exchanger for evaporation that exchanges heat between the
a&r for the interior and the refrigerant decompressed by the
expans&on valve 19 fi&r cooling to cause the refrigerant to

&s evaporate. A refrigerant outlet side of the interior evapomltor
20 &s conncctcxf to thc other rcfngcrant u&let of the third
merging port&on 12/.

Au expansion valve with d fully-clos&ng funct&on can bc
used as the expm&sion valve 19 for cooling to fully ck&se the

io throttle opening of its valve body, thereby closing the
refrigerant passage. &vhich can abolish the openmg/closin
valve 19a for cooling. Ho&lever„ like tlus embodiment. the
opening/closu&g val& c 19U Ihr coolu&g &s desirably prov&dcxf

to uuprovc thc rcspot&sc &o sw&tching bc&ween a stale of
si dimomprcss&on of the refngcrm&t flow&ng from the third

branching portion 12&/ into the inteuor evaporator 20 and
another state of fully-closiua the throttle opening of its valve
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body. The same goes for thc opctung/closmg valve 21B for
the battery, which will be described below.

'lite openin /closing valve 21a for the battery ts an
electromagnetic valve with the smne stntcture as the bypass
passage opening/closing valve 16a. The openiitg/closing
valve 21U can switch between the reibigemnt flow paths for
thc relhgerant circulating tluough thc cycle by opcnuig and
closing a refngerant passage liom thc other relrigcrmi! outlet
side of the third branching portion 12t/ to the refrigerant inlet
side of the first three-way valve 14U. 'thus. the opening/
closing valve 21U for the battery serves as the refrigerant
flow-path sit itch

The expansion valve 21 for the battery is an electric
cxpdilsloli VB1VC Wttll Illc SatllC SttilCIUlC as tile CxptlllStoll
i alve 16 for heating. Thc expansion valve 21 is to decom-
press the refrigemnt flowing into the auxiliary heat
exchanger 15 wllen air-conditioiling or cooling the second-
ary battery 55 by coohng the air fiir the battery.

A refrigerant outlet of the third merging portion 12f Is
connected to the other refri erant inlet of the second merg-
ing poruon 12c via a lixed tluoulc 22. Thc lixed tin ottle 22
is disposed Io prevent backflow of thc rcfngerant lbom the
second merging portion 12c to the third tnerging portion 125
gpecihcally, an orifice or capillary tube wlxise amount of
decompression is relatively small can be employed as the
fixed thrott)e 22. The fixed throttle 22 may be abolished in
order to reduce the power consumption of the compressor
11.

A rcfngcrant outlet of thc second mcrgutg portion 12C is
connected to an inlet side of the accunnilator 23 'the
accunndator 23 is a gas-liquid separator that separates the
refrigerant flowing thereinto into liquid and gas phases to
store therein the excessive refrigerant ivithin the cycle A
as-phase refrigerant outlet of the accumuLator 23 is con-

niwted to a suction side of the compressor 11. Thus, the
accumulator 23 scrvcs to suppress Ihc suction ol tlm liqutd-
phasc refrigerant into thc compressor 11 to thereby prevent
the compression of the liquid m the compressor 11.

Now, the interior air conditioning unit 31) will be
described below. The interior air conditionin unit 30 is to
bloiv the air for the intenor whose temperantre is adjusted,
into thc vehmlc comparuncni The mterior mr conditioning
umt 30 is dtsposcdt utstdc a gauge board (instnuncnt panel)
dt ihe lorcfront of a vehicle compartment. The unit 30
accontmodates a blower 32, the above-mentioned interior
condenser 13. the interior evaporator 20. and the like in the
casing 31 formin an outer envelope.

The casing 31 forms therein an air passage for the Bir for
thc interior. Thc casing 31 is formed of rcsut (lbr extnnple,
polypropylene) Lavuig some dcgrcc ol elasticity mid excel-
lent strength. An inside/outside air switch 33 that switches
betiveen the air (inside air) for the vehicle interior and the
outside air is disposed on the most upstreatn side of the air
flow in the casing 31.

The inside/outside air switch 33 has an inside air intro-
duction purl for introducing inside air mto thc casmg 31, and
dll olllSHlC dtr llltrodUCtloll port lol llltlodUCtlig Oilmldc dlr
into the casutg 31 An inside/outside air switching dour is
positioned inside the inside/outside air switch 33 to continu-
ously adjust the opening areas of the inside air intmduction
port and the outside air introduction port to thereby change
the ratio of the introduced amount of the inside air to the
OUISldC Blr.

On thc dowttstrcdm side ol'ir flow of the uisidc/outside
mr switch 33, thc blower 32 is provnled lbr blovsutg mr
intmduced via the inside/outside air switch 33 toward the
vehicle interior 'I he blower 32 is an electric blower that

dnvcs a ccntnfugal mulu-blade fan (sirrocco fan) by an
electric motor 1he blower 32 has the nmnber of revolutions
(i e., air blowing volume) controlled by a control voltage
output from the contmller

The interior evaporator 20 and the interior condenser 13
are disposed on the downstream side of the air flow of the
blower 32 in that order with respect to thc flow ol'he air lor
the intenor. in other words. the intcnor evaporator 20 is
disposed on the upstremn side in the flow direction of the air

IB for the interior with respect to the intenor condenser 13

An air mix door 34 is disposed on the downstream side of
the air flow in the interior evaporator 20 and on the upstream
side of the air flow in the interior condenser 13. The air mix
iloor 34 ilil)Usm Illc I'iltc of Illl: vohtlllc ol tile Bll pdsslllg
tluough the interior condenser 13 among thc air lmvuig
passed through the interior evaporator 20. A mixmg space 35
is pmvided on the doivnstream side of the air flow in the
interior condenser 13 so as to mix the air heated by exchang;
in heat v, ith the refrigerant in the indoor condenser 13 with

IO the air not heated v:bile bypassing the interior condenser 13.
Openings for blow utg Ihc condiuoncd atr nuxcd in Ihe

nuxtng space 35, utto thc i chicle tntcnor as a space to be
cmtditioned are disposed on the most downstream side of the
air tiow in the casing 31. gpecifically. the openings include
a face air opening fit r bloivina the conditioned air toward the
upper body of a passenger in the vehicle compartment, a iiiot
air opening for blowing the conditioned air toward the iiiot
of the passenger, aml d defroster air opening for blowutg thc
conditioned mr toward Ihc uuier side of a front glass of thc

iil VC111ClC (tlleSC OpCtlll'lgs Bre ltot SlloiV11)

'llius, the air mix door 34 adjusts the rate of the volutne
of air passing through the interior condenser 13 to thereby
adlust the tempemture of conditioned air mixed in the
mixing space 35, controlling the temperature of the condi-

ii ttoncd air blown from each openutg. That is, thc air nux duor
34 scrvcs as a tcmpcraiure Bdjustmcnt dcvicc fiir adlustuig
the tcmperaturc ol'hc conditioned air to be blown into Ihe
vehicle interior I'he air mix door 34 is driven by a servo
nxitor (not shown) ivhose operation is controlled by a

do control signal output from the controller.
A face door for adjusting an opening area of the face air

opening is posiuoned On the upstrctun sale ol'Ihe air flow of
thc face atr opening, a fool door for adlusuug an opctung
drCB Of tltC ltiot Btr OpClilllg 1S piiSttlotlixi 011 Illc UpSllitllll
side of the air flow of the foot air opening, and a defroster
door fiir adjusting an opening area of the defroster air
opening is positioned on the upstream side of the air flow of
the defroster air opening (these doors being not shown).

Thc face door, foot door, and defroster door Boise as an
0 opening mode switclung device for switching among open-

ing modes, and arc driven by a servo motor (uot shown)
whose operation is contmlled by a control signal output
from the controller via a link mechanism or the like.

Next. the battery pack 50 ivill be described below. The
s. battery pack 50 is disposed on a side of the bottom surface

of the vehicle located bctw ccn a luggage space aud back seat
ou thc rear sale of Ihe ichicle. The battery pack utcludcs a
metal casutg 51 subtccied Io mi electnc-insulauug trcatmcnt
(for example, insulating coatina). and fornts an air passage

ic for blowing the air for the battery into the casing 51 if
necessary. causing the air to circulate therethrough. The
battery pack 50 acconunodates a blower 52, the above-
meutioncd mtxiliary heat exchanger 15, and thc battery 55 in
the air passage.

si Thc blower 52 is disposed on thc Upstrotm side of the air
flov of the auxiliary heat exchan er 15 The blower 52 is an
electnc blov;er that is adapted to blow the air for the battery
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toward thc aux&hery heat cxchangcr 15. Thc blower 52 has
an operating rate, that is. the number of revolutions (air
blowing volume) controlled by a control voltage output front
the controller I&urther. the secondary battery 55 is disposed
on the downstream side of the air flow in the auxiliary heat
exchanger 15. The downstream side of the oir flow of the
secondary battery 55 conunu&ucdtcs with Ihc suction port
side of the blower 52.

Ilnis. once the blower 52 is operated, the air for the
battery &vhose tempenoture &s adjusted by the auxiliary heat
exchmlger 15 is blown to the secondary battery 55, thereby
adjusting the tempemoture of the secondary bauery 55. Then,
the air for the battery having adjusting the temperature of the
secondary baucry 55 is sucked inio Ihe blower 52 to bc
blown Bgdul low Bid flu: iulxlhdry hcdl LxchBngc& 15.

Next. an electric controller of this embodiment will be
described below I'he contnlller is constructed of a knov n
microconlputer. including CPU, ROM. RAM, and the 1&ke,

and a peripheral circuit thereof. The controller controls the
operations of various devices to be controlled 11, 14o. 14b,
16. 16a. Iyo, lgo, 19, 19o. 21, 21a. 32, 52, mid Ihe like
winch arc connected to the output side by pcrfi&mling
various kinds of computations and processing based on
control pro rants stored in the ROM

A mup of venous contml sensors is connected to the
input side of the controller. The sensors include an inside air
sensor for detecting a tempemoture of the vehicle interior Tr,
dn outs&dc;ur sensor lbr dctectulg a temperature of thc
outs&dc air Tam. a solar ra&fanon sensor Ihr detecting an
amount of solar radiation qs &n the vehicle interior, and an
evaporator tenlperature sensor for detecting a temperature of
blown air (evaporation temperature) 'I'efin of the interior
evaporator 20. The sensors also include a blown oir tem-
perature sensor for detecting the temperature of the air TAV
blow n Ikom Ilu: m&xulg space 35 into thc vclnclc mterior, and
a bditcry Iempcraturc sensor that scrvcs as a temperature
detixtor I'or dctcctulg a battery Icmpcraturc Tb wluch is the
temperature of the secondary battery 55

Specifically. the evaporator temperature sensor of tlus
enlbodiment detects the temperature of heat exclmnging tins
of the interior evapomotor 20. Obviously. the evaporator
Iempcraturc sensor fi&r usc may be a Iemperalurc dclcctor for
ih:Icclulg Ihc lou&pc&dturc of Bnv'int of lhc ullcnoi cvBpo-
ra &or 20 other tlrdn lins, or a tcmpcrature detimtor for d&rcmtly

detecting the temperature of the refrigerant itself flowing
through the interior evaporator 20.

The secondary battery 55 has a larger thermal capacity
and is more likely to have a temperature distribution as
compared to rcspccl&vc componenm ol Ihe rcfngeral&on
cycle dcvwe 10 For Ih&s reason, Ibis cmbodnncnt uses a

pluraliiy of Imnperdturc dclimtors to dclecl a pluralily of
points of the inside and surfaces of the secondary battery 55,
and then deternl&nes a battery tempenoture Tb by averaging
detected values obtained from the temperature derectors.

In tlfis embodiment. the blown air temperature sensor &s

provided for detect&ng thc blown air temperature TAV.
los&cad of th&s, thc blown air Icmpcrature TAV fi&r usc may
bc a &slue calculated based on an evaporator tcmpcraturc
'I'etin, a discharged refrigemnt temperature 'I'd, or the like.

An operation panel (not shoivn) is disposed near an
instnunent board at the front of the vehicle compartment,
and connected to the input side of the controller. Operation
signals arc input from venous Iypcs of opcral&on suilchcs
provided on Ihc opera&&ou panel. Various opemtion su ilchcs
provided on thc opcrauon panel ulcludc an mr-cond&I&oning
operation switch for requestulg air coilditioning of a vehicle
interior, a vehicle intenor temperature setting sv itch fbr

salting a vcluclc interior lemperalurc, a select&on switch lor
an air-conditioning operation mode. and the like.

'I'he controller of this embodiment is integrally stn&ctured
v ith a control unit for contmlling various devices for contml
connected to an output side of the controller. Each of the
control units fbr controlling the operations of the devices for
control may include a st ru cfire (hardware and so it w arc) Iha I

is adapted to control Ihc opera&&on of each of Ihe dcv&ces lor
conlrol.

&o l&or example. mnong the control units, the structure (hard-
ware and sofi&rare) for controlhng the operation of the
compressor 11 serves as a refrigerant discharge capacity
control unit, and the structure for controlhng the operation
ol'ach ol'he dcv&ces 14o. 146, 16o. 18o, 19o. Bnd 21o
wh&ch configure thc refngcrant flow-path switch serves as a
refrigerant flow-path s&vitch control unit

Next, the operation of the refrigerat&on cycle device 10
v ith the above-mentioned structure in this embodiment will
be described belo&v. As mentioned above. the refrigeration

lo cycle device 10 can adjust the temperature of the secondary
battery 55. while pcrfonning air condit&orung ol'hc veh&cle
u&le&lot.

I'he operation modes of air condit&omng of the vehicle
interior include a coolin mode of coolmg the vehicle
interior, and a heating mode of heating the vehicle interior
The operation modes of adjustment of the temperature of the
secondary battery 55 include a heat&ng mode of heating the
secondary bat&cry 55. and a coolulg mode ol'ooling thc
secondary battery 55. Switching bctwccn these operat&on

&o modes is perfom&ed by executing a control program tlmt is
previously stored in a storaae circu&t by the contmller

'I'he control program is executed to repeat a contml
mutine. The control routine involves reodin detection si-
nols from a group of sensors for control and an operation

31 sign&il hou& Ihc opc&dlion panel, dctcmnnulg Ihc coul&ol
state of each of various dcv&ces to be controlled based on Ihe
values of thc detection signals mid operauon sig»al read, and
outputting a contml signai or control voltage to each contml
device to be contmlled so as to obtain the deternlined contml

do state.
In the case of reading the opemotion signal I'rom the

operation panel in Ihe opcrauon mode ol a&r cond&uon&n of
thc vcluclc ultcnor, Ihe heat exchanger &s sw&&chad Io thc
cooling mode when coolulg is schmted by thc select&on
switch lv&th;ul Bn'-col'&dltlonulg, opcldtlon s&vltch Iu&'ocd o&1

(ON), whereas the heat exchanger is sw&tched to the heating,
mode when heating is selected by the selection switch with
the air-conditionin operation switch tumed on (ON).

In Ihc case of reading Ihe detection s&@&al I'rom thc sensor
o group for control ul thc opcrauon mode of B&r adjustmcniol'he

secondary bauery 55, the rel'rigcrat&on cycle device &s

sv itched to the heating mode of heating the secondary
battery 55 when the battery tempenoture 'I'b is equal to or
lower than a first reference temperature Tkl (in this embodi-

1. ment, 10" C.). In contrast. the refri emtion cycle device is
sw&tchcd Io Ihe coolulg mode of cool&ng Ihe secondary
battery when the battery tcmpcrature Tb &s equal to or lughcr
than a second rcfcrcnce Iempcraturc Tk2 (&n this embodi-
ment, 40' ).

io Now, a description will be iven of the openotion of each
of the operation modes.
(a) Interior-Coolin and Device-Cooling Operation Mode

Thc interior-cooling and de&ice-cool&ng opcrauon mode
is an operation mode of coolulg Ihc 1 eh&cle &BI enor mid also

si cool&ng Ihc secondnry batiery 55 at Ihc same tune. Iviore
specifically, this operation mode is performed with an open-
tion switch of the openotion panel turned on (ON) when
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cooluig is sclcctcxt by thc selimlion su ilch mid Ihc ballery
tenipemture I'b is equal to or higher than the sccnnd refer-
ence temperature 1k2

In the intenor-cooling and device-cooling operation
mode, the contmfler controls the operation of the Iirst
three-ivay valve 14a so as to connect the refrigerant outlet
side oi Ihc expansion valve 21 for Ihe battery lo the
reirigcranl udcl side of thc auxiliary heal cxclwnger 15 The
controller also controls the operation of the second three-
way valve 14b so as to connect the refrigerant outlet side of
the auxiliary heat exchanger 15 to one nf the refrigerant
inlets of the third merging portion 12f. Further. the controller
opens the bypass passage opening/closing valve 16a, closes
the sucuon side opm»ng/closing valve 18a, opens the open-
ing/closuig 1 alve 19a for cooluig. and opens Ihe opmiuig/
closing valve 21tt for the battery

In this tvay, in the mtenor-cooling, and device-conling
operation mode, the refrigeration cycle device 10 allows the
refrigerant to flov tluough the refrigerant flow path as
indicated by thick arrows of FIO. 1.

Wtlh ihe above strucuirc ol Ihe rcfrigcranl flow palh, the
controller is adnpted to calculate a target outlcl mr lempera-
ture 'IAO tvhich is a target temperature of air to be bkmn
into the vehicle mterior, based on the values of the detection
signal and operation signal read Further. the cnntrnller
determines the operating state of each ofvarious devices for
control coluiected to the output side of the controller, based
on lhc calculated target outlet air temperature TAO and thc
ilt:lcclioii signiil froiii llic si:iisoi gloUp.

I'or exaniple, the refrigerant discharge capacity of the
compressor 11. that is, the cimtnil sigiml to be output to the
electric motor of the compressor ll are determined in the
following it ay. First. a target evaporator outlet nir tempem-
ture TEO of the Interior evaporator 20 is determined based
on Ihe iargel air outlet tcmperaturc TAO wilh refi:rcncc lo
thc control map prk-stored in the controller.

Then, a control signal to be output to lhe electric motor of
the compressor 11 is determined based 1111 a deviation
bettveen the tar et evaporator outlet air teinperature 'IIIO
and the teniperature of blown air from the interior evapo-
rator 20 detected by the evapomtor temperature sensor such
that thc temperature ol'hc air blown from thc intcnor
cvaporaior 20 approaches thc target evaporalor oullet mr
lempcralurc TEO by a fi:cdback control mcthoih

'lite cnntrol voltage to be output to the electric motor of
the blower 32 is determined based on the target air outlet
tempemture TAO w ith reference to a control map pre-stored
in the stora e circuit. Specifically, the control voltage to be
UUlpUI lo litt: ch:clric iiiotoi Is utaxitnidcd ili iiii Ultiil-Iiiw
tcmpcralurc range (maxunum cooluig rimgc) and ultra-high
lt:iiipi:id uli c ra it' (ala xintnut lied liiig rdiigc) itl tlic tiii get Bit
outlet temperature TAO, whereby the volume ofblown air is
controlled to be close to the maxinnim level As the target air
outlet temperature TAO is increased closer to an intemie-
diate tempemture range. the volume of bio~a air Is
ilccrcd scil.

lhc conu ol signal lo bc output to the cxpimsion valve 19
for cooling is delcrmincd such tlml a supcrcoolm degree of
the refrigerant flowing into the expansion valve 19 for
cooling appmaches a target supercooling degree that is
previously detemuned so as to bring a coeflicient of perfor-
mance (COP) of the cycle closer to the substantially inaxi-
iiiliiii vdliitx

lhc control signal lo bc output io Ihe servo motor of the
mr nux door 34 m dctcnnincd using thc target mr outlet
temperature 1AO, the blown air temperature 'I'etin of the
interior evaporator 20, and the like such that the temperature

of air to bc blown into lhc tcluclc intcnor becomes a
passenger*s desired temperanire set by the vehicle interior
tciiipciiinilc. sctliilg sw'ilcli. Iii dii opi:I'it licit iiioilc of coiiliiig
the vehicle interior, like the interior-cooling and device-
cooling operation mode, lhc mr mix door 34 may bc oper-
ated so as tn clnse the air passage on a side of the interior
condenser 13.

'I'he control signal to be output to the expansion valve 21

for the battery is determined such that a throttle npening of
I it the expansion valve 21 for the baucry is a prcdctcrnuncx)

throttle opening. The control signal to be output to the
blower 52 of Ihc battery pack 50 is dctcrmincd such that a

blowing capacity of the blower 52 is a predetermined
blowuig capacity. Then. thc control signals or control volt-
ages are output from the controller to the devices to be
controlled so as to obtain the control state determined above.

I'hus, in the interior-cooling and device-cooling operation
mode. the refrigeration cycle device 10 allows the high-
prcssurc rcibigcranl ihschargixi I'rom tlm compressor 11 to
flov into the interior condenser 13 without branching the
relbigcrant from Ihc Iirsl branch portion 12a into thc sale of
the hrst three-ivay valve 14it. 'I he refngerant flow:ing into
thc uitcrior condenser 13 exchanges lmdt with thc air for thc
interinr having passed thmu h the intenor evaporator 20 to
dissipate heat Ihcrclbom. and thmi flows out ol'hc interior
condenser 13.

The refrigerant having flowed out of the interior con-
denser 13 floivs into the exterior heat exchanger 17 via the

Ili first merging portion 12b and the bypass passage 16b
bimdusc the bypass passage opmiing/closing valve 16a is
open. The refrigerant floiving into the exterior heat
exchanger 17 exchanges heat with outside air blown from a

blov er fan 17a to further dissipate heat therefmm. 'I he
rcfrtgcmnt havuig flowed Ibom the cxtcnor heal cxclmngcr
17 flows frnm the side of the second branch portion 12c
toward the third branching portion 12d via the check valve
18 because the suction side opening/closing valve lga is

do closed.
Thc rcfngcranl havuig flowixi from one of the rcfrigcranl

outlets of the third branch portion 12d is decompressed by
thc expmision valve 19 for cooluig Thc rcfrigcranl decom-
prcsscd by thc expansion valve 19 for cooling flows into thc
indoor evaporatnr 20. and absorbs heat fmm the air fiir the
interior blnwn front the blower 32 to evaporate itself. In this
v ay, the air for the interior is cooled. The refrigemnt bavin
flowed from the interior evaporator 20 flov s Into the accu-
mulator 23 via Ihc llurd mcrguig poruon 12/, fixes) tluottle

o 22, and second merging porlion 12k.
Thc rcl'rigerant havuig flow cd from the other one of Ihe

refrigerant outlets of the third branch portion 12d is decom-
pressed by the expansion valve 21 for the battery into a
low-pressure refri erant. The refngerant bavin flowed from

s. the expansion valve 21 for the battery flows intn the auxil-
iary heal cxchangcr 15. and absorbs heat Ibom thc air for thc
battery blown I'rom thc blower 52 to evaporate itself.

In tlus way, thc air for thc battery is cooled. Thc refrig-
erant having flnived fmm the auxiliary heat exchanger 15

to tlows mto the accumulator 23 via the third nterging portion
12fi the fixed tluottle 22, and the second merging portion
12e. The as-phase refrigerant separated by the accumulator
23 is suckcxI uito the compressor 11, aud compressed therein
dgiilli.

si As mcntioncd abote, m lhc uilcnor-cooluig and dcvice-
cooling operation mode, the air for the intenor can be cooled
by the interior evaporator 20 to thereby cool the vehicle
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interior. while the a&r for thc bouery cm& bc cooled by thc
auxiliary heat exchanger 15 to thereby cool the secondary
battery 55.
(b) Oooling Operation Mode

The cooling operation mode is an operation mode of
cooling the vehicle intenor v ithout adjusting the rempem-
turc of thc secondary battery 55. Iviore spcciiically. tlus
operation mode &s pcrfom&cd wi&h an operat&on sw&tch of the
operation panel turned on (ON) when cooling is selected by
the selection sw&tch while the battery temperature 'I'b &s

higher than the first reference temperature 'll l. and lnwer
than the second reference temperature Tl 2.

In the cooling opemltion mode. the controller controls the
opcrai&on of the iirs& tlucc-way valve 14a so as Io co&u&ect

the rel'rigerant outlet side ol'he cxptmsion valve 21 for thc
battery to the refrigemlnt inlet side of the auxiliary heat
exchanger 15 'I he controller also controls the operat&on of
the second three-&vay valve 14b so as to connect the refrig-
erant outlet side of the auxiliary heat exchanger 15 to one of
the refrigerant inlets of the third merging portion 12/:
Fur&hcr, thc controller opens the bypass passage open&ng/
closing vahe 16a, cloaca thc suc&ion s&dc opcmng/closing
valve lga, opens the opening/closing valve 19n for cnoling,
and closes the npening/closing valve 2la fnr the battery

In this &vay, in the cooling operation mode. the refrigera-
tion cycle device 10 performs switching to the refrigerant
flow path fi&r allow&n the refrigemlnt to flow theretlu ough. as
indicated by &hick arrows ol'FIG. 2. Like &hc interior-cooling
and dci icc-cooling opcrauon mock. thc controller controls
the opemtinns of the compressor I I. expansion valve 19 for
cooling, blower 32, and a&r mix door 34 to thereby stop the
blower 52 of the battery pack 50 'I'he blov er 52 may be
operated in the same woy as the interior-cooling and device-
cooling operation mode.

11&us. u& the coohng operauon mode, thc rcfngeration
cycle de& &cc 10 allows thc lugh-prcssure rclbigerant d&s-

cluirgcd from thc compressor 11 to liow lbom &hc u&tenor
condenser 13 thmugh the bypass passage 16b and the
exterior heat exchanger 17 in that order, like the interior-
cooling and device-cooling npemltion mode. The refrigerant
having flowed from the exterior heat exchanger 17 flows
into thc third brunch port&on 12d v&a &hc second branch
portion 12c and the chixk valve 18 because &hc sucnon side
opcnmg/closu&g valve 18a &s closcil

'lhe refri emlnt flowing into the third branch pnrtion 12d
flo&vs toward the expansion valve 19 for cooling without
being branched tov ard the side of the openi»g/closing valve
21n for the battery because the opening&/c)osing valve 21a
for &hc bauery &s clos&xi. The reliigerm&t deco&uprcssoxl by
thc cxpans&on valve 19 I'or coolu& flows into &hc mteuor
evaporator 20. m&d absorbs heat fmm &he mr I'or thc u&tenor
blown from the blower 32 to evaporate itself In this way, the
air tilr the interior is cooled

The refrigemlnt hav&ng flo ed from the interior evaporator
20 flo&vs into the accunndator 23 via the third merging
portion 12/. fixed tluoulc 22, and second merg&ng portion
12c. The gas-phase rcfrigcraut so7&t&mtcd by &hc accumula&or
23 &s sucked into the compressor 11 and compressed thcrc&n
again.

As mentioned above. in the cooling operation mode. the
air for the interior can be cooled by the interior evaporator
20 to thereby cool the vehicle interior.
(c) Dcv&cc-Cool&ng Opcrauon Mode

11&e dei icc-cooling opcrauon mode is an operation mode
ol coolu&g Ihc secondary bat&cry 55 wi&bout pcrfi&nning mr
conditioni&m of the vehicle interior More specifically, tlus
operation n&ode is perforn&ed with an opemltinn s&vitch of the
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operation panel tumed ofl (OFF) whm& thc baucry tcu&pcm-
ture I'b is equal to or higher than the second reference
temperature I'k2

In the device-cooling operation mode, the controller con-
trols the operation of the first three-way valve 14u so as to
connect the refrigemlnt outlet side of the expansion valve 21
fhr thc ba&tery to &he rely&gerant uric& side of thc oux&liary
heat cxchangcr 15. Thc conuollcr also controls the opcranon
of the second three-&vay valve 14b so as to connect the
refrigerant nutlet side ot the auxiliary heat exchanaer 13 to
one of the refrigemlnt inlets of the third merging portion 12f
Further. the controller opens the bypass passage opening/
closing vaiie 16cb closes the suction side opening/closing
valve 18a, closes thc opm&u&g/closing valve 19a for coolu&g.
and opens the opcnu&g/clos&ng valve 21n for the battery.

In this way, in the device-coohng operation mode, the
refrigeration cycle device ltl performs switching to the
refrigerant flnw path for allowing the refrigerant to flow
therethrouah as indicated by thick neo&ws of FIO. 3. Furfl&er,

Io like the interior-cooling and device-cooling operation mode,
the controller controls thc operations of thecomprcssor 11,
expans&on valve 21 for the baucry, and tlm blower 52 of &he

battery pack 50 the controller stops the blower 32 of the
interinr air conditionina unit 3(l, and opemltes the air mix
door 34 such that the air mix door 34 closes the air passage
on the side of the interior condenser 13.

Thus. in the device-cooling operation mode, the reibig-
crauon cycle dcv&ce 10 aflow s the high-prcssure refrigerant
d&schargcd from thc compressor 11 &o flow from thc interior

lo condenser 13 through the bypass passage 16b and the
exterior heat exchanger 17 in that order. like the interior-
cooling and device-cooling operation mode 'I he refrigerant
having ik&wed from the exterior heat exchanger 17 flows
into the third branch portion 12d via the second branch

&I portion 12c and check ialve 18 bccsusc thc suction sale
opening/closu&g valve 18a &s closed.

Thc rcfhgcran& flow&ng u»o thc th&rd branch poruon 12d
flov s toivard the expm&sion valve 21 fi&r the battery ivithout
bemg branched toward the opening/closing valve 19u for

so cooling because the openingvc)osing valve 19n for coolin is
closed. The refrigerant decompressed by the expansion
valve 21 li&r the ba&&cry flows into Ihc mixiliary heal
cxchangcr 15. and absorbs heal from the air for thc baucry
blown fiom thc blower 52 &o evapora&c itself In this way, thc
a&r fnr the battery is cooled

'I'he refrigerant bavin flo&ved from the auxiliary heat
exchan er 15 flows into the accumulator 23 via the third
merging portion 12f, the lixed tluottle 22. and the second
merging portion 12e. Thc gas-phase rel'ngcrant separated by

o the accumulator 23 is suck&xi into &he compressor 11 and
compressed again thereu&.

As n&entioned above. in the device-cooling operation
nx&de, the air fnr the battery can be cooled by the m&xiliary
heat exchanger 15 to thereby cool the secondary battery 55.

ls (d) Interior-Heating and Device-Heating Operation Mode
Thc interior-hcaung and dcv&ce-heat&ng opcrauon mode is

an operation mode ol'eating &hc vcluclc interior and also
hcanng thc scconikry bat&ery 55 a& thc same umc. Morc
specifically. this operation n&ode is performed with an opera-

co tion sw&tch of the operation panel turned on (ON) ivhcn
heat&ng is selected by the selection switch and the battery
temperature Tb is equal to or loiver than the first reference
tcmpcrature Tkl.

In thc a&tenor-hci&nng inul ilcvn:c-hcaung opcianon
Si nlode, thc connollcr controls thc opcI'Jt&on of fllc firs&

three-v ly valve 14n so as to connect the other refrigerant
outlet side nf the first branch portion I 2&i to the refrigerant
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inlet sale of thc aux&l&ary heal cxchangcr 15. The controller
also controls the operation ot the second three-way valve
14/& so as to connect the refrigerant outlet ~ide of the
auxiliary heat exchanger 15 to the other one of the refrig-
erant inlets of the first merging portion 12/&. Further. the
controller closes the bypass passage opening/closin valve
16a. opens the suet&on s&de opening/closuig valve 18a,
cloaca thc open&ng/closuig valve 19a Ibr cooluig, and cloaca
the opening,'closing valve 2 I&i for the battery.

In this way. in the inteuor-heating and device-heating
operation mode. the refrigeration cycle device 10 performs
switching the refngerant flow path throu h which the refri-
erant fkiivs as &nd&cated by thick arrows of Fl(t. 4. The
controller controls thc operations of Ihe blower 32 of thc
interior air cond&uoruug uiul 30 and the blower 52 of thc
battery pack 50 in the sante way as the interior-cooling and
device-cooling operation mode.

'flic refrigerant d&scharge capacity of the compressor ll,
that is, the contml signal to be output to the etecuic motor
of the compressor 11 &s determined such that the blown air
tcmpcralurc TAtg dc&ected by lhc blown mr temperature
sensor approaches the target mr outlet tcmpcralure TAO. The
target air outlet temperature 'I'AO determined in heating the
vehicle interior is in a range of approximately 40 to 60" (1

1he control signal to be output to the expansion valve 16
for heating is detemi&ned such that a supercooling degree of
the refrigerant flow&ng into the expansion valve 16 for
hcatuig approaches a target supercoolmg dc~ox thai is
pre& iously dctem»ncd so as to bung a coeflic&cnt of perfor-
mance ((:(IP) of the cycle closer to the substantially max&-

mum value. The control s&gnat to be output to the servo
motor of lhe air mix door 34 is determined such that the air
mix door 34 fully opens the air passage on a side of the
interior condenser 13.

11&us. ui Ihc interior-hcauug mid dev&ce-healing opera&&on
010iiix Ihc li:111gclallon cvclc iicvlci: 10 aflows Ihc flow ot
lugh-pressure refngerant d&scha&ged Itom thc compressor 11
to be branched at the first branch portion 12a 'I he refrigerant
floivin out of one refngerant outlet of the first branch
portion 12a flows into the interior condenser 13. and
exchanges heat with the air for the interior to dissipate the
heal therefrom. In Ihw way, thc a&r for Ihe inlcnor is hcalcxt.
Thc refrigerant hav&ng tlowed fmm thc mterior conilenscr 13
flows uito one oi'hc rcfngerant inlets of thc tirst mer ing
po&&uul 126

'flic refri erant flowing out of the other refrigerant outlet
of the first branch port&on 12a flows into the auxiliary heat
exchanger 15 via the first three-way valve 14a. and
exchanges heal w&th thc a&r Ior thc boilery lo ihss&pale the
heal Ihcrefrom. Iu th&s way, thc mr fur thc ballery &s healcxk
Thc rcfrigcrant flow&ng oul of thc auxiliary heal cxclxingcr
15 flows into the other refrigerant inlet of the tirst merging
portion 126 to be mixed with the refrigerant having tlowed
from the interior condenser 13.

The refrigerant having flowed from the first merging
portion 126 flows into the cxpmis&on valve 16 for healuig to
bc decomprcssixl because thc bypass passage opemn /clos-
ing expansion valve 16i& &s closed. The relhgcrmit decom-
pressed by the expansion valve 16 for heating flows into the
exterior heat exchanger 17. and absorbs heat from the
outside air blown from the blower fan 17a to be evapomote
itself.

W&lh the sucuon s&dc opmung/closing valve 18a opencxk
thc ope&ung/clos&ng valve 19a for cooluig closed, mid the
ope&ung/closuig vulva 21a fi&r thc ballcry closest, Ihe rcfug-
erant bavin tlowed from the exterior heat exchanger 17
floivs jnlo the accuniulator 23 via the second merging

porl&on 12c. 11&c gas-plmse rcfngcrant separated by thc
accumulator 23 is sucked into the compressor ll and com-
pressed therein again.

As mentioned above, in the interior-heat&ng and device-
heat&ng operation mode, the air for the interior can be heated
by the interior evaporator 13 to thereby heat the vehicle
iulcnor, wlule the a&r fi&r Ihc bat&cry can be hcatcd by Ihe
auxil&ary heat exchanger 15 Io thcrcby lmat thc secondary
battery 55.

Io (ef I testing Operation Mode
I'he heating operation mode is an operation mode of

heat&n the vehicle interior without adlust&ng the tempera-
ture of the secondary battery 55. More specifically. this
operation mode is pcrformcd with au opcrat&ou sw&lch of thc
operation panel turned on (ON) when heal&ng is sclcctcd by
the selection switch while the battery tempemoture 'I'b is
higher than the first reference temperature Tkl and kiwer
than the second reference temperature Tk2

In the heatin operation nuide, the controller controls the
io operation of the first three-way valve 14a so as to connect

the rcfngcranl outlet side oi Ihc cxpuns&on valve 21 Ior Ihe
ballcry lo lhe refr&gcranl inlet side of thc aux&1&ary heal
exchanger 15 I he controller also controls the operation of
the second three-way valve 14/& so as to con&1ect the refrig-
emont outlet side of the auxiliary heat exchanger 15 to one of
the refngerant inlets of the third merging portion 12fi
Further. the controller closes the bypass passage opening/
closuig valve 16a, opens lhc suction side opcuuig/closuig
valve 18a, closes thc opmiuig/closing vulva 19a for cooluig.

io and closes the opening.'closing valve 2 i a for the battery
In this way, in the heating operation mode, the refrigera-

tion cycle device 10 perfiirms switching to the refrigerant
flow path for ailov, in the refrigerant to flow theretluough as
indicated by thick arrows of FIO. 5 Lil e the interior-heatin

ii encl device-llcilnilg opclal&0&1 nli1dln llli: i:olltrollc& controls
the opcrat&ons of thc compressor 11, cxpans&on valve 16 for
hcauug. blower 32, and air mix door 34 to thereby stop Ihe
blower 52 of the battery pack 50. 'I'he blower 52 may be
opemoted in the sante way as the interior-heating and device-

40 heat&n operation mode.
Thus. in the heating operation mode. the refrigeration

cycle device 10 allows the lugh-pressure reit&gcrmu dis-
charged Itom thc compressor 11 lo flow u&lo thc inlcrior
condenser 13 w i&foul br;mching Ihc rcfrigcraul Irom thc firsl
branch portion 120 into the first three-ivay valve 14a. 'the
I'cfrigcrafit fli1&vhlg illto ttic &nlcfioi'ol&cia&lac&'3 cxctlan cs
heat with the air for the interior to d&ssipate heat therefrom,
and then flows out of the interior condenser 13. In this way,
the air for Ihc interior &s hcalcd Thc opera&&ons Iollowuig

0 tlus slc7& w&ll bc thc same as those iu thc &nlcnor-heating and
ilcvicc-hcalhlg opera&10&1 nnxlc.

As mentioned above. in the heating operation mode. the
a&r for the interior can be heated by the intenor cimdenser 13
to thereby heat the vehicle interior

1. (fl Device-Heating Operation Mode
Thc dcvicc-hwiung operation mode &s an opcrauon mode

of healing the six:ondary baucry 55 w&thou& pcrfi&rmuig air
conditioning of thc vclucle interior. Morc spec&fically, llus
opemotion mode is perfiirmed v ith an operat&on sw:itch of the

co opemotion panel turned off (Olilfl when the battery tempera-
ture Tb is equal to or lower than the first reference tempera-
ture Tl 1.

In the dcv&ce-heating opcrauon mode. thc controller cun-
trols thc operations of thc refrigerant tlow-path switch,

si compressor 11, expansion ialve 16 for heating, and Ihe
bkewer 52 of the battery pack 50. like the inteuor-heating
and device-heating opemtion mode 'lite blower 32 of the
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interior air comhtionuig unit 30 is sioppcd, and thc control
signal to be output to the servo motor of the air mix door 34
is detemiined such that the air mix door 34 fully closes the
air passage on a side of the mterior condenser 13

In tlfis iiay, in the device-heatiitg operation mode. the
refrigeration cycle device 10 performs switching to the
reirigcranl flow path for allowuig Ihe rcffigcranl lo tlow
thcrclluough as indicatixl by thick arrows ol FIG. 6, so llml
the refri emnt flows in the sante way as the interior-beating
and device-heating operatiim mode. 'I'hus, the refrigerant
floivin into the auxiliary heat exchanger 15 exchanges heat
ivith the air for the battery to dissipate heat therefrom,
ivhereby the air for the battery is heated.

However. ui thc device-htmun operation mode, thc
operation of thc blower 32 is slopped, and lhc mr nnx door
34 fully closes the air passage on the side of the interior
condenser 13, so that the refrigemsnt flowing into the interior
condenser 13 flows out of the interior condenser 13 without
exchanging heat cc ith the air for the interior. Thus. rhe air for
the interior is not heated.

As mcnttoncxt above. ui thc device-healing operation
mode. the air I'or the baucry can be healed by thc auxiliary
heat exchanger 15 to thereby heat the secondary battery 55.

(g) Interior-I leating and l)evice-( ooling Operation Mode
1he above-mentioned operation modes (a) to (c) are

performed to cool the vehicle interior or the secondary
battery 55 ivhen the outside air temperature becomes rela-
uiely high, mauily, In summer or the hkc. Thc abovc-
meniioncd operation modes (d) lo (I) arc pcrlormed to heal
the vehicle interior or the secondary battery 55 when the
outside air tempemture becomes reLstively lov, mainly. in
winter or the like

In contrast. in spring or autumn, while heating is selected
by the selection switch with the operation sivirch of the
operation pmiel turnixl on (ON). die scliihcatuig of the
secondary battery 55 might uicrcasc thc baltery temperature
Tb Io thc second rcfi:rcnce temperaiurc Tk2 or lngher In
such a case. the refngeration cycle device is opemsted in the
interior-hearing and device-cooling opemstimi nxide

In the device-coolin operation mode, the controller con-
trols the operation of the first three-way valve 14a so as to
coiuuxl Ihe refrigerant outlet sale of thc expansion valve 21
for thc battery to thc rcl'ngerant Inlci side ol'ie auxihary
heal exchanger 15. The controller also controls tlm operation
of tile sccolid fllrcccway'alve )4/I sii Bs to ciiiliicct flic
refrigerant outlet side of the auxiliary heat exchanger 15 to
one of the refngerant inlets nf the third mergin portion 12/:
Further. the controller opens the bypass passage opening/
closing vahe 16a, cloaca thc suction side opcmng/closing
I al vc 1 8a. cloaca Ihe op cnuig/closing valve 19a fiir cooling,
and opens Ihc opciung/closing valve 21a for tlm ballcry.

In this way. In the interior-heating and device-cooling
operation mode. the refrigeration cycle device 10 performs
switching to the refrigerant flow path iiir allowin the
refrigerant to flow therethrou h as indicated by thick arrows
of FIG. 7. The controller controls the operations of thc
compressor 11, blower 32 of the uuenor air conditioning
uml 30 and blower 52 ol'Ihc battery pack 50 ui tlm same way
as the interior-cooling and device-cooling operation nlode.
'I'he controller also controls the operation of the air mix door
in the sante way as in the interior-heating and device-heating
operation mode. Further, the controfler controls the open-
tion of ihe expansion valve 21 for lhe ballcry ui Ihc same
ccay Bs Ihc device-cooling opcmlion mode.

Titus. in the intcnor-heating and device-cooling operation
niode. the refrigeration cycle device 10 alloivs the high-
pressure refrigerant discharged fmm the cmnprexsor 11 to

flow into the Interior condcnscr 13 without bmnclung thc
refrigerant front the first branch portion 12a into the first
three-way valve 14a The refrigerant flowing into the inte-
rior condenser 13 exchanges heat with the air for the interior
to dissipate heat therefronl. Bnd then flows out of the interior
condenser 13. In this way. the air for the interior ic heated.

Thc rcfngcranl lmving flowcd through thc interior cun-
dcnscr 13 tlows uito thc exlcnor heat exchanger 17 vm Ihe
byfiass passage 16/I because the bypass passage opening/

Ic closing valve 16a is open, and exchanges heat with the
outside air blovni fmm the blower fan 17 to dissipate heat
therefrom. The refrigerant lmving flowed out of the exterior
heat exchanger 17 flows from the second bmsnch portion 12C
tluough thc check vnlvc 18 mid the tlurd branch portion 124
iu lhal order In the same way as Ihc device-cooling operation
mode, and then flows into and is decompressed by the
expansion valve 21 for the lmttery.

'I'he refrigerant decompressed by the expansion valve 21

for the battery flows into the auxiliary heat exchanger 15,
Io and absorbs heat from the air for the battery blov n from the

blower 52 to evaporate itsell: In tlus wny, Ihe air for Ihe
battery is cooled. Thc operations fol low uig Ilus stc7I will be
the same as those in the device-cooling operation mode.

As mentioned above, in the interior-heating and device-
cooling operation mode, the air for the interior can be heated
by the interior condenser 13 to thereby heat the vehicle
interior. v:hiie the air for the battery can be cooled by the
auxiliary heat cxciangcr 15 to thereby cool llm secondary
bauery 55.

so In the interior-heating mid device-cooling operation mode
of this embodiment, the controller is adapted to open the
bypass passage openin 'closing valve 16ir and to cmise the
external heat exchanger 17 to act as the radiator as it has
already explained. Alternatively„ in the Interior-heating and

ic dcvicc-cooling mode, thc bypass passage opening,'closuig
valve 16a may bc closed. and the tluoulc opening of Ihe
expansion valve 16 for healing may be controlled ui Ihe
smne as the above-mentioned interior-heating and device-
heatin operation mode, v hereby the external heat

so exchanger 17 may function as the evaporator
In this case. the external heat exchanger 17 functionc as

thc evaporator, w hier can uicrcasc lhc amount of absorption
of thc heat in thc relbigerant. diercby enhancing thc heatuig
capncity of thc air for the interior In Ihe Intcnor condenser
13 lior example. Ivhen the outside air temperature I'am is
higher than a predetermined temperature, the exterior heat
exchan er 17 functions as the radiator In contmsst. when the
outside air temperature Tam is loci er than the predetermined
tcmpcralure, Ihc exlcnor heat exchanger 17 may function as

O lllc evaporator.
In addition to Ihc opcrauon modes (B) to (g) dcscrtbcxi

above, the refrigeration cycle 10 of this embodiment can
achieve the interior-cooling and device-heating operation
mode In which the vehicle interior Is cooled and the sec-

s. ondary battery 55 is heated at the same time. Since such
cooling of the vchiclc intcnor is performed wlmn the outside
Blr tCillpCIiiuile IS ICliilii Clv'igh Ill Suiilincr, lhc SCCOIIILiiy

battery 55 Is less likely lo have its tempcralurc that is ecluai
to or lower than the first reference temperature 'll 1. 'I here-

io fore, the openstion in the interior-cooling and device-heating
operation mode is luilikely to be performed.

In the interior-cooling and device-heatin operation
Iilode, lhc coiiliollcr coiilrols llic opcl'Jtloil of lllc lirsl
tluec-way valve 14a so as lo conmxt thc other outlet sideol'c

the lirst branch poruon 12a to thc refngcraut Inlet sale of Ihe
mixiliary heat exchanger 15 1he controller also controls the
opemtion of the second three-way valve 14/I so as to connect
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Ihe rcfrigcrant outlet s&dc of thc aux&i&dry heal cxclru&gcr 15
to the other one of the refrigemnt inlets of the first merging
portion 12/&. I&urther, the contn&lier opens the bypass passage
openina/closing valve 16d. closes the suction side open&ng/
closing valve 1ga, opens the opening/closi»g valve 19a for
cooling, and closes the opening/closin. valve 21a for the
banery.

11&e controller cou&rois the operations of thc compressor
I I. Ihe bio&ver 32 of the interior air conditioning unit 30. the
blower 52 of the battery pack 3tl. and the air mix donr 34 in
the same way as the interior-cooling and device-cooling
operation mode.

Thus. in the interior-cooling and device-hearing operarion
nlodc. &hc n:Illgc&B&ion c)'ch: device 10 dllow 9 flu: Blr loi'hc
interior to be cooled by thc u&tenor evaporator 20 in thc
same &vay as the cooling opemtion mode, thereby cooling
the vehicle intenor Simultaneously, the refrigeration cycle
device it) also allo&vs the air for the battery to be heated by
the auxiliary heat exchanger 15 in the same way as the
device-heating operation mode, thereby heating the second-
drv batlcrv 55.

As mennoned above, the rcfrigcrauon cycle dcvmc 10 of
this en&bodin&ent is provided with two heat exchangers,
namely, the u&terior condenser 13 and the interior evaponstor
20 as the user-side heat exchanger. Thus„ the refrigeration
cycle device 10 can heat or cool the air for the interior as the
first temperature-adjustment subject, thereby achieving the
mr conditioning (hcatu&g or coolu&g) of the vclucle in&crior.

Morc spec&licdlly, as ment&oned in 0&e dcscnpt&on of thc
interior-heatin and device-heating, operation mode. the
heating operat&on mode, and the interior-heating and device-
cooling operation mode, the Interior condenser 13 consti-
tuting the heat exchanger for heat dissipation can exchange
heat between the refrigerant discharged from the compressor
11 dnd thc a&r for thc u&tenor, thereby hcatu&g the air fi&r the
interior.

A9 Biennia&cd hl lhc dcscnpllon ol thc hnc&10&-cooing
and device-cooling operation mode, the interior evaponstor
20 constituting the heat exchanger for evaporation can
exchange heat between the air for the interior and the
refrigerant having flov ed from the exterior heat exchanger
17 and dccompresscd by thc expansion valve 19 for cooling,
thereby cooling thc mr for thc u&tenur.

Further. &he relngcrant flow-path swilch cim perfi&nn
switching to the appropriate refrigerant fk&v path, thereby
heating or cooling the air for the battery as the second
tempemture-adjustment subject to achieve the temperature
adjustment of the secondary battery 55.

In morc dc&a&l. like &1m &ntcnor-hcatm and dev&ce-heat-
ing opcrauon mode and the device-heating operation mode,
thc refrigerant flow-path sw&tch pcrfonns sw&&ching lo the
refrigerant flow path (first refrigerant flow path) In the tlow
path. the refrigerant in a range leading fn&m the discharge
port side of the compressor 11 to the inlet side of the exterior
heat exchanger 17 (specifically, to the inlet side of the
interior condenser 13) flows inio &beaux&fiery heal
exchanger 15, wh&lc the rcfngcrant hdvu&g flowed from thc
auxiliary heat exchanger 15 &s guuled to the u&let s&de of thc
exterior heat exchanger 17. Tln&s. the refrigerant discha&ged
fmm the compressor ll can exchange heat with the air for
the battery to thereby heat the air for the battery.

Like the interior-cooling and device-cooling operation
mode. ihe device-cool&ng opera&&on mode, and lhc u&&enor-

hea&u&g m&d dcv&cc-cooling opcmtion mode, tlm refn erm&1

flow-path switch pcrfi&rms switclung to thc rein aran& tlow
path (second refrigerant flow: path) in the flow path, the
refrigerant in a mange leadmg fmin the outlet side nf the

cx&crior heat exchanger I'7 io thc suet&ou port side ol thc
compressor I I (specifically. on the inlet side of the interior
evaporator 2tl) is decompressed by the expansion valve 21

for the battery to flow into the auxiliary heat exchanger 15,
v bile the refrigerant having fio&ved fmm the auxiliary heat
exchm er 15 is guided to the suction port side of the
compressor 11. Thus. &hc rclhigerunt ihschargcd fmm the
ex& cnor heal cxchangcr 17 can cxchaugc heat w &th thc air lor
the batten& to thereby cool the air for the battery.

io l&or this reasnn. the refri eration cycle dev&ce lt) of this
embodin&ent can adjust the temperatures of a plurality of
types of subjects for temperature ad)ustment. &ncludin the
a&r for the interior (first temperature-adjustment subject) and
thc Bu for thc butte&y (9ccond tcnlpcl'i&tore-Billilsnucn& snb-

I jccl). In tlus case, tins mnbodimcnt can use only onc
common auxiliary heat exchanger 15 to cool or heat the air
for the battery As a result, this en&lx&din&ent can reduce a
space for mounting the m&xiliary heat exchanger 15 as
compared to the stn&cn&re for cooling or heating the air for

lo the battery using a plurality of heat exchangers. Moreover,
tlus cmbodimcnt cdn rrxluce thc 9&zc und cost of thc cnt&re
relyigcration cvclc dcvwe 10.

l&urtherinore, this emlx&din&ent can have such a stnicture
that guides the low-temperature or high-ten&perature refrig-
emsnt to the one comn&on auxiliary heat exclmnger 15,
thereby simplifying the entire structure of the refrigeration
cycle device as compared to the stn&cture for guiding the
low -tcmpcrdture or high-tempera turc refwgcrant to thc
rcspcctlvl. hcdl cxchBngc&9. A9 9 rcsnl&, th&s cnlbixhnlcnt csn

&o in&prove the mountability of the refrigemtion cycle device
on B pl'educ&;

'I'he refrigeration cycle device it) of this embodiment is
adapted to heat any of the subjects for temperature adjust-
ment by a heat pump cycle (vapor compression refrigeration

&9 cycle), and thus can improve an m&crgy cflic&m&cy as com-
pared to the case v herc the sublccts for tempcraturc ad)us&-
maul arc heanxl by nn clectrm Iuwtcr and thc hot gas cycle.

liven thnugh the refrigerant flo&v-path s&vitch in the refrig-
emst&on cycle device I 0 of this embodiment s&vitches

do between the first refri erant flow path (see FICIS. 4 and 6)
and the second refrigerant flow path (see FICUS. I, 3, and 7),
thc refrigcran& inlet side m&d outlet s&dc of Ihc aux&1&ary heal
cxchangcr 15 do no& chm&gc w&&h rcspcct to each other. In
other words, thc flow direction ol'hc rcfrigcrant u& thc
auxiliary heat exchanger 15 provided &vhen the refrigerant
tlow-path sv;itch performs sv itching to the first refrigerant
flow path is the same as that ofthe refngerant in the auxiliary
heat exchanger 15 provided when the refrigerant flow-path
swilch performs sv itching to tlu: second rcfngcrant flow

o path. Tin&s, thespccdicanons of thc aux&fiery heat exchanger
15 can bc easily optimized.

When the refrigerant flow-path switch performs switching
to the first refrigerant flow path in the refrigeration cycle
device 10 of tlus embodiment„ like the intenor-heating and

&9 device-heating operation mode and the device-heating
operation mode, the rclhgerant in a range I'rom thc d&schar c
port sale of the compressor 11 to the u&lct s&de of thc interior
condenser 13 tlows u&to the auxiliury heat exchanger 15.
'I'hen, the refrigerm&t flo&vin out of the auxihary heat

io exchanger 15 is guided to the inlet s&de of the exterior heat
exchan er 17.

That is. once the refrigerant flow-path switch perfi&rms
swilclung to the lira& refrigerant flow path, Ihc interior
condcnscr 13 and thc aux&fiery heat exchm&gcr 15 are

Si connected in parallel. Thus. ihe high-tempcraturc rcfrigcrm&1
directly after being discharged from the compressor I I can
be used tn quickly warm up the secondary butte&y 55
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When Ihe refngeranl flow -path switch perfiinns su itclung

to the second refngerant flow path in the refri eration cycle
device 10 of tins embodimmit, like Ihe mterior-coolmg and
device-cooling operation mode, thc device-cooling opera-
tion mode, and the interior-heating and device-cooliag
operation nlode. the refrigerant in a range from the outlet
side of the exterior heat exchanger 17 to the inlet side of the
interior evapomtor 20 flow into the auxiliary heat
exchanger 15 Then, the refrigerant flowing out of the
auxiliary heat exchanger 15 is guided lo Ihe suction port side
of Ihc compressor 11.

'Iliat is. once the refrigerant floiv-path sivitch perfouns
switching to the second refrigerant flow path, the interior
evaporator 20 and the auxiliary heat exchanger 15 are
connected in parallel Thus. for example. even when switch-
in from the interior-cooling and device-cooliitg operation
mode io Ihc cooling operation mode, thc above arrangemeul
cmi pret cnt lhe drasuc clrange ui dryness ol lhc rcfn ermil
on the inlet side of the interior evaporator 20. thereby
suppressing the deterioratiim of the air conditioning feeling.

The refri emtion cycle device 10 of this embodiment
performs switching to the tirst refrigerant flow path when the
battery temperature Tb is equal to or lower than the hrst
rcfcrencc lmnpcrature Tkl. On lhc uthcr hand, lhe rcibtg-
crauon cycle device 10 pcrfornw swilclung lo lhc second
refrigerant flow path when the battery temperature I'b is
equal to or hi her than the second reference temperature
Tk2. This armngement can easily adjust the temperature of
the secondary battery 55 in the predetermined temperature
ran e, ivhile preventing control hunting.

Second I imbodiment

This embodiment dlfl'ers from the first embodiment in
connection structures of thc Iirst brmich poruon 12u and the
Iirst three-w ay valve 14u. Spccdically. as shown ui lhe mtlire
conligurauon diagrums ol'IGS. 8 lo 14, ui llus mnbudi-
nlent, the first three-way valve 14u is disposed on the
refrigerant outlet side of the interior condenser 13 'lite hrst
branch portion 12u connected to the firs three-wuy valve
14u is disposed in a refrigerant passa e for connecting the
outlet side of lhc cxpmi~iou valve 21 for the baucry to thc
refrigerant utlct sale ol'he mixiliary heal cxchangcr 15.

Thus, flte first tluce-way valve 14u is adapted to switch
betiveen a refngerant tlow path for connecting the refnger-
ant outlet side of the interior condenser 13 and the refrig-
erant inlet side of the first bmnch portion 12u. and another
refrigerant flow path for connecting the refrigerant outlet
side of the intcnor coudmiser 13 and onc relhgcrmtt inlet
side of ihe Iirst merging portion 12b. The stniclures ofother
components arc thc stone as those in fltc Iirsl mnboduncnl.

1he refrigeration cycle device 10 of this embodiment can
also perform the air-conditioning of the vehicle interior, and
adjust the temperature of the secondary battery 55 The
refrigeration cycle device 10 can be operated by switching
among thc operution modes fa) lo fg). hke the Iirst embodi-
ment. Now. a dcscnption will bc given of the operation of
each ol'he operation modes
fa) Interior-('ooling and Device-( online Operation Mode

In the interior-cooling and device-cooling operation ntode
of this embodiment, the mintroller controls the operation of
the first tluee-v, ay valve 14a so ac to connect the refrigerant
ouilcl side ol'hc intcnor condenser 13 lo one rcfn ermil
inlet sale of thc lirst merging poruon 12b. The controller also
controls thc operation ol'hc second lluee-v;ay valve 14b so
as to connect the refngerant outlet side of the auxiliary heat
exchmiger 15 to one of the refrigerant inlets of the third

merging portion 12/. Further, thc controller opmis thc bypass
passage opening/closing valve 16u. closes the suction side
opening/closing valve Ithi. opens the opening/closing valve
19u for cooling, and opens the opening/closing valve 21a fiir
the battery.

In this way. in the interior-cooling and device-coolin
operation mode, thc rcfugcrauon cycle dcvicc 10 is sw itched
to the refrigerant flow path lor allowing the rcl'ngeranl lo
flov therethrough as indicated by thick arrows of I I(i 8

la Thus, the high-pressure refrigerant discharged from the
cmnpressor ll flows iitto die interior condenser 13 to
exchange heat with the air for the Interior havmg passed
throu h the interior evaporator 20, thereby dissipating heat
thcrcfrom, and then liow s out of the intcnor condcnscr 13.
Thc refrigerant havmg flowixi out of the uitcnor condenser
13 flows into the exterior hear exchanger 17 via the first
three-way valve 14a, the first merging portion 12b, and the
bypass passage 16b 'I he operations other than those
described above are the sante as tlmse in the interior-cooling

m and device-cooling operation mode of the first embodiment.
That is, in thc interior-cooling aud device-coohng opera-

tion mode, the air for the interior can bc cooled by Ihe
interior evaporator 20 to thereby cool the vehicle interior,
while the air for the battery can be cooled by the mixiliary
heat exchanger 15 to thereby cool the secondary battery 35
(b) Cooling Operation Mode

In the cooiing operation mode, the contmfler controls the
operation of Ihc Iirsl llucc-way valve 14ii so as lo connecl
thc rcfrigcrant outlet side ol'lhc uitenor condmtser 13 lo onc

Iu refrigerant inlet side of the first merging portion 12b. 'the
controller also controls the operation of the second three-
v ay valve 14b so as to connect the refugerant outlet side of
the auxiliary heat exchanger 15 to one of the reihigemnt
inlets of the third mery'ng portion 12fi Further, the controller

li opens the bypass passnge opcning/closing valve 16a, cloaca
the suction sale opeiung/closutg valve 1gii, opens the open-
ing/closing valve 19u for coolutg, und cloaca the opening,'losing

valve 21a for the battery
In this ivay, in the cooliua operation mode, the refrigem-

su tion cycle device 10 performs switching to the refrigemnt
flov path for afloiving the refrigerant to flow therethrouJt as
indicated by thick arrows oi'FIG. 9. Thus, llm high-pressure
rcfngcrant discharged Ibom the compressor 11 flows utto thc
cxlcrior heat cxclmnger 17 from thc interior condenser 13 to
the hrst tltree-way valve I 4ib the hrst merging portion 12b,
and the bypass passe e 16b in the same way as the interior-
cooling and device-cooling opemtion mode. The operations
other than those described above are the same as those in the
cooling operation mode oi'he Iirst embodimmit.

o That is, in Ihc cooling operation mode, thc air for Ihe
iulcnor can be cooled by thc uttcnor evaporator 20 lo
thereby cool the vehicle interior
(c) Device-('ooling Operation Mode

In the device-cooling operation mode, the controller con-
s. trois the operation of the first three-way valve 14u so as to

conniut thc rcfngcranl outlet side ol'lm uitcnor condenser
13 lo one refngcrant mist side of lhc Iirst mcrguig portion
12b Tlm controller also controls lhc opcrauon of thc siuond
three-way valve 14b so as to connect the refugerant outlet

iu side of the auxiliary heat exchanger 15 to one of the
refri erant inlets of the third merging portion 12fi Further,
the controiler opens the bypass passage openmg/closin
valve 16ii, closes thc sucuon side opm»ng/closing valve 18u,
closes lhc opening/closuig i ah c 19u for cooling, and opens

si the opening/closutg tahe 21u for the battery
In this v;ay, in the device-cooling operation mode, the

refrigeration cycle device lit is switched to the refrigerant
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liow path for allowing Ihc rcfrigcranl lo flov, lhcrelhrough as
indicated by thick arrows of I'JG 10 'linis, the high-
pressure refngerant dischar ed from the compressor ll
floivs into lhe exterior heat exchanger 17 from the interior
condenser 13 to the first three-way valve 14a. the Jirst
merging portion 125„and the bypass passage 166 in the same
waV dS lhC Iiitcilot-cooliiig Bill dCVICC-Cooliiig i&pCidlioil
mode. 111e operations other than those dcscnbed above are
the same as those in the device-cooling operation mode of
the Jirst embodiment

Ihal is. in the device-cooling operation mode, the air fi&r

the battery can be cooled by the auxiliary heat exchanger 15
to thereby cool the secondary battery 55.
(d1 Interior-Heating and Device-Hcaung Opcrauon Mode

In the intenor-hcauug and device-heating operation
mode. the controller controls the operation of the hrst
three-way valve 14a so as to connect the refrigerant outlet
side of the interior condenser 13 to the refrigerant inlet side
of the first branch portion 125. The controller also controls
the operation of the second three-way valve 145 so Bs to
conncml Ihc refrigerant outlet sale of lhc mixilmry heal
exchanger 15 lo thc other onc of thc refrigerant inlets of the
firs merging portion 12/& I'urlher, the controller closes the
bypass passage opening/closutg valve 16u, opens the suction
side opening,'closing valve 18u, closes the opening,'closing
valve 19a for cooling, and closes the openingclosing valve
21a fi&r the battery

In tins way, ui the intcnor-heatuig and dcvme-heating
operation mode, thc rcfngcralion cycle device 10 is switched
to the refriaerant flow path for allowing the refrigerant to
floiv therethrough as indicated by thick arrows of I'lli. I l.
'I'lnis, lhe hi h-pressure refrigerant discharged from the
compressor 11 flows into the interior condenser 13 to
exchange heat with the Bir for the interior having passed
tluough the intcnor evaporator 20, thereby dissipatui heat
thcrcfrom. and then Jlows out of thc interior condenser 13.
Thc rcfrigcranl having Jlowcd out of flic interior condenser
13 floivs into the auxiliary heat exchanger 15 via the hrst
three-way valve 14a I he opemstioils other thail those
described above are the same as those in the interior-hearing
and device-heating operation mode of the first embodunent.

Tlat is. ui the intcnor-hcaung and device-hmitui opcra-
uon moCk, the air for thc uilcnor can bc heated by thc
interior condcnscr 13 lo thereby heai thc vclnclc uilcnor,
while the air fi&r the battery can be heated by the auxihary
heat exchanger I 5 to thereby heat the secondary battery 55.
JC1 Heating Opemstion Mode

In the heating operation mode, the controller controls the
operation OJ thc Jirst tluek-way valve 14a so as lo coiuicct
thc refrigerant outlet side o I'hc uitcnor condmiser 13 lo oue
rei'rigcranl inlet side of thc Jirst mcrguig portion 12b. The
controller also controls the operation of the second three-
way valve 146 so as to connect the refrigerant outlet side of
the auxiliary heat exchanger 15 to one of the refrigerant
inlets of the third merging portion 12f. Further. the controller
cloaca the bypass passage opcmng/closing valve 16a. opium
Ihe suction sale opeiung/closuig valve 18a, closes lhc open-
ing/closuig Valve 19a Jhr coohng, imd cloaca the opmiuig/
closing valve 21a for the battery

ln this ivay. in the heating operation mode„ the refrigera-
tion cycle device 10 performs switchin to the refrigerant
liow path forallowin the refri em&at to liow theretluou has
indicated by lluck arrows ol'IG. 12. Tlnis, lhc high-
pressurc rcfngerant discharged from Ihe compressor 11

liow s mlo the interior condenser 13 io cxclmn e heat with
the air for the intenor having passed through the interior
evaporator 20. thereby dissipating heat therefrom, and then
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Jlows out of thc uitcuor condenser 13. Thc refrigerant
having flowed out of the interior condenser 13 is decom-
pressed by tbe expansion valve 16 for heating to flow into
the exterior heat exchanger 17. 'I he operations other than
those described above are the same as those in the heatin
operation mode of the Jirst enlbodiment

That is, ui thc heating opcrauou mode. thc air I'or Ihe
iulcnor can be heatmi by the uilerior condenser 13 lo thereby
heat the vehicle interior

lo Jfl Device-I Jesting Operation Mode
ln the device-heating operation nlode. like the air-heating/

device heating operation nu&de, the controller controls the
operation of the first three-way valve 14a so as to connect
thc reliigcranl outlet side of the intenor condmiscr 13 lo thc
rcfngcrdnt inlet side of the lirst branch portion 12a. Thc
controller also controls the operation of the second three-
v ay valve 146 so as to connect the refngerant outlet side of
the mixiliary heat exchanger 15 to the other one of the
refri erant inlets of the first merg&ing portion 12/&. Further,

Io the controller cioses the bypass passage openmg/closin
valve 16a, opens the suction side opening/closing valve 18a,
closes thc opcrungiclosing valve 19a for cooling, and cloaca
the opening/closing valve 21u for the battery

ln this &vay, in the device-heating opem&tion mode, the
refrigeration cycle device 10 performs switchutg to the
refrigennt Jloiv path for allowing the refrigemsnt to flow
therethrough as indicated by thick arrows of FICi 13, so that
thc rcfrigcrant flows ui the exactly same way as thc intcrior-
hcauug and device-heating operation mode. Thus, thc rcfrig-

so erant flowing into the auxiliary heat exchanger 15 exchanges
heat with the air for the battery to dissipate heat therefrom,
v hereby the air for the battery is heated

In the device-heating operation mode. however, the
operation of the blower 32 is stopped. and the air mix door

&I 34 I'ully cloaca thc air passage on thc side ol'he interior
condcnscr 13, so that Ihc refngcranl liow ing uilo Ihc inlerior
condcnscr 13 flow s oul of thc intcnor condenser 13 without
exchanging heat &vith the air ti1r the intenor I hus. the air Ji&r

the interior is not heated.
do Jgi Interior-Heating and Device-Cooling Operation Mode

In the interior-heating and device-cooling operation
Inoilc. thc coiltrolh:I coiinois lhc opixiitloil ol lhc'irsl
tlucc-way valve 14a so ds lo connect lhc rclngcrant oullel
side of Ihc inlcnor condmiscr 13 to onc rcJbigcrant uilcl side
of the first merging portion J2/&. 'I he controller also controls
the operation of the second three-way valve J4/& so as to
connect the refrigerant outlet side of the auxiliary heat
exchm er 15 to one of the refrigerant inlets of the third
merging portion 12/. Further. Ibc controller opens thc bypa ss

O passage opciliilg/closlilg vdl&c 16a, cloaca thc sucuon sale
opening/closuig valve 18a, closes thc opening/closuig valve
19a for cooling, and opens the opening/closing valve 2 la for
the battenm

In this Vvay. in the interior-heating and device-cooling
» operation mode. the refrigeration cycle device 10 is switched

to lhc rcfrigcranl tlow pnth for allowing thc relngcmnl lo
liow thcrcthrough as Indicatcxl by thick arrows of FIG. 14.
Tints, thc high-prcssure rci'rigerant dmchargcd Jbom thc
compressor 11 flu&v into lhe extenor heat exchanger 17

io from the interior condenser 13 to the first thiee-way valve
14a. the first mergin portion 125, and the bypass passage
16/& in the same way as the interior-coolin and device-
cooling operation moCk. The operations other than those
ih:scribed ii bove Bi c lite %laic ils those 111 lite Itin:1101-ical iiig

ss and device-cooling operation mode of thc lirst embodiment.
l'hat is, in the interior-heating and device-cooling open-

tion niode. the air for the interior can be heated by the



27
US 10,16)1,079 B2

28
interior condcnscr 13 Io thereby heai thc vclnclc uiicnor,
ivhile the air for the battery can be cooled by the auxihary
heal exchanger 15 Io thcrcby cool Ihc secondary battery 55.
In addition Io the operation modes dcscnbwl above. the
refrigeration cycle 10 of this embodiment can also achieve
the interior-cooling and device-heating operation mode in
ivhich the vehicle interior is cooled and the secondary
battery 55 is heated at the same time.

Specifically. in the interior-cooling and device-hearing
opcraiion mode, ihc controller controls thc opemiion of thc
lira( (luce-way valve 14a so as io connect tlm refngcrmii
outlet side of the interior condenser 13 to the refrigerant inlet
side of the first branch portion 12a. I'he controller also
controls the operation of the second three-way valve 14b so
as to connect the refrigerant outlet side of the auxiliary heat
exchanger 15 to the other one of the refri emnt inlets of the
lirst merging portion 12b. Further, the controller opens the
bypass passage opening(closutg valve Iba, closes Ihe suc-
tion side opening/closing valve lga. opens the opening(
closing valve Ioa for cooling, and closes the opening(
closing valve 21a for the battery.

As mentioned above, the refri eration cycle device 10 of
this enibodiment can heat or cool the air for the interior as
the lira( Imnpcraturc-ad)us(ment sub(act. diercby achieving
the air-conditioning ol'hc vehicle uiienor. Furdier. thc
refrigeration cycle device can heat or cool the air for the
battery as the second teniperature adjustment subject,
thereby achieving the temperature adjustment of the sec-
ondary battery 55. Moreover, the refrigeration cycle device
can reduce its size and cost, while simplifying the cycle
structure. so Ihai this cmbodunent cmi have Ihc s unc eflbcis
as ihosc of Ihc lirst embodimcni.

yyhen the refrigemsnt tlow-path sivitch performs switchiag
to the first refrigerant flow path in the refrigeration cycle
device 10 of this embodiment, like the interior-heatiag and
device-heatmg operation mode and the device-hearing
operation mode. the refrigerant in a range thorn the outlet
side of the intenor condmiser 13 tu (he uric( side of thc
cxierior heal cxclrdnger 17 flows imo Ihc auxihary heal
exchanger 15 '(hen, the refrigerant flossin out of the
auxiliary heat exchanger 15 is guided to the inlet side of the
exterior heat exclmnger 17

That is. once the refri erant flow-path switch performs
sivitching to the first refrigerant flow path. the interior
condenser 13 and thc auxiliary hca( cxchangcr 15 are
conncwied in scncs. Thus. the lu h-pressure refn arms(
having a lower temperature as coinpared to directly after
being discharged from the conipressor I I can be used to heat
the secondary battery 55 'I'hus, this arrangement can sup-
press a dmsstic increase in temperature of the secondary
battery 55. This is effective in the use of the secondary
bancry 55, which is likely to bc broken at a predetcrmuied
ICilipCItl (lilt: or lllorim

Tlnrd Embodiment

In the lirst embodiment, the second temperature adjust-
ment subject is air (gas) I'or thc bauery thai flow s tluuugh thc
air passage of the battery pack 50, and is heated or cooled
by way of exaniple On the other hand, in this embodiment,
as shoivn in the entire configuration diagram of FI(1 15. the
second temperature adjustment subject may be a heat
mcdnun (liquid) flow ing du ough a heat mcdnun circuit 50a
by way ol'xmnplc, and may bc heated or cooled.

lite heat mcdnun circuit 50a is a circus( lbr allowing
circulation of a heat niedium (specifically. an ethylene glycol
aqueous solution) that adjusts the temperature of the sec-

ondary battery 55. In more detail, Ihc heat medium circus(
50a is fomied by connectina a water pump 52rr for pressure-
feeding the heat niedium, a heat medium passage forined
inside or outside the secondary battery 55, and a water-
refrigerant heat exchanger 15a for exchanging heat be(vveen
the heat medium and the refrigerant by pipes in a ring-lil e
slmpc in thai order.

Thc water pump 52a is an clectnc water pump whuse
opemstion (heat medium pressure-feeding capacity) is con-

ic trolled by a control signal output fmm the controller More
specifically, the ivater pump 52rr also has its operation
controlled in the respective operation modes described in the
first embodiment, in the same i(ay as the blower 52.

Thc water-rcfrigcrmii heat exclmngcr 15a is mi auxiliary
hen( cxchangcr for cxchanguig ln:di benveen thc refrigeran(
tlowing through a refrigerant passage 156 and the heat
medium tiowing thmugh a v ster passage 15c Such a
v ster-refrigerant heat exclmnger 15a niay employ a specific
stnicture in which a pipe forming the v ater passage 15c is

zo v ound around the outer periphery of a refrigemsnt pipe
fiirming Ihe rcfngcrani passage 15b Io thcrcby exchange
heat bciwccn Ihc bent medium and the refngcrtmt.

Alternatively, another heat exchanger structure may be
employed ivhich uses a meandenng tube or a plurality of
tubes for permitting the floiv of refrigerant as the refrigerant
passage 15b, thereby forming the water passage 15c in
between the adjacent tube parts or tubes. The heat exchanger
is provided with corrugated lins or plate lins I'or pmmotuig
thc heat cxchangc bciwccn Ihe refngcrani and coolant.

so 'I'he input side of the controller of this embodiment is
connected to a heat mediant inlet side temperature sensor fiir
detecting an inlet-side temperature 'I'in of heat medium that
flows into the heat medium passa e of the battery 55. and
also to a heat-mediuni outlet side tempemsture sensor for

is dcliwiing an ouflci-sale tcmperaturc Tout of heal medium
that flows oui ol'hc heat medium passage ol'hc baucry 55.

In cooling or hcnung Ihc secondary baucry, thc waier
pressure feeding capacity of the water punip 52a is con-
trolled such that a difference be(ween the inlet-side tem-

do perature Tin and outlet-side tempemsture Tout is substantially
equal to a predetermined teniperature (for example, 5" O.).
Thc stnictures ol'other components arc the same as those in
tllC lirSI clllbiiilllllClll.

In operation of thc rcfngcration cycle device 10 of tlus
embodiment in the air-heating'device heating opemstion
mode and the device-heatin operation niode. the refrigerant
discharged from the compressor 11 flows into the reihigemsnt
passage 15b of the water-refrigerant heat exchanger 15a. so
that Ihc heat medium flow uig flu ough thc water passage 15c

o can bc hcatcd. In flus way, Ihc sixondary baucry 55 can be
hcatcd

In the air-cooling,'device cooling operation mode, the
device-cooling operation niode, and the interior-heating and
device-cooiing operation mode, the refngerant decom-

ss pressed by the expansion valve 21 for the battery flows into
thc refrigerant passage 15b of Ihc water-rcfrigcrmii hea(
cxchangcr 15a, so thai the heat medium flowuig tlumigh thc
wdlcr pdssagc 15c cilll be cooled. In (his vvay', illc sccont(ary
battery 55 can be cooled. As a result, even the structure

ro employing the heat medium circuit 50a of this embodiment
cmi obtain the same efl'acts as tlmse of the first embodiment.

Even though the refrigerant flow-path switch in the refri-
erauon cycle dcvici: 10 of this emboihmcnt switches
bciwivn thc lirst refrigerant flow path and the siwond

ss relbigcran( flow path, thc rcfngcrant uilct side and outlet sale
of the refrigerant passage 15b of the water-refrigemsnt heat
exchanger 15a do not change with respect to each other
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Accorduigly. even after switclung Ihe rcfugerant flow, thc
flow of refngerant in the refrigerant passage 15b can be
opposed Io the flow of heat mcdnun ui die water passage
15i, which can improve a heat exchanging efficiency of the
w ster-relbigerant hcut exchmigcr 15a.

llus mnboduncnt uses the heat mcdnun circuit 50a in thc
refrigerant cycle device 10 ol'he Iirst cmboduncnt by way
ofexample. Alternatively. this embodiment may use the heat
medium circuit 50rr in the refrigeration cycle device 10 of
the second embodiment in the same way as this embodi-
ment.

I'ourth I imbodiment

Referring to the entire configumstion dia ram of FICI 16,
this embodiment difl'ers from the first embodiment in tlmt
thc secondary battery 55 w cooled or has(cd by thc rcfng-
crant luiving flowixl directly from thc Iirst three-way valve
14a In more detail. the refrigemutt having fkiwed out of the
first three-way valve 14B tlov:s through the refrigerant
passage fomied at the outer periphery of the secondary
battery 55. Bnd then flows out toward the second tluee-way
valve 14b. Thus„ the second temperature-adjustment subject
in this mubodiment is thc sioondary battery 55.

lllc stlilcnlrcs Bllil opera(lolls ol otllcl colllpolli:lils Brc tile
same as those in the first embodiment In operation of the
refrigeration cycle device 10 of this emlxidiment in the
interior-heating and device-heating operation mode und the
device-heating operation mode, the secondary battery 55 can
be heated directly by the reibigemsnt discharged from the
compressor 11. In Ihc uitcnor-cooluig and device-cooluig
operation mode, thc device-cooling upcration mode. and the
interior-hearing and device-cooling operation mode, the
secondary battery 55 can be cooled directly bv the refrig-
emnt decompressed by the expansion valve 21 for the
battery. As a result. even the structure of this embodiment
can obtain the same efl'ects as those of the first embodiment.

llus cmbodimcnt is adapted Io Ihrectly cool or hwit thc
secondary battery 55 with thc rcfrigcrant having flowed
fmm the tirst three-ivay valve 14a in the refrigeration cycle
device IU of the first embodiment. Alternatively. tlus
embodiment may directly cool or heat the secondary battery
55 with the refrigerant havmg flowed from the first branch
portion 12a in the refrigeration cycle device 10 of the second
cmbodimcnt, ui thc Brune way as this embodiment.

Fifth Embodiment

In thc above-menuoucd second cmboduuent, when the
reirigcranl flow-puth switch pcrfomis switclung Io Ihc Iirst
rei'rigcrant flow path, the interior condenser 13 and the
mixiliary heat exchanger 15 are connected in series v ith
respect Io the flow of refrigerant by way of example That is,
the interior condenser 13 of the second embodiment uses the
high-pressure refugerant directly discharged from the com-
pressor 11 as a heat source, thereby heating tlm air for thc
interior. whereas the auxiliary heat cxclranger 15 uses thc
lngh-pressure rclbigcrant havuig a lower temperature than
the refrigerant directly discharged fmin the compressor 11 as
another heat source, thereby heating the air tiir the battery.

However. a difference in temperature between the air for
the interior heated by the Interior condenser 13 and the air
for thc battery hcuted by thc auxiliary heat exchmigcr 15 is
diflicult Io adjust only by coiuiccung thc interior condenser
13 Io the auxiliary heat exchanger 15 ui scncs. Here. the
temperature of the air for the interior required tiir heating
enemlly ran es from approximately 40 to 60'', whereas

thc bauery Icmperaturc Tb requircxl for Ihc adequate chtugc-
discharge characteristics of the secondary battery (fiir
Cxalllple, B liIliitlilt loll battery) I ill CS frolll Bppl'Oxilllately
10 to 40" (.'.

When the temperature of the air for the interior is
increased to approximately 60" C, by the interior condenser
13 while thc rcfugcrsnt fiow -path switch perfonna sw itchuig
to the lirst relbigerant flow path. Ihc tempcraturc of thc air lor
the battery is increased to an unnecessarily high level. which

io nught degrade the characteristics of the secondary battery
55 When the battery is intended to be ivarnted at a battery
temperature Tb of approximately 20" C., the air for the
interior cannot possibly be increased to a level required for
llciltlllg

Referring Io the enure configuration diagrams of FIGS. 17
to 23, this eiubodinient ditfers from the second embodiment
in ntodification of the arran ement of the expansion valve 21

for the battery, and also in addition of the expansion-valve
bypass passage 24 for allowin the refngerant to bypass the

io expansion valve 21 for the battery as well as an expansion-
valvc bypass passage opening/closin vulva 24C Ibr openuig
and closing the cxpmision-valve bypass passage 24.
Although I'I(IS 17 to 23 abolish the fixed throttle 22 it is
obvious that the fixed throttle 22 may be provided in the
smne manner as the embodiments descubed above

Specificafly. the expansion valve 21 for the battery is
disposed in a refrigerant passage leading from the refrigerant
outlet side ol Ihc first branch portion 12C to Ihc refrigerant
inlet sale of the mixiliary heal exchungcr 15. Thc expansion-

io valve bypass passage 24 is a refrigerant passage that allows
the refrigerant bavin flowed from the first branch portion
12B to be guided to the refrigerant inlet side of the auxiliary
heat exchanger 15. vvhile bypassing the expansion valve 21
for the battery. The expansion-valve bypass passa e open-

ii iug/closing valve 24B is an elcctromagnctic valve which is
substantially thc same as the bypass pussage opening,'closuig
valve 16a or thc hke, and thus scrvcs as Ihc rcfrigcrant
flov -path switch in this embodiment

A loss in pressure caused when the refngerant passes
so throu h the expansion-valve bypass passa e opening/clos-

ing valse 24a is much smaller than that em(sad when the
rcfugcrsnt passes Iluough thc expansion valve 21 for thc
battery Tluis. Ihc relngerant hating flowcd from Ihc Iirst
branch portion 12a flows uito Ihc mixiliary heat cxclmngcr
15 without being decompressed when the expansion-valve
bypass passage opening'closina valve 24u is open 'lhe
stnictures of other components are the same as those in the
second embodiment.

Next. Ihc opcrauon of thc refrigcratiou cycle device 10
o with thc above-mcnttontxl structure ui this cmbodunent will

bc dcscubcd below. Thc rcfugcration cycle device 10 of tlus
embodinient can be operated by switching mnong the open-
tion modes in the same way as the second enibodunent
(a) Interior-('ooling and Device-Cooling Operation Mode

ss In the interior-cooling and device-coolin opemstton mode
of tlus cmbodimenk Ihc controller controls the operation of
thc Iirst tluei:-way valve 14a so as to connect thc refrigerant
outlet side ol thc intcnor condmiser 13 Io onc refrigerant
inlet side of the first merging portion 12b 'I'he controller also

ro controls the operation of Ihe second three-way valve 14b so
as to connect the refrigerant outlet side of the auxiliary heat
exchan er 15 to one of the refrigerant inlets of the third
merging portion 126

Furtlmr. Ihc conu oiler opens tlu: bypass passageopening,'i

closing valve 16ii, cloaca the suction side opening,'closuig
valve Itta. opens the openingiclosin valve I Uu for cooling„
opens the opening/closing valve 21B for the battery, and
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cloaca Ihc expansion-valve bypass passage opmnng/closing
valve 24a. In tlfis way. in the interior-cooling and device-
cooluig operation mode, thc rcfngcmfion cycle device 10 Is

switched to the refngerant flow path tiir allowing the refrig-
erant to tlow thcrclhrough as uidicatcd by (luck arrows of
IIICi. 17.

The operations other than those described above are the
same as those in the interior-cooling and device-cooling
operation mode of the second embodiment. In the interior-
cooluig mid device-cooling operation moCk. Ilus mnbudi-
ment can perfomi switching to the cycle structure that is
substantially Ihc same as that in thc uileuor-cooluig and
device-coolin operation mode of the second embodiment
illustrated in FICi. 8, and thcrcforc can cool the secondary
battery 55. Ivhile coohng the vehicle interior in the same
ivay as the second embodunent.
/b) ('ooling Opemstion Mode

In the cooling opemstion mode. the controller controls the
opcraiion of the lirsl tlucc-way valve 14a so as to coiuiecl
the refrigemsnt outlet side of the interior condenser 13 to one
rel'rigcranl inlet side of thc lirst mcrguig portion 12b. The
controller also controls the operation of the second three-
way valve 14b so as to connect the refrigerant outlet side of
the auxiliary heat exchanger 15 to one of the refrigerant
inlets of the third merging portion 12f.

Further. the controller opens the bypass passage opening/
closing vahc 16ir, cloaca thc suction sale opmnng/closing
1 alve 18a, opens the opmiing/closuig valve 19a I'or cooling,
and closes the opening/closuig valve 2 la for the battery. In
this way, in the cooling opemstion mode„ the refrigeration
cycle device 10 perfornis switching to the refrigerant flov
path for allowing the refrigerant to flow theretluough as
indicated by thick arrows of FICI. 18.

Since in the cooluig opcrauon mode, lhe refhgcrant is not
aflowcd to flow Into thc auxiliary heal cxcian er 15. the
expansion-valve bypass passage opening/closuig valve 24a
niay be open or closed. This embodiment is adapted to
niaintain the opened/closed states of the respective compo-
nents in a previous operation mode before switchiitg to the
present operation mode.

llic operations other than those dcscrtbcxt above arc thc
smnc as thai in Ihc cooling opcrauon mode of thc second
mnbodimcnt. In lhc cooluig opcrauun mode, tins cmbodi-
Illcltt c;Ill pcl'foi'in srvitchiflg to tile cycle stole(ilia th;It Is
substantially the same as that in the air-cooling operation
mode of the second embodiment illustrated in FICI. 9. and
therefore can cool the vehicle interior in the smne way as the
second embodunmit.
(c) Device/Cooling Opcrauon Mode

In thc device-cooluig operation mode, the controller con-
trols the operation of the hrst three-ivay valve 14rr so as to
connect the refrigerant outlet side of the interior condenser
13 to one refrigerant Inlet side of the first mer in portion
12b. The controller also controls the operation of the second
flucc way 1 alve 14b so as to connect thc refrigerant outlet
side of the auxiliary heat cxclmngcr 15 to onc of thc
rcfrigemnt uilcts of thc tlurd merging porlion 12/.

I'urther. Ihe contmfler opens the bypass passage opening/
closing valve 16u, closes the suction side opening,'closing
valve 18a. closes the opening/closing valve 19a for coolin,
opens the open)a/ac)using valve 21a for the battery. and
cloaca thc expansion-valve bypass passage opcmng/closing
1 alvc 24rl. Iii title vvay', Iii flir: dcvicc-coo)trig rrpcidlioii
mode. Ihc rcfrigcrauon cycle device 10 rs switched to the
refrigerant flow path for allow:ing the refrigerant to tlow
therethrough as indicated by thick arrows of lil(i 19

Thc operations other than those dcscribcxt above are thc
same as those in the device-cooling operation mode of the
second cmborhmcnt. In thc device-cooluig opcrauon mode,
tlus embodiment can perform switching to the cycle stmc-
turc that Is substimually thc same as that in thc dcvicc-
cooling opemstion mode of the second enibodiment illus-
trated in FIG. 10, and therefore can cool the secondary
battery 55 in the same way as the second emboduneot
(d) Interior-Heating and Device-Heating Operation Mode

I I I

Iit lllC IIIICIlor-IICiiliiig iiiirl ilCVII:I:-iri:liiigg Opr:id licit
mode. the controller controls the opemstion of the first
tlucc-way valve 14a so ds lo connect lhc rclngcranl oullet
side of the interior condenser 13 to one refrigerant inlet side
of thc lirsl merging portion 12a. The controller also conuuls
the operation of the second three-way valve 14b so as to
connect the refrigerant outlet side of the auxiliary heat
exchanger 15 to the other one of the refrigerant inlets of the
first merging portion 12b.

Furllmr, the controller closes the bypass passage openm /
closing vair e 16a. opens the suction side opening/closing
valve 18a. cloaca lhe opmnng/closing valve 19a for cooluig,
closes the openingrclosing valve 2la for the battery, and
closes the expansion-valve bypass passage opening/closing
valve 24u. In this rvay. in the intenor-heating and device-
heatin operation nu&de, the refri emotion cycle device 10 is
sv itched to the refri erant flow path for allowing the reibig-
crant to tlow thcrclluough as indicated by lhmk arrows of
FIG. 20

so 'I'he control signal to be output to the expansion valve 21

for the battery is determined such that the refrigerant pres-
sure of the inside of the mixiliary heat exchanger 15 sets the
battery temperature Tb in an appropriate tempemsture mange

fln this embodiment. 10 to 40" C.). The throttle openin of
is the expansion valve 21 Ibr thc baucry detcnnined ui Ihc

inlcnor-healing and dcvme-healing operation mode is large
with respect lo a predelennuied llu oltlc opcmng detcrnuncx)
in the interior-cooling, and device-cooling operation mode or
the device-cooling operation mode. Thus, the amount of

do decompression of the refrigerant by the expansion valve 21
for the battery in the interior-heating and device-heating
operation mode Is smaller fluin flrdt ui lhc uilenor-cooluig
diid rlcvicc-coo)lit opr:I"dlioti Itiorlr: or llir: ilr:vlcc-cooliiig
operation mode.

'I'he operations other thmi those described above are the
sante as those in the interior-heating and device-heating
operation mode of the first embodiment. Thus, the refri-
emstion cycle device 10 of tins embodiment allov s the state
of lhe rcfrigcranl lo change ds fllustcdtcd ui a Molhcr chart

c of FIG. 24. Referring to FIG. 24. El uidicdlcs a mngc of
prcssure that can aclucvc hcaung ol'ir, E2 indicates an
amount of decompression per tiirnied by the expansion valve
for the battery. and E3 is a mange ofpressure that can achieve
appropnate heating of the battery. The hiJt-pressure reibig-

11 erant discharged from the conlpressor 11 flosss into the
interior condcnscr 13, and exchanges heal with lhc air I'or thc
interior lo drssipalc heat Ihcrcfrom (as uidicdlcd Irom thc
point a to point b in FIG. 24).

In this v;ay, the air tiir the interior Is heated. thereby
io achievmg the heating of the vehicle interior. C(t this time, the

refrigerant discharge capacity of the compressor 11 is deter-
mined such that the bloivn air temperature TAM approaches
the large( air outlet Icmperalurc TAO, whereby thc prcssure
of the rcfrtgcmnt in lhc interior condmiscr 13 Is ad)usted lo

ss a prcssure thai can dclucvc hcatuig ol'he veluclc interior
(that is, a pressure that can heat the air for the interior up to
a temperature of approximately 40 to 60" ('.
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lilt: rclllgi rallt li ivillg flow cil fl olll ilia iliti llol colxlcliscr

13 flows into the expansion valve 21 liir the battery via the
lirst (luce way valve 14a and thc lira( branch portion 12a to
be decompressed into an intermediate pressure (as indicated
by thc pouit b to thc pouit c ol'FIG. 24). The expansion valve
21 for the battery allows the refrigerant to floiv into the
auxiliary heat exchanger 15 to exchange heat with the air for
the battery. thereby dissipating heat fmin the refrigerant (as
indicated by the point c to the point d of FI(i. 21).

In tlus way. Ihc air for thc battery is heatn!. The lmatcd mr
for the battery is blown to the battery 55 by the blower 52,
Ihereby w armuig up thc battery 55. 111 ilus time. Ihe prcssure
of the refrigerant in the auxiliary heat exchanger 15 is
adlustcd Io a prcssure at which thc baucry temperature Tb
rennes from approximately) 0 to 40" (

The refrigemnt having flowed from the auxiliary heat
exchmiger 15 flows into the expansion valve 16 for heatiag
via the second tluee-way valve 14b and first merging portion
12b to be decomprcssixl into a low prcssure (as uiihcated by
the point d to the point e of FIG. 21). The low-pressure
rel'rigcrant dccompresscd by the expansion valve 16 for
heating flov s into the exterior heat exchanger 17, and
absorbs heat from thc outside air blown from Ihe blower fan
17a to evapomste itself (as indicated by the point e to the
pout( I'of FIG. 21).

With the opening/closing valve 19a fi)r cooling and the
opening/closing valve 21a for the battery closed. and v.ith
the suction side opening/closing valve lga opened, the
refrigerant having flow ed from the exterior heat exchanger
17 flows into thc accunnilator 23 via the secoixl branch
portion 12r. suction side opening/closing valve 18a. and
second mcrguig portion 12e. Thc gas-pliasc refngcrmit sepa-
rated by the accumulator 23 is sucked into the compressor I I

and compressed therein again (as mdicatcil from Ihe pouit f
to the point a of l1(i 21)

Tints, in the interior-heatin and device-heating operation
mode. the air for the interior can be heated by the interior
condenser 13 to thereby heat the vehicle interior. while the
mr for Ihc bat(cry can bc heated by Ihc auxilmry heat
exchanger 15 to thereby v ann up the secondary banery 55.
(c) Hcaung Operation Mode

In Ihc hestia operation mode, Ihe conIroller conIrols thc
operation of the first three-way valve 14a so as to connect
the refrigerant outlet side of the interior condenser 13 to one
refrigerant inlet side of the first merging portion 12b. The
controller also controls the opemttion of the second three-
way salve 14b so as Io connect thc relngcrmit outlet side of
thc auxibary heat exchanger 15 to onc of Ihc refn ermit
inlets of thc tlurd merging portion 12/.

Further. the controller closes the bypass passage opening/
closing valve 16a. opens the suction side opening,'closiag
valve 18a. closes the openin /closing valve 19a for cooling,
and closes the openin /closmg valve 21a for the banery. The
expansion-valve bypnss passage opciung/closuig valve 24ir
maintains Ihc opened/closed stale of Ihc previous operation
mode like the cooling mode. In Ilus way, in Ihe healing
operation niode. the refrigeration cycle device 10 performs
switching to the refngerant flow path fiir allov ing the
refrigerant to flow theretltrough as indicated by thick arrows
of FIG. 21.

lite operations other than those descnbnl above are the
same as those in thc heating operation mode of thc simond
cmbodimcnt. In thc hcanng opcmiion mode. tlus nnbodi-
nient can perforni switching to the cycle structure that is
substantially the same as that in the heating operation ntode

of thc second embodiment illustrated ui FIG. 12, and there-
fore can heat the vehicle interior in the same way as the
second embodiment.
(f) [)evice-I leating Operation Mode

In Ihc dcvicc-heating operation mode, Ihc controller con-
trols the operation of the first three-way valve 14ir so as to
connect the refri erant outlet side of the interior condenser
13 to one refrigemsnt inlet side of the first merging portion
12b The controller also controls the opemttion of the second

i it
tluec-way valve 14b so as io connect Ihc rclbgerant outlet
side of the auxiliary heat exchanger 15 to the other one of the
rcfngcrant uilcts of thc first margin poruou 12b.

liurther, the controller closes the bypass passage opening/
closing valve 16a, opem thc suction side opening,'closuig
valve I ga, closes the opening,'closin valve 19a for cooling,
closes the opening/closing valve 21a for the battery. and
opens the expansion-valve bypass passage opening/closing
valve 24a. In this way, in the device-heatin opemttion mode,
thc rcfngcration cycle des ice 10 is switched to thc refrig-
erant lkiw path tluough ivhich the refrigerant flows as
indicated by thick arrows of FIG. 22.

I'he operations other than those descnbed above are the
smne as those in the device-heating operation mode of the
second embodiment In the device-heating operation mode,
this embodiment can perform sivitclung to the cycle struc-
ture that is substantially the same as that in the device-
hcauug operation mode ol'hc second embodiment illus-
trated in FIG. 13,;md Ihcreforc can heat thesccondary

so battery 55 in the same way as the second embodunent
(8) Interior-I )eating and l)evice-( ooling Operation Mode

In the interior-heating and device-cooling opemstion
mode. the controller controls the opemttion of the first
three-way vaive 14a so as to connect the refngerant outlet

)s sale of Ihc uilcnor condniser 13 to one rclngerant inlet sale
of Ihc lira( merging portion 12b. The controller also conimls
the operation of Ihc second Quce-way vnlve 14b so as Io
cminect the refrigerant omlet side of the mixiliary heat
exchanger 15 to one of the refngerant mlets of the third

so merging portion 12f.
Further. the controller closes the bypass passage opening/

closuig valve 16a, closes the suction side opnung/closuig
valve 18a, closes thc opniuig/closing valve 19a for cooluig.
opens thc opnungiclosing valve 21a for thc baucry, and
closes the expansion-valve bypass passage openuig/ckising,
valve 24a. In this way. in the interior-heating and device-
cooling operation mode, the refngeration cycle device 10 is
switched to the refrigerant flow path for allowing the refri-
erant to flow theretluough as indicated by thick arrows of

o FIG. 23
In Ibis embodiment. Ihc operation ol Ihc expansion valve

16 for heating is controlled in the same manner as in the
heatin operation niode or the hke. 'linis, the high-pressure
refrigemnt discharged from the compressor 11 flov's into the

s. expansion valve 16 for heating from the intenor condenser
13 to thc lirst thrcmiway valve 14a, and the lirst mcrguig
portion 12b in that order in Ihc same way as Ihc intcrior-
hcauug and device-coolutg operation mode of thc simond
embodiment.

io 'I'he refrigerant decompressed by the expansion valve 16
for heating floivs into the exterior heat exchanger 17. and
absorbs heat from the outside air blown fmm the blower fan
17a Io cvaporatc itself. With thc suction side opening,'losing

valve 18a, opeiung/closing valve 19a for cooluig,
ss and expansion-vale bypass passage opening/closuig valve

24a closed, and with the opening,'closing valve 2 la for the
battery opened, the refrigemsnt having flowed fn)m the
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cxienor heat cxchangcr 17 liow s uilo the expansion valve 21
for the battery via the opening/closing valve 21a for the
bauery.

'lite refri anent decompressed by the expansion valve 21
for Ihc battery fiows uilo the auxiliary heal cxchan er 15,
and absorbs heat front the air for the battery blown from the
blower 52 to evaporate itself. In thic cvay. the air for the
battery is cooled 1he operations folkiwing this step will be
the same as those in the device-cooling operation mode.
Thus, in Ihc intcnor-heating and device-cooling operation
mode, the vehicle intenor can be heated and the secondary
baucry 55 can bc cooled ui thc Came way as the second
ail lbotlinlellt;

In Ihc uilcuor-heating and device-cooluig operation mode
of this embodiment, the controller causes the bypass passage
opening/closing valve 16a to be closed. and the exterior heat
exchmiger 17 to serve as an evaporator I huw the expansioil-
valve bypass passage opening/closing valve 24a may be
opciitxi, aiit! litt: rt:Irigcraiil-cvapoitnioii lt:iiipciatuic 111 tile
exterior heat exchan er 17 may be equal to the refrigerant-
cvaporalion temperature in Ihe auxihary heal cxchan er 15.

As mentioned in the first and second embodiments, the
controller may cause the bypass passage openingtclosiilg
valve 16a to be opened and the exterior heat exchanger 17

to serve as the radiator. In this case. with the expansion-
valve bypass passage opening/closing valve 24a closed. the
refrigerant dccomprcsscd by thc expansion valve 21 for thc
bailcry may be cvaporalcd by Ihe auxiliary heal cxclianger
15

In addition to the operation modes described above, the
refrigeration cycle device 10 of this embodiment can also
achieve the interior-cooling and device-heating operation
mode in winch the vehicle interior is cooled and the sec-
ont(ary battery 55 is lmalcd al Ihe Came lime. like lhc iirst and
second embodunmits.

Spccilically. ui thc interior-coolm and device-hcalutg
operation mode, the controller contnilc the openctions of the
first and second three-way way valves 14u and 14/t to open
the bypass passage opening/closing valve 16a. to close the
suction side opening'closing valve 1 gc. to open the opening/
closing 1 alve 19a for cooluig, to close thc opmnng/closing
calve 21a for thc battery, and lo open thc expansion-valve
bypass passage opm»ng/closing valve 24a, ui thc stmie way
as the second embodinient

As mentioned above, the refrigeration cycle device 10 of
this embodiment can heat or cool the air for rhe interior as
the first temperature-adjustment subject. thereby achieving
thc mr-conditioiung ol'he vcluclc uitcnor. Further. the
rel'rigcration cycle dcvicc can heat or cool die mr lhr the
battery as thc second temperature-adluslmcnl subject,
thereby achieving the temperature adjustment of the sec-
ondary battery 55

Further in the refrigeration cycle device 10 of tlus
entbodiment, like the interior-heating and device-hearing
opcraiion mode, Ihc rclbigcrant llowuig uilo lhc auxihary
heal exchanger 15 can bc dccomprcsscd by thc expansion
1 alve 21 for the battery cvcn when die rcfngcrant fiow-path
switch performs switching to the first refrigerant fkiw path.
'I'hat is, the expansion valve 21 for the battery can serve ac
an intermediate decompressor described in the accompanied
claims.

11&us. ui Ihc interior-hcauug mid device-healing operation
mode. tins mubodunent uses thc hi h-prcssure rcfn ermit
discharged from thc compressor 11 as a heat source. Ihcrcby
heating the air for the interior, and also uses the intermedi-
ate-pressure refngerant decompressed by the expansion

36
valve 21 for thc battery as miothcr heal source. thcrcby
heatin the air for the battery.

Al tlus time, lhe amount ol'ccomprcssiou of the refrig-
erant at thc expansion calve 21 for the baucry cmi be
ad(usted to easily control or adjust the temperature of
refrigerant dissipating heat at the auxihary heat exchanger
15 in a temperature ran e that is lower than the temperature
of refngerant dissipating heat at the interior condenser 13.
This arrangement can easily control a difi'erence in tempera-
ture bclwtcn thc air Ibr the uiicnor heated by ihc interior
condenser 13 and Ihc mr liir the baucry heated by thc
auxiliary heat exchanger 15.

OTHER EMBODIMENTS

'I'he present invention is not limited to the above embodi-
ments, and various modifications and changes can be made
to those embodiments without departing front the scope of
the present disciosure.

io (I 1 Although the refrigeration cycle device 10 in the above-
meulioncd embodiments is appficd lo Ihe electric veluclc by
way of example. it is obvious that thc refngcration cycle
device of the present disclosure may be applied to normal
vehicles that use a driving liirce for travehng pmduced by an
internal combustion engine. and hybrid vehicles that use a
driving force for traveling produced by both an internal
combustion engine and an electric motor for traveling. In
apply'iiig llic rcfi1gcralitilt cv'cll: clt:vit:c of litt: prcscill tlis-
closurc to Ihc vcluclc with Ihe intcmal combustion engine.

co a heater core niay be provided for heating the air for the
interior using coolant of the internal contbustion engine as a
heat source.

Further. the refrigeration cycle device 10 may be applied
to any device other than the vehicles. For example, the firct

ic tcmpcrature-iuljuslmcnt sublcci may be air to bc blown into
an inlcuor, and Ihesccond temperature-adjusuncnl sublccl
may bc a heat medium for adlusting the tempcraturc ol a
power-generating device.
(2) Although the above-mentioned embodinients are adapted

co to heat or cooi the air for the interior to be blown into a space
for air conditioning as the first tempemture-adjustment cub-
jccl by way of example, ihe Iirsl Icmpcralurc-adluslmcnl
subject is not hmiied thereto. For example, thc first icm-
pcraturc-adiustmcnt sublccts for usc may include drinking
v ster, daily life water. and the like

Although the above-mentioned embodiments are adapted
to heat or cooi the second temperature-adjustment subject to
thereby cool or heat the secondary battery 55, any device
other than Ihc baucry may bc cooled or lmatcd. For example,

o the second tcmperaturc-adlusuncnt subjects to bc coolcx( or
hcalcd may include an internal combusuou miguie (mi mc),
an electric motor, an inverter, a transmission, and the like
(3) Although in the above-nientioned enibodunents the
interior evaporator 20 and mlxiliary heat exchanger 15

s. (water-refrigerant heat exchangers 15a, secondary battery
55) arc connected ut parallel when the rcfrigcrani fiow-path
switch perl'orms switching lo Ihc second refngerant liow
path by way of example, ihe interior evaporator 20 and thc
auxiliary heat exchanger 15 may be connected in series

io (4l Although in the above-mentioned entbodiments. the
temperature detector for detecting the battery temperature
Tb is the temperature sensor for detecting the temperature of
a maui body of thc secondary battery 55 by way ol'example,
the lempcralurc detector is no i 1um led thcrclo. For example,

sc the lirsl embodiment may muploy a tcmperaturc detector lor
detectmg the temperature of the air for the battery provided
directly afier passin throuah the secondary battery 35
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Alternatively, Ihc second embodimcnl may employ a Imn-
perature detector for detecting the teinperature of the heat
medium obtained directly after passing through the second-
ary battery 55.

What is clauned is:
1. 5 refrigeration cycle device comprising:
a compressor compressing and disclrargulg a refrigerant,
ml exicnor heal cxchaugcr that exchanges heat belwecn

outside air and the refugerant discharged from the
compressor:

a heat dissipation heat exchanger configured to exchange
heat between a iirst temperature-adjustment subject and
the refri emsnt disclinrged from the compressor:

an auxiliary hmt cxchangcr that exchanges heal between
thc rcfrigcrant mid a sixond tcmpcrature-adjustmmlt
subjecu

ml inteunediate decompressor:
a refri erant flow-path switch that switches between

refrigerant flow paths in each path which the refrigerant
circulates In a cycle. wherein the reibigerant flow-path
switch is capable of switchulg al least between a lirst
refrigerant flow path and a second rcfugerant flow path,
the refrigensnt flow-path switch includes a valve that Is
located downstream of the heat dissipation heat
exchanger and upstream of the exterior heat exchanger,
and the valve Is configured to switch between a refri-
erant passage through which the refrigerant flows Into
thc mixiliary heat exchmlgcr imd a rcfngemnt passage
that bypasses Ihc auxiliary heat excluulgcr: and

a branch portion that is located downstream of the exterior
heat exchanger and upstream of the compressor,
wherein

in a heatin mode for heating the first temperature-
adjustnlent subject. the heat dissipation heat exchanger
dissipates heat from thc rclbigerant, and allows the
refrigerant to flow out toward fllc ullet side of the
exterior heat exchanger,

in the hrst refrigensnt tlov: path,
(i) Ihe refrigeulnt dischar ed from the compressor

flows into the heat dissipation heat exchan er,
(ii) the auxiliary heat exchan er is located downstream

of tlu: hcut Ihssipation heal exchimgcr and upstrcmn
of the exterior heat exchanger m a rcfngerant flow,

ul Ihc second rcfugcrmlt flow path.
(i) the refngerant dischar ed from the compressor

flows directly mto the heat dissipation heat
exchan er.

(ii) the exterior heat exchanger is located downstream
ol'hc heat ihssipation heat exchanger and upstremn
ol'he uuxiliary heat exchanger ul thc refu ermlt
flow.

the intermediate deconlpressor decompresses the refrig-
erant flowing Into the mixiliary heat exchanger v hen
the first refrigerant flov path is switched by the refri-
erant flow-path switch.

a flow dirccuon of Ihe rclugerant ul Ihc auxihary heal
exchanger. whml Ihc lirst refngermlt flov, path is
switched by Ihc rcfugcmnt flow-path swilch ul thc
heating, mode, Is the same as that of the refrigerant in
Ihe auxihary heat exchanger when the second refnger-
ant flow path is switched by the refrigerant flow-path
switch in a cooling mode iilr cooling the first tempem-
Iure-adlusuncnt subpxfi

a rel'rigerant passage located downstreiml of the extenor
heat cxchungcr is branched at Ihe branch portion into
a branch passage through which the refrigerant flows

into the mixiliary heat exchanger and

Io

3ti

ls

so

a refrigerant passage that bypasses the auxihary heat
exchanger. and the refrigensnt flow-path switch
includes an opening-closing valve that is located in
the branch passage

2 The refrigeration cycle device accordin to claim 1,
further comprising:

a dccompressor decompressing thc rcfugcmnt flowulg
lronl thc cxtcllol ical I:xchallgcl'I

an evaporation heat exchaimer configured to exchange
heat betlveen the refrigerant deconlpressed by the
decompressor and Ihe hrst temperature-adjustment sub-
ject, the evaporation heat exchanger evaporating the
refri erant and allowing the refrigerant to flow out
toward thc sucuon port side of thc compressor, wherein

Ihc rcfrigcrant passage extends from au outlet of thc
exterior heat exchanger to an inlet of the evaponltion
heat exchanger, mid

the branch passage extent(s from the branch portion to the
auxiliary heat exchanger.

when the second refrigemsnt flow path Is switched by the
rcfugcrant flow-path sw iich, thc rclrigcrant flow ing out
of thc exterior heal exchanger flows into Ihe auxiliary
heat exchmlger through the branch passage, and the
refrigerant flowing from the auxiliary heat exchanger is
guided to the suction side of the conlpressor

5 The refrigeration cycle device according to claim 1,
further comprising:

a temperature detixtor detecung a physical quantity (lav-
ing a correlation with a tcmpcraturc of Ilm sixond
temperature-adjustnlent subject. wherein

the refrigerant tiow-path slvitch performs switching to the
first refrigerant flow path lvhen a detection tempenlture
detected by the tenlperature detector is equal to or
lov, er than a first reference temperature predetermined,
allii

the rcfngcrant flow -path switch perfonna switclung Io Ihe
second refrigerant flow path wlmn the dctcction tem-
perature is equal to or higher than a second reference
temperature predeteunined
The refrigeration cycle device according to claim 1,

wherein
in Ihc lirst relrigermlt flow path, thc rclrigcrant discharged

from Ihc compressor flow s ulto the heat dissipanon heat
I:xchallgcr. Ihc auxlharv'eat I:xchallgcl, anil Ihc cxli:-
rior heat exchanger in this order, and

in the second refrigenlnt flolv path, the refrigenlnt dis-
char ed from the compressor flows into the heat dis-
sipation heat exchanger, the exterior heat exchanger,
mid thc auxiliary heat exclmngcr.

5 Thc rclbigcrauon cycle device accordulg to claim 1,
whcrcin

the first teinperature-adjustment subject is an air for a
vehicle interior, and

the second temperature-adjustment sublect is an air for an
electric device.

6 Thc rcfrigerauon cycle dcvicc accordulg to claim 1.
wherein

in thc first and second relhigermlt flow paths, thc refrig-
erant discharged from Ihe compressor mitially flows
into the heat dissipation heat exchanger.

7 The refrigeration cycle device accordin to claim 1,
v hcrciil

in thc lirst and scxond refrigerant flow paths, thc com-
pressor is in direct fluid conunuuication with thc heat
dissipation heat exchanger.

5 I he refrigeration cycle device according to claim 1,
wherein
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ul Ihc lirst aud second rcfrigcrant flow paths, Ihc com-

pressor is directly adjacent to the heat dissipation heat
exchanger

9 'lhe refrigeration cycle device according to claim 1,
wherein

in the first and second refrigerant flow paths. the refrig-
erant dischargixl from thc compressor flows mto the
exterior heat exchanger only after flow mg into Ihc heat
dissipation heat exchanger

l(l. The refrigeration cycle device according to claim 1,

wherein
a singular flow direction of the relbigerant in the auxihary

heat exclmnger. v hen the lirst relbigerant flow path is
switched by Ihc rclngcrdnt flow-path switch ul thc
hcatulg mode, is thc same as that of Ihc rclhgcrant in
the auxihary heat exchanger when the second refnger-
ant flow path is switched by the refrigerant flow-path
switch in the cooling mode for cooling the first tens-
perature-adjustment subject.

11. The refrigeration cycle device according, to claim 1,
w hcl cia

Ihc duxillary hi at exchanger ls located Bi)Scout to
battery

12. The refrigeration cycle device according to claim 1,

wherein
the auxiliary heat exchanger is located within a casing that

also contains a battery.
13. The rcfrigcrauon cycle device accordulg Io clmm 12,

whcrcul
Ihc caslllg Ls B iuctal casulg
14. I'he refrigeration cycle device according to claim 1,

wherein
in the lirst refri emnt flow path,

the valve a~itches a refngerant passage located down-
stl'ciuu of thc hcdt dlsslpduL111 heat cxchilugcr lo Ihc
refrigerant passage Ihrough wluch Ihe rcfn ermu
flows into thc auxihary heat exchanger, and

the opening-closing valve closes the branch passage
such that the refrigerant floiving out of the exterior
heat exchan er bypasses the auxiliary heat
exchanger, and

ul Ihc second rcfngcrmu flow path.
thc salve switches Ihe rcfrigcrmu passage located

dow nstream of thc heat disslpauon heat exchanger to
the refrigerant passage that bypasses the auxihary
heat exchanger such that the refrigerant flowing out
of the heat dissipation heat exchanger bypasses the
auxiliary heat exchanger. and

the opening-closing valve opens thc brmlch passage
such that thc rcl'ngcrdnt flowulg out of the exteuor
heat exchanger flows lntu thc mixiliary heat
exchanger

15. d refrigeration cycle device comprising;
a conlpressor compressing and disc)usrtrdng a refrigemnt,
an extern&r heat exchan er that exchanges heat between

outside air and the rcfngerant discharged from thc
compressor,

a heat dissipation heat exchanger configurcd to cxchangc
heat benveen a hrst tempemture-adjustment subject and
the refrigemsnt discharged fmm the coinpressor;

an auxiliary heat exchan er that exchanges heat between
the refrigerant and a second temperanire-sdjusmlent
subicct:

lo

C S S

Bu llltcnuLdlalc dcciiulpu:ssor,
a refrigerant flow-path switch that switches between

rcfngcrant flow paths ul each path which thc rcfrigcrant
circulates in a cycle, v herein the refrigerant flow-path
switch is capable of switclnng at least between a first
refrigerant flow path and a second refrigerant flow path;
Bud

a branch portion that is located downstream of the exterior
heat exchanger and upstream of the compressor,

I il
wherein

in a heating mode for heating the hrst temperature-
adlustmcnt subject, thc heat disslpauou heat cxclmngcr
dissipates heat from the refrigerant. and the refrigerant
flows out toward Ihc ullct sale of Ihc exterior heat
exchanger,

in the first refrigerant flollv path.
(i) the refrigerant discharaed front the compressor

flov, s into the heat dissipation heat exchan er,

fli) Ihe au xihary heat cxclrdnger is located dow mtrc un
of the heat dissipation heat exchanger and upstream
ol the cxtcrior heat exchanger in a rcfngerant flow,

in the second refrigermit flov path.
0) thc refrigerant discharges) from the compressor

flows into the heat dissipation heat exchanger,
(n) the cxtcrior heat cxchangcr is located downstream

of the heat dissipation heat exchanger and upstream
of the auxiliary heat exchanger in the refrigemsnt
flow,

the intermediate decompressor decompresses the refri-
erant flowulg mto Ihc auxiliary heat cxchimgcr when
the first refrigerant flow path is switched by the relbig-
crant flow-path switch.

a singular flow direction of the refrigerant m the auxiliary
heat cxchangcr, whml the lirst rclblgcrant flow path is
switched by the refri erant flow-path switch in the
heatin mode, is the same as that of the refrigerant in
the auxiliary heat exchaimer when the second refriger-

do ant flov: path is switched by the refri erant flow-path
switch ln a cooling mode for coolulg thc lirst tempera-
ture-adjustment subject,

a rcfngcrdnt passage located downstream ol'he exterior
heat exchanger is branched at the branch portion into
a branch passage tluuugh which thc rcfngcrmlt flows

into the auxiliary heat exchanger and
a refrigerant passage that bypasses the auxiliary heat

exchmiger, and the refrigerant flow-path switch
includes an opening-closing valve that is located in
the branch passage.

16. The refrigeration cycle device according to claim 15,
whcrcin

the auxiliary heat exchanger is located adjacent to a

battery.ll
17. '1'he refrigeration cycle device according to c)aint 15,

wherein
the auxiliary heat exchanger is located within a casin that

also contains a battery.

sc 18. Thc rel'rigcrauon cycle dcvicc accordulg to claim 17.
wherein

the casing is a metal casing
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