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1

VEHICLE AIR ('ONDITIONER

CROSS-REFERENCE TO RELATED
APPLICATIONS

1'his application is a Divisional of U 8 application Ser.
No. 14/462„874

filed

Au. 19. 2014. which is a Continuation
of Intenhathonal Apphcathon No. PCT/JP2013/001130 tiled
Feb. 26, 2013, which claims priority to Japanese Patent
Application No. 2012-041417 lilcd Fcb. 28. 2012, Japanese
Patent Apphcauon No. 2012-041421 tiled Fcb. 28. 2012,
Japanese Patent Application No. 2012-065634 filed Mar 22,
2012, and .Iapanese Patent Application No 2012-128250
filed Jun. 5. 2012. The entire disclosures of these applica-
tions are incorporated by reference herein.

I)A('K(iR(RINI )

The present disclosure relates to a vehicle air conditioner
mounted on a vehicle.

Conventionally. c.g., mr conditioners eaCh uhcluduhg a
heal pump device have bimn known as ahr conditioners
nhounted on hybrid vehicles, electric vehicles, etc. 'I'hese
heat punhp devices for vehicles are each configured such that
an electric compressor. an outdoor heat exchanger disposed
outside a vehicle compartment, an expansion valve. Bnd an
indoor heat exchanger disposed inside the vehicle compart-
ment are conncctcd togcthcr uh Ihhs order Iluough relngcrmht
pipes tace, c.g., Japanese Uncxamuhcd Patent Publication
No 2011-(X)59833

When the heat pump device is in an air-heating operation
mode. refrigerant flows such that the indoor heat exchanger
serves as a radiator and that the outdoor heat exchanger
serves as a heat absorber. When the heat pump device is in
an ahr-cooling operation mode, rcfrhgcrant flows such Ilhat

thc uhdoor heat exchanger scrvcs as a heat absorber Imd Ilhat

thc outdoor heat cxchaugcr scrvcs as a radiator.
In .Iapanese Unexanhined Patent Publication No 2011-

005983. the flow direction of refrigerant flowing, through the
outdoor heat exchan er in the air-heating operation mode Is

opposite to the tlov direction of refrigerant tlowing tluou h
Ilhc UUldoor lhcBI cxchangch ul Ihe ahr-coolm operation
nhodtx

For exmnplc, a vclucle ahr conditioner ol'apanese Unex-
amined Patent Publication No. 2011-255735 includes an
upstremn indoor heat exchanger disposed on an upstreanh
side in the flow direction of air, and a downstream indoor
heat exchanger disposed on a downstream side in the flov
dhrccntnl ol Bu'oreover. B Iohu-wBv valve Is phovulcd Bt II

rel'rigcrant pipe, and switches Io switch opemtion modes
such as an air-hcuthng operation mode and an air-cooling
operation mode

1'he downstream indoor heat exchanger serves as a radia-
tor in both of the ahr-heating operation mode and the
air-cooling opemtion mode. On the other hand. the upstream
indoor heat exchanger serves as a radiator uh Ihc air-hea! Ing
operation mode, and scrvcs as a hest absorber in Ihe air-
coohng opcrauon nlodc

As another exanhple, a vehicle air conditioner of Iapanese
Unexamined Patent Publication No 1109-240266 includes,
as indoor heat exchangers, an upstream indoor heat
exchanger disposed on an upstream cide in the tlow direction
ol'air, and a downstream Indoor heat cxchangcr disposed on
a downsuctun side uh thc flow dhrimthon of air. 11hc down-
stream uhdoor heat exchanger scrh as as a radiator m both of
an air-heating operation mode and an air-cooling operation
nhode On the other hand. the upstream indoor heat

89,331 B2

cxchangcr serves as n hant absorber in both ol'hc mr-hcatuhg
operation mode and the air-coolin operation mode.

Sumc strong ahr-hcaung is rcttutrcxl I'or thc ahr-hcatuhg
Upcrdlhon nhodc pahuculahlv hauler low UU(door Bu tcnhpchd-
hhre, there is a possibility that an air-heating capacity
becomes insufficient tvhen the upstream indoor heat
exchanger serves as the heat absorber in the air-heating
operation mode as described in Japanese Unexamined Patent
Publication No. H09-240266.

ui In view ol'hc foregoing. the upstream Indoor heat
CBChttngCI nut)'olve Bs d Iddhtttor ul Ihc IIII'-lhi Bthlg OpCIB-

tion mode as described in, e.g, .Iapanese I.lnexammed Patent
Publication No 2011-255735 That is, the refrigerant pipes
are connected such that refrigemsnt discharged from the
compressor flows through the upstream indoor heat
exch m er after tlotvin tluouvgh the downstream indoor heat
exchanger. This allows ahr heated by the upstream induor
heat exclmngcr Io bc re-hentixl In the downstream induor
heat exchanger. and therefore there is an advantage that the

ZO air-heatmg capacity can be improved On the other hand,
since depressurized refrigerant is. in the air-mholing opera-
tion mode, supplied to the upstream Indoor heat exchanger
to cause the upstream indoor heat exchan er to serve as the
heat absorber, mr-cooing cnn be also perfonued.

SUMMARY

Since II is diflicult Io mhsurc a broml mouutuhg space for
a heat cxffihangcr mounted on a vehicle. a nccd Is grow ing in

ho size reduction of the heat exchanger. I lowever. the size
reduction of the heat exchan er results in a decrease in heat
transfer area. and theretihre heat exchange performance is
lowered.

Tluhs. the internal structure ofthe heat exchanger may be
hc dcviscd so that the flow of rcfngerant uh thc heat exchanger

can bc optinuzcd and Ihat rcfrigcrant flowhng Into thc heat
exchanger can bc dhstnbutcd to tubes as unhfonu as possible
to promote heat exchan e between outdoor ahr and the
refrigerant I'his allotvs both of size reduction of the heat

do exchanger and improvenhent of the heat exchan e perfor-
mance of the heat exchanger.

Howcvcr. when thc flow dhrccuou of refmgcrtmt flowuhg
tluough Ihc outdoor heat cxclrdnger Is, Bs dcscnbcd in
Japtmcsc Unexanuncd Patent Publication No 2011-005983,
ditferent bettveen the air-heating operation nhode and the
air-cooing opemhtion nhode. if the refngerant flows in an
inappropriate opposite direction. even the foregoing internal
stnhcture confi ured considering distribution of retbigerant
flowing uhto thc heat exchmhgcr may udvcrscly Influcncc Ihc

O rcl)igcrant dhstnbution.
That is, both of the heat absorption pcrfihnnancc of Ihc

outdoor heat exchanger in the air-heating operation mode
and the heat dissipation perfonnance of the outdoor heat
exchanger in the air-cooling opemtion mode cannot be

s. resized at a high level.
First to tlurd aspects ol'hc present disclosure have bccn

nlttdc ul view ol tht: Iorcgohhg, Itnd B lira) oblcct of thc
present disclosure Is Io rcahze high hcut exchange pcrlbr-
mance with favorable refrigerant distnbution in an outdoor

to heat exchanger even in any of an air-heating operation mode
and an air-cooling operation nhode.

When an upstreanh indoor heat exchanger serves ac a
radiator dcpcnding on an operation mode, high-Icmpcraturc
rcl)igcrant flows uhto thc upstream Indoor hmt exchmhger.

ac On thc other hand, v hcn thc upstream Indoor heat exchanger
serves as a heat absorber. Iow-tempemcture refrigerant flows
into the upstream indoor heat exchanger



US 10,189,331 B2

For cxamplc, when lugh-lcmpcrdlurk rel'rigerant tlows
into the upstream indoor heat exchanger in the air-hearing
operation mode, thc high-tcmpcrature rcfhgcranl fluws
through a refrigerant pipe connected to the upstream indoor
heal cxchangcr, aud Ihcrcforc the refn kraal pipe ls hcalcxt.
When the operation mode is sw:itched from the air-heating
operation mode to the air-cooling operation mode in tlus
state, low-tempemsture refrigerant flows through the refrig-
erant pipe heated with the hi h-temperature refri erant.
When thc low-tcmpcrature refngerant flows tluough the
pre-heated refri emsnt pipe as just described, the low-tem-
perature rel'rigcrunl ts hcalcd, rcsullulg ul Ihcmutl loss.

When the opemstion mode is switched from the air-cooling
operation mode lo Ihc mr-heating upcralion mode. high-
tenlpemture refugerant flows through a refrigerant pipe
cooled tvith low-temperature refrigerant. As a result. Ihemtal
loss also occurs in this case

Due to thermal loss. extra power of a compressor Is

consumed. and this causes a delay ul stair-up of air-cooling
and air-heating. Consequently, passenger*s comfort may be
1 0v 'cled.

Foluth and fifth aspects of the present disclosure have
been made in view of the foregoing. and a second object of
the present disclosure is to reduce thermal loss in switching
of an operation mode of a heat pump device to save ener y
and inlprove passenger*s comfort.

According to thc vehicle air conditioner of Japanese
Unexamined Patmlt Pubhcation No. 2011-255735, sulcc
higli-pressure refrigerant discharged froin the compressor is
depressurized and flows into the upstream indoor heat
exchanger only tn the case ot the air-cooling operation
mode, the pressure capacity and repetitive compression
strength of the upstream indoor heat exchanger can be lower
than those of the downslrkiun indoor heat exchanger.

However. accordulg to Japanese Uncxanuncd Patent Pub-
licauon No. 2011-255735, the upstrrnm uldoor heat
exchmiger serves as the radiator in order to improve the
air-heating capacity in the air-heating operation mode 'I'hus,
since high-pressure refrigerant discharged from the com-
pressor flott s into the upstream indoor heat excllanger. it Is
nixcssary Io unprovc Ihe prcssure cdpacilv elc. of thc
upslrcam uldoor heal cxclrdnger, resulting in a cost increase.

SI th to eighth aspects ol'he prcscni disclosure have been
made in view of the foregoina, and a third object of the
present disclosure is to, in the case where both of two heat
exchangers armsnged inside a vehicle compartment serve as
radiators in an air-heating opemstion mode and one of the
heal exchangers scrvcs as a heat absorber m ml air-cooling
operation mode, realize low pressure capacity imd low
repclilivc compression strength ol lhc heal cxchangcr serv-
ing as the heat absorber in the air-cooling operation mode to
reduce cost

According to the vehicle air conditioner of Japanese
JJnexamined Patent Pubhcatlon No. 2011-255735. since
high-prcssttrt: I'kfrlgixitnl dlschalgox! flola lhc conlplcsstir ls
dcprcssunzcd and flows ullo thc upstream mdoor heal
exchanger only ul thc case ol'he mr-coolulg Operation
mode. the pressure capacity and repetitive compression
strength of the upstream indoor heat exchanger can be lower
than those of the downstream indoor heat exchan er.

However. accordin to Japanese Unexamined Patent Pub-
licauon No. 2011-255735, the upstrrnm uldoor heat
cxchitngcl scrvcs its flro Iddhllol ul older'o lluplovc lhc
du-ht dlhlg CdpdCIIV 111 flu: Bli'-hCallllg OpCIdlloll IllodC. ThitS,
since hiah-pressure refrigerant discharged from the conl-
pressor flows into the upstream indoor heat exchanger, it is

ncccswtu y 10 lnlpl ot c lhc plcsstirc cdpitclly etc. ol Ihc
upstream indoor heat exchaimer, resulting in a cost increase

Ninth and tenth aspects of the present disclosure have
been made in vietv of the ftiregoing. and a fourth object of
the present disclosure is to, in the case v here both of two
heat exchangers arranged inside a vehicle compartment
sclvc ds iddiators ill itn dlr-hcittlng opcldtlon nlodc Bnd orle
Of Ihc heal cxchangcrs servos as u heal absorber ln an
air-cooling operation mode. realize lotv pressure capacity

Io and lov repetitive compression strength of the heat
exchanger serving as the heat absorber in the air-cooling
operation mode to reduce cost.

ln order to accomplish the first object, a refri emsnt inlet
side and a rcfugcrdnl outlet sale of an outdoor heat

I cxchitngcl dlc, ln d first dspccl of lhc dlsclosUrc, util
switched depending on an operation nlode

'1'he first aspect of the disclosure is intended for a vehicle
air conditioner includina a heat punlp device including a
compressor configured to conlpress refrigemsnt, an indoor

lo heat exchanger disposed inside a velficle compartment, and
an outdoor heat cxclumgcr Cisposcd outside thc vehmlc
compartment, mid im uldoor air condluonulg uiul housulg
the indoor heat exchanger, includmg an air blower config-
ured to send air-conditioning air to the indoor heat
exchanger, and configured to generate conditioned air to
supply the conditioned air into the vehicle compartment. The
heat pump device further includes an air conditioning con-
trol dcvicc capable of swllclung thc heal pump device
dulong B phlldllly'f OpCI'itllon nlodcs uu:lttdhlg itn dll-

so heatmg operation mode in which the indoor heat exchanger
serves as a radiator and the outdoor heat exchanger serves as
a heat absorber, and an air-coohng opemstion niode m which
the indoor heat exchanger serves as a heat absorber and the
outdoor heat exchanger serves as a msdiator The air condi-

ls tlonulg Colllrttl dCVICC IS CollllgUICil to SVVIICh II ICfllgl'ralll
flow path such that refugcrant ls, ul thc air-cooling operation
mode, supplied Io perl ol'he outdoor heat cxchaugcr servulg
as a refrigerant inlet in the air-heating operation mode

According to the fore oin configuration, refrigerant is
do supplied to the same refrigemsnt inlet of the outdoor heat

exchanger between the air-heating opemtion mode and the
air-coohng operation moCk. Thus, in, e.g . thc case where a
rcfugcrdnl dislribuuon structure suitable for causing lhc
outdoor heat exchanger to skis e as thc heal absorber in thc
air-heating operation mode is provided at the outdoor heat
exchanger, refrigerant can also flow, in the air-cooling,
operation mode, in the same ihrection as that of the air-
heating operation mode in the outdoor heat exchanger. Thus,
favorable rcfrigcrmll Cistubulton can bc rcahzcd usulg such

o a distribution structure.
A second aspect of thc disclosure is ullcndcd for Ihc

vehicle air conditioner of the first aspect of the disclosure, in
which the heat pump device includes a hrst indoor heat
exchanger disposed inside the vehicle compartment. and a

ls second indoor heat exchanger disposed upstream of the lirst
indoor heat exchanger in a flow direction ofair ul thc vcluclc
compartment. Ihc first and second uldoor heal cxchangkrs
arc housed in the indoor air condiuoning utul, thc air blower
is configured to send air-conditioning air to the first and

io second indoor heat exchan ers. the air conditioning control
device sv, itches the heat pump device among an air-heatin
operation mode in which the first and second indoor heat
CSChitllgCIS SCIVC ds I'ildldliils Bnd lhc 0Utdool hcdt
exchanger scrvcs as a heal absorber, a dchumidilicallon

ss air-hcalulg operation mode in winch thc lirsl indoor heal
exchanger serves as a radiator and the second indoor heat
exchanger and the outdoor heat exchanger serve as heat
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dbsorbers. an air-cooling opcrauon mode in which thc Iirsl
indoor heat exchanger serves as a radiator, the second indoor
heat exchanger serves as a heat absorber, and the outdoor
heat exchanger serves as a radiator, a first defrosting opera-
tion mode in which lugh-pressure refrigerant discharged
front the compressor is guided to the outdoor heat exchanger
w lnle lhe first and second uhdoor hcm cxchangcrs rmnain as
thc radiators, and a second dclrosling opcralton mode in
which hiah-pressure refrigerant discharged fmm the conh-
pressor is guided to the outdoor heat exchanger while the
first indoor heat exchanger remains as the radiator and the
second indoor heat exchanger remains as the heat absorber,
and the air conditioning control device switches the refri-
cranl flow path such that refngermht ts, uh IIIC dehumidifi-
cation air-heanng operation mode. Ihe Iirsl dcfrosung opera-
tion nhode. and the second defrosting operation nhode,
supplied to the part of the outdoor heat exchanger serving as
the refri erant inlet in the air-heating opemstion mode

According to the foregoing confi uration, refrigeram can
flow in the same direction in the outdoor heat exchanger not
only uh Ihe air-heating operation mode and the air-cooling
operation mode bul also in Ihe dchumidilicalton air-healuhg
operation mode, the first defrosting operation mode. and the
second defrosting operation mode Tints„ favomhble refrig-
emnt distribution can be realized using such a distribution
structure.

A third aspect of the disclosure is intended for the vehicle
mr conditioner of thc sixond aspect of the disclosure, in
wluch thc air conditioning control device is conligurcd to
switch the heat pump device to the first defnhsting operation
mode by using a refrigerant pipe identical to a refrigerant
pipe used in the air-heating operation mode. and switch the
heat pump device to the second defrosting operation mode
by using a refngerant pipe identical to a reibigerant pipe used
in thc dehumidtlicduon air-hcaluhg operalton motlc.

According to the fiiregoing configuration, lhc refn ermil
pipe is nol shsttchcxt befiire and aficr Ihe air-lmdlmg opera-
tion mode is switched to the first defmsting operation nhode
and the delnunidification air-heating operation mode is
switched to the second defrostin operation mode. Thus,
useless heat dissipation and heat absorption of refrigerant
duc lo suilclnng of Ihc rclrigcranl pipe do nol occur.

In order lo accomplish thc second obtcct, tlm pipe fluough
wluch low-tempcralurc rcfrigcranl is supplied lo Ihe uhdoor
heat exchanger and the pipe through which hi ah-temperature
refrigerant is supphed to the mdoor heat exchanger are, in a
fourth aspect of the disclosure. differentiated from each
other, and are switched depending on the operation mode.

Tile Iburth aspect of thc disclosure is intcndcxI for a
t chicle mr conditioner uicluihng a heal pump device uhclud-
ing a compressor conligurcd lo compress refngcranl, an
indoor heat exchanger disposed inside a vehicle compart-
nhent, and an outdoor heat exchanger disposed outside the
vehicle compartment. and configured such that the compres-
sor, the indoor heat exchanger, and the outdoor heat
CXChdllgCI BIC ConllcCICd logcllli'I lll II CUCUIBI sllapo fllIOUgll

rcirigerant pipe, and an indoor mr condtuomng unit
housuhg thc indoor heat exchanger, inclutling an air bluwer
confi ured to send air-conditioning air to the indoor heat
exchanger. and configured to generate conditioned air to
supply the conditioned air Into the vehicle compartmem. The
refrigerant pipe includes a low-temperature refrigerant-dedi-
cated pipe cohuicctcd lo the uhdoor hwtt exchanger and
conligured lo supply only low-lemperalurc relbtgcrmh! Io the
llidtior llcdl CBClltlllgCI. Bill 8 lllgll-IClllpCIdlhirC ICfrlgeltllll-
dedicated pipe connected to the indoor heat exchanaer and
confiaured nh supply only high-temperature refrigerant to the

indoor heat cxchangcr. Thc heat pump device further
includes an air conditioning control device configured to
switch the heat pump device amon a plurahty of opemhtion
modes including an air-heating operation nhode In which the
indoor heat exchanger serves as a radiator and the outdoor
heat exchan er serves as a heat absorber. and an air-coolin
Operation mode uh whiCh thc uhdoor heat cxchangcr serves as
a heal absorber and thc outdoor heat cxchangcr scih ca as a
mhdiator, and a flow path stvitching device configured to

18 sv itch a refrigerant flow path such tliat refrigerant flows
through the high-tenhpemature refrigerant-dedicated pipe in
the air-heatin operation nhode and that refrigerant flows
throu h the lolv-temperature refrigemsnt-dedicated pipe in
tllC 8th-Cotthllg OpCIdlioll Iliodo.

I ACCordlllg 10 tllC fort:goillg Ciihlllgttrdllolh. 111 fllc dll-
heatmg operation nhode, hi h-temperature is supplied to the
indoor heat exchanger tlhrou h the high-temperature refrig;
erant-dedicated pipe On the other hand, in the air-cooling,
operation mode, Iow-tenhpemshire refrigerant is supplied to

Io the indoor heat exchanger tluoupvt the low-temperature
relbigcrant-dcdicatcd pipe.

Thus, when thc heal pump device is swttCiixi I'rom Ihe
air-heatmg operation mode to the air-cooing operation
nxhde, lots-temperature refri erant can be supplied to the
indoor heat exchanger in an unchanged form without the
low-temperature flohving through the higth-temperature
refrigemnt pipe tluough hvhich hi+-temperature refrigerant
flows before swtlclnng of the opcrauon mode. Thus. occur-
rcllcc 01 tllclllldl loss 18 rcdUccd. Morcovcl; when fllc llcdl

30 punhp device is switched fmm the air-cooing opemhtion
mode to the air-heating opemtion mode, high-tempemhture
refrigerant can be supplied to the indoor heat exchanger in
an unchanged form without the high-tehnpemsture flowin
through the Iow-tenhpemsture refrigerant pipe through which

hs low-tcmperaturc refrigerant flows before switching of the

Operation mode. Thus, occurrence of thcnnal loss is rcduccxi.
A lifth aspect ol'lhc disclosure is intended Ibr thc vehicle

air conditioner of the fourth aspect of the disclosure, in
which the indoor heat exchanger includes an upstream path

do positioned on an upstream side in a flow direction of outdoor
atr. and a downstream path positioned dov nstream of the
upstream path in Ihc flow direction of outdoor mr, imd thc
upstream path is connected to a downstream side ol'hc
dowlislrcillll palll ill 8 flow dlICClliili Of rcfrlgcralin

According to the foreaoiim configuration. in the air-
cooling operation mode, lotv-tempemhture refrigerant is sup-
phed to the downstreanh path in the flow direction of air.
After the refrigerant fiohws through the dohh nstream path. the
relbigcrant flows through thc upstream path tn thc fiow

0 direction ol'tr. Since thc flow of rclbtgerant ui thc indoor
heat exchanger is counlcrcurrmht to lhc flow ol'ndoor air,
air-cooling can be efficiently perfihrnhed. and air-cooling
performance is improved.

Moreover, since the flow of high-temperature refrigemsnt
ls is countercurrent to the fiohhv of outdoor air in the air-heating

operation mode, air-hcaluhg can bc eflictcntly performed.
dill Bll-11Cdllllg pCIIOImdllCt: ls Illlprovcd.

ln order lo accomplish thc third oblect, rclbtgecdnt depres-
surized to the extent that a heat exchanger serving as a heat

tc absorber in an air-cooling operation mode can serve as a
radiator in an air-heating operation mode flohh s. in a sixth
aspect of the disclosure, into the heat exchanger servin as
the heal absorber in thc air-cooling operation mode.

Thc sixth aspect of thc disclosure is intmhdcd for 8 vehicle
ss dtr ColldlllollCI lllCIUthllg II 11CBI pUlllp dCVICC UICIUtllllg 8

cmnpressor configure to compress refrigerant. a first indoor
heat exchanger disposed inside a vehicle conhpartment, a
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second indoor heat exchanger disposed upstream of lhc tirsl
indoor heat exchanger in a flow direction of air in the vehicle
compartnlent, an outdoor heat exchanger disposed outside
the vehicle compartment. and an expansion valve. and
configured such that the compressor, the first and second
indoor heat exchangers, the expansion valve. Bnd the out-
door heat exchanger are connixlcd together Ituougi a rcfug-
cranl pipe: an indoor air conditioning ulul housulg lhe Iirsl
and second indoor heat exchangers, including an air blower
contiaured to send air-conditioning air to the first and second
indoor heat exchangers. and configured to generate condi-
tioned air to supply the conditioned air into the vehicle
conlpartment; and an air conditionilhg control device con-
Iigured to control thc heat pump device and the indoor mr
conditioning unit. A prcssure rcducuon device disposed
betlveen the first and second indoor heat exchangers and
confi ured to reduce pressure of refrigerant tlowing into the
second indoor heat exchanger is provided at the heat pump
device. The air conditionin control device is configured to
slvitch an operation mode of the heat pmnp device among a
plurality oi'operation modes ulcluding an air-coolm opera-
non mode in wluch the second uldoor heat exchimgcr scrvcs
as a heat absorber and the first indoor heat exchanger and the
outdoor heat exchanger serve as radiators. and an air-heatiag
operation nlode in which the first and second indoor heat
exchangers serve as radiators and the outdoor heat
exchanger serves as a heat absorber. In the nir-heating
operation mode, the pressure reduction device ls ul a pres-
sure rcducnon slate, and a prcssure rcducnon degree of thc
pressure reduction device is set such that the second indoor
heat exchanger serves as the radiator

Accordin to the foregoing configuration, in the air-
heating operation mode. refrigerant depressurized by the
pressure reduction device flows into the second indoor heat
exchanger. Since lhc pressure rcxtuction degree is sel such
that thc second uidoor heat cxcliangcr serves as lhc radiator,
both oi'hc Iirst and second uldoor heat exchmlgcrs serve as
the radiators Tints, a sutTicient air-heating capacity in the
air-heating opemstion mode can be realized

As just described. since refrigerant depressurized by the
pressure reduction device flow s into the second indoor heat
exchanger. the prcssure capacity mid ripcnln e compression
strength oi'he second Indoor heat cxchangcr can be low.

lllc lcfllgcrBBI pipe mBY ulchnlc a connccnon pipe con-
necting between a refrigerant outlet side of the first indoor
heat exchanger and a refrigerant inlet side of the second
indoor heat exchanger, and the pressure reduction device
may be provided at the connection pipe.

Accoldhlg to lhc forcgonlg contlgUldfion. Bfiei hlgh-
pressurc refrigerant dlschtugcd I'rom Ihe compressor flows
into thc Iirst indoor heal exchanger, Ihc rcfngemnl flow s inlo
the second indoor heat exchanger through the connection
pipe linis. the surface temperature of the first indoor heat
exchanger is higher than that of the second indoor heat
exchanger. In the atr-heating operation mode. ofter atr-
condhlioning air passes duough thc scx:ond uldoor heal
cxchdngcm lhc Bu'-condltlonhlg dn ptisscs Ituougl thc tlrsl
indoor heal exchanger. Since Ihe Iemperature of Ihe tirsl
indoor heat exchanger ls higher than that of the second
indoor heat exchanger, the air-conditioning air can be suf-
ficiently heated on the dov nstream side in the flow direction
of air. In this case, refrigerant depressurized by the pressure
rcxtuction device provided at Ihe conneclion pipe can tlow
filo lhc second nxlool'cBI cxchBngc'r.

Tht: refl1gcrtnll pipe alav nlclUdc tl high-plcssurc rcfl1g-
emnt pipe which is connected to the refrigerant inlet side of
the second mdoor heat exchanaer and thnhuah lvhich high-

prcssure refrigerant ilows,;md a low-prcssure refrigermil
pipe which is connected to the refrigemsnt inlet side of the
second indoor heat exchanger and thmugh winch low-
pressure retrigerant flows. Ihe heat punlp device lnay
include a refri erant flow path slvitchtng device confi ured
to select the refri erant pipe such that refri erant flou s into
the second indoor heal cxchangcr tluough one of lhc hi h-
prcssure rcfngcrlml pipe dnd tta: low-pressure rcfrigcranl
pipe. 'Ihe refrigerant flow path sv itclung device may include

ul B high-prcssUrc ohl-ofl v;llvL'ontlgUI'cd to opcth close ttlc
high-pressure refrigerant pipe. and a low-pressure on-otT
valve configured to open/close the low-pressure refrigemsnt
pipe. The pressure reduction device may be built in the
high-prcssulc on-ofl valve.

According lo thc foregoing coniigurauon, Ihe pressure
reduction device is built in the Ihig-pressure ohh-ofl valve
forming the refrigerant flolv path switching device config;
ured to select the hiah-pressure refrigerant pipe or the
low-pressure refrigerant pipe. Thus„ the number of compo-

zc nents cnn be reduced. as well as reducin the number of joint
parts among Ihc reitigermll pipes

A scvcnth aspect oi'hc disclosure ls lntcndcd for Ihe
vehicle air conditioner of the sixth aspect of the disclosure,
in winch the pressure reduction degree of the pressure
reduction device is changed depending on pressure of refrig-
erant flowing into the second indoor heat exchan er.

According to the foregoing configuration, the internal
prcssure oi'hc second indoor lmdt cxchangcr can be ettuai
to or less than a certain value. This cnhanccs thc rehabihty

ho of the second indoor heat exchanger. and stabilizes the
air-heating capacity of the second indoor heat exchanger.

An eighth aspect of the disclosure is intended for the
vehicle air conditioner of the sixth or seventh aspect of the
disclosure. in lvhich. when the pressure reduction degree of

hs the prcssure riduclion device Is minimum, If Ihe prcssure oi
reitigcrant flowulg mlo thc second uldoor heal exchanger
incrcascs, the air condinoning control device decreases a
discharge amount of the compressor of the heat pump
device

do According to the fi&regoing configumstion. the discharge
amount of the compressor is decreased when the pressure of
rcfngcrdnt tlowlng Into the second indoor heat cxclmngcr
afier thc pressure rcducfion dcgrce oi'he prcssure reduction
device is adlustcd. Tluis, a cluulge ui energy amount con-
sumed by the compressor can be reduced In addition, an
increase in internal pressure of the second indoor heat
exchan er can be reduced.

In order to accomplish the fburth object. the flow of
relrlgcldnt sm hl B nulli dspccl of thc ihsclosUIO. connolILx!

o such that thc Internal prcssure of an indoor heat exchanger
serving as a heal absorber in an air-cooing operation mode
and serving as a radiator in an air-heating operation mode
does not exceed predetenuined pressure m the air-heating
operation mode.

ls The iunth aspect of the disclosure Is intended fora vehicle
dlr condltloncl nlcIUdnlg d ical pUnlp device niclUdnlg il

conlprcssol conftgUrcil lo conlprcss rclrlgcranu B fil sl uldLlol
heal cxctxtngcr ihsposed ulside a vclucle compartment, a
second indoor heat exchanger disposed upstream of the first

to indoor heat exchanger in a flow direction ofair in the vehicle
compartment. an outdoor heat exchanger disposed outside
the vehicle compartment. and an expansion valve. and
conftgurcxt such thai Ihc compressor. the first and sixond
indoor heal cxchangcrs. Ihc expansion valve, and thc oul-

ss door heat cxchangcr arc connected together through a refrig-
emsnt pipe; an indoor air conditioning unit housulg the first
and second indoor heat exchangers, including an air blower
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configured to send air-condiuomng air lo thc tirsl mul second
indoor heat exchan ers. and contigured to enerate condi-
uoncd air Io supply thc coudiuoncd air uuo the vehicle
compartnient: and an air conditioning contrnl device con-
Iigured to control thc heat pump device and the indoor mr
conditioniim unit The air conditioning contml device is
configured to switch an operation mode of the heat pmnp
device among a plumslity of operation modes including an
air-cooling operation mode in which the second indoor heat
exchanger scrvcs as a heal absorber mid thc lirsl uidoor heat
exchanger and the outdoor heat exchanger serve as mdiators,
dnd Bn iiu-hcathlg operation nlodc hl which lhc Iirsl Bnd
second indoor heat exchangers serve as radiators and the
outdoor heat cxchangcr scrvcs os a heal absorber. Thc heat
pump device further includes a refrigerant inlet which is
connected to the first indoor heat exchanger and into which
refrigerant flows from the first indoor heat exchanger, a
non-air-heating-side refrigerant outlet which is connected to
part of lhc heal pump dcvicc other than thc second uidoor
heat exchanger and tluough which refrigerant tlows into the
port ol'hc heat pump device, mid o swttdun valve con-
fi ured tn cause. in the air-heating operation mode, the
icfilgcrJul inlet rind lhc non-tiir-hcdlin -side rcfrl eldnl Out-

let to coniniunicate with each other when internal pressure
ol'hc second indoor heal cxcliangcr reaches prcdctermincd
pressure

According to the foregoing contiguration. in the air-
heating operation niode. since refrigerant ffiiwing out front
the first indoor heat exchanger flows into the second indoor
heal cxchangcr, both of thc Iirst and second indoor heal
exchangers serve as the radiators. Thus, a sufficient alr-
healuig capacity ui Ihc air-heating operation mode can be
realized

In Ihe air-heating operation mode, whmi Ihc internal
pressure of the second indoor heat exchanger reaches the
predetermined pressure, the switching valve causes the
refrigerant inlet and the non-air-heating-side refrigerant nut-
let to conuuunicate with each other. Thus. refrigerant tiow-
ing oul Ibom the Iirsl uidoor heat cxchangcr tlows mto the
part of the heat pump device other than the second indoor
heal exchanger. This prevents thc uilcrnal prcssure of thc
second indoor heat cxclrdngcr I'rom exceeding lhe predctcr-
mined pressure, and therefore the pressure capacity and
repetitive compression stmngth of the secnnd indonr heat
exchanger can be low.

The switching valve may be a mechanical valve opened/
closed by Ihc prcssure ol rcfngcranl on an refhgcranl inlet
side of the second uidoor heat exchanger.

According lo thc fiiregoing contigurdlion, a conlrol device
etc for cnntmlhng the switching valve is nnl ilecessarily
pmvided, and a simple configumstion can prevent the internal
pressure of the second indoor heat exchanger from exceed-
ing the predetermined pressure.

llic heal pump device may include a prcssure sensor
configured lo dctcrminc Ihe prcssure of relrigeranl on thc
refrigerant inlet side of the second uidoor heal exchanger.
Wyhen it is. based on the refrigerant pressure determined by
the pressure sensor, determined that the internal pressure of
the second indoor heat exchanger reaches the predetermined
pressure. the air conditioning control device may control the
su ilchuig valve such that rcfngcranl flow mg mlo the rcfug-
cranl inlci flows tluough llm non-air-hcalmg-sale refn ermu
outlet.

According to the foregoing configuration. since the inter-
nal pressure of the second indoor heat exchanger can be

finely controlled, both of lugh air-heating perfonnance and
high durability of the second indoor heat exchanger can be
realized.

A tenth aspect of the disclnsure is intended for the vehicle
air conditioner of the ninth aspect of the disclosure, in which
the expansion valve of the heat pump device Is disposed
upslrcam of Ihe outdoor heat cxchaugcr in a flow dirccuon
of rcfilget'nl, dud thc non d 11 hc I ling side tel il get Jul 0 ullcl
is connected tn an upstremn side of the expansion valve in

lo the flnw directinn of refriaerant.
According tn the foregoing cnnfiguration, it can be

ensured that the pressure of refrigerant flowing out from the
non-air-heatin -side refrigerant outlet in the air-heating
operation mode is rcxluccd by Ihc prcssure rcxtuction valve.
Tints, while a suflicient;miounl ol'eat absorbcxt by thc
outdoor heat exchanger can be ensured m the air-heating,
opemstion mode, an increase in pressure of the entirety of the
heat pump device can be reduced

According to the first aspect of the disclosure, in the
io air-heating operation mode. refrigerant is supplied to the part

Of the outdoor heat cxchangcr servin as the rcfngcranl inlet.
Thus, cvmi in any of the mr-heating operation mode tmd Ihe
air-cooling operation mode, hi h heat exchange pertiir-
mance can be realized ivith favorable refrigerant distribution
in the outdoor heat exchanaer.

According to the second aspect of the disclosure. even in
any of the deluimidification air-heating operation mode and
thc dchostiiig opcidlion nxxlcs, high ical exchange pcitol-
mauce can bc rcafidcd with Ibi orablc refugcrimt distnbu tron

so in the nutdnor heat exchan er
According to the third aspect of the disclosure, switching,

of the heat pump device between the air-heatmg opemstion
mode and the tirst defrosting opemstion mode and switchin
of the heat pump device beuveen the dehiunidification

is air-hcatuig opcrauon mode and the second dcfrosting opera-
tion mode can bc pcrlbnncd without swuching thc refrig-
erant pipe. Thus, useless heal dissipation and heat absorpuon
of refrigerant do not occur, and a defrostmg operation can be
etficiently perfomied

do According to the fourth aspect of the disclosure. high-
temperature refrigerant tloivs tluough the high-temperature
rcfngcrdnt-dedicated pipe m thc air-hcatuig operauon mode.
and low-tcmperaturc refrigerant flows tluough thc low-
tcmperaturc refrigerant-dedicated pipe ui Ihe mr-cooluig
opemstion inode llms. occurrence of thernial loss can be
reduced. Morenver, energy can be saved, and passenger*s
comfort can be improved.

According to the tifth aspect of the disclosure, the flow of
relrigcrant in Ihe uidoor heal exchanger is a countcrcurrcnl

0 iu both ol Ihc air-cooling operation mode Bnd Ihc air-hcaluig
Opcrauon mode. Thus, mr-cooling perfonnance and air-
heatin perfomiance can be enhanced

According to the sixth aspect of the disclosure, the
pressure reduction device configured to depressurize retbig-

11 erant flowing into the second indoor heat exchanger is
provided bctwccn Ihc Iirsl and second indoor heal cxchang-
crs, and is ui Ihc prcssure reduction anile in thc mr-heatuig
operation mode. Accorduigly. the second indoor heat
exchanger serves as the radiator 'I'his sufficiently increases

io the air-heating capacity in the air-heating opemtion mode
Moreover. the pressure capacity and repetitive cnmpression
strength of the second indoor heat exchanger serving as the
heat absorber in the air-cooluig Operation mode can be low,
and cost can be reduced.

ss Accorduig lo the seienth aspcxt ol'he disclosure. Ihe
pressure reduction degree of the pressure reduction device is
changed depending on the pressure of refrigerant floiving
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inio Ihc second indoor heat cxchangcr. Thus, Ihc rehability
of the second indoor heat exchanger can be enhanced. and
thc mr-heating capacity of the second uldoor heat cxclulngcr
can be stabilized.

According to the eighth aspect of (hc disclosure, thc
discharge mnount of the compressor is decreased v hen the
pressure of refrigerant flowing into the second indoor heat
exchanger increases in the state in which the pressure
reduction degree of the pressure reduction device is the
nnmmum. illus. a change ul cncr y amount consumed by
the compressor can be reduced. as well as reducing an
increase in internal prcssure of Ihe second uidoor heal
exchmiger

According to thc iunth aspect of Ihc disclosure, ui the
air-heating operation mode in which the tirst and second
indoor heat exchangers serve as the radiators. when the
internal pressure of the second indoor heat exchanger
reaches the predetermined pressure. refri erant flows into
Ihe part of Ihc heat pump device other than Ihe sixond uldoor
heat exchanger. Thus. while the air-heating capacity in the
mr-heating opcrauon mode can be suflicicntly enhanced. the
pressure capacity and repetitive compression strength of the
second uldoor heat exchanger scrvulg as thc heat absorber in
the mr-coolulg operation mode can bc low. 11lus, cost can bc
reduced

Accordin to the tenth aspect of the disclosure, refrigerant
flowing out from the non-air-heating-side refri ermlt outlet
is supplied to the pressure reduction valve. Thus, while a
suflicient amount of heat absorbed by the outdoor heat
exchanger can be cnsurcxi ui thc air-hcatmg operauon mode,
mr-heating performance ctm be enhanced. Moreover. an
increase in pressure of the entirety of the heat pump device
cmi be reduced

BRIEF DESCRIPTION OF THE DRAWINGS

Fl(i I is a schematic configuration diagram of a vehicle
air conditioner of a first embodiment.

FIG, 2 is a block diagmm of the velficle air conditioner.
FIG, 3 is a perspective viev of a downstream indoor heat

cxcliangcl frolll all iipslri ani sale ln Ihc'. thiw ihlcctnill of illr.
FIG. 4 is a front view of an outdoor heat exchanger
FIG. 5 is a diagram illustraung thc case ol'mi air-heating

operation mode and corresponding to I'ICi I.
l1Ci 6 is a diagrant illustrating the case of a delmnndi-

fication air-heatin operation mode and corresponding to
FIG. 1.

FIG. 7 is a duigram illustmting thc case ol'an air-coolulg
operation mode and corrcspondulg Io FIG. 1.

FIG. 8 is a duigrtun illustraun thc case ol' defrostulg
operation mode under extremely-low outdoor air tmnpera-
ture mid corresponding to ill(i. I

FIG, 9 is a diagmm illustrating the case of a defrosting
operation mode under low outdoor air temperanire and
corresponding to FIG. 1.

FIG. 10 ls a flowchart illustrating thc stc7is of control
pcrformtxl by au air conditiolung control device.

l1Ci 11 is a flowchart illustrating the steps of contml
when the air-heating operation mode is selected.

FIG. 12 is a flowchart illustrating the steps of control
when the deluunidification air-heating operation mode is
scicctcd.

FIG. 13 ls a schematic couiiguration diagrmu of a vehicle
mr condiuoner ol' second embodiment.

Fl(i 14 is a diagrani illustrating the case of an air-heatiag
operation mode and corresponding to I'l(i 13

FICi 15 is a diagram illustrating thc case of a dchunudi-
fication air-heating operation mode and corresponding to
FIG. 13

ill(i 16 is a diagram illustrating the case of an air-cooling
operation mode and corresponding Io FIG. 13.

FICi 17 is a diagram iflustratlng thc case of a defrostuig
operation mode under exlrmncly-low outdoor air Icmpcm-
ture and corresponding to I'l(i 13

ill(i 18 is a diagmm illustratin the case of a defrosting,
'" operation mode under low outdoor air temperature and

corresponding to FIG. 13.
FICi 19 is a schematic coniigurauou ihagram of a vehicle

air conditioner of a third mnboduncnt.
FICi 20 is a block diagram of the vchiclc air conditioner.
lii(i 21 is a diagram illustrating the case of an air-heating

opemfion inode and correspondiim to l1(i 19
FICi ZZ is a diagram iflustrating the case of a dehumidi-

fication air-heating operation mode and corresponding to
FIG. 19

FICi 23 is a diagram illusu sting thc case of mi mr-cooluig
operation mode and corresponding Io FIG. 19.

ill(i 24 is a diagmm illustratin the case of a defrosting,
opemtion mode under extremely-low outdoor air tempera-
ture and corresponding to FIG, 19

FICi. 25 is a diagram illustrating the case of a defrostin
operation mode under low outdoor mr tcmperaturc and
corresponding to FIG. 19.

FICi 26 is a ihagram lllustratulg a venation and corre-
spondmg to FI(i 19

lii(i 27 is a schematic confiauration diagrani of a vehicle
air conditioner of a fourth embodiment.

FICi 28 is a diagram illustrating the case of an air-heating
operation mode and corresponding to FICi. Z7.

FICi 29 is a diagram illustrating thc case of a dchunudi-
Iication air-hcaung operauon mode and correspondul to
lilG. 27

ill(i 30 is a diagram illustrating the case of an air-cooling
operation mode and corresponding to FICi. 27.

FICi. 31 is a diagram illustrating the case of a defrostin
so operation mode under extremely-low outdoor air tempera-

ture and corresponduig to FIG. 27
FICi 32 is a diagram illusuating thc case of a dcfrostuig

opemfion mode under lov outdoor air temperature and
corresponding to li(Ci. 27.

FICi 33 is a schematic configumstion diagmm oi a vehicle
air conditioner of a fifth entbodiment.

f)li'I'All.ill) DIISGRIPI'ION

Embodiments of the present disclosure will be described
below ut detaii lvith reference to drawings. Note that the
mubodunents dcscnbcd below will be sct I'orth mcrcly lbr
thc purpose of prcfcrred cxtunples in nature. and are not
intended to limit the scope, applications, and use of the
disclosure

First Emboduucut

ill(i I is a schematic configumtion diagrant of a vehicle
ic air conditioner I of a hrst enibodintent (i e., an embodiment

of first to third aspects of the present disclosure) of the
present disclosure. A vehicle on which the vehicle air
conditioner 1 is mounted is an electric vcluclc ulcluding a
storiigc battery lor riinliing lhc vehicle and tl nlotor lor

ss ruunuig thc vchiclc.
I'he vehicle air conditioner 1 includes a heat pump device

20, an indoor air conditioning unit 21, and an air condition-
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14
ing control dcmcc 22 (Illustnttcd ul FIG. 2) coniigurcd to
control the heat pump device 20 and the indoor air condi-
uomng unit 21

'lhe heat pump device 20 includes an electric compressor
30 configurcsl to compress refrigcrtmt, a downstretml uldoor
heat exchanger (first indoor heat exchanger) 31 disposed
inside a vehicle compartment, an upstream indoor heat
exchanger 1second indoor heat exchanaer) 32 disposed
upstream of the downstream indoor heat exchanger 31 in the
flow dtrrxuon of mr ul thc vehicle comparuuent, an outdoor
heat exchanger 33 disposed outside the vehicle compart-
ment, an accumulutor 34, maul refrigerant pipes 40-43
connecting the components 30-34 together, and tirst and
tlnrd branched rcfngcrant pipes 44-46.

'lhe electric conlpressor 30 is a conventional well-knov n
electric compressor to be mounted on a vehicle, and is
driven by an electric motor 'lhe discharge amount of the
electric compressor 30 per unit time can be changed in such
B numncr that Ihc rotational spccd of Ihc clcctnc compressor
30 is changed. The electric compressor 30 is connected to
thc air conditioiung control dcvicc 22 such that ON/OFF of
the electric compressor 30 and the rotational speed of the
electric compressor 30 are controlled Power is supplied
fmm the stors e battery to the electric compressor 30

Referring to FIG. 3, the downstream indoor heat
exchanger 31 includes an upper header tank 47. a lower
header lank 48, and a core 49. In the ccrc 49. tubes 49rr
extending ul the vertical thrcction tmd line 49b extending in
the vertical direction are integrated together so as to be
alternately arranged in the horizontal direction 1I.C, a nght-
left direction as viewed in FI(i. 3) Air-conditioiung air
passes between each adjacent ones of the tubes 49a The
flow direction of air-conditioning air is indicated by a white
arrow. Thc tubes 49rr arc arrtmgcd in two lmcs ul thc tlow
tllrCCtltiil Of Blr

Upsuctun ones ol'thc tubes 49u ul thc tlow direction of mr
and dov nstream ones of the tubes 49a in the tlotv direction
of air are. at upper ends thereof, connected to the upper
header tank 47 so as to communicate with the upper header
tank 47. A iirst divider 47a is provided, lvhich is conti ured
to dn idc an ultcrnal space of thc upper header tank 47 ulto
upslrcam and downstream spaces in thc flow dlrccllon of air.
Thc space ol Ihc upper header lank 47 upstream of Ihc Iirst
divider 47rr in the tlow direction of air communicates v ith
the upper ends of upstreanl ones of the tubes 49rr, and the
space of the upper header tank 47 downstream of the iirst
divider 47rr in the flow direction of air conununicates with
thc upper ends of downstream once of flle tubes 49a

A srxond divider 47b m provided, winch Is coniigurcd to
divide the ultcrnal space of thc upper header tank 47 utlo
right and left spaces A comnlunication hole 47e is formed
at part of the first divider 47u on the right side of the second
divider 47b.

A refri emsnt inlet 47c ts formed at part of a left side
surlier; of the upper header tank 47 on thc downstrwun side
in Ihc flow direction of air, and a rcfngcrant outlet 47r/ is
formixl at part of thc lcfl side surface of Ihc upper header
tank 47 on the upstream side in the flow direction of air.

As in the hrst divider 47a of the upper header tank 47. a
divider 48a is provided. which is configured to divide an
internal space of the lov er header tank 48 into upstream and
downs uctun spuces in the flow direction of mr. Tile space of
thc lower header tank 48 upstrrmm ol fllc divider 48a ul the
flow direction of air conumuucaies with lov,cr ends of
upstreanl ones of the tubes 49u, and the space of the lower
header tank 48 downstream of the divider 48a in the tlow

direction ol'ir conunumcatcs with lower ends ol'own-
stream ones of the tubes 49rr

According to the tilregoing configuration. the downstream
indoor heat exchanger 31 has the total of filur paths 'I hat is,
refrigerant flotving into the downstream Indoor heat
exch m er 31 through the refrigerant inlet 47c first flows into
a space R1 formed on thc downstream side of thc Iirst
divider 47a of thc upper hcadcr tank 47 ul thc flow direction
of air and formed on the left side of the second divider 47b,

IB and then flov, s dowmvard in ones of the tubes 49a commu-
nicating with the space Rl.

Subsequently, the refrigerant fiows into a space 51 formed
on the dov:nstream side of the divider 48a of the lower
hcadcr tiuik 48 In Ihc flow direction of air to flow toward thc
nght side, and then flows upward in once of thc tubes 49a.
'I'hen, the refrigerant flows into a space R2 formed on the
downstream side of the first divider 47a of the upper header
tank 47 in the tiotv direction of air and fornled on the right
side of the second divider 47b.

Io Next. the refrigerant in the space RZ passes through the
conumuucation hole 4'7e oi'hc Iirst divider 47u, and flow s
into a space R3 fonntxl on Ihc upstrrmm side ol the Iirst
divider 47a of the upper header tank 47 in the flow direction
ofair and formed on the ri ht side of the second divider 47b
1'hen, the refrigerant flotvs dov nward in ones of the tubes
49a conununicatin with the space R3.

Subsequently, the refrigerant flows into a space S2 formed
ou thc upstream sale oi'hc divider 48a of the lower header
tatlk 48 ul IhC lk)W dlILCII011 Of tilt 10 flow toward IhC ICf1

lc side, and then flows uptvard in ones of the tubes 49a I'hen,
the refrigerant flotvs into a space R4 formed on the upstream
side of the first divider 47rr of the upper header tank 47 in
the flov; direction of air and formed on the lefi side of the
second divider 47b. and is disclmrged to the outside throu/I

ls the refrigcranl oullet 47'/.
Thc upstream uldoor heat cxchangcr 32 m mcrcly larger

than thc dowimtream indoor heat exchanger 31, and has a
stnicture similar to tlmt of the downstream indoor heat
exchanger 31 I'hus, the detailed description of the upstream

sc indoor heat exchan er 32 will not be repeated.
The outdoor heat exchanger 33 is disposed near a front

Clif nl B 1110101 rooln (Cqult Blt:ut to tin I:llgulC 100111 ul Bn

mlgulc-dnvcn vdncle) I'onncd in a front part ol'hc vchmlc,
and is exposed to traveling air. Rcli:rnng to FIG. 4, thc
outdoor heat exchanger 33 includes an upper header tank 57,
a lower header tank 58. and a core 59 In the core 59, tubes
59a extendin in the vertical direction and fins 59b extend-
in in the vertical direction are integrated together so as to
bc altcnmtely arranged ul thc honzontal thrcction. Air-

o conditlotung air passes between each adlaccnt ones of Ihc
tubes 59rr.

I'he tubes 59a are. at upper ends thereof, connected to the
upper header tank 57 so as to communicate with the upper
header tank 57. The tubes 59rr are, at lower ends thereof,

s. connected to the lower header tank 58 so as to communicate
wilh Ihc lower header lank 58.

A divider 58a is provtdrxl, which is coniigured to tbvidc
an intcnml space ol'thc lower header tunk 58 ulto nght and
lefl spaces. An inlet pipe (refri erant inlet) 58b through

rc v hich refrigerant flotvs into the lower header tank 58 is
provided on the left side at the lower header tank 58. and an
outlet pipe 58c through which refrigerant flows out from the
lower hcadcr lank 58 is provided ou the nght side at Ihc
lowcl hcBdcr tank 58.

ss Thus, in thc outdoor heat cxchangcr 33. rcfngcrmlt flow-
ing ulto the outdoor heat exchan er 33 through the Inlet pipe
58b flov s into a space Tl tilrnled on the left side of the



US 10,189,331 B2
li

divider 58a of thc lower header iank 58, and then tlows
upward tluough ones of the tubes 59a communicating v.ith
thc space Tl. Subscxtucntly, thc rein crmit flows into the
upper header tank 57 to flow toward the right side, and then
flows downward in ones ol'he tubes 59a. Then, thc refng-
emnt flov s into a space I'2 formed on the right side of the
divider 58a of the lower header tank 58. Snd then flows out
to the outside through the outlet pipe 58c.

Referring to FIO. 1. a cnoling fan 37 is provided nt the
i chicle. Thc cooling fnn 37 m dnvcn by a Fan motor 38. and
is configured to send air to the outdoor heat exchan er 33.
Thc f m motor 38 is connected to thc mr conditioiun control
device 22 such that ON/Ol'I of the fan motor 38 and the
rotational spccd ol'hc fan motor 38 drc controlled. Power is
also supplied front the stomge battery to the fan nuitor 38.
Note that the cooling fan 37 ts, e, a cooling fan capable of
sending air to a radiator for cooling, e g,„an inverter fiir
numing the vehicle„nnd Is operable under situations other
llidil Ilil: Siludlloll %11Cri: iiir Coiiililioiiiiig iS rCiiuiiLd.

The accumuLator 34 Is disposed near a suction port of the
c)ccxnc compressor 30 in thc middle of thc mmn rcfn ermit
pipe 43.

1'he main refrigerant pipe 40 connects betv een a dis-
charge port of the electric compressor 30 and the refrigerant
inlet of the dov,nstream indoor heat exchan er 31. More-
over. the main refrigerant pipe 41 connects between the
refrigerant outlet of thc downstrcmn uidoor heat cxclianger
31 and Ihe rcfn erant inlet of thc outdoor heal cxclian cr 33.
'I'he main refri erant pipe 42 connects benveen the refrig-
erant outlet of the outdoor heat exchanger 33 and the
refrigerant mlet of the upstream indoor heat exchanger 32.
The main refrigemsnt pipe 43 connects between the refrig-
erant outlet of the upstream indoor heat exchanger 32 and
thc suction port of thc electric compressor 30.

lite Iirst branched rcl'ngcrant pipe 44 is brmiched from
tlic iiiiiiii ii:filgcrdiit pipe 41, aiiil ls coiliii:ctcd Iii llic iiiaiii
refrigerant pipe 42 I'he second branched refrigerant pipe 45
is branched front the main refrigensnt pipe 41, and is
connected to the main refrigerant pipe 43. The third
branched refngernnt pipe 46 is branched from the main
refrigerant pipe 42, aud i ~ connected to Ihe mrna relngcrmil
pipe 43.

llic heal pump device 20 further includes a Iugt-prcssure
floiv path sivitching valve 50, a low-pressure flow path
switching valve 51, a first expansion valve 52, a second
expansion valve 53. a first check valve 54. and a second
check valve 55.

lite lugh-prcssure flow path switching valve 50 and the
low-prcssure tlow path swilclung valve 51 are electric
tlucc-way valves, and are controlled by thc air conditioning
control device 22 'I'he high-pressure flow path switching
valve 50 is provided in the middle of the main refrigerant
pipe 41. and is connected to the first bmsnched refrigerant
pipe 44. The low-pressure flow path switch)ng valve 51 Is
provided in the middle of thc main rcfrigcrmil pipe 43, and
is conncctcxl to thc tlurd brimchcd rcl'ngcmnt pipe 46

llic lirst expansion valve 52 and thc second expansion
valve 53 are electric valves, and are switchable benveen an
expansion state in which a tlow path is narroived to expand
refrigerant and a non-expansion state in which the flow path
is opened so as not to expand refrigemsnt. The first expansion
salve 52 and thc second expansion valve 53 arc control)cd
by the air comhtionuig control device 22. In thc cxpaiwion
slate, ihe degree ol opmung ol each ol lhe lirsl expansion
valve 52 and the second expansion valve 53 is set depending
on an air-conditioning load state.
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Thc lirst expansion salve 52 is disposed at part of thc

main refrigerant pipe 41 closer to the outdoor heat
exchanger 33 reLstive to the hiah-pressure flow path switch-
ing valve 50 The second expansion valve 53 is disposed at
part of the main refrigerant pipe 42 closer to the outdoor heat
exch m er 33 relative to the third branched refri erant pipe
46.

Thc lirst chixk vah e54 is disposed at thc mmn rcfrigcranl
pipe 42, and is configured to allow refrigerant to tlow from

In the outdoor heat exchanaer 33 toivard the upstream indoor
heat exchanger 32 in the main refrigerant pipe 42 and to
prevent refrigerant front flowing in an opposite direction.

The second check valve 55 is disposed nt the second
branched rcfngcrmit pipe 45. and is conligurcd to allow
rcfngcrdnl to flow from Ihc main rel'ngcrnnl pipe 43 toward
the main refrigerant pipe 41 in the second branched refrig;
erant pipe 45 and to prevent refrigerant front flowing in an
opposite direction

The indoor air conditioning unit 21 Includes a casing 60
nt housln the doivnstream indoor heat exchanger 31 and the

upstream uidoor hwit cxclutngcr 32, an mr heater 61 houscxt
iu the casing 60, an air mix door (tempcraturc adlustmcnl
door) 62, an air mix door actuator 63 configured to drive the
air mix donr 62, a discharge-mode switching door 64. and an
air blower 65

The air biower 65 is configured to select one of air (indoor
air) Inside the vehicle compartment or air (nutdoor air)
outsulc the vcluclc comparuncnt to send the ac)ected air mto
thc casing 60 as air-conditioning air. Thc air blower 65

so includes a simcco fan 65ii and a blower motor 65b config;
ured to rotatably drive the sirocco fan 65a I'he blow:er motor
65b is cnnnected to the air conditioning contml device 22
such that ON/OFF of the blois er motor 65b and the rota-
tional speed of the blower motor 65b are controlled. Power

Is is also supplied from thc storage battery to the blower motor
65b.

Thc casuig 60 is disposed inside an instrument pmicl (nol
shown m the figure) in the vehicle compartntent A defnister
discharge port 60a, a vent discharge port 60b, and a heat

do discharge port 60c are formed at the casing 60. These
discharge ports 60a-60c are each opened/closed by the
discharge-mode switclung door 64. Although not shown in
thc figurc, the discharge-mode switclung door 64 is operated
by an acnialor cotuicxled io Ihc mr coudiuonuig contml
device 22 I ixamples of a discharge mode include a defroster
mode for sending air-conditioning air to the defmster dis-
charge port 60a, a vent mode for sending nir-conditioning air
to the vent discharge port 60b, n heat mode for sendin
air-condiliorung air to thc heat dischnrgc port 60c, a

n dcl'roster/heat mode for smiding air-conditioiung air lo Ihc
dcl'roster discharge port 60a mid thc heat discharge port 60c,
and a bi-level mode fiir sending, air-conditioning air to the
vent dischar e port 60b and the heat discharge port 60c

The total amoluit of air-conihtioning air introduced into
ss the casing 60 passes tluuugh the upstream indoor heat

cxchangcr 32.
In thc casing 60, thc mr mix door 62 is housed bctwccn

tlic iipsti cdirt iiidooi lied t cxchaiigi:r 32 diid llii: ilow iisn Liiiii
indoor heat exchanger 31. 'I he air mix door 62 is configured

io to adlust the temperature of discharged air in such a mamter
that the amount of air which has passed tltrough the
upstream indoor heat exchanger 32 and which is about to
pass through thc downstream indoor heat exchanger 31 is
changed to dcterminc d mixuig ratio bctwixu mr havuig

ss passed tluough the upstream indoor heat exchanger 32 and
air having passed throuah the downstream indoor heat
exchanger 31
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11&c air heater 61 &s houscxt downstrcmn of thc down-
stream indoor heat exchanger 31 in the casing 60 'I'he air
heater 61 may be. e.g . a Pl'( heater using a O'I('lement
generating heat upon current application 'I'he air heater 61
is connected to the air conditioning control device 22 such
that Oiq/OFF of the air heater 61 and the amount of heat
gencrauon of Ihc a&r hcatcr 61 (Ihe puwer supply amount of
thc mr heater 61) are controlled. Power &s also supphcxI from
the storage battery to the air heater 61

1he veh&cle air conditioner I further includes an outdoor
air tempemture sensor 70. an outdoor heat exchanger ten&-

perature sensor 71. a high-side refrigerant pressure sensor
72, an upstream indoor heat exchanger temperature sensor
73. a downstream indoor heat cxclmngcr tempera turescnsor
74. and a d&schargcd a&r Icmpcra&ure sensor 75. These
sensors 70-75 are connected to the air conditioning contml
device 22.

'Ihe outdoor air temperature sensor 70 is disposed
upstream of the outdoor heat exchanger 33 in the flov
direction of air, and is configured to determine the rempem-
turc (outdoor a&r tempcraturc TG) of outdoor mr befbrc the
outdoor a&r flow s into thc outdoor hca& exchanger 33. The
outdoor heat exchanger temperature sensor 71 is disposed on
a doivnstremn surface of the outdoor heat exchanger 33 in
the flov direction of air. and is configured to determine the
surface tempemture of the outdoor heat exchan er 33.

The high-side refri erant pressure sensor 72 is disposed
closer Io Ihc d&scharge port ol Ihc eicctnc compressor 30 at
the nuiin rclbigcrunt p&pc 40, ond &s conligurcd to detcnninc
the high-side refngerant pressure of the heat pump dev&ce
20

'Ihe upstream indoor heat exchanger te&nperature sensor
73 is disposed downstream of the upstream indoor heat
exchanger 32 in the flow direction of air, and is configured
to dcicmunc thc surlbce Icmperaturc of Ihc upstream u&door
heal exchanger 32. Thc downstream u&door heat exchanger
tcmpcraturc sensor 74 is d&sposed downstrcmn ol'he down-
stream indoor heat exchanger 31 in the flow direction of air,
and is conhgured to detern&inc the surface temperature of the
downstream indoor heat exchanger 31.

The discharged a&r temperature sensor 75 is configured to
dciernnnc thc tcmpcrnture ol air d&schar ml Irom Ihc casing
60.;md is disposed at a prixiclcmfincd part ol Ihc veluclc
cou&pdruncnl.

'Ihe air conditioning contml device 22 is configured to set
the opemtion n&ode of the heat pump device 20, the volume
of nir from the nir blov er 65, and the de ree of opening of
the air mix door 62 based on, e.g.. a temperature ser by a
passenger. an outdoor a&r Icmpcralure. a Icmpcraturc u&s&de

thc veh&clc compartment, and thc amoum of solar rad&ation.
Thc air cond&t&onu&g control device 22 controls thc heat
pump device 20 to the set operation mode and to control the
air blower 65 and the air nux door actuator 63 to the set air
volume and the set opening degree. The air condirioning
control device 22 is. e, a v eil-known central processing
urn&, ROM, or RAM. Morcovcr, the air condiuomng control
dcvicc 22 is further conligurcd to control C&e electuc com-
pressor 30 and thc fnn motor 38 dcpcnding on an a&r-

conditionin load, and &s also conhgured to contnil the air
heater 61 if necessary As in a typical automatic air cond&-

tioning control. the air conditioning control device 22 con-
trols. in a later-descnbed main routine. switchi»8 of the
operation mode ol'he heat pump dcvicc 20, thc volume of
mr from the mr blower 65, the dcgrec of opening of thc mr
nnx door 62, sw&tclung of thc d&scharge mode. tim electric
compressor 30. and the bk&wer motor 65/& l&or example,
although the fan n&otor 38 is basically operated during

operation of thc clixtuc compressor 30. thc fan motor 38 is
opemble even in a resting state of the electric compressor 30
v hen, e g, coniing of the inverter &s required

'I'he nperation mode of the heat pun&p dev&ce 20 includes
five types of operation n&odes: an nir-heatin operation
mode, a dehumidification air-heatin opemtion mode; an
d&r-cooing opc»it&on nuxlc; ii dclrosth&g opc&dfion uuxlc
(Iirst defrosting opcrauon mode) under cxtremcly-low out-
door a&r temperan&re: and a defrosting opemtion mode

u& (second defmsting operation mode) under low outdoor air
temperature

The air-heatin operation mode is selected when the
outdoor air temperanire is. e.g „ lower than 0" C, (under
cxlrcn&clv-low oi&tdoor d&r Icn&pcratu&'c). Iu Cu: au-hcdtu&g

I opcralion mode. Ihc downslrcam indoor heat cxchangcr 31
and the upstream indoor heat exchanger 32 serve as mdia-
torb and the outdoor hear exchanger 33 serves as a heat
absorber.

That is. the high-pressure flow path switching valve 50
io switches, referrin to FIG. 5, the flow path to cause refri-

eran1 flow&ng ou& Irom the dowmtrcam indoor hca&

exchanger 31 to flow mto thc upstream u&door hca&

exchanger 32 thmugh the inlet thereof Moreover, the loiv-
pressure flow path s&vitching valve 51 switches the flow path
to cm&se refrigerm&t flowing out from the outdoor heat
exchanger 33 to floiv into the accumulator 34. The first
expans&on valve 52 is in the expans&on state. and the second
cxpdns&on vdlvc 53 &s n& Cu: non-expand&on suite.

When Ihc ckx:trm compressor 30 &s opcratcd u& thc
io foregomg state, high-pressure refngerant discharged from

the electric compressor 30 flov s into the downstream indoor
heat exclmnger 31 thmu h the n&ain refrigerant pipe 40. and
c&rculotes in the downstrean& indoor heat exchanger 31. The
refri erant having circulated in the downstream indoor heat

ii exchanger 31 flows from the ma&n rcfrigcrant p&pc 41 to Ihe
upsIrcam u&door heat exchanger 32 through Ihc Iirs&

branched rcfngcrm&1 pipe 44. Then. tlm rclhgerant c&rculatcs
in the upstream indoor heat exchanger 32 That &s, since
high-teniperature refrigerant flows into the downstream

do indoor heat exchan er 31 and the upstream indoor heat
exchanger 32, air-conditioning air &s heated by both of the
downstrc&uu u&door heat exchanger 31 m&d thc ups&rc&un

indoor heat exch&mgcr 32. As a result, a h&gh mr-heatu&g
capncity can bc real&@ed.

'I'he refrigerant bavin circulated &n the upstremn indoor
heat exchanger 32 flows fron& the main refrigerant pipe 43
to the main refrigerant pipe 41 tluough the second bmnched
refrigerant pipe 45. The refrigerant flowing into the main
relyigcrant p&pc 41 &s expanded by passu&g tluough thc Iirs&

o expans&on valve 52. dnd then flows &nio the outdoor hca&

exchanger 33. The rcfmgcrant flow u&g &nto thc outdoor hca&

exchanger 33 absorbs heat from outdoor air Then, the
refrigerant passes through the main refngerant pipe 42 and
the third branched refrigerant pipe 46 in this order. and is

s. sucked into the electric con&pressor 30 through the accumu-
lator 34.

Referring to FIG. 6. Ihe dehumiihlicauon mr-heatu&g

operation mode is sclccxcd when the outdoor mr Icmpera lure
is, e g., equal to or higher than 0" ('nd equal to or k&wer

io Chan 25 G. In the dehumidification air-heating operation
mode. the downsuea&u indoor heat exchanger 31 serves as a
radiator. and the upstream indoor heat exchanger 32 and the
outdoor heat exclmngcr 33 sci& c as hcut absorbcrs.

That is, the high-prcssure flow path switclung valve 50
si swiIchcs Ihc flow path such Ihdtrcfn crant flowingout from

the dnwnstreani indoor heat excha&mer 31 does not flow into
the upstream indnor heat excha&mer 32 thmugh the inlet
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thereof'nd tlows toward thc first expansion valve 52.
Moreover. Ihe low-pressure tlov: path switching valve 51
switches the flow path to cause refrigerant floiving out frnni
the upstream indoor heat exchanger 32 to tlniv into the
accumuLator 34. The first expansion valve 52 is in the
expansion state. and the second expansion valve 53 is in the
11011-cxpdllsloll old(0.

When thc ehxtnc compressor 30 ls operated ui the
fore oing state. high-plessure refrigerant discharged front
the electric compressor 30 flows into the downstream indnor
heat exchanger 31 through the main refrigerant pipe 40, and
circulates in the dou nstream indoor heat exchanger 31 The
refrigerant having circulated in the dolvnstream indoor heat
exchanger 31 is cxpandcd by passuig fluough lhc first
expansion 1 alvc 52 of thc main rclblgermu pipe 41. Then, thc
refrigerant flows into the outdoor heat exchanger 33. 'I he
refrigerant flowing into the outdoor heat exchanger 33
absorbs heat frnm outdoor air. and tiows into the upstreani
indoor heat exchanger 32 through the main refrigerant pipe
42. Subsequently, the refrigemsnt circulates in the upstream
indoor heat cxchungcr 32 to absorb hca( Ibom air-condition-
ing air. The refngerant having circulated in the upstremn
indoor heat exchanger 32 is sucked into the electric coni-
pressor 30 thmugh the accuniulator 34 of the main refrig-
emnt pipe 43

Referring to Flof. 7, the air-cooling opemtion mode is
selected when the outdoor air tempemsture is. e.g., higher
than 25''. Iu thc nlr-cooluig opcrauon moCk, Ihe down-
stream indoor heal exchanger 31 scrvcs as a radmtor. thc
upstremn indoor heat exchanger 32 serves as a heat absorber,
and the outdoor heat exchanger 33 serves as a radiatnr

'(liat is. the high-pressure flow path switching valve 50
slvitches the fkow path such that refri erant flowing out fmm
the downstream indoor heat exchanger 31 does not flow into
thc upsucam indoor heat cxclrdnger 32 fluougt flle inlet
thcrcof and flows toward thc first expansion valve 52.
Moreover. the low-pressure flow pafli swllclung valve 51
switches the flow path to cause refrigerant flowing out front
the upstream indoor heat exchanger 32 to flow into the
accumulator 34. The tirst expansion valve 52 is in the
non-expansion state, and the second expansion valve 53 is in
IIIC CxpallS1011 Sta(C.

When tlu: chxtnc compressor 30 ls operated ul thc
forcgouig state, high-pressure rcfrigcranl discharged from
the electric compressor 30 tlov s into the dnivnstream indoor
heat exchanger 31 through the main refrigerant pipe 40, and
circukstes in the dov nstream indoor heat exchnn er 31 The
refrigerant having circulated in the dov;nstreiun indoor heat
exchanger 31 flo~~, without bcuig cxpandcd, uito thc uut-
door hcai cxclrdngcr 33 tluough lhc main refrigerant pipe 41.
Thc rcfrigcrant flowing ulto thc ouidoor heal cxchangcr 33
dissipates heat, and is expanded by passing thniugh the
second expansion valve 53 of the main refrigerant pipe 42.
Then. the refrigerant flows into the upstream indoor heat
exchanger 32. The refrigemsnt flowiiig into the upstream
indoor heat exchanger 32 circulatcs in (he upstream uidoor
heal cxchangcr 32 to absorb heat Ibom air-condiuomng air.
Thc refrigerant having circulated in Ihe upslrcam mdoor heal
exchanger 32 is sucked into the electric compressor 30
through the accmnulator 34 of the main refrigerant pipe 43.

Referring to FIFI. 8, the defroctiiig operation mode under
extremely-low outdoor air temperature is selected v.ben
frost is formed ou Ihc outdoor heal exchmigcr 33 ui the
mr-healing opcrauon mode. In thc air-hcalmg operation
mode. the downstream indoor heat exchanger 31 and the
upstreani indoor heat exchanger 32 serve as the radiatnrs as
described above In the defrosting operation mode under

extremely-loci ouliklor air Iempcraturc. wlulc thc down-
stream indoor heat exchanger 31 and the upstream indoor
heat exchanger 32 remain as the radiators, high-pressure
refrigerant discharged fmm the electric compressor 30 is
guided to the outdoor heat exchanger 33

That is. the high-pressure flow path switching valve 50
and thc loci-prcssure flow path su i(clung valve 51 rcmaui in
the same slate as Ihat of Ihc mr-lu:sling operation mode, Ihe
first expansion valve 52 is in the non-expansion state. and

lo the second expansion valve 53 is m the expansion state
Since the first expansion valve 52 is in the non-expansion

state, lugh-temperature refrigemsnt flouin out from the
downstream indoor heat exchanger 31 flou s into the outdoor
heat cxchangcr 33 in an unchangkxi Ibml. Thus, thc surface

I tClllpeltltllrC Of IIIC On(fool hCBI CXClldllgCI 33 111CICdSCS Io
melt frost.

Referring tn FI(i 9. Ihe defrosting operation mode under
low oiudool'ir tenipemture is selected when frost Is forined
on the outdoor heat exchanger 33 in the dehiunidification

Io air-heating operation mode. As described above, in the
dehumidification air-healing Operation mode, thc down-
stream uidoor heal excluuiger 31 scrvcs as thc radiator, and
the upstream indoor heat exchanger 32 serves as the heat
absorber. In the defmsting operation mode under low out-
door air teinpemsture, while the downstream indoor heat
exchanger 31 remains as the radiator, and the upctream
indoor heat exchanger 32 remains as the heat absorber,
lllgll-prcssulc refit el din illscllargccl Irolll lllc electric colll-
prcssor 30 is guided Io the outdoor heat cxchaugcr 33.

lo 'I'hat is, the high-pressure flow path switching valve 5()
,'lllcl thc lov;-prcssul'k flow pa(it sv Ilchlllg valve 51 rclnaio ill
the same state as that of the dehumidification air-heating
operation mode, the first expansion valve 52 is in the
non-expansion state, and the second expansion valve 53 is in

lc the expansion stale.
Sumc thc Iirst expansion valve 52 la in thc non-cxpmislon

state, lugh-tcmperaturc refrigerant flowulg oul I'rom Ihe
downstreain indonr heat exchan er 31 flows into the outdoor
heat exchanger 33 in an iuichaimed forni Tints, the surface

do temperature of the outdoor heat exchanger 33 increaces to
melt frost.

In any of thc air-henung opcrauou mode. thc dchunudi-
fication air-heating opcrauon mode, thc air-cooling opcm-
tion mode, Ihc defrosling opcrauon mode under cxlremcly-
low outdoor air temperature, and the defmsting opemstion
mode under inw nutdoor air temperature, the downstream
indoor heat exchanger 31 serves as the msdiator

Moreover, in any of the foregoin operation modes, the
refrigerant pipe through cshich rclrlgcrnnt flows inlo Ihe

0 outdoor heal exchanger 33 is Ihc maul rclilgcrant pipe 41,
and lhc refrigerant pipe lluuugh wluch rcfngcranl flows oul
from the outdonr heat exchanger 33 is the mam refrigerant
pipe 42. Tints, in the omdoor heat exchanger 33, refrigerant
constantly flolvs in one direction. As compared to the case

11 of a heat pump device configured such that refrigemsnt
rcvcrsibly tlows. thc outdoor heat exchanger 33 nuiy bc
configured cons iden ng only distribution of rcfngersat ui onc
direction. As a resulk thc heal exchange pcrlbmlancc of thc
outdoor heat exchanger 33 can be relatively easily enhanced

co In any nf the tbregoing operation modes, after refrigerant
flows throu h downstream ones of the tubes 49a of the
downstream indoor heat exchanger 31 in the fin direction
of iur, llm rclrigcranl can flow tluouJI upstream ones of Ihe
tubes 49a of thc downsucam indoor heat cxchangcr 31 in Ihe

sc flow direction of air. mid then can bc discharged. Thus. Ihe
downstreain indnor heat exchanger 31 can be in such
countercurrent armsngement that the flow of refrigerant in the
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downslrcmn indoor heal exchanger 31 ls countercurrent lo
the flov of outdoor air Similarly, in any of the foregoing
operation modes, after refrigerant flows through down-
stream ones of tubes fnot shown in the figure) of the
upstream indoor heat exchanger 32 in the flow direction of
air. the refngerant can flow throu/I upstream ones of the
tubes ol'hc upstrciun indoor him( cxclmngcr 32 ul flle tlow
dirccuon of mr. and then can bc discharged. Tlnis, the
upstreanl indoor heat exchanger 32 can be also in the
countercurrent arnsngement.

Since the downstreanl indoor heat exchanger 31 is in the
countercurrent arran ement. hi her-tempemture refrigerant
flows through the downstream part of the downstream
indoor heat cxchangcr 31 ul thc flow direction ol'ir par-
IICul ill lv Iu lhC dlr-hinting Opera lloll IniXIC. 111US, Blr-hCB! Ing
can be efficiently performed, and air-heating perfonnance
can be inlproved.

Moreover, since the upstream indoor heat exchanger 32 Is
in the countercurrent arrangement. lower-temperature refrig-
erant flows through the downstream part of the upstream
indoor heat cxclrangcr 32 ln the flow dirccuon of air par-
ucularly In Ilu: air-coolulg opcrauon mode. Thus, air-coolulg
cmt be efficiently performed. and air-cooling perfiirmance
cmt be improved

Referrin to I'ICi 2. the air conditioning control device 22
includes a frosting determinator 22a configured to determine
lvhether or not frost adheres to the outdoor heat exchanger
33. Thc frosting dclcrmiualor 22a dc(ermines that frost
adheres to the outdoor heat cxchangcr 33 when a value
obtained by subtracting the surface temperature of the
outdoor heat exchanger 33 determined by the outdoor heat
exchanger temperature sensor 71 from an outdoor air tens-
perature TG determined by the outdoor air temperature
sensor 70 is @eater than, e g., 20 (" C.i. That is, frosting
detcrmulation is perl'onncd based on thc fact that, when frost
adhcrcs Io the outdoor heat cxchangcr 33, reffigcrant cxuulot
dbsolb hciu lu lhc oindool hi al cxchsngix 33 Bail II rcfl1g-
emnt temperature does not increase 'I'hus, a value of "20"
nlay be other values as long as it can be, based on such a
value, determined whether or not frost adheres to the out-
door heat exchanger 33.

Nexk Ihc steps of control pcrfomlcd by Ihe air condition-
ing control device 22 will be dcscribcd v;llh reference to
FIGS. 10-12. FIG. 10 illustrates ihe main routulc. At step
)A I after ")TAI(I;" an outdoor air temperature I'Ci deter-
mined by the outdoor air temperature sensor 70 is read At
step SA2 subsequent to step SA1, it is determined whether
the outdoor air temperature TCI is lower than 0" C.. equal to
or higher than O'. and equal to or lower limn 25'., or
lugher tluul 25'

When It ls, Bt stop SA2, delcnnulcd thai lhc ouldoor mr
temperature 1(i is lower than 0' .. the process proceeds to
step SA3 I'hen. the heat pump device 20 is switched to the
air-heatin operation mode, and the process proceeds to
"END" of the main mutine. In the air-heating operation
Inodc. Ihc hciil nlodc ls ulaullv'clccuxl as lhc dlschdrgc
mode of the indoor mr condltloiung uiul 21. Moreover. thc
mr nnx door 62 is operated such that Ihc temperature of
discharged air reaches a target temperature.

When it is, at step SA2, determined that the outdoor air
tempemsture TCI is equal to or hi her than 0" C'. Bnd equal to
or lower than 25" C., the process proceeds to step SA4.
Thml. the heat pump device 20 Is switched lo thc dchumidi-
IICd11011 dll-hCdlulg OpCIdlloll ulodm Bud lhC plocCBS pro-
cicds to "END" of thc mmn rmiunc. When il ls, at SIOTI SA2,
that the outdoor air temperature I'(I is higher than 25" G., the
pmcess proceeds to step SA5 'I'he heat pump device 20 ls

switched lo Ihc air-coolulg operation mode, and the process
pmceeds to "I INl1m of the main routine

At step SA3, subroutine control in the air-heating opera-
tion mode as illustrated in I'IG 11 is performed. At step SI31
of such control. it is detemlined ivhether or not frost adheres
to the outdoor heat exchanger 33. This Is performed by the
frosting dctcrmulator 22a. When a value oblaulcd by sub-
tracting thc surface tcmpcraturc of Ihe outdoor heal
exchanger temperature sensor 71 from the outdoor air tem-

Io perature '['(i is greater than 20. it is determined that frost
adheres to the outdoor heat exchanger 33, and the process
proceeds to step SBZ. On the other hand, when the value
obtained by subtracting the surface temperature of the
ouldoor heal cxchangcr tcmperdturc semor 71 fmm thc
outdoor mr tempcralurc TG Is equal to or less than 20, lt is
deternnned that frost does not adhere to the outdoor heat
exchanger 33. and the proce~s returns to the nlain routine.

At step SI32, the heat pump device 20 Is switched to the
defmstin operation mode under extremely-lou outdoor air

10 temperature. While the electric compressor 30 remains in
Operation, Ihe operation mode ls switched.

Wlmn the heat pump device 20 is switclmd from Ihc
air-heatmg operation mode fillustrated In ill(i. 53 to the
defrosting operation nlode (iilustnsted In III(i. gi under
extremely-lov, outdoor air temperature, the hrst expansion
valve 52 of the heat pump device 20 is switched from the
expansion state to the non-expansion state Accordingly,
high-prcsslllc rcfilgcliinl Is sUpphcd lo lhc UUldool hcdl
cxchangcr 33 to cause the outdoor heat exchanger 33 to

10 serve as the radiator, thereby increasing the surface tem-
perature of the outdoor heat exchan er 33 As a result. frost
on the outdoor heat exchanaer 33 Is nlelted

Since the first expansion valve 52 ls merely switched to
the non-expansion state in switching of the heat pump

ls dcvicc 20 to Ihc dcfrosling operation mode under cxtrcmcly-
low outdoor Bir lcmpcralurc. ihe dcfrosung operation mode
under cxtrcmcly-low outdoor air tmnperaturc cml bc per-
formed while refrigerant keeps flowing through the smne
refrigerant pipe as the refri erant pipe through which refrig-

ao erant flov, s in the air-heating operation mode. Thus, useless
heat dissipation and heat absorption of refri erant due to
swllclung of Ihe refrigerant pipe do not occur.

Since swilclung of the heat pump dcvlcc 20 lo thc
dcfrosting operation mode under cxtremcly-low outdoor air
temperature causes the outdoor heat exchanger 33 to serve
as the radiator. there is a concern that the tentperature of
refrigerant flolving into the downstream Indoor heat
exchm er 31 and the upstream indoor heat exchanger 32
ilcclcdscs.

0 For such a reason, m the first embodiment, after the heal
pump device 20 ls sin Itchlxf to thc dcfrosting opcrauon mode
under extreinely-low outdoor air tentperature at the step
5132, the process pmceeds to step 5133, and discharged air
temperature correction control for correctin the tempera-

ls ture of air dischar ed fi&rm the indoor air conditionin unit
21 lo lhc ulsidc ol'hc vchiclc comparuncnt is pcrfonncxf.

Spccflically. thc followulg four types ol'ontrol Brc pcr-
formixh Bir nux door control, compressor conlrol, air hcatcr
control; and air blower contml.

ic 'I'he air mix door control is for correcting operation of the
air mix door 62 such that the tempemture of discharged air
increases. That is, since the downstream indoor heat
exchanger 31 is posluoned upstream ol'hc upstream induor
heat cxclmngcr 32 ul thc flow dirccuon ol'ir, lugher-

Ss tculpcliiuilc rcfilgcldnl iis conlpiuixl 10 01st of lhc Upsncdnl
indoor heat exclmnger 32 circuiates in the downstream
indoor heat exchanger 31. and therefore the surface tem-
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pcrdiure of the downstream uldoor heat exchanger 31 is
higher than that of the upstream indoor heat exchanger 32.
Thc mr mix door 62 is opcmted such that ihe volume of mr
passing through the downstream indoor heat exchanger 31
ulcrcd des.

1he compressor contnll is for increasing, the discharge
amount of the electric compressor 30 in the defrosting
operation mode under extremely-low outdoor air tempera-
nire beyond that in the air-heating opemstion mode. Since an
incrcdsc in d&scharge amount ol'hc clecnlc compressor 30
results in an increase in tempemsture of refri erant fiowing
into ihe downstream indoor heat exchanger 31 and thc
upstreanl indoor heat exchanger 32, a decrease in tiunpera-
tilrc ol illsclrdrgixl dlr cdn bc rcdUccd.

In the compressor control, the upper limit of the discharge
anlount of the electric compressor 30 is set based on the
high-side refrigemsnt pressure of the heat piunp device 20
determined by the high-s&de refrigerant pressure sensor 72.
Spcxilically, when thc h&gh-sale rcfrigerani prcssure
increases to a predetermined value, the discharge amount of
thc clcciric compressor 30 is rcduccd such Ihal Ihe in&en&Bi

pressure of the downstreanl indoor heat exchanger 31 and
the upstream indoor lmdt exchanger 32 docs not abnomlally
increase.

In thc compressor control, thc conuul may bc perfi&rmcxk
which is for setting the upper imiit of the discharge an&Cunt

of the electric compressor 30 based on refri crau( pressure
detem&ined by the high-side refrigerant pressure sensor 72
and the surface temperature of the upstream indoor heat
exchanger 32 dote&m&ncx( by thc upstream mdoor heal
exchanger temperature sensor 73. In such conuoi, when the
lugh-side rcfngerant prcssure ulcrcascs to a prcdctermincd
vahie, the discharge anloiult of the electric compressor 30 &s

rixiuced such &hat thc internal pressure of ihe upsircmn
indoor heat exchanger 32 does not abnornlally increase, and
is controlled such that the surface temperature of the
upstremu indoor heat exchanger 32 does not decrease to the
temperature at v,hich frosting is likely to occur.

11&e air heater control &s for operating Ihc mr hwiter 61 to
heat air-conditioning air. The amount ofheat enerated fmm
the a&r heater 61 w clrdngeablc bvs c.g., iin oiildiii&I dlr
temperature. the surface tempemlture of the upstream indoor
heal exchanger 32 deicnnincd by Ihe upslrcam u&door heat
exchanger temperature sensor 73, and the surface tempera-
nire of the downstream indoor heat exchanger 31 detenu&ned
by the downstream mdoor heat exchanger temperature sen-
sor 74.

In the a&r blower control. thc air blower 65 is controlled
such that the volume of air to be sent decreases. Specifically,
thc volume ol'&r to bc sent from ihe air blower 65 u& the
defrosting operation mode under extremely-low outdoor air
iclupclriliin: Is dccrcdsixl lowe& lhiin lhill ul Ihc Bll-beating
operation mode Tln&s, a decrease in temperature of d&s-

cluirgcd air can be rcxtuccd
'lhe air mix door control. the compressor control, the air

heater control„and the air blower control are perfonued in
this order w&th tenlporal prionty being, assigned I lowever,
if a decrease in tempemsture of discharged air can be reduced
only by, e.g.. the a&r m&x door coniroL only thc mr nux door
control nlay be performed.

Sim&larly, only thc a&r m&x door control and ihe compres-
sor control may bc perl'ormcd. or only thc mr m&x door
control. the compressor control. and the air heater contml
nlay be pertilrnled

Thc control of Ihc air mix door 62 lrds an advantage Ihal
power consuinption is lov. Since the highest priority is
assigned to the air mix door control, power consumption of
the vehicle is reduced.

Since higher priority is assigned to the compressor con-
troL the temperature of discharged air can be finely adjusted
in such a mimncr Ihdi thc discharge amount of thc clectuc
compressor 30 &s changcxi. Morcovcr, s&ncc thc puouty of
the air heater control is lo&vered. power consumption by

&B opemltion of the air heater 61 can be reduced I'u&ther, since
the lowest priority is assigned to the air blower control, there
is an advantage that a passenger is less likely to feel a sense
of discomfort even when the tempemsture of discharged air
dixrcascs to some cxtcni. Su&ca thc temporal pnoriiy is
assigned io thc forcgoulg controls, power co&&sump&lon can
be reduced while a passenger's sense of discomfort can be
reduced.

Any tv o or more of the air mix door control, the com-
pressor control. the air heater control, and the air blower

Io control may be performed. In th&s case, the priority is
prcfi:rably ass&gncd ds described above.

Aficr the discharged mr tcmperdturc correction control &s

performed as described above. the process proceeds to step
SI34, mid it is determined whether or not defmsting of the
outdoor heat exchanger 33 is completed I:xamples of such
defrost&n determination include the determination made by
a timer when a predetemtincd penod of t&me (e.g.. one
nil&&U Ie) H cld pied since ihc dc frosiulg opera&loll nlixlc Undo&

extremely-lo&s ounloor air Icmperaturc bcg&ns, and ihc
&o deternnnation made based on the above-described d&fference

between the outdoor air tenlperature 'I'(I and the surface
temperature of the mitdoor heat exchanger 33

When it is, at step SB4, detemlined as "NO,'* i.e., it is
detennuled that defrosting is not completed yet. the process

&I returns Io step SB2 io conlulue thc defrostu&g opera&&on

mode under extrmncly-low ouidoor a&r temperature. When &I

is, at step SB4, dctcrmulcd as **YES,"
& e., &t &s dctcrnilncx(

that defmsting is completed fit is assumed that the defrosting
is completed), the process proceeds to step SI35

do At step SB5. the heat pump device 20 is switched back to
the air-heating operation nu&de. That is. the first expansion
valve 52 ol'hc heat pump dcvicc 20 &n thc non-cxpans&on
state ls switched (o ihc cxpdnsloll staic. Bl Ibis stBIC, Ihc
clectnc compressor 30 rmnau&s &n operation.

'I'he first expansiiuu valve 52 is nlerely switched to the
expans&on state in switchina of the heat pump device 20
from the defrosting operation mode under extremely-low
outdoor air temperature to the air-heating opemstion mode.
Thus, thc heat pump dcvwe 20 can bc sw&tchcd back to Ihe

o air-hcatulg opcrauon mode wlulc rely&gerdnt kccps fiowulg
tluuugh Ihc same rcfugcrani pipe as Ihc refrigcrimi pipe
through which refrigerant flows in the defmsting operation
nx&de under extremely-lo&v outdoor a&r temperature. ('Onse-
quent)y. useless heat dissipation and heat absorption of

&1 refrigemnt due to s&vitching of the refrigemsnt pipe do not
occUI.

Afier Ihc hcai pump dcvicc 20 w sw&ichcd back Io thc
a&r-hcatulg opcrauon mode, the process procccds to sicp
S(36, and the discharged air temperature correction contml

io perfornled at step SI33 is terminated At step Si36, the air
blov er control. the air heater control, the compressor con-
troL and the air mix door control are tern&&nated in this order
w&th temporal priouiy bculg assigned.

Sumc thc a&r blower control &s term&nutcxt w&th thc highesi
ss puoriiy. thc mr blov,cr conuol cml be teunu&ated at an carly

stage when the tempemture of discharged a&r decreases to
some extent, and therefore a passenger is less likely to feel
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sense of d&scomfort. Moreover, since Ihc puonty of
termination of the air heater control is increased, power
consumpuon cun be rcduccd. Furfl&er, since Ihe lowest
priority is assigned to termination of the air mix door
control, power cousumpnon can be reduced wlnle passen-
er's comfor& can be n&aintained

After step SB6. the process returns to the main rout&ne.
When the deln&midification air-heating operation mode &s

selected at step SA4 of the main routine illustrated in FICI.

10. subrout&ne control u& the dchunudification air-heating
operation mode as illustrated in FICI. 12 is performed In
such control, lbosting detcnnu&anon &s made at stop SCf.
'I'his is the same as step SBI of the air-heating operation
mode. When &t &s detenu&ncxf tlwt no frost adheres to the
outdoor heat exchanger 33, the process returns to the main
routine. When it is determ&ned frost adheres to the outdoor
heat exchanger 33, the process proceeds to step SC2, and the
heat pun&p device 20 is switched to the defrosting operation
mode under low outdoor mr Icmpcrature. In tins sIatc, thc
electric compressor 30 remains in opemstion.

When thc heat pump device 20 is sw&tchcd lbom the
delnunidification air-heating operation mode (illustrated in
l&l(i. 61 &o the defmsting operation mode (illustrated in l&l(i.

Ui under low outdoor air temperature, the first expansion
valve 52 of the heat pump device 20 is switched from the
expansion state to the non-expansion state. Accordingly,
lngh-pressure rcfrigcrant &s supplmd Io the outdoor heal
exchanger 33 to cause Ihc outdoor heat exchm&gcr 33 to
serve as the radiator. thereby increasing the surface tens-
perature of the outdoor heat exchanger 33. As a result. frost
on the outdoor heat exchanger 33 is melted.

Since the first expansion valve 52 is merely switched to
the non-expansion state in switching of the heat pmnp
device 20 Io thc defrostu&g operation mode under low
ouidoor mr temperature, flm dcfmstu&g operation mode
under low outdoor air tempcraturc cm& be perlbrmed wh&le
refrigerant keeps flowing thmugh the same refrigensnt pipe
as the refriuerant pipe through which refrigerant flows in the
deln&midification air-heating operation mode. Thus. useless
heat dissipation and heat absorption of refrigerant due to
sw &Ichu&g of Ihc reft&gcranl p&pc ih& not occiu;

Su&cc sw&tclung ol'hc heat pump device 20 to thc
dcfrostu&g operat&on mode under low outdoor mr tcmpcra-
ture causes the outdoor heat exchanger 33 to serve as the
radia&or. there is a concern that the te&nperature of refrigerant
flowing into the downstream indoor heat exchanger 31 and
the upstream indoor heat exchanger 32 decreases.

For such a rc&sou, &n Ihc first cmbodunent, tlm d&schargcd
mr Iempcraturc correct&on control &s perlormed at step SC3
as in step SB3 of Ihe defrostu&g upcration mode under
extremely-low outdoor air temperature

Afler the discharged air temperature correction control,
the process pmceeds to step SC4, and it is detenn&ned
&vhether or not defrosting of the outdoor heat exchanger 33
is completed. Step SC4 &s sinular Io step SB4 of thc
dcfrostu&g operut&on mode under extremely-low outdoor mr
Icn&pelt&hnc.

When it &s, at step SC4, determined as "NO," i e., it &s

detern&ined that defrosting is not completed yet, the process
retun&s to step SC2. When it is, at step SC4, derennined as
"YES," i.e.. it is determined that defbosting is completed (it
is assn&ucxl Ilrat defroshug &s complcu:dh Ihc process pro-
c&cia to step SC5.

At step SC5. the heat pump dcv&ce 20 &s switched back to
the delnunid&fication air-heating operation nx&de I'hat &s, the
firs& expansion valve 52 of the heat pump device 20 in the
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nou-expm&sion state &s sw&tch&xf to Ihc expans&on state. In
tlus state, the electric con&pressor 30 ren&sins in opemtion

'I'he first expansiien valve 52 is n&erely switched to the
expans&on state in swi&china of the heat pump device 20
from the defrosting operation mode under low outdoor air
temperature to the delhunidification a&r-heating operation
mode Thus, thc heat pump dcvicc 20 can bc sw&tchixi back
to Ihc dchumid&lieut&on mr-heatu&g operation mode wlule
refrigerant keeps flowinu thmugh the san&e refrigerant pipe

&a as the refrigerant pipe through which refrigerant flows in the
defrosting opemtion mode under low outdoor a&r tempem-
ture. Consequently, useless heat d&ssipat&on and heat absorp-
tion of refrigerant due to s&vitchmg of the refngerant pipe do
no1 occur.

Afier Ihc heat pump dcvicc 20 w sw&tchcd back Io thc
dehun&idification air-heatin operation mode, the process
pmceeds to step S('6. and &he discharged air te&upemture
correct&on contml performed a& step S('3 is tern&inated At
step SC6. the control similar to step SB6 of the defrostin

&o operation mode under extremely-low outdoor air tempera-
ture &s pcrformcd. Aflcr step SC6, thc process returns to Ihe
minn roulinc.

As described above, according to the veh&cle air condi-
tioner I of the first embodiment. refrigemnt flows into the
inlet pipe 506 of the omdoor hear exchanger 33 in both of the
a&r-heating operation n&ode and the air-coolin operation
mode.

Thus, refngcrant &s supplied Io Ihe u&lct p&pe 50(& of thc
ouIdoor heal excl&anger 33 u& both of the air-heat&ng opcm-

&c tion mode and the air-cooling operation mode. Conse-
quently, in, e g, the case where a refhgerant d&stribution
stn&cture suitable for causin the outdoor heat exchanger 33
to serve as the heat absorber in the air-heating operation
mode &s provided at the outdoor heat exchanger 33, refri-

&s erau1 can also flow, u& Ihc air-cooling operation mode. &n Ihe
same dircmtion as that of thc air-heating opcrat&on mode in
the outdoor heat exchm&gcr 33. Thus. favorable rcfrigcrant
distribution can be realized using such a distribut&on struc-
h&re.

so As a result. favorable refrigerant distribution in the out-
door heat exchan er 33 and high heat exchanger perfor-
mance can bc rcalizcd &n m&y of the a&r-heatu&g operat&on
n&oilc and thc au-cooing opcralion n&odc.

Sinularly, I'avorablc rcfngcrant distribuuou u& thc outdoor
heat exchanger 33 can be also realized in each of the
dehun&idification air-heating operation mode, the first
defmstin operation nu&de, and the second defrosting opera-
tion mode.

In Ihe case whcrc frost is founcd on Ihc outdoor heat
o exchanger 33 &n thc a&r-heating opcrat&on mode, lugh-prcs-

sure refngcrant can be gunlcd Io the outdoor hw&I exchanger
33 while the do&vnstream indoor heat exchanger 31 and the
upstream indoor heat exchan er 32 remain as the radiators
In the case &there frost is formed on the outdoor heat

s. exchanger 33 in the dehumidification air-heatin operation
mode. Iugh-prcssure rcfngcrant can bc gu&dcd to thc outdoor
heat exchanger 33 while ihe downstream indoor hea1
cxchangcr 31 reu&au&s as Ihc radiator aud Ihc ups&rerun
indoor heat exchanger 32 remains as the heat absorber 'I'his

ic can reduce a chm&ge in temperature of air d&schmged into the
vehicle compartment upon switchin of the heat pump
device 20 to a defrosting operat&on. and therefore a passen-
ger s sense of d&scon&fort &s n:faced

Svvitclung of the heat pump dcv&cc 20 bctwccn Ihe
ss air-hcatu&g operation mode and thc dclbost&ng opcranon

nx&de under extremely-low outdoor air temperature and
sv itching of the heat pump device 20 between the dehu-
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mid&lication air-hcatu&g operation mode and 0&e defrosting
operation n&ode under low outdoor air temperature can be
pcrfor&next w&thou& sw&tching the rely&gerant pipe. Tlnis,
useless heat dissipation and heat absorption of refrigerant do
nol occur. and thc defrosung operation can bc efiic&cntly
performed.

Moreover, while the electric compressor 30 is in open-
tion, sv itching of the heat pump device 20 between the
air-heatin operat&on mode and the defrosting operarion
mode under extremely-low outdoor air temperature and
s&vitching of the heat pump device 20 between the dehu-
mid&lication air-hcatu&g operation mode and 0&e defrosting
operation mode under low outdoor air temperature can be
pcrfor&next. Thus, the opcrat&on ol'he heal pump dev&cc 20
can be resumed right after sw:itching of the operation ntode,
and therefore passenger*s comfort can be further improved.

Since the disclmrged air temperature correction control &s

perfbrnted at steps SB3, SC3, a decrease in temperature of
mr d&schargcd into the vcluclc co&upa&t&Cent upon sw &tclung

of the heat pump device 20 to the deibosti»g operation mode
under cxlrcnu:ly-low outdoor mr tcmpcralure or 0&e defrost-
ing operation mode under k&w outdoor air temperature can
bc rcducixl, and thcreforc passenger*s co&ufo&& c&m bc further
improv&xi.

Since the upper limit of the discharge amount of the
electric compressor 30 is set in switching of the heat pump
device 20 to the defrosting operation mode under extremely-
low outdoor air temperature or the deibosti»g operation
mode under low outdoor air temperature. an excessive
incrcdsc u& in&en&al prcssure of lhe downs&re&m& indoor heal
exchanger 31 and the upstrcmu indoor heal exchm&gcr 32
cm& be reduced. and therefore the reliability of the heat puntp
device 20 can be enhanced

Since the disclmrge amount of the electric compressor 3 0

is controlled in switclung of the heat pump device 20 to the
defrosting operation mode under extremely-lo&v outdoor air
lempcralurc or the defrost&ng opcral&on mode under low
outdoor mr lmnperaturc, an excess&ve increase in internal
pressure of the downstrean& indoor heat exchanger 31 can be
reduced

'Iln&S the reliability of the heat pump device 20 can be
enhanced. Moreover„ frost is prevented thorn being formed
on the upstream indoor heat exchanger 32. and therefore
lugh air condit&omng perl'onnancc ctm bc resized.

Note that thc d&schargcd a&r tcmpcmturc corrcwl&on con-
trol is performed at steps SB3, S( 3 in the first embod&ment,
but n&ay be skipped.

1he frosting determinat&on at steps SI31, SCI may be
performed using a sensor configured to directly detect frost.

Although both of the high-pressure flow path switching
1 alve 50 and the low-pressure flow path switching valve 51
of lhc heal pump device 20 arc the lluec-way valves u& thc
firs embod&ment, one or both of such valves mav be
confi ured in such a iuaniler that two oil-oif valves are
combined together A flow path switching unit is not limited.

Second E&ubodunen&

lfl(i 13 is a schematic configumstion diagram of a vehicle
air conditioner I of a second embodiment (i.e., an embodi-
ment of fburth and fifth aspects of the disclosurei of the
preseni disclosure Thc same rcfcrence munerals as those
shown &n thc Iirsl embodiment will be used lo represent
c&tuivalent elmnenls &n the pre&col embodiment, and the
description thereof w&ll not be repeated l)iiferences front
the tirst embodiment will be described in detail.

A pipe indicated by a relbrm&ce numeral "45" u& thc
second embodiment is a first branched refrigerant pipe 45.
The Iirst branched rci'rigcrant p&pe 45 is branched from a

main refrigerm&t pipe 41, and is connected to a main refrig;
crant pipe 43. A second brm&chcd rely&gcrant p&pe 46 is
branched from a main refriaerant pipe 42, and &s connected
to the main refrigemnt pipe 43.

A pipe indicated by a reference nun&eral "44" in the
second embodiment is a high-tempemsture refngerant-dedi-

& I &

catcd p&pe 44. Thc high-temperature rcfrigcrmu-dedicaied
pipe 44 is branched from the main refngerant pipe 41, and
is, lhmugh a coru&ection member J, connected lo an u&lel

pipe 32c funning part of an upstream indoor heat exchanger
32. Thc lugh-lcmpcrdlure refrigerant-dcxhcatcd pipe 44 &s

for supplying only high-ten&perature refrigerant to the
upstream indoor heat exchanger 32.

Part of the main refriaerant pipe 42 closer to the upstream
indoor heat exchanger 32 fomts a low-tempemsture refri-
crant-dedicated pipe 42a, dnd tlu: low-tcmpcralure rcfn cr-
ant-dedicated pipe 42a is for supplyin only low-tempera-
ture rcfngcrmu lo thc upstream indoor heat exchanger 32. A
high-pressure flov, path switching valve 50 and a loiv-
pressure flow path switching valve 51 each serve as a floiv
path switching device UU of the present disclosure The
high-temperature refrigerant-dedicated p&pe 44 is connected
to the high-pressure flow path sv,itching valve 50. The
second branched reliigcranl pipe 46 &s co&u&cclcd to thc
low-prcssure flow path swilclung valve 51.

&o A second expansion valve 53 is disposed in the middle of
the main refrigerant pipe 42 I'he low-temperature refriger-
ant-dedicated pipe 42a is part of the main refrigerant pipe 42
between the second expansion valve 53 and the connection
member J.

&1 A Iirsl check valve 54 &s disposed in thc nuddlc of lhe
low-tcmperaturc relb&germu-dedicated p&pe 42d, and &s con-
Iigured to allow refrigerant to flow from an outdoor heal
exchanger 33 toward the upstream indoor heat exchanger 32
in the low-temperature refri emnt-dedicated pipe 42a and to

do prevent refri erant from flowing in an opposite direction. A
second check vaive 55 is disposed in the middle of the tirst
branched rcfngcranl pipe 45.

In an a&r-heat&ng operation mode illustrated u& PIC&. 14,
h&gh-prcssu&c &chlgc&'anl ilhcha&gixl fron& dn clcclr&c con&-

pressor 3U flows into a do&vnstream indoor heat exchanger
31 through a main refrigemnt pipe 4U, and circulates in the
downstream indoor heat exchan er 31. The refrigerant bav-
in circulated in the do&vnstream indoor heat exchan er 31
flows u&to thc upslrenm indoor heal exchanger 32 al'ier

o pass&ng tluough thc nunn refrigerant p&pc 41, thc h& h-
tcn&pc&i&unc. &cf&tgcrdnl-ilcxhcdlcd p&pc 44, dnd lhc flic& p&pc
32a in this order, and circulates in the upstrean& indoor heat
exchanger 32. That is, since the high-ten&perature refrigerant
flov s into the downstream indoor heat exchanger 31 and the
upstream indoor heat exchanger 32. air-condit&onmg air is
heated by both of thc downstream indoor lmdt cxchangcr 31
and lhc upstream u&door hcdi exchanger 32. As a resulk a

h&gh a&r-hcalu&g capac&ly can bc real&wed.
'I'he refrigerant bavin circulated &n the upstremn indoor

io heat exchanger 32 flows fron& the main refrigerant pipe 43
to the main refrigerant pipe 41 tluough the first bmsnched
refrigerant pipe 45. The refrigerant flowing into the main
relngcrant p&pc 41 &s expanded by pass&ng lluough a lira&

expans&on valve 52. mul flows into lhe outdoor heal
si exchanger 33. The rcfugcranl flowu&g &nto thc outdoor heal

exchanger 33 absorbs heat fron& outdoor air, and passes
through the main refrigemnt pipe 42 and the second
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branched rel'rigcrant pipe 46 ui tlus urdar. Thc rclhgcrant is
sucked into the electric compressor 30 throutrdt the accurnu-
lalor 34.

ln a delnunidification air-heating operation mode illus-
trated in FICn 15, high-pressure rclbigerdnl discharged from
the electric compressor 30 flows into the downstream indnor
heat exchanger 31 through the main refri emnt pipe 40, and
circulates in the downstmam indoor heat exchanger 31 'I he
refrigerant having circulated in the doivnstream indoor heat
exchanger 31 is cxpandcd by passuig lluougt lhc lirsl
expansion valve 52 of the main refrigerant pipe 41. and
flows into lhc outdoor heal exchanger 33. Thc refngcrmil
floivin into the outdoor heat exchanger 33 absorbs heat
from outdoor air, aud flows uilo Ihc upslreimi indoor heal
exchanger 32 after passing through the inain refrigensnt pipe
42, the low-temperature refrigemsnt-dedicated pipe 42a. and
the inlet pipe 320 in this order 'then, the refrigerant circu-
lates in the upstream indoor heat exchanger 32 to absorb heat
front iiir-Ciiiiiiltloillilg IIII. Tlic ICfitgCrdill hBviiig Ciicillau:il
in the upstream indoor heat exchanger 32 is sucked into the
clccxnc compressor 30 tluough the accumulator 34 of the
main refrigerant pipe 43

In mi mr-cooling operation mode Iflustratcxi m FICi 16,
high-pressure refngerant discharged from the electric coni-
pressor 30 flows into flm downstream uidoor heat exchanger
31 through the main refrigerant pipe 40. and circulates in the
downstream indoor heat exchanger 31. The refrigerant hav-
ing circulated in the downstream indoor heat exchanger 31

flows, without being expanded. into the outdoor heat
exchanger 33 tluough thc maui rcfrigcranl pipe 41 Thc
refrigerant flov,in into the outdoor heat exchanger 33
dissipdics heat, and is expanded by passing tluough lhe
second expansion valve 53 of the main refrigerant pipe 42.
Thmi. lhe refngcraul flows uito lhe upstrcmu uidoor heal
exchmiger 32 thmugh the low-temperature refrigerant-dedi-
cated pipe 42a and the inlet pipe 32n. The refrigerant
floivina into the upstreani indoor heat exchanger 32 circu-
lates in the upstream indoor heat exchanger 32 to absorb heat
from air-conditioning mr. Thc rcfrigcrmil lmving circulated
in the upstream indoor heat exchanger 32 is sucked imo the
clcclnc compressor 30 flmrugh thc accumulator 34 of thc
Ilidiii IclilgCrrlill pipe 43.

ln a defmsting operation mode under extremely-lov
outdonr air temperature as illustrated in IIKi 17, the high-
pressure flow path switching valve 50 and the low-pressure
flow path sivitchin valve 51 are in the same state as that of
11IC Bii-llcdliilg OpCIdtioil IilodC. MiirCiivCB fllc first cxpail-
sion valse 52 is ui a nou-cxpruwion stale. and lhc simond
expansion valve 53 is in an expansion slate. Suicc lhc lirsl
expansion valve 52 is in the non-expansion state, high-
temperature refrigerant flowing out from the downstreani
indoor heat exchanger 31 flows into the outdoor heat
exchanger 33 in an unchanged fomi. Thus. the surface
lempcralurc of thc outdoor heat exchrm cr 33 mcreases to
Iueil fl'Osl.

In a dcfrosung operation mode under low ouldoor mr
tenipemture as illustrated in IIKi 10, the high-pressure flov
path sivitching valve 50 and the low-pressure flow path
sivitching valve 51 are in the same state as that of the
dehumidification air-heating nperation mode. Moreover. the
lirst expansion valve 52 Is ui thc non-expansion slate. and
thc second expansion valve 53 Is in lhe cxpmision state.
Since thc lirst expansion valve 52 is ui flie non-cxpaiwion
state, high-temperature refngerant flowing out front the
doivnstream indoor heat exchanger 3 I tiows into the nutdnor

heat cxchangcr 33 in an unchangcxl lbmi. Thus, thc surface
temperature of the outdoor heat exchanger 33 increases to
mell lrost.

In any of thc operation modes, refngermit flowuig oul
from the dovnistream indoor heat exchanger 31 is high-
temperature refrigermit. and refrigerant flowing from the
high-pressure flow path switching valve 50 to the high-
temperature refrigerant-dedicated pipe 44 is high-tempera-
ture refri erant. Moreover. in any of the operation modes,
low -tcmpcrdture rcfugcranl flow s tlu ough thc low-1cmpcm-
turc rcfngcrdnl-dedicated pipe 42a of the main refrigerant
pipe 42 closer to the upstream indoor heat exchanger 32
relative to the secnnd expansion valve 53

As described above, accordin to the vehicle air condi-
tioner I of the second embodiment, high-temperature refri-
emsnt is supplied to the upstream indoor heat exchan er 32
tluough thc high-lcmperaturc refrigerant-dcxhcatcd pipe 44
iu thc air-healing operation mode Ou the other hand,
low-temperature refrigemnt is supplied to the upstream

IO indoor heat exchanger 32 through the low-teniperature
refrigemnt-dedicated pipe 42d in the air-cooling operation
mode.

Thus. ivhen a heat pump device 20 is switched from the
air-hcatuig operation mode lo thc air-coohng operation
mode. Iow-tcmpcralure rcfngcrant can be supplied lo thc
upstream indonr heat exchan er 32 ivithout the low-tem-
perature refrigerant floiving through the high-tempemsture
refri erant-dedicated pipe 44 through which high-tempera-
ture refrigerant flows before switching of the operation

10 mode Consequently, occurrence of themial loss can be
reduced. Also when thc heat pump device 20 is swttchcxi
from lhc air-cooluig opcrdiion mode lo thc air-hcaluig
opemtion mnde, high-temperanire reffigemnt can be sup-
plied to the upstream indoor heat exchanger 32 without the

is high-teniperature refrigensnt flowing through the loiv-tem-
perature refrigerant-dedicated pipe 42a through which low-
temperature refri erant flows before switchin of the opera-
tion mode. Conscxtucntly, occurrence of thermal loss can bc
rcdilccd.

dn 'I'his can save energy. and can iniprove passenger's com-
fort.

Sinnlarly. occurrence of thermal loss can be also reduced
in the delnimidification air-heating opemstion mode. the
defmstui operation mode under extremely-lou nutdoor air
tCillpCIIIuilc, Bird IIIC ilClriisliilg Opcralioii IuixlC Uiidcr low
outdoor air tempcralurc.

Although bnth of the hi h-pressure flow path switching
valve 30 and the lniv-pressure flow path switchmg valve 51
of the heat pump device 20 are three-way valves in the

so second embodiment. one or both of such valves may be
configured in such a manner that two on-ofl'alves are
combined together. A flow path sw itchuig unit is nol hmiled.

Third Enibodiment
s.

FIG 19 is a schematic conligurauou ihagram of a vcluclc
air conditioner 1 ol'a tlnrd cmbodunmit (I.c., an embodiment
of sixth lo eighth aspects ol the Ihsclosurc1 of Ihc prcscnl
disclosure lite same reference nunierals as those shown in

00 the first einbodinient will be used to represent equivalent
elements in the present embodiment„and the description
thereof will not be repeated. Difl'erences from the first
embodiment will bc described ui detail.

A pipe uidicatcd by a rcfcrcnce numcrnl "45" In dic third
ss embodiment Is a lirst brmichcd refngermit pipe 45 Thc lirsl

branched refrigerant pipe 45 is branched front a main
refrigerant pipe 41, and is cnnnected to a niain refrigerant
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pipe 43. A second branched rclhgeram pipe 46 is branched
from part of a main refrigerant pipe 42 closer to an outdoor
heal exchanger 33 relative to a low -tcmpemlure refngcranl-
dedicated pipe 42a, and is connected to the inain refrigerant
pipe 43.

A pipe indicated by a reference numeral "44" in the third
embodiment is a hi+-tempemture refrigerant-dedicated
pipe 44. 'I'he high-ten&perature refrigerant-dedicated pipe 44
is bmsnched fmm the main refrigerant pipe 41. and ls,
fl&rough a connection member, coiuiccled to an mlct pipe
forming part of an upstream indoor heat exchanger 32. The
lngh-temperature relngcranl-dcd&cd(cd p&pc 44 is fi&r sup-
plying only lligh-teinperature retrigerant (high-pressure
rel'rigcranl) to the upstream indoor heal exchanger 32. and
serves as a hi h-pressure refrigerant pipe Of the present
disclosure.

Moreover. the high-tempensture refrigerant-dedicated
pipe 44 is, as described above. branched from the main
refrigerant pipe 41 conncclcd to a refrigerant outlet of thc
downstream indoor heat exchanger 31, and is connected to
thc inlet pipe of the upstream uidoor heal cxchan er 32.
'I'lnis, the high-temperature refrigerant-dedicated pipe 44
scrvcs as d ciiili&cctioii pipe co&1&&oct&&i bctwccii thc rcfl1g-
emnt ou(let of the downstreani indoor heat exchanger 31 and
a relbigeranl inlet ol'he ups(rerun &ndoor heal cxclru&ger 32.

A pressure reduction device 39 is provided at the high-
temperature refrigerant-dedicated pipe 44. The pressure
reduction device 39 includes an electric pressure reduction
valve configured to reduce the pressure of refrigerant flov-
ing mlo the upstream indoor heal exchanger 32. 11&c pres-
sure reduction device 39 is connected to an air conditioning
control dcvicc 22 as illustrated ui FIG. 20, and fl&e opening
degree (pressure reduction degree) of the pressure reduction
dcvicc 39 is controlled by the a&r conditioning control device
22

The pressure reduction device 39 includes a sensor (not
shoivn in the figure) configured to determine the pressure of
refrigerant flowing into the upstream indoor heat exchanger
32.;md ihe refngcranl pressure dclernuncd by Ihe sensor is
input to the air conditionin control device 22. The air
conditioning control device 22 changes thc prcssure reduc-
uon dcgrec of thc pressure reducuon dcvicc 39 based on thc
pressure value input from the sensor

gpecitically. when a heat pump device 20 is in a later-
described air-heating operation mode. the pressure reduction
device 39 is controlled to a pressure reduction state. i.e.. the
chict&lc prcssU&c rcdUIX&0&i vdlvc is cotilrollcd f&0&1& &i&i opcii
slate iii d lhrouliiig dircclioii. )yl&cn llic press&i&0 &cd&&clio&i

device 39 is ui thc pressure reducuon slate, a tluotllc amuunl
is adjusted such that refngerant having a temperature higher
than the (emperature of air-conditioning air flowing outside
the upstream indoor heat exchanger 32 flows into the
upstream indoor heat exchanger 32. Thus. Ihe upstream
indoor hmi exchanger 32 serves as d radiaior m lhc air-
licdui&g opera(&0&1 &&&isle. Moreover, st&ice lhc prcssliic rcdUc-
uon dcvicc 39 is provided, the prcssure of refngcrm&l
floivinc into the upstremn indoor heat exchanger 32 in the
air-heating operation mode can be reduced

The air conditionin m&ntrol device 22 controls the pres-
sure reduction device 39 such that the internal pressure of
thc upstream u&door heat cxcl&anger 32 becomes cx)ua) tu or
less thm& d ccrtmn value. Tlus prevents thc internal prcssure
ol'thc upsucam indoor heat exchanger 32 Ikom excessively
increasinc. and stabilizes the air-heating capacity of the
upstrean& indoor heat exchanger 32.

As ii& llic iiir-hca(&rig opciduoi& iiiodc, (lie plcssUIC Iixliic-
tion device 39 is also in (he pressure reduction state in a
later-described defmsting operation niode under extremely-
low outdoor air temperature.

Part of the main refrigerant pipe 42 closer to the upstream
indoor heat exchan er 32 fonna the low -temperature refri-
erant-dcd&ca(cd pipe 42a, and thc low-tcmperaturc rcfnger-
anl-dcdicatcd pipe 42a is li&r supplyu&g only low-tempera-
ture refrigerant (low-pressure refrigerant) to the upstream

la indoor heat exchanger 32. 1'he low-temperature refrigerant-
dedicated pipe 42a serves as a low-pressure refrigensnt pipe
of the present disclosure.

The heat pump device 20 further includes a high-pressure
flow path sw&tching valve (high-pressure on-olf valve) 50, a
low -prcssure flou path sw itchuig valve (low pressure on ofl
valve) 51, a first expansion valve 52. a second expansion
valve 53, a first check valve 54, and a second check valve 55
I:ach of the high-pressure floiv path s&vitching valve 50 and
the lov -pressure flow path s&vitclung valve 51 is a flow path

Io switchu& device 00 configured to select a refrigerant pipe
such llml rcfngcranl flows into the upstream uidoor heal
exchanger 32 (luough one ol'hc high-tmnperaturc rcfnger-
ant-dedicated pipe 44 or the low-tenipemsture refrigerant-
dedicated pipe 42a

I'he high-pressure floiv path switching valve 50 is pn&-
vided ln the middle of the main refrigerant pipe 41, and is
connected to the lu h-temperature refngerant-dedicated
pipe 44. Thc low-prcssure flow path switching valve 51 is
provided ui the noddle of the nuun refmgcrant pipe 43, and

io is connected to the second branched refrigensnt pipe 46
'I'he first expansion valve 52 is disposed at part of the

main refrigerant pipe 41 closer to the outdoor heat
exchan er 33 reiative to the high-pressure flow path switch-
in valve 50. The second expansion valve 53 is disposed in

ss the middle ol'hc mam refngcrm&t pipe 42. The low-
tcmpcralure reft&gcrant-d&xficatcd p&pe 42a &s part ol lhe
m&nn rcliigcranl p&pc 42 between lhe second cxpmis&on
valve 53 and the inlet pipe of the upstream indoor heat
exchanger 32

do The first check valve 54 is disposed in the middle of the
low-temperature refrigerant-dedicated pipe 42a, and is con-
Iigurcd to allow rclhgerant lo flow lbom the outdoor heat
cxchangcr 33 toward the upstream indoor heat exchanger 32
in thc Iow-ten&pcralurc rcfngcran(-dcd&calcxt p&pe 42a and lo
prevent refrigerant from flowing in an opposite direction.

'I'he second check valve 55 is disposed in the middle of
the first branched refrigerant pipe 45. and is confi ured to
allow refri erant to flow from the main refrigerant pipe 43
toward thc maui rcfngcrmil p&pc 41 u& the first branches)

0 relbigcran( p&pc 45 mid lo prevent rely&gerant lbom flowuig
ii& di& opposl(c dilcctioli.

I'he operation mode of the heat punip device 20 includes
five types of operation modes the air-heating operation
mode, a dehumidification air-heating opemstlon mode: an

s. air-coohn operation mode; the defmsting operation mode
under cxtrcmcly-lov, outdoor air temperature: and a delkosl-
ing operation mode under low outdoor air Icmpcralure.

In the air-healing opcranon mode illustrated ui FIG. 21.
high-pressure refrigerant discharged fron& an electric com-

io pressor 30 flo&vs into the downstreani indoor heat exchanger
31 tlirough the main refrigerant pipe 40, and circulates in the
downstream indoor heat exchan er 31. The refrigerant hav-
ing circulalcx) &n Ihc downstream indoor heat exchanger 31
flows into thc Iirsl branched rcfrigcranl pipe 44 through Ihe

ss m&nn relrigerant pipe 41,;md thn»s depressunzed by
passing through the pressure reduction device 39 gubse-
queot)y, the refrigerant flows into the upstream indoor heat
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exchanger 32 through thc inlet pipe ihcreu1, imd circ ulatcs in
the upstream indoor heat exchanger 32

'(lie pressure reduction degree of the pressure reduction
device 39 is set such that the temperature of refrigerant
flowing into the upstream indoor heat exchanger 32 becomes
hi her than the tempemsture of air-conditioning air as
descnbcd above. Accorduigly. ihe surlacc icmperaturc of the
upstream uidoor heat cxchangcr 32 uicrwises lughcr than the
temperature of air-conditionuig air, aod air-conditioning air
passing through the upstreani indoor heat exchanger 32 is
heated

That is. since hi h-temperature refrigerant flows into the
downstream indoor heat exchanger 31 and the upstream
indoor heat exchanger 32 ui ihc air-hcaiuig operation mode,
mr-conditioning air is hcaicd by buth of ihc downsircmn
indoor heat exclmnger 31 and the upstream indoor heat
exchanger 32. As a result. a high air-heating capacity can be
realized

Moreover, since depresstutzed refrigerant flows into the
upstream indoor heat exchanger 32, the pressure capacity
and rcpciiuvc compression strength of the upsirwun uidoor
heal exchanger 32 can be low.

1he refrigerant having circulated in the upstream indoor
heat exchanger 32 flows from the inaio refrigerant pipe 43
to the main refrigemsnt pipe 4l thmugh the second branched
refrigerant pipe 45 The refrigerant flowiitg into the main
refrigerant pipe 41 is expanded by passin. (iuougt the tirst
expansion i alvc 52, and flows uiio ihe outdoor heal
exchanger 33. The rcfngcrant flowing mto ihc outdoor heal
exchanger 33 absorbs heat from outdoor air 'I'hen, the
refrigerant passes through the main refrigerant pipe 42 and
the second bmnched refrigerant pipe 46 in this order. and is
sucked into the electric compressor 30 through an accumu-
lator 34.

Iii (lie ilcliuiiiiililicailoii aii-llcaiiii iipel stroll iiioilc illiis-
traied in Fli k 22, lugh-prcssure refn emu( discharged from
thc clcctnc compressor 30 flow s uiio ihc downstream uidoor
heat exchanger 31 through the main refrigerant pipe 40, and
circulates in the downstream indoor heat exchanger 31 The
refrigerant having circulated in the dovvnstream indoor heat
exchanger 31 is expanded by passin. through the tirst
expansion valve 52 of thc main refngcrant pipe 41, and
flows into ihc outdoor heat exchanger 33. Thc refngcrmii
flowmg uiio thc outdoor heat exchanger 33 absorbs heal
fmm outdoor air, and flows into the upstream indoor heat
exchanger 32 after passing through the inain refrigensnt pipe
42 and the low-tempemsture refrigerant-dedicated pipe 42a
in this order Then, the refrigerant circulates in the upstream
indoor heat cxchungcr 32 to absorb hcs( (born air-condition-
ing air. The refngerant having circulated in the upstremn
indoor heat exchanger 32 w sucked imo ihe clccinc cum-
pressor 30 thmugh the accuniulator 34 of the main refrig-
emnt pipe 43

In the air-cooling operation mode illustrated in FICi. 23,
high-pressure refngerant discharged tbom the electric com-
pressor 30 flow s into thc downs(rerun uidoor heat exchanger
31 through ihc muui rcfrigcrmii pipe 40, and rirculatcs in thc
downsirimn indoor heat cxchangcr 31. Thc rclhgerimt hav-
ing circulated in the downstream indoor heat exchanger 31
floivs, without bemg expanded. into the outdoor heat
exchanger 33 through the main refrigerant pipe 41 The
refrigerant floiving into the outdoor heat exchanger 33
dissipsics heat, and is cxpandixi by passing tluough ihe
second expansion valve 53 of thc main rclhgcrmit pipe 42.
Thmi. the refngermit flows uiio thc upstream uidoor heat
exchmiger 32 thmugh the low-temperature refrigerant-dedi-
cated pipe 42a. As lust described. since low-pressure refrig-

creat flow s into the ups trimn uidoor hcut exchanger 32 ui thc
air-cooing operation mode, the pressure capacity and repeti-
tive compression strength of the upstreani indoor heat
exchanger 32 can be loiv.

Although not shown in the figure, a pressure sensor
configured to determine the internal pressure of the upstream
indoor heat cxchangcr 32 nuiy be provided, and thc prcssure
reduction dcgriic of ihc pressure reduction dcvicc 39 may be
cmitrolled based on the pressure value output from the

iii pressure sensor. I hat is. ivhen the internal pressure of the
upstream indoor heat exchanger 32 is at a high level. the
pressure reduction degree of the pressure reduction device
39 is increased in order to lower the internal pressure of the
upstream indoor heat exchmigcr 32. Ou thc other hand, when

i thc tntcmal pressure of ihc upstream indoor heat cxclmngcr
32 is sutficiently loiv, the pressure reduction degree of the
pressure reduction device 39 is lowered

'I'he air conditioning control device 22 may be configured
to determine whether or not the received pressure reduction

zo de ree of the pressure reduction device 39 is the lower limit
fl c., ihc nunimum) nnd io decrease ihc dischargeamouni of
the clixtric compressor 30 of thc heat pump dcvicc 20 when
the pressure of refrigerant flov ing into the upstream indoor
heat exchanger 32 increases in the state in which the
pressure reduction degree is the minimum Tints, a change in
ener~ amount consumed by the electric compressor 30 can
be reduced. as well as reducmg an increase in internal
prcssure ol'hc upsu sam indoor heat exchanger 32.

In ihc dcfrosiing operation mode under extrcmcly-low
io outdoor air temperature as illustrated in lil(i. 24, the high-

pressure flow path switching valve 50 and the kiw-pressure
tlow path sivitching valve 51 are in the same state as that of
the air-heatin operation niode. Moreover. the first expan-
sion valse 52 is in a non-expansion state. and the second

ss expansion valve 53 is m sn expansion state. Since ihc Iirsi
expansion valve 52 is in thc nou-cxpansion suite, hi h-
tcmpcraturc rcfngcrsni flowing out I'rom ihc downstrcmn
indoor heat exchanger 31 floivs into the outdoor heat
exchanger 33 in an unchanged fiirni Thus, the surface

so temperature of the outdoor heat exchanger 33 increases to
melt frost.

In ihc dcfrosiing operation mode under extrcmcly-low
outdoor air tcmpcraiurc. Iugh-pressure rcfngcmn( flowuig
out fmm thc downstream uidoor hcut exchmigcr 31 is also
depressurized by passing through the pressure reduction
device 39, and then flows into the upstream indoor heat
exchm er 32. Tints, the pressure capacity and repetitive
compression strength of the upstream indoor heat exchanger
32 can bc low. Morcoi cr. air-conditionuig air can be hca(cx(

o by ihc upstream uidoor hest exchanger 32.
In thc del'rosung opcrauon mode under low outdoor air

temperature as illustrated in lil(i 25, the high-pressure floiv
path switching valve 50 and the low-pressure flow path
sv itchin valve 51 are in the same state as that of the

s. dehumidification air-heating opemstion mode. Moreover, the
first expansion valve 52 is in ihc nou-expansion stale, and
thc second expmwion valse 53 is ui thc cxpmision stsic.
Since thc first expansion valve 52 is in thc non-i:xpansion
state, high-teinperature refrigerant flowing out from the

to downstream indoor heat exchanaer 3( flows into the outdoor
heat exchanger 33 in an unchanged fomi. Thus. the surface
temperature of the outdoor heat exchanger 33 increases to
mell lrosi.

As dcscribcd abois, accoriling to thc vehicle air condi-
ss tioncr 1 ol'he tlurd cmbodimeni, rclyigerant dcprcssurized

by the pressure reduction device 39 flows into the upstream
indoor heat exchanger 32 in the air-heatmg operation mode
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Thc prcssure reducnon dcgrcc of thc pressure reduction
device 39 m this state is set such that the upstream indoor
heal cxclranger 32 scrvcs as Ihe radlalor. Titus. both of the
downsuetun indoor heat exchanger 31 and Ihe upstremn
indoor heat exchanger 32 can serve as the radiators ('n-
sequently, a sutficient air-heating capacity in the air-heatiag
operation mode can be realized.

Since refngerant depressurized by the pressure reduction
device 39 flows. as described above, into the upstream
indoor heat exchanger 32, the unemal pressure of thc
upsucam indoor heat exchmlgcr 32 decrcascs. Thus. thc
pressure capacity and repetitive coinpression strength of the
upstremn indoor heat exchanger 32 can be low, and the cost
of the upstream indoor heat exchanger 32 can be reduced.

Although both of the high-pressure flow path switching
valve 50 and the low -pressure flow path switching valve 51
ol Ihc heat pump device 20 arc (luce-way valves ul Ihc Ilurd
cmbodimcnt, onc or both of mich valves may be conligurcd
in such a nlanner that two on-otf valves are combined
together. A flow path switchmg unit is not limited.

The pressure reduction device 39 is provided in the
middle of the high-tempemsture refrigemnt-dedicated pipe
44 in the third embodiment. but the present disclosure is not
hnuICd to SUCll a ConfigUrBIlon. AS 111 a Valliitnill lllilSII'Bu:il

in FIG. 26, Ihc pressure rcducnon device 39 may bc built in
the high-pressure flow path switching, valve 50 'I'his reduces
the number of components as compared to the case where
the pressure reduction device 39 is provided independently
of the high-pressure flow path switching valve 50. More-
over, both of a joint part of the high-pressure flow path
suitchulg valve 50 und a joult perl of Ihc pressure reduction
device 39 arc not ncccssanly fomlcd, and only Ihc l oint part
of the high-pressure flow path switching valve 50 nlav be
formed. I'lnis, the number of joint parts anuuug the refrig-
emnt pipes in the heat pump device 20 can be reduced.
('onsequently. cost can be further reduced.

Moreover. although it has been. in the third embodiment,
dcscnbml that thc prcssure reduction device 39 includes thc
clcctnc prcssure rcxtuction valve (variable Ihrotlle), thc
pressure reduction device 39 may include a fixed throttle
such as an orifice.

Fourth Embodiment

lq(i 27 is a schematic configumltion diagram of a vehicle
air conditioner I of a fourth embodiment (i e., an embodi-
ment of ninth and tenth aspects of the disclosure) of the
present disclosure The same reibrence numerals us those
shown in thc lira( embodiment will be used Io represent
equivalent elmnents in the present embodiment, and the
descnptlon Ihcrcol'ill not bc repeated. Dlflerences from
the first embodiment will be described in detail.

A pipe indicated by a reference numeral "45" in the fburth
enlbodiment is a first branched refrigerant pipe 45. The Iirst
branched refngerant pipe 45 is connected to a main refri-
crant pipe 43. A second branched rcfrigcrant pipe 46 is
branched lbom part of a main refrigerant pipe 42 closer to an
outdoor heat exchmlgcr 33 rclanvc io a low-tcmpcraturc
refrigerant-dedicated pipe 42a, and is connected to the nlain
refrigerant pipe 43

A pipe indicated by a reference numeral "44" in the fourth
embodiment is a hi+-tempemsture refrigerant-dedicated
pipe 44. Thc high-tcmpcraturc refngeram-dcdicatcd pipe 44
is branched from a main rcl'ngerant pipe 41, and is, through
a coiulection member (not shown in thc Iigurc), cotutcctcd lo
an inlet pipe fornling part of an upstream indoor heat
exchmlger 32 'I'he high-temperature refrigerant-dedicated
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pipe 44 is for supplyulg only lugh-Icmpcrature relrigeranl
(high-pressure refrigerant) to the upstream indoor heat
exchanger 32

Moreover, the high-tenlperature refrigemlnt-dedicated
pipe 44 is, as described above, bmsnched from the main
refri erant pipe 41 connected to a refrigemsnt outlet of a
downstream indoor heal exchanger 3(. and is connected Io
the inlet pipe of thc upstrcmn uldoor heat cxchangcr 32.
Thus, the high-tenlperature refrigerant-dedicated pipe 44

Io serves as a connection pipe connecting between the refrig-
emsnt outlet of the downstream indoor heat exchanger 3( and
a refngerant inlet of the upstream indoor heat exchanger 32.

Part of the main refri erant pipe 42 closer to the upstremn
indoor heat cxchangcr 32 Ibmls the low-Icmpcrature rcfrig-
crant-dedicated pipe 42a, and tlu: low-tcmpcrature rcfn cr-
ant-dedicated pipe 42a is for supplying only low-tempera-
ture refrigemlnt (low-pressure refrigerant) to the upstream
indoor heat exchanger 32.

A high-pressure flow path switching valve 50 includes a
lo refri erant iniet 50a, an air-heating-side refrigerant outlet

50b. a non-air-hcaung-side refngcrant outlet 50c, a switch-
ing valve 50d, and u control valve 50e. Thc rclblgcrmu uric(
50a is coullcctcd to the refriuerant outlet of the downstream
indoor heat exchanger 3(. and refrigerant flows from the
downstreain indoor heat exchanger 31 to the refrigemlnt inlet
50a The air-heating-side refrigerant outlet 50b is connected
to the refrigerant inlet ofthe upstream indoor heat exchanger
32 thmugh Ihc high-Iempcraturc rclhgerant-dcdicatcd pipe
44, and refngcrant flows into the upstream uldoor heat

io exchanger 32 through the air-heatin -side refrigerant outlet
5Ub the non-air-heatinu-side refrmerant outlet 50r is con-
nected to part of the heat pump device 20 other than the
upstream indoor heat exchan er 32„specifically to an
upstream part of the heat pump device 20 relative to a first

ls expansion valve 52 in Ihc flow dircxnon ol'efngermlt, and
relbigcrant flows into such a part through thc non-mr-
hcaling-sale rcfngcrant outlet 50c.

I'he switching valve 50d of the high-pressure flow path
sv itching valve 50 is a mechanical valve opemlted by the

so pressure of refrigerant on a refrigerant inlet side of the
upstream indoor heat exchanger 32. Wtten the pressure of
rcfngcrant on thc rcfngcr;mt inlet side ol thc upslrciun
indoor heat cxchangcr 32 is lower than prcdctcrnunod
prcssure. Ihc sw i(clung valve 5 0d blocks Ihc rcfrigersnt uriel
5Ua and the non-air-heatin -side refngerant outlet 50r from
communicating with each other. On the other hand. when the
pressure of refrigemnt on the refngerant inlet side of the
upstream indoor heat excllanger 32 reaches the predeter-
nuncd pressure, Ihe switching valve 50d allows the refrig-

o eranl inlc150a and Ihe non air hcatulgsiderefngcrant outlet
50c Io conuuunicau: with eaCh other. and is opened,'closest
such that refrigerant floivs into the non-air-heating-side
refrigerant outlet 50C. Since the pressure of refrigerant on
the refrigerant inlet side of the upstream indoor heat

1. exchanger 32 is substantially equal to the internal pressure
of Ihc upstream indoor heat cxchangcr 32, operation of thc
swltclung valve50d can reduce an increase in ultemal
prcssure ol'hc upsncmn indoor haut exchanger 32 beyond
the predeterinined pressure

ro 'I'he predetermined pressure is set such that the maximum
internal pressure of the upstream indoor heat exchan er 32
of the fourth embodiment is lower than the maximum
intcnial pressure ol an upstrcmn uldoor heat cxclrangcr of a
convcntlollal holi( pUlnp ib:vlcc hu:IUdulg no swltchulg vBIvc

ss 50d.
Since a meclianical valve automatically opened/closed by

refrigerant pressure ivitbout receiviilg an electncally-trails-
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miucd control sigoal is well-kdtown. flie deuiilcd description
of the structure of the switching valve 501( will be skipped.

'lhe control valve 50C of the high-pressure flow path
switching valve 50 is an electric tinea-wav valve. 'the
control valve 50e is contmlled by an air conditioning control
device 22. and is su itchable between the state in which the
control valve 50e causes Ilm rclrigermu inlet 50d mid the
mr-hcd(ing-side rclngcrant outlet 506 Io conunumca(e wilh
each other and the state in which the control valve 50e
causes (he refri ensnt inlet 50a and the 11i111-air-heating-side
refrigerant outlet 50C to communicate with each other

A low-pressure flov path switchiitg valve 51 is an electric
flum-way valve. and is controlled by the air condirioning
con(rol deiicc 22. Thc low-prcssure flov; pa(h switclung
1 illvc 51 is provided lu Ihc luiddlc ol Ihc uiillu rcfrlgcrdnl
pipe 43, and is connected to the second branched refrigerant
pipe 46.

'lhe firs( expansion valve 52 is disposed at part of the
main refrigerant pipe 41 closer to the ourdoor heat
exchanger 33 relative to the high-pressure flow path switch-
ing 1 dh c 50. A second expansion valve 53 is disposed ui the
nnddic ol'he main rcfngerant pipe 42. The low-temperature
refrigerant-dedicated pipe 42d is part of the main refrigerant
pipe 42 between the second expansion valve 53 and the inlet
pipe of the upstream indoor heat exchanger 32

A first check valve 54 is disposed in the middle of the
low-tempemture refrigerant-dedicated pipe 42a. and is con-
Iigured Io allow refugcrimt to flow foun Ihc ou(door heal
exchanger 33 toward thc upstream uidoor hmit cxchangcr 32
in the loiv-temperature refrigerant-dedicated pipe 42a and to
prevent refri erant front flowing in an opposite direction

A second check valve 55 is disposed in the middle of the
first branched refri emnt pipe 45, and is confi ured ro allov
refrigerant to floe from the main refrigerant pipe 43 toward
thc main refrigerant pipe 41 in Ihe lira( branched rcfu ermit
pipe 45 alai Io pl'cvciu refl1gcrdn( flout flu%lug ul Bu

opposi(e direcuon.
In an air-heating openstion mode illustrated in I i l(i. 20. the

high-pressure flow path switching valve 50 switches a tlow
path such that refri emnt flowing out from the downstream
indoor heat exchanger 31 flows into the upstream indoor
hca( exclmnger 32 tluough thc rcfrigcran( uriel Ihcrcof.
Moreover. the low-prcssure flow path switdun valve 51
swi(ches the tlow path such that rcfugcran( flowui out from
the outdoor heat exchanger 33 flows into an accumulator 34.
'I'he flrst expansion valve 52 is in an expansion state, and the
second expansion valve 53 is in a non-expansion state.

Before an electric compressor 30 is operated. the pressure
ol rcfrigcran( on thc rcfngcran( uile( sale of Ihc upstremn
indoor heat exchanger 32 is lower tlmn thc prcdctermincd
pressure. Thus, the switching valve 504 of the lugh-prcssure
floiv path switching valve 50 is automatically operated by
such refriaerant pressure to block the refrigerant inlet 50rr
and the non-air-heatin -side refri erant outlet 50C from
coninuuiicating with each other. Moreover, the control valve
50e of the high-prcssure flow path switdung valve 50 is
opcraa 0 to cause thc rcfrigcran( inlet 50d and thc air-
hca(uig-side refugerant ou(lct 506 to conmiuruca(e wi(h
each other.

When the electric conipressor 30 is opensted m the
foregoing state. hi h-pressure refri erant dischnr ed from
the electric compressor 30 flows into the downstream indoor
heal exchanger 31 tluough thc main refrigerant pipe 40, and
cirmilatcs in thc downstream uidoor heat exchanger 31 The
rclrigcran( having circulated in Ihc downs(rmun mdoor heat
exchmiger 31 flows front the main refrigerant pipe 41 to the
high-temperature refrigerant-dedicated pipe 44 thniugh the

high-prcssure flow pd(h sv'uchiitg vdlvc 50. SUbscgUcu(lys
the refrigerant flows into the upstream indoor heat
exchanger 32 through the inlet pipe thereof, and circulates in
the upstremn indoor heat exchan er 32.

That is. since lugh-temperature refrigemnt flows into the
downstream indoor heat exchanger 31 and the upstream
indoor hea( exchanger 32 ui Ihc air-hwt(utg operation mode,
air-condi(iorung mr is heated by both ol'hc downstream
indoor heat exchanger 31 and the upstream indoor heat

Ia exchanger 32 As a result, a high air-heating capacity can be
realized.

When the pressure of refrigerant on the refrigerant inlet
side of the upstream indoor heat exchanger 3Z increases to
thc predetermined pressure in thc air-hcaung operation
mode. thc switching valve 50d of the lugh-pressure flow
path switching vale 50 is automatically opensted by such
refrigerant pressure to cause the refrigerant inlet 50u and the
non-air-heating-side refrigerant outlet 5(ti to communicate
v ith each other. Conuuunicafion between the reibigemnt

ic inlet 50C and the non-air-heating-side refrigerant outlet 50C
cmises par( of rcfngerant flowing in(o the refngerant uric(
50a Io bypass Ihc upstrc;mi uidoor heat exchanger 32 and Io
be supplied to the upstream side of the first expansion valve
52 ui the flow direction of refri ensnt thmugh the non-air-
heatin -side refrigemnt outlet 5((ii

Since the internal pressure of the upstream indoor heat
exchanger 3Z can be maintained so as not to exceed the
prcdctcrnuncx( prcssure, the prcssure capacity and rcpetiuvc
compression s(rcngth of thc ups(ream indoor heal cxclmngcr

so 32 of the fourth embodimen( can be loiver than those of an
upstream indoor heat exchanger of a conventional heat
punip device including no swi(ching valve 50d

Since oniy part of refrigerant bypasses the upstream
indoor heat exchanger 32, the remaining lugh-temperature

is rclbigcran( can circuld(c in the ups(ream indoor hca(
exchanger 32. Thus, thc mr-hcaung capaci(y of thc upstream
indoor heat cxchBngcr 32 cdn bc cusUrcd.

I'he refrigerant havina circulated in the upstream indoor
heat exclmnger 32 floivs from the main refrigemnt pipe 43

do to the main refrigemnt pipe 41 tluough the second bmsnched
refrigemnt pipe 45. The refrigerant flowing into the main
rcfugcrdnt pipe 41 is cxpandcd by passing Ihrough Ihe Iirsl
expansion valve 52, mid flows uito thc outdoor heat
cxchangcr 33. Thc refrigcran( flowin into the ou(door heat
exchanger 33 absorbs heat fmm outdoor air

Since the refrigeran( bypassiim the upstream mdoor heat
exchan er 3Z by the operation of the sv itclung valve 50d of
the high-pressure flow path switchin valve 50 is directly
supplmd lo thc Iirst expansion Valve 52, a suflicicnt amounl

o of heal absorbed by thc outdoor heat cxchangcr 33 is
ensured

I'he refrigerant flowing out from the outdoor heat
exchanger 33 passes thmugh (he main refrigerant pipe 42
and the second branched refrigerant pipe 46 in this order,

ss and is sucked into the electric compressor 30 tluough the
accumula(or 34.

In a dchumidilicnuon air-hcatuig operation mode illus-
trated in FI( 1 29, lugh-prcssure rcfugcrant dwchargcd I'rom
the electric compressor 30 flov s into the downstream indoor

io heat exclmnger 31 thmu h the niain refrigerant pipe 40. and
circulates in the downstreani indoor heat exchanger 31. The
refri erant having circulated in the downstream indoor heat
exchanger 31 is cxpandcd by passuig through thc Iirs(
expansion valve 52 of thc main rcfrigcran( pipe 41, and

ss flows into the outdoor hca( exclmngcr 33. Thc rcfrigcran(
flov ing into the outdoor heat exchanger 33 absorbs heat
from outdoor air. and tloivs into the upstream indoor heat
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exchanger 32 aflcr flowuig through thc main rcfhgcrani pipe
42 and the low-tenlperature refrigerant-dedicated pipe 42tt
in this order 'I'he refrigerant circulates in the upstreani
indoor heat exclianger 32 to absorb heat from air-condition-
in air. The refngerant havmg circulated in the upstream
indoor heat exchanger 32 is sucked into the electric com-
pressor 30 iluuugh Ilm accumulator 34 ol'he nuiin rcfug-
crani pipe 43.

In an air-cooling operatiica mode illustrated in 1'l(i 30,
high-pressure refngerant discharged from the electric coni-
pressor 30 flows into the downstream indoor heat exchanger
31 tlm&ugh the main refrigerant pipe 40. and circulates in the
downstream indoor heat exchanger 31. The refrigerant hav-
ing circa)a(Ex) iu thc downstream uidoor hmit exchanger 31
flows, without being cxpandcd, inio the outdoor heal
exchanger 33 through the main refrigerant pipe 41 ')he
refrigerant flowing into the outdoor heat exchanger 33
dissipates heat, and is expanded by passing through the
second expansion valve 53 of the main refri erant pipe 42.
Subsequently. the refri erant flows into the upstream indoor
heal exchanger 32 Ilu ough thc low-Icmpcralurc refngcraui-
dcx))ca(cd pipe 42a. Since low-pressure refngcrant flows
into the upstream indoor heat exclmnger 32 in the air-cooling
operation mode, the pressure capacity and repetitive coni-
pression strength of the upstream indoor heat exchanger 32
can be low.

The refri emnt flov in into the upstream indoor heat
exchanger 32 circulntes ui Ihe upstreimi uidoor heal
exchanger 32 to absorb heat from atr-condtnonmg mr Thc
refrigerant having circulated m the upstream indoor heat
exchanger 32 is sucked into the electric compressor 30
through the accmnulator 34 of the main refrigerant pipe 43.

ln a defrosting operation mode under extremely-lov
outdoor air temperature as Iliustmlted in Flfrk 31, the high-
pressurc flow path su itclung valve 50 and die low-prcssure
flow palh suite)aug valve 51 arc ui thc same slate as that of
thC Bll-llcdtlllg OpCIdtloll IllodC. MEIICEIVCI; Ihc firSt cxpail-
sion valve 52 is in the non-expansion state, and the second
expansion valve 53 is in the expansion state Since the hrst
expansion valve 52 is In the non-expansion state. high-
temperature refrigerant fiowing out fhom the downstream
indoor heat exchanger 31 flows inlo Ihe ouldoor heal
exchanger 33 in an unchanged finn. Titus, Ihe surlhcc
Iempcraiurc of thc outdoor heat exchtm cr 33 mcreases to
meit frost.

ln a defrosting operation mode under low outdoor air
tempemlture as illustrated in Fifi. 32, the high-pressure flov
path switching valve 50 and the low-pressure flow path
swiichuig valve 51 are ui thc same state as Ilia( of the
dehumiddicatiou air-hcatuig opcrauun mode. Moreover. the
lirst expansion valve 52 is ui thc non-expansion siaic. and
the second expansion valve 53 is in the expansion state.
Since the first expansion valve 32 is in the non-expansion
state, lfigh-temperature refngerant flowing out from the
downstream indoor heat exchanger 31 flows into the outdoor
lit:dt t:XChallgcr 33 lil dll illlChtillgCd follu. 111US, Ihc SiillaCC
Iempcraiurc of thc outdoor heat exchtm cr 33 mcreases to
nlelI fl'osi.

As described above, according to the vehicle air condi-
tioner 1 of the fourth embodiment, when the internal pres-
sure of the upstream indoor heat exchanger 32 reaches the
predetermined pressure in the air-heating operation mode in
winch Ihc downstream and upstream indoor heal cxchangcrs
31. 32 serve as rddviiors, rcfrigcrmil flows uilo part of tile
heal pump device 20 other Ihmi Ihe upstream indoor heat
exchmiger 32 'l'hus. while an air-heating capacity in the
air-heating operation niode Is surficiently increased. the

prcssilrc capaci)v Slid rcpcliilvc colllpl'csslon stlcllgill of Illc
upstream indoor heat exchanger 32 serving as a heat
absorber in the air-coolmg operation mode can be low. Thus,
cost ciill bE rcdUccil.

Since the sivitchin valve 50d is the mechanical valve,
cost can be huther reduced v ith a simple configuration

Refrigerant flov,in out from the non-air-heating-side
refrigemnt outlet 50c is supplied to the first expansion valve
52 servln as a pressure reduction unit in the air-heating
operation mode. Thus, win)a air heating pcrfomiance ca+bc
ctthanccd with a suflicicnt amount ol'wu absorbcxl by thc
outdoor heat exclmnaer 33 in the air-heating opemltion
mode, an increase in pressure of the entirety of the heat
pump device 20 can be reduced.

I

liifth I Imbodiment

lil(i 33 is a schematic conti uration diagrani of a vehicle
air conditioner 1 of a fifth embodiment of the present

ic disclosure. The vehicle air conditioner 1 of the fifth embodi-
meul is diflcrmii from thai ol Ihc lourih embodiment in Ihai
a swiiclung valve 50d is clcctncally control)cd. The same
reference nuinerals as those shown in the fourth enibodiment
will be used to represent equivalent elements in the present
embodinlent, and the description thereof will not be
repeated. Differences from the filurth embodiment will be
described in detail.

A heat pump dcvicc 20 ol'hc liflh embodiment includes
d prcssUIE. scllsor fcolxcspolldlllg lo B prcssilrc scllsol of Illc

ic present disclosure) 69 confiaured to determine the pressure
of refngermit on a refriaerant inlet side of an upstream
indoor heat exchanger 32 'I he pressure sensor 69 is pro-
vided at a pipe connected to a refngerant inlet of the
upstream indoor heat exchanger 32, and is configured to

ii dclcrnunc Ihc Inu:mal prcssure of Ihc pipe Io obtain Ihc
prCSSUU: Ol IE'fllgCrdllt Oil IIIC rclll'IBIII lil)CI sldC Of lhC

upstream indoor hant exchanger 32. Thc prcssure of refrig-
emlnt on the refrigerant inlet side of the upstream indoor heat
exchanger 32 is substantially equal to the internal pressure

dc of the upstream indoor heat exchanger 32. Nnte that the
internal pressure of the upstreani indoor heat exchanger 32
may bc directly dciermincd.

Thc pressure sensor 69 is connected to nn air conditioiung
control device 22. Thc air condiuouuig control device 22
controls a switching valve 50d of a high-pressure flow path
switclnng valve 50 based on the refrigerant pressure deter-
mined by the pressure sensor 69. Specifically, before the
internal pressure of the upstream indoor heat exchan er 32
rciiChCS prCdCICIllllllCd prCSSUIC. IhC Blr Colldltionlllg Conlltil

c dcvicc 22 blocks a rel'rigcrani inlet 50a and a non-air-
hcanug-sale refngcrmii outlet 50c from conununicating with
each other %Vien it is determined that the internal pressure
of the upstream indoor heat exchanger 32 reaches the
predetermined pressure, the air conditioning control device

11 22 causes the refrigerant inlet 50a and the non-air-heating-
side rcfngcrani outlet 50c Io conununicate with each other
such (liat refrigerant flowuig into thc rclhgcrant inlet 50a
flows through the nonair heating side rcfngcrant outlet 50r.

Since the sivitchin valve 50d is, as just described,
tc controlled during determination of the internal pressure of

the upstream indoor heat exchanger 32 by the pressure
sensor 69, the internal pressure of the upstream indoor heat
exchanger 32 cdn be finely controlled. Tlus reahzcs both of
high air-heating perl'onnmicc and high durabihty of Ihc

si upstream indoor heat exchanger 32.
According to the vehicle air conditioner 1 of the fifth

embodinlent, while an air-heating capacity in an air-heating
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operation mode can bc sufliciently enhanced. the prcssure
capacity and repetitive compression strength of the upstreanl
indoor heat exchanger 32 serving as a heat absorber in an
air-cooling operation mode can be low as in the vehicle air
conditioner I of the fourth embodiment. Thus. cost can be
reduced.

In thc lifih cmbodimcnt, when Ihe ullerna1 pressure of the
upstream indoor heat cxclrdngcr 32 reaches thc predcter-
nlined pressure, refrigensnt Is supplied to a first expansion
valve 52 I lowever, the present disclosure i ~ not linnted to
such a confi uration Refrigerant may be supplied to. e g., a
refrigerant inlet of a downstream indoor heat exchanger 31.

In the first to fiflh embodiments. the case U:here the
1 chicle dll colldlllollcr 2 Is lnoUnlcd on lhc clcclllc vchlclc
luis bccn dcscribcd. Howcvcr, thc prcscnt disclosure is nol
linlited to such a case The vehicle air conditioner I can be
mounted on various types of automobiles such as hybrid
vehicles each including an engine and a inotor ti&r ninning
the vehicle.

As described above, the vehicle air conditioner of the
preseni disclosure can be mounted on. e.g.. an electric
&chicle or a hybrid vcluclc.

What is clauned is:
1. A veificle air conditioner comprising:
d bed l pUIllp

including a compressor conli ured to compress rcfmg-
crdnt, a do&s nstrcam uldoor heal exchanger disposed
inside a vehicle compartment, an upstream indoor
heat exchanger disposed in a portion of the vehicle
compartment upstream of the downstream indoor
heat exchanger in a flow direction of air. Bnd an
outdoor heat exchanger disposed outside the vehicle
comparuncnt, and

conligured such that the compressor, lhc downslrcmn
indoor heat exchanger, the upstream indoor heat
exchanger, and the outdoor heat exchanger are con-
nected together throu/I a refrigerant pipe; and

IO

&s

an indoor air coixlilioncr
housing the dov, nstream indoor heat cx changer and the

upstream indoor heat exchanger,
including an air blower configured to send air-condi-

tinning air to the downstreanl indoor heat exchanger
and the upstream indoor heat exchanger, and

configured lo gcncran: conditioned air lo supply Ihe
conditioned mr into the vehicle comparuncnt,

wherein the refrigerant pipe includes
a low-temperature refrigemsnt-dedicated pipe connected to

the upstream indoor heat exchanger and configured to
supply Univ low-tempemture refrigerant to the
upstream uldoor heal cxchangcr, and

B high-tcillperanlrc Iclllgci'illll-dixllcillcd pipe collllcclcd
to the upstream indoor heat exchan er and configured
to suppiy only high-tempemsture refrigemsnt to the
upstream indoor heat exchanger, and

the heat pump further includes
an air condiuorung controller conligurcd to switch Ihe

llcilt plllup Bnlong d plUrdlllv'f opcrdnon Inodcs
including
an air-heating operation mode in which the downstream

indoor heat exchanaer and the upstremn indoor heat
exchmlger serve as radiators and the outdoor heat
exchanger sci& cs as a heat absorber, and

an air-cooling operation mode in which the upstream
indoor heat exchanaer serves as a heat absorber, the
downstream indoor heat exchanger serves as a radia-
tor. and the outdoor heat exchan er serves as a
radiator. and

a flow path switcher conligurcd to switch a rcfrigcranl
flow path such lhdl high-temperature rcfngerant from
the downstream indoor heat exchanger flows through
the high-temperature refriaerant-dedicated pipe in the
air-heatin operation nu&de and that low-temperature
refri erant from the outdoor heat exchanger flows
throuch the lovv-temperature refrigerant-dedicated pipe
hl lhc Bll-coollllg opcrdnon Inodc.
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