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1

AIR CONDITIONLNG DEVICE FOR
VEHICLE

'I'I I('I IN I CA I. III I II.D

1'he present invention relates to a vehicle air conditioner
mounted on a vehicle.

l3A(UK(iROUNI)

AR'I'onventionafly.

e.g.. air conditioners each including a
heal pump device have bixn known as air conditioners
mounted on hybnd vchiclcs, clcctnc vcluclcs. eic. These
heal pump dcviccs lor vehicles arc each configured such Ilmi
an electric compressor. an outdoor heat exchanger disposed
outside a vehicle conipartnient, an expansion valve. and an
indoor heat exchanger disposed inside the vehicle compart-
ment are connected together in this order through refrigerant
pipes.

For example, a vcluclc air conihtioncr of'atent Docu-
Incili I lnclUdcs. Bs lndooi host cxchaugcis. Bn Upslrcdtlt
indoor heat exchanger disposed upstreain in an air flov
direction. and a downstream indoor heat exchanger disposed
downstream in the air flow direction. The downstream
indoor heat exchanger serves as a msdiator in both of an
dit-lit:diitig OpcI'stion ttlodC arid Btl Bit-Coolitlg iipCtdliotl
mode. Morixn cr, ihc upstream uidoor hest exchanger scrvcs
as a heat absorber In boih of thc air-hcaung operation mode
and the air-cooling operation mode.

Stmng air-heating is required for the air-heating operation
mode particuLarly under low outdoor air temperature. How-
ever, there is a possibility that an air-heating capacity
beconies msufficient when the upstream indoor heat
exchanger scrvcs as thc heat absorber in the air-heating
operation mode as dcscnbed in Paieni Document 1.

In view of the foregoing. the upstream indoor heat
exchanger may also serve as the radiator in the air-heating
operation mode as descnbed in. e.g.. Patent Document 2.
That is, the refri emsnt pipes are connected to ether such tlmt
refrigerant discharged from the compressor flows tluough
thc upstream indoor heal cxchangcr sflcr flowing through
thc downstream indoor heat cxchangcr. 11us allows mr
heated by the upstreani mdoor heat exchanger to be re-
heated in the downstremn mdoor heat exchanger. and there-
fore there is an advantage that the air-heating capacity can
be improved. On the other hand, since depressurized refri-
erant is. in the air-coolin operation mode, supplied to the
upstream indoor heat cxchangcr Io cause Ihe upsircmn
indoor heat cxchangcr io serve as thc heat absorber, air-
cooling can be also performed.

CITATION LIST

P,'itcnt DociitlIcni

PA(I!N1 l)O('UMIIN'I' .Iapanese Unexamined Patent
Publication No. H09-240266

PATENT DOCUMENT 2 Japanese Unexamined Patent
Publication No. 2011-255735

SUMlVLttRY OF THE INVENTION

Tccluucal Problem

Air-conditiorung is rcquircd in various situauons. For
example, there is a case where heating of air in a vehicle
begins under the circunistances, such as the winter. that an

60,289 B2

ouldoor air Icmperaturc is low mid that refngermit on 0

high-pressure side in the heat pump device is cooled to a
tcmpcrature close to ihc outdoor air tcmpcraturc duc to Ihe
vchiclc being fell uncontrolled for u long period of time.

Ilowever, in the air conditioner of Patent Document 2,
since refrigerant flows through both of the upstream and
downstream indoor heat exchangers in air-heating, the total
volmne of a refrigemnt path in the heat pump device is large.
Thus, the pressure and tempemsture of refrigerant is some-

Ui times less likely to incrmsc ui start-up of air-heatuig. As 0

rcsull. Ihc time rcquircd until wana air is supplied into thc
vehicle compartment is increased due to delay in start-up of
air-heating 'I'his leads to lowering of the degree of passen-
ger*s comfort.

First to hfth aspects of the invention have been made in
view of the foregoing. and a first objective of the present
invention is Io spccd up stdri-up ol air-hcaiuig Io improve
tile dcgtcc of pBssctlgct s ciintfoit 111 flic case ghctc B

plumslity of heat exchanaers capable of serving as radiators
10 are provided in a vehicle compartment to achieve a high

air-heating capacity.
When an air-heatin operation begins under the circum-

stances that refrigerant on the high-pressure side m the heat
pump dcvicc is cooltxl to Ihc temperature close Io thc
outdoor air tempcraiurc, thc icmpcraturc of air sent to thc
indoor heat exchanger is low. and therefore, the tempemsnire
of refrigerant dischar ed from the conipressor decreases due
to heat exchange between the refrigemsnt and air while the
refri erant circulates in the indoor heat exchan er. The

10 refri erant whose teniperature decreases is sucked into the
compressor again. As a result. Ihc pressure and Icmpcraiure
of refrigerant are less likely lo increase upon start-up ol
air-heatmg Accordingly. the start-up of air-heatuig becomes
slower, resulting in a loiver time required for supplying

Is mann air into the vehicle compartment ('onsequently, the
degree of passenger's comfort is lowered.

Sixth to tenth aspects of the invention have been made in
view of thc forcgouig. and a second oblcctivc of the prcscnt
invmiiion is to spccd up siart-up of air-heating by 0 heal

du puntp device to iniprove the de ree of passenger's comfort

Solution to the Problem

In order Io accomphsh the Iirst objcctivc. Ihe iouil volume
of a refrigerant path on a high-pressure side in a heat pump
device is smaller upon start-up of air-heating according to
the first to fifth aspects of the invention

The first aspect of the invention is intended for a vehicle
dtr Cotldi(IOIICI IIICIUditlg II hCBI pUtllp dCVICC IIICIUditlg B

II cottlpri,SSOI CtltlligitICd Io Cotuprcss ICltlgCIBIIL firSI dtul
second uidoor heat cxclumgcrs arranged In a vehicle com-
partnient, and an outdoor heat exchanger disposed outside
the vehicle compartnient, and an iiidoor air conditioning uitit
housuig the first and second indoor heat exchangers, includ-

Ss ing an uir biower configured to send air-conditioning air to
thc Iirsi and second indoor hcdi cxchangcrs, and configurod
to gcneratc air-conditioned air to supply ihc air-conditioned
air into thc vcluclc compartmen( Thc vehicle air conditioner
includes a flow path switching device including a refrigerant

io inlet into which refrigerant floivs fmm the first mdoor heat
exchm er. a nomial air-heatin refrigerant outlet connected
to the second indoor heat exchanger such that the refhigemsnt
flowing Into Ihc refrigerant inlet flow s into the second induor
heal exclmngcr. and an air-hcatuig start-up rclrigcrmii outlet

ss cmwing Ihc rcfrigernni flowing uito tlm refngermit uilei io
b)TIBSS the second indoor heat exclmnger. and configured to
sv itch betv;een a normal air-heating niode in which the
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refrigerant flowing into thc rcfrigcranl inlet tlows ullo thc
normal air-heatin refrigerant outlet and an Bir-heating start-
up mode in wluch thc rclrlgcmnt flowm into Ihcrcfn ermll
inlet tlows into the air-heating start-up refrigerant outlet: and
dn air conditioning control device coniigurcd lo control thc
floiv path sivitching device. 'I'he air conditioning contml
device is configured to cause the flow path switchiilg device
to be in the air-heatmg start-up mode at beginning of
air-heatin and then to be m the nomlal air-heating mode

According to llm foregoing conli uratlon. Ihe operation is
in the air-heatin start-up mode upon start-up of Bir-hestia,
dnd refrigerant havulg circulated ul Ihc first uldoor heal
exchmlger flows so as to bypass the second indoor heat
exchanger. Thus, since thc total volume ol'hc rcfn crmlt
path oil the high-pl'LSBUfe stile ln fllc hL;lt punlp LIL'vlcc

beconles snlaller, an increase in pressure Bnd temperature of
refrigerant on the high-pressure side in the hest pump device
accelerates. and therefore. start-up of air-heating becomes
faster. Thus, sturt-up of mr-heating becomes faster under thc
circutnstances. such as the winter, that an outdoor Bir tem-
pCrdl lilt: IS 10% Blltl fllat rt:fllgc'ralll On lhC high-pit:SSIIIC SIIIC

in the heat pump device is cooled to a temperature close to
the outdoor air tenlperature due to a vehicle being lett
uncontrolled for a long period of time

Then„since the opemstion is switched to the nomtal
air-heatin mode, refrigerant having circulated in the tirst
indoor heat exchanger flow s tluough thc second uldoor heal
exchanger. Thus, outdoor air can bc healed by thc first and
second indoor heat exchangers, resulting in a high air-
heating capacity

'Ihe second aspect of the invention is intended for a
vehicle air conditioner includin a heat pump device includ-
in a compressor configured to compress refbigerant. tirst
dull sccoritl hltloor ht:dl I:xchangcls Blrangtxl ill B vchlclc
compartment, and an outdoor heat exchanger disposed oul-
side the vehicle compaitmcnt, and an mdoor air conditioning
unit housing the first and second indoor hest exchangers,
including an air blolver configured to send air-conditioniug
air to the hrst and second indoor heat exchan ers. and
configured to generate Bir-conditioned air to supply the
Bir-condtfiontxl mr into Ihc vcluclc comparlmcnl. Thc
1 chicle air conditioner includes a flow path switching device
including a rcfngcrant inlet uuo wluch rcfn Orant tlows
fmm the first indoor heat exchanger, a normal air-heating
refrigerant outlet connected to the second indoor heat
exchanger such that the refrigemsnt flowing into the refrig-
erant inlet floivs into the second indoor heat exchanger. and
dn du-ht:dlhlg SIBrt-Up ICfllgCI'tint OUflCI Cailslng fllC ICfltg-
cranl flow ing into thc refngermlt ullel lo bypass Ihc second
indoor heat exchanger, and conligurcd Io switch between a
normal air-heating mode in which the refrigensnt tlov iug
into the refri erant inlet flows into the normal air-beating
refrigerant outlet and an Bir-heatin start-up mode in which
the refrigerant flowing into the refrigerant inlet flows into
Ihe air-hcahng start-up refngermlt oullch mill ml mr conCh-
horung control device conligured Io conlrol lhc flow path
swilclung device. Thc air condiuonm control device is
confi ured to estimate whether or not the temperature of
refrigerant on a high-pressure side in the heat pump device
is equal to or lower than a predetermined low temperature,
and to switch the flow path switchin device to the alr-
hctlhng sh'irl-lip luotlc wllcn lhc lt:lnpcldhlrc ol rcfrlgcrBUI
on Ihc lugh-pressure side in thc heal pump device is equal lo
or lower than Ihc prcdclennlncd low temperature, and switch
the flov path switching device to the normal air-beating
nlode ivhen the telnperature of refrigenmt on Ihe high-

prcssure sulc in Ihc ical pump dcvlcc w higher than thc
predetermined low temperanire.

Accordulg to thc foregoing conti urahon, 11 w csltnrdlLSI

that the temperature of refrigensnt on the high-pressure side
iu thc heat pump device is equal to or lower titan thc
predetermined loiv temperature under the circumstances,
such as the ~inter. that an outdoor air temperature is low and
that refrigerant on the hiah-pressure side is cooled to a
temperature close to the outdoor air temperature due to the

I I I

vchiclc being lcfi unconuollcxi for a long period of lime. In
this case. the flow path switching device is in the air-heatin
start-up mode, and rclngcranl having circulated in Ihe iirsl
indoor heat exchanger flows so as to bypass the second
indoor heat exchanger. Thus. since the total volume of Ihc
refrigerant path on the hiah-pressure side in the heat pump
device becomes smaller, an increase in pressure and tem-
perature of refrigerant on the high-pressure side in the heat
pump del ice accelerates. Bnd therefore. start-up of air-

IO hellhag bccolncs Idslcl;
On the other hand. after the lapse of a predetemlined time

since air-hcahng begins. il is eshmuted that thc Icmpcralurc
of refrigerant on the high-pressure side is higher than the
predetermined loiv tmnpensture In this case, the tlov: path
sv itching device is in the normal air-heating mode, and
refrigemnt having circulated in the first indoor heat
exchanger flows tluougt the second indoor heat exchanger.
Tints, outdoor air can be heated by thc Iirst and stwond
indoor heat cxchangcrs, resulting ul a high mr-hcatulg

sil capacity
'I'he third aspect of the invention is intended for the

vehicle air conditioner of the first or second aspect of the
invention, in wlfich the flow path switching device is swit-
chable to an intermediate nlode in which the reihigemsnt

ls flowing ullo thc rclbigcranl inlet flows into the normal
dlr-hellhag IL'fllgCrdlll OUIICI iultl fllC till-ht alhlg stal1-Up
rclbigcrant outlet, and thc mr condihomug control device is
cmlfigured to switch the floiv path switching device from the
air-heatmg start-up nlode to the intermediate mode before

do sv itchln of the flow path switclung device from the air-
heatln start-up mode to the normal air-heating mode, and
then, switch the flov, path switching device I'rom the intcr-
mcdialc mode ki Ihe normal air-hmuug mode

Accorthng lo thc iolcgt1lng conf lgllldtlon, Billet: lhc'. Upcld-
tion is temporarily sivitched to the intermediate mode before
the air-heating start-up nlode is switched to the normal
air-heating mode. part of refrigemsnt flows through the
second indoor heat exchanger. and the remaining reihigemsnt
flows so as to bypass the second indoor heat exchmlger.

o Then, Ihc operation is switched lo Ihc normal air-hcalulg
mode, and all of refrigerant flow s tluouJI thc second induor
heat exchanger I'hus, a chan e in refrigerant floe: becomes
slower, mid therefore. Iowerin of an air-heating capacity
due to a rapid chan e in refrigerant flow can be avoided.

11 The fourth aspect of the invention ls intended for the
vchlclc Bn conthhollcr t11 Iht: lhlltl tispccl of lht: ulvcllhLUI,
which further includes a lirsi Icmperaturc sensor coniigurod
to ilctcmunc thc tcnlpcratUrc of UUttloor tilt lltivhlg pdsstx!
through the Iirst indoor beat exchanger I he air conditioiling,

io control device is confi ured to control an amount of refrig;
emsnt circulating in the second indoor heat exchanger such
that a change in temperature detemllned by the first tem-
pcralurc sensor lalls w illun a prcdclermintxl range.

Accordulg to thc I'orcgoing conligurauon, when thc mode
ss of the flow path switchmg dcvicc is switched, the flow raic

of refhgensnt of each of the hrst and second indoor heat
exchangers can be adjusted such that the temperature of
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outdoor air having passed tltrougt Ihe lirsl indoor heal
exchanger does not signihcantly decrease.

'lhe tifth aspect of the invention is intended for the vehicle
air conditioner of the third aspect of the invention. which
further includes a tlrst pressure sensor conti ured to deter-
mine the pressure of refrigerant circulating in the first indoor
heal exchanger. Thc air condiuonin control device Is con-
figUICd io Control dn BUIOUBI Ol IC'hlgCIdnl CIICUIBlhig hi lhC
second indoor heat exchanger such that a change in pressure
detemiined by the first pressure sensor falls within a prede-
termined range.

According to the foregoing contiguration. Vvhen the mode
of the flow path sw itclfing device is sv, itched, rhe flow mote

of relrigeranl ol each of thc Iirst and second uidoor heal
cxchangers can bc adtusted such liat Ihe pressure of refng-
erant circulating in the hrst indoor heat exchanger is not
signiticantly changed 11nis, a change in temperature
becomes sloiver

The vehicle air conditioner may hnther include a dis-
charged air temperature sensor contigured to determine the
tcmpcralurc ol air-comhlioncd air supphcxI uilo Ihe vehicle
comparlmenl. Thc air conihtiomng contml device may be
confiaured lo control the amount of refrigerant circulating in
the second Indoor heat exchanger such that a change in
temperature determined by the discharged air temperature
sensor falls within a predetermined mlnge.

According to the foregoing contiguration. Vvhen the mode
of Ihc flow path suilclung device Is swtlchcxI. the flow rate
of relrigeranl ol each of thc Iirst and second uidoor heal
exchangers can be adjusted such that the temperature of air
supplied into the vehicle compartment does not signiticantly
decrease.

The vehicle air conditioner may hirther include a second
tempemlture sensor configured to determine the temperature
ol'outdoor air havuig passcxI tluou h the second uidoor heat
exchanger. The air conditioning control device nuiy be
conligured lo determine whether or nol Ihe temperature
detemiined by the second temperature sensor is equal to or
higher than a predeterniined tempemture, and sivitch the
flow path switching device from the intemiediare mode to
the nomial air-heating mode when it is determined that the
lempcralurc dclcnnincd by Ihc second temperature sensor is
equal Io or lugher than thc prcdctennined tmnperature.

Accordnig 10 Ihc lorcgohlg confi Uldllon. shicc lhc nlciilc
of the flov path sivitching device is switched based on the
tenlpemture ofoutdoor air havmg passed through the second
indoor heat exchanger, a decrease in temperature of air-
conditioned air supplied into the vehicle compartment can
be rcxiuccd when the inlcnncdiatc mode Is switched to the
nomial air-lmdting mode.

Thc vchlclc Bn'onditioner nlav IUllhcl hichuh: B scconil
pressure sensor configured to deterinine the pressure of
refrigerant circulating in the second indoor heat exchaager.
The air conditioning control device may be configured to
determine whether or not the pressure determined by the
second pressure sensor is equal Io or higher than a prcdh-
lermincd prcssure, and switch Ihe tlow path switclung
ih:vlcc ll oui lhc intel'mcdnllc nlodc 10 lhc nonnBI alt-hcd! Uig
mode ivhen the pressure determined by the second pressure
sensor is equal to or higher tlmn the predeterinined pressure.

According to the foregoing contiguration, since the mode
of the fiolvv path switchin device is svvitched based on the
pressure of rcl'ngeranl circulaluig in thc second mdoor heal
exchanger. a dccrcasc in Icmpcralure of mr-condilioncd mr
supplied into thc vehicle comparnneiu can be reducml when
the intermediate mode is switched to the normal air-heatina
nlode

Thc vcluclc air conditioner may further include a dis-
charged air temperature sensor confi ured to determine the
temperature of air-conditioned air supplied into the vehicle
compartment I'he air conditioning control device may be
configured to determine whether or not the discharged air
temperature determined by the discharged air temperature
smisor is equal to or higher tlmn a prcdctennincd tempera-
ture, and switch Ihc flow path suilclung device from Ihe
intermediate inode to lhe normal air-heating mode when the

IU discharged air tempemmnre determined by the discharged air
temperature sensor is equal to or higher than the predeter-
mined temperature.

According to the foregoing configumltion. since the mode
of thc tlow path switclnng devwe is switched based on thc

I prcssure Of Ic'hlgcldnt cnculinnig hl thc second Uuloor hcdl
exchanger, a decrease in lempemlture of air-conditioned air
supplied into the vehicle compartnlent can be reduced ivhen
the Intermediate nlode is switched to the nornial air-heating
mode

lo ln order to accomplish the second oblective. the sixth to
tcnlh aspects ill Ihc nivcnllon Brc configUrixl ds Iollows.

Thc sixth aspect ol'Ihe uivcnlion m intended Ihr a vehmle
air conditioner includin a heat pump device including a
cmnpressor configured to compress refrigerant. first and
second indoor heat exchanaers arranged in a vehicle com-
partment. and an outdoor heat exchanger disposed outside
the velucle compartment: an indoor air conditioning unit
housing thc Iirsi and second indoor heat cxchangcrs, uiclud-
ing an air blower configurcxi 10 send air-conditioning air to

lo the hrst and second indoor heat exchangers. and configured
to generate air-conditioned air to supply the air-conditioned
,'ui filo the vehicle col'llpaillrlcnll,'ulcl Bn BU conclitioning,
control device conti ured to control the heat pump device
and the indoor air conditioning unit. The indoor air condi-

ls tioning unit further uicludcs a supply air volume changer
conflgurcxl to change a 1 olume ol'ir supplied lo each of Ihe
Iirst and second uxloor heal exchmigcrs, and the supply air
volume changer is controlled by the air conditionmg contml
device 'I'he air conditioning control device causes the heat

do pump device to be in an air-heating mode in which the tirst
and second indoor heat exchangers serve as radiators and the
outdoor heat exchanger serves as a lmdt absorber. Thc air
conditioning control dcvicc Is conligurcd lo perform. al
bcgnunng of Bn-hcalhig, dn du-hcdlnlg start-Up conlrol Iol
controlhng the supply air volume changer such that the
volume of air supplied to lhe first indoor heat exchanger is
smaller as compared to that after lapse of a predetermined
time since the air-heating begins.

Accordulg to thc Ihregoing conliguration, since Ihe vol-
o ume Of air supphcd to thc Iirst indoor heal exchmigcr Is small

dl Start-Up Of Bn-hCdlhig, lhC BBIOUBI Ol hLill CXChangLx!

between refrigemlnt discharged from the compressor and
outdoor air while the refrigerant circulates m the first and
second indoor heat exchangers can be reduced as compared

ls to the case where much outdoor air is supphed to both of the
first and sixond uidoor heal cxchangcrs. illus. suicc a
dixrcaac in lcmpcm tore of relrigerant is reduced, mi incrcaac
tn prcsslilc iind U:nipcriihuc Of I'ofllgcl'ilnl on lhc high-
pressure side in the heat punlp device accelerates, and

co therefore, start-up of air-heating, becomes faster.
Since both of the first and second indoor heat exchangers

serve as radiators in the air-heating mode, a high air-heating
capacity can bc achieicxl.

Thc scvcnth aspixl of thc invcnuon is uilcndcd for d

ss vchiclc air conditioner uicludulg a heat pump device uiclud-
ing a compressor configured to compress refrigerant. first
and second indoor heat exchangers arranged in a vehicle



US 10,160,289 B2

conlpdlnncnl, iintl Bn OUhlool ical cxchiingcl tlisposcd tlUI-

side the vehicle compartment, an indoor air conditioning
unit housing the first and second indoor heat exchangers,
includin an air blower configured to send air-conditioning
air to the tirst and second indoor heat exchangers. and
configured to generate air-conditioned air to supply the
atr-condihoncxl Bir uuo Ihe vclucle compartment. and an mr
conditioning control device configured lo ronlrol Ihc heal
pump device and the Indtslr air conditioning unit. 1he
indoor air conditionmg umt further includes a supply air
volume changer configured to change a volume of air
supplied to each of the first and second indoor heat exchan-
ers, and the supply air vohune changer is controlled by the
mr conditioning control device. The air contlilionulg control
dcvicc cmtses thc heat pump device to bc ul an air-heating
mode in tvhich the hrst and second indoor heat exchangers
serve as radiators and the outdoor heat exchanger serves as
a heat absorber 'the air conditioning control device Is
configured to estimate whether or not the tempemnire of
refrigerant on a high-pressure side in the heat pump device
is cxtuat lo or lower Ihan a predetcnuuled lov, temperature,
and pcrlbnn, whmi Ihc Icmpcralure of refngcranl on the
high-pressure side in the heat pump device is equal to or
lower than the predetermined low temperature. an air-
heating start-up control for controlling the supply air volume
changer such that the volume of air supplied ro the tirst
indoor heat exchanger is smaller as compared to that when
lhc lcnlpci'iuUrc of u:fllgclanl on lhc hl h-pn:ssUlc sale ul
Ihe heal pump dcvicc is higher titan Ihe prixtetcnuincd low
tenlpemture

Accordin to the foregoing conhguration, when It Is
estimated that the tempemsture of refrigerant on the high-
pressure side in the heat pump device is equal to or lower
than the predeteunined lov tempemsture. the volume of air
supplied to Ihc lirsl indoor heat cxchim cr Is small. Tlnis, the
amount of heat cxchaugcd bctwecn relngcrmlt discharged
from Ihe compressor aud outdoor air wlnle lhe refn ermu
circulales in the first and second indoor heat exchangers can
be reduced as conlpared to the case where much nutdnor air
is supplied to both of the first and second indoor heat
exchangers. Thus. since a decrease in temperature of refri-
cranl is rcduccd. Bn incrcasc ul pressure and lcmperalurc of
I t fllgcldnl on lhc high-pl is sale sulc ul thc hcB I p iiulp dc vlcc
accelerates. and llmrclorc, start-up of air-hcahng becomes
faster.

gince both of the first and second indoor heat exchangers
serve as radiators in the air-heating mode. a high Bir-heating
capacity can be aclueved.

lite supply Bir volume changer may bc a door for swuch-
ing thc fiow direction ol'ir ul thc uldoor air conduioning
U un.

According to the foregoing configuration, it is tulsured
that the volume of supply air is easily switched

The vehicle air conditioner may further include an out-
door air temperature sensor contigured to derennine the
Iempcralurc of air outside thc vcluclc compartment. The air
condihoning control device may bc configured to cstnuatc,
based on thc air tcmperaturc dctemuncd by thc outdoor air
tenlpemture sensor. that the temperature of refrigerant on the
higil-pressure side in the heat pump device is equal to or
lower than the predeteunined low tempemture when the
tempemsture of air outside the vehicle compartment is lower
than a predetennuicd tcmperaturc.

lllat is, lhc lcnlpcldnlu: of Bn otiulth: thc vchiclc conl-
parunmll and Ihc Icmpcralure ol rein crmll on Ihe high-
pressure side in the heat plunp device relate to each other,
and a lotver temperature of air outside the vehicle compart-

ment results ul a lower Imnperalurc ol relngcmnl on lhc
high-pressure side in the heat punlp device The tempemlture
of air outside the vehicle compartment is determined to
estiinate the temperature of refri creat On the high-pressure
side In the heat pump device. Thus, the estimation results are
accurate.

Thc vehicle air conditioner may further uicludc a refrig-
eraul Imnpcralure sensor coniigured to dclenninc a refrig-
emsnt temperature. 'I'he air conditioning control device may

10 be configured to switch. after the air-heating stan-up control,
the heat pump device and the indoor air conditioning unit to
the nomlal air-heating mode when it is determined that the
refrigemnt temperature determined by the refrigerant tem-
pcldhlrc sensor Is bight:I llrdn II pltxh:lcrnlhlixl n:ulpcidnuc.

I According 10 thc forcgoingconligurahon, anactualrcfrig-
erant temperature is determined. and the Operation is
switched to normal air-heating based on the actual refriger-
ant temperature I hus, normal air-heating Is performed at
proper timing after start-up of air-heating

10 The vehicle air conditioner nlay further include a refri-
eraul prcssure selwor conligurcd lo dclenninc a rcfrigcranl
prcssure. Thc air conihuolung control device may bc cun-
figured to switch, after the air-heating start-up control, the
heat pump device and the indoor air conditioning unit to the
normal air-heating mode tvhen it is deteunined that the
refrigemnt pressure determined by the refri emsnt pressure
sensor is higher than a predetermined pressure.

According 10 thc foregoing conligurahon, an actual rcfrig-
crant prcssure Is detcrmmcd. mid thc operation is swttchcxt

10 to normal air-belting based on the actual refrigerant pres-
sure 111us, nomlal air-healing is perfouned at proper timing,
after start-up of air-heating

The eighth aspect of the invention is intended for the
vehicle air conditioner of the sixth or seventh aspect of the

ls iuveuhon, which further ulcludcs an air lempcmture sensor
cont igurcxl lo dc1crnnac Ibc lamperehire o 1 air lrdving pa as est

tluuugh thc indoor heal exclmngcr. Thc air condihonulg
cmltrol device is confi ured to switch, after the air-heating
start-up control, the heat pump device and the indoor air

dc conditioning unit to a normal air-heating mode when it is
determined that the air temperature determined by the air
tcmperaturc sensor is higher than a prcdctem»ncd lcmpcm-
tUlC.

Accolihug 10 thc folcgoulg conhgUlanon, lhc h:nlpcldltuc
of air having passed through the indoor heat exchanger can
be determined to accurately estimate whether or not the
refrigerant temperature increases. Moreover. since the
operation is switched to nomlal air-heating based on the
tcmpcrature ol'ir having passed tluough the indoor heal

tl cxchiingcr. BttilnB1 Bu-ht:dlhlg ls pet fonucd iil plopcl hnung
aficr start-up of air-hcahng.

1'he ninth aspect of the invention is intended for the
vehicle air conditioner of any one of the sixth to eighth
aspects of the invention, in tthich the air conditioning

ls control device is configured to switch the heat pump device
dnd lhC Uulttol till Condlntnung iinlt to lhc nonuiil Bll-hCd ling
mode aficr lapse ol' predetermulcd hule sulci'hc dn-
hcahng start-up conlrol begins.

According to the foregoin configuration, since the Opera-
te tion is switched to nounal air-heating based on the tiine

elapsed after begilufin of the air-heating start-up control, a
simple control can be achieved. Bnd normal air-heating can
bc perfilnned at proper timing.

Thc tenth aspcut of the imention is inlcudcd for Ihe
ss vchiclc air condihoner of ihe ninth aspect ol Ihe ulvcnuon,

in v hich the air conditioning control device is configured to
change, depending on an air temperature outside the vehicle
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compartment, a umc bcforc thc heal pump device aixl thc
indoor air conditioning unit are switched to the nomtal
mr-healing mode and sflcr Ihc air-healing slarl-up control
begins.

For example. in the case where an outdoor air temperature
is loiv as in, e.g . an extreniely-cold period, it is assumed that
the time required for start-up of air-heatiiig is long. In tlus
case. the time before switching to the normal air-heating
mode and afier begiiufin of the air-heatin smrt-up control
is increased lo perfonu normal air-heaung al proper liming.

1110 Bir Coildllioiiiilg Coillrol ilCI'ICC Iilav'C Coiiligiliixi 10

change the time befiire switching to the normal air-heating
control and after beginning of the air heating start up contml
depending on the pressure of refri emsnt on the hijt-pres-
sure side.

That is. if the time required for start-up of air-heating Is
lung, the tune before switching to Ihc nomial air-healing
mode;md after bcgiruung Ol lhc air-hcaluig start-up control
is increased depending on the refrigerant pressure to perfornl
normal air-heating at proper timing

Advantages ol the Invention

Accordiim to the hrst aspect of the invention, since
refrigerant flows. at start-up of air-heating, so as to bypass
the second mdoor heat exchanger. start-up of air-heatin can
be faster. Moreover. since refrigerant flows through the hrst
dnd second uidoor heat cxchangcrs after lhe air-healing
stiin-iip Iilixlc, lligll Bii-llcaliilg pcttomlailcc cBII bc
achieved linis, according to the present invention. the
degree of passenger's conifort can be iinproved

Accordin to the second aspect of the invention. when it
is estimated that the temperature of refri creat on the
hi h-pressure side in the heat pump device is equal to or
lower lhmi Ihc prcdctemnucd low Icmpcralurc. rclri ermil
flows so as to bypass thc second indoor heal cxchangcr.
Thus, start-up of air-healing can bc I'aster. Moreover, when
it is estimated that the temperature of refrigemsnt on the
high-pressure side in the heat pump device is higher than the
predetermined low temperature. refrigemnt flows tluou h
the first and second indoor heat exchangers. Thus. hi h
mr-healing pcrlbmiaucc can bc achieved. Thus. Bccorduig to
IIIC prCSCIII IIIVCiitioil, lllc dcgrCC Of pIISsctlgCI S Coililbrl Cail
bc improved.

Accordin to the third aspect of the invention, before
switching front the air-heating start-up mode to the nornlal
air-heating mode. part of refrigerant can flow tluough the
second indoor heat excltonger while the remaining refnger-
ant flow s so as to bypass lhe second indoor heal cxchangcr.
Thus, d change ui refngerant liow can be slower, and
thcrcforc, a high air-healing capacity cim bc aclueved.

Accordiim to the fiiurth aspect of the invention, the tlow
rate of refrigerant in the first and second indoor heat
exchangers can be adjusted without significantly decreasing
the temperature of outdoor air haviiig passed ttmiugh the
lirsl uidoor bett cxchangcr, Imd thcrcforc, lhc degree of
passenger's comfort can be further improvcst.

According to the lil'th aspect of Ihe invcnuon, the tlow rate
of refrigerant in the first and second indoor heat exchangers
can be adjusted without significantly changing the pressure
of refrigerant circulating in the first indoor heat exchanger,
and therefore„ the degree of passenger's comfort can be
further improved.

According lo the sixth aspect of Ihc uivenlion, since the
1 olumc of air supp lmd to thc lirst indoor heat exchmigcr can
be reduced at start-up of air-heating, start-up of air-heating
cmi be faster. and therefore, the degree of passenger's

comfort can be improved. Morcovcr, in the mr-hcatuig
mode. both of the tirst and second indoor heat exchangers
SCIVC dS IddiiltorS ki IICllici c il ill' Bir-lictllliig CtipIICIIV.

Thus, the degree of passmigcr's comfort can be also
inlproved

According to the seventh aspect of the inventiim, when it
is estunated that the temperature of refrigerant on the
high-pressure side in the heat pump device Is equal to or
lower than the predetermined low temperature, the vohune
of air supplied to Ihc lirst indoor heat cxchangcr cmi bc
rcduccd. Thus, start-up of air-healing cdu bc lister, and
therefore, the degree of passenger's comfort can be
iniproved Moreover, in the air-heating mode, both of the
first and second indoor heat exchangers serve as msdiators to
achieve a lugh air-heating capacity Thus. the degree of
passen er's comfort can be also improved.

ACCOriliiig 10 itic Ciglilli IISpCCI Of itic IIIVCillioii. Ilic
tcmpcraturc ol'ir having passed tluough the indoor heal
exchanger is determined, and the air-heating start-up contml

Io is sv itched to the normal air-heating contml based on such
an air temperature. Thus, nomial air-heating can be per-
formed at proper timing, and the degree of passenger's
comfort can be further improved.

ACCOrdlilg 10 IIIC IIIIIIII iispCCI Ol IIIC IIIVcillioil, SIIICC lllC

operation Is switched lo ihe normal air-healing control alter
the lapse of the predetermined time since the air-heating,
start-up control begins. a simple control can be achieved,
and normal air-hestia can be performed at proper timing.
The depee of passenger's comfort can be further improved.

ic According to the tenth aspect of the invention. the time
bcflirc swilchuig lo thc normal air-heating control Imd al'icr
beginning of lhc mr-hcdiing start-up control is chdngcst
depending on the outdoor air temperature Thus. normal
air-heatmg can be pertiirmed al proper timing depending on

Is an outdoor air temperature, and the degree of passenger's
comfort can be further improved.

Iil(llili iiik3(:I(IIVI ION OI1 TIII: l)I(AWIN(3)

do FICI I is a schematic configumstion diagram of an vehicle
air conditioner of a first embodiment.

FICi 2 Is a block diagr;mi of the veluclc mr conditioner.
FICi 3 is a perspcclivc view of a downstream indoor heal

cxchangcr I'rom an upstream side in thc flow direction of mr.
lil(i 4 is a front view of an outdoor heat exchanger
lil(i 6 is a diagram illustratin the case of an air-heating,

start-up operation mode and corresponding to FIG 1.
FICI. 6 is a dia ram illustrating the case of an air-heatin

operation mode and corresponding to FIG. 1.
B FICi 7 is a ihagram illusudting the case ol'an mr-cooluig

operation mode and corresponding to FIG. 1.
lit(i g is a diagram illustratin the case of a defrosting

opemstion inode and correspondiim to lq(i I

FICI 9 is a flowchart showing the steps of a control
11 perfomied by an air conditioning control device.

FICi 10 Is a flowchart showing thc stops of an mr-hcatuig
subroutine contml ol'he lirst embodiment

FICi 11 is a flowchart showuig thc steps ol'an mrhcatuig
submutine control of a second embodiment

io lil(i IZ is a flowchar shov ing the steps of an air-heating,
subroutine control of a third embodiment.

FICI. 13 is a diagram illustratmg the case of an air-heatin
start-up operation mode of d lburth embodiment and corre-
sponding to FIG. 1.

ss FICi 14 is a diagram illustrating lhc case Ol'mi uitcnnc-
diate air-heating operation mode of the fourth enibodimeot
and corresponding to lil(i I
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FIG. 15 &s a tlowchart showing thc steps of an air-heating
subroutine control of the fourth embodiment.

FIG. 16 is a tlow chart showing Ihe steps of an air hcatulg
subroutine contml of a hfth embodiment

1)I.S('Rllxi ION Oi'MIIOI)IMIIN'I'S

Embodiments of the present invention will be described in
detail below with reference to dmswings. Note that the
mubodimcnts dcscnbed below will be set lilrlh merely for
Ihe purpose ol prefi:rrid examples ul nalurc. Bnd arc nol
intended to limit the scope, application, and use of the
lllvention.

F&rst Embod&ment

11(i I is a schematic configuration diagram of a vehicle
air conditioner I of a first embodiment of the present
invention. A vehicle on which the vehicle air conditioner I
is mounted is an electric vehicle including n storage battery
for rumung the vcluclc and a motor lor running thc vehicle.

lhc &chicle air con&it&oner I ulcludes a heal pump dev&ce
20. an indoor a&r conditioning unit 21, and an air condition-
ing contml device 22 (illustrated in l&l(i 2) configure to
control the heat punlp device 20 and the indoor air condi-
tioning unit 21.

The heat pump device 20 includes an electric compressor
30 configurcxl to compress refrigcrimt, a downstre&ml uldoor
heat cxchangcr (Iirst indoor heat cxchangcr) 31 d&sposed
inside a vehicle conlpartment, an upstreain indoor heat
exchanger (second indoor heat exchanger) 32 disposed
upstremn of the doivnstreanl indoor heat exchanger 31 in the
flow direction of air in the vehicle compartment, nn outdoor
heat exchanger 33 disposed outside the vehicle compart-
nlcnl, iin BccUU&UIB&or 34, I&rat lo Riiirth nlilln rcfrlgcrBUI
p&pcs 40-43 connect&ng thc components 30-34 Io ether. and
lirst and tlurd brm&chcd rcfrigcrant pipes 44-46.

1'he electric compressor 30 &s a corn entional well-kniown
electric compressor to be mounted on a vehicle, and &s

driven by an electric motor. The discharge amount of the
electric conlpressor 30 per unit time can be changed in such
d numncr that Ihc rotat&onal spccd of Ihc clectnc compressor
30 is changed. Thc chwtnc compressor 30 &s conncctcxl to
the air cond&t&ouing control dcv&ce 22 such that DN/OFF of
the electric compressor 30 and the rotational speed of the
electric compressor 30 are controlled Power is supplied
front the stomsge battery to the electric compressor 30

Referring to FI(i. 3. the downstream indoor heat
cxchiingcl 31 ulclUdcs du Uppcl hoddcl IB&&k 47, &I kiwcr
header uu&k 48, and a ccrc 49. In thc core 49. tubes 49U
ex& ending ul Ihc vert&cdl &fraction and line 49b cxlcnding &n

the verfical direction are integrated together so as to be
alternately arranged in the horizontal direction (i e.. the
right-left direct&on as v&ewed in FI(i. 3). Air-conditioning a&r

passes between each adjacent ones of the tubes 49u The
flow direction of air-cond&uonulg air &s inihcated by a white
arrow. The tubes 49a nrc arranged in Iwo lmcs ul Ihe flow
d&rccuon ol'r.

Upstream ones of the tubes 49a in the flow direction of air
and downstreanl ones of the tubes 49a in the flow direction
of air are. at upper ends thereof. connected to the upper
header tank 47 so ns to comnninicate with the upper header
tank 47. A lirst d&vidcr 47B is provided, winch is conligurcd
to dn idc an ultcrnal space of the upper header tank 47 uito
upstream and downstream spaces in Ihe flov, d&rccuon of air.
'I'he space of the upper header tank 47 upstream of the hrst
divider 47u in the flow direct&on of air conununicates v ith

thc upper ends ol'Ihe upsu cern ones of thc tubes 49a, and thc
space of the upper header tank 47 downstreanl of the first
divider 47U in the flow direction of air communicates ivith
the upper ends of the downstream ones of the tubes 49a

A second divider 47b is provided. wh&ch is configured to
divide the internal space of the upper header tank 47 into
right and Icfi spaces. A communicat&on hole 47C &s foriucxI
at part of the lira& d&vnlcr 47a on Ihc nght side ol'he siwond
divider 47b

In A refrigerant inlet 47r is formed at part of a left side
surface of the upper header tank 47 on the downstream side
in the lklw direction of nir, and a refri emsnt outlet 47d is
formed at part of the left side surface of the upper header
tank 47 on Ihe upstream side in thc flow d&rccuon of mr.

As ui thc lirst d&vxlcr 47U of the upper header tank 47. s
divider 48a is provided. &vhich is configured to divide an
internal space of the lower header tank 48 into upstream and
downstream spaces in the flow direction of air The space of
the lower header tank 48 upstream of the div&der 48a in the

Io flow d&rection of air comnumicntes with lower ends of the
upstream ones of Ihe tubes 49U, mid thc space ol'he lower
hc&Bier lank 48 downstrcmn of Ihc div&der 48U &n thc fiow
direction of air comnnmicates ivith lower ends of the down-
stream ones nf the tubes 49u

According to the foregoing confi umst&on. the downstream
indoor heat exchanger 31 has the total of four paths That is,
refrigemnt flov, in into the downstream indoor heat
cxchangcr 31 through thc rcfngcrant inlet 47c lirst flow s mto
a space R1 formed on the downstream s&dc of Ihe first

io divider 47a of the upper header tank 47 in the flow direction
of air and tilrmed on the left side of the second divider 47b,
and then flnws dnivnwsmd in ones of the tubes 49a conunu-
nicating with the space Rl.

Subsequently, the refrigerant flows into a space Sl formed
ls ou the downstrwun side ol'hc div&dcr 48B of the lower

hc&Bier uu&k 48 ul Ihc flow direction of n&r to flow toward Ihe
right side, and then flow s upward &n ones of the tubes 49B.
1'hen, the refrigerant flows into a space R2 formed on the
downstreain side of the first divider 47a of the upper header

do tank 47 in the flow direction of air and fomled on the right
side of the second divider 47b.

Next, thc rcfugcrant &n thc space R2 passes Iluough thc
conunu&ucat&on hole 47c of the lirst div&der 47a, and fiows
iulo a space R3 lormcd on ihe ups&reign s&de ol thc Iirsl
divider 47a of the upper header tank 47 in the flow direction
of a&r and formed on the riaht side of the second divider 47b
Then. the refrigerant flows doiimvnrd in ones of the tubes
49a communicating with the space R3.

Sub scqucntly, Ihc refrigerant flow s u&to a space S2 foriucxI
o ou thc upstream snlc of thc divider 48U of thc lower header

tank 48 &n Ihc flow d&rixuon of a&r Io flow toward thc lcfi
side, and then tloivs upivard in ones of the tubes 49a Then,
the refrigerant fin&v into a space 84 formed on the upstream
side of the first divider 47U of the upper header tank 47 in
the floiv direction of air and filrmed on the lefi s&de of the
second d&vxlcr 47b, and &s dischargixl to Ihe outs&dc duough
thc refrigerant oullcl 47d.

Thc upstream uldoor heal cxchan er 32 &s mcrcly huger
than the downstream indoor heat exchanger 31, and has a

io stnicture similar to that of the downstremn indoor heat
exch m er 31. Tin&a, the detailed description of the upstream
indoor heat exchanger 32 will not be repeated.

Thc outdoor heat cxciuingcr 33 &s d&sposcd near a front
cnd ul B n&otor roon& (cqU&i lib:ill to Bn ongulc loon& ul Bn

Ss engine-dnvcn vch&clc) form&xi &n a front part ol'hc vcluclc,
and &s exposed to traveling air. Refernng to I'l(i 4, the
outdonr heat exchanger 33 includes an upper header tank 37,
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d lower header tank 58, aud a core 59. In the core 59, tubes
59u extending in the vertical direction and fins 59b extend-
ing in the vertical direction are integrated together so as to
be alternately arranged in the horixontal direction Air-
conditioning air passes between each adjacent ones of the
tubes 59a.

lhc tubes 59a arc, Bl upper ends Ihereol', conncxted to the
upper header lank 57 so as to communicate with lhc upper
header tank 57 I'he tubes 59u are, at lower ends thereof,
connected to the lower header tank 58 so as to comnnuucate
with the loiver header tank 58

A divider 58a is provided, which is configured to divide
an internal space of the lower header tank 58 into right and
left spaces. An utlcl pipe 58b through wluch relngcrmtl
flows into thc lower hcadcr tank 58 is provided on the lcfi
side at the lower header tank 38, and an outlet pipe 581
through v hich refrigensnt flows out from the lower header
tank 58 is provided on the right side at the lower header tank
58.

Tints, in the outdoor heat exchanger 33. refrigerant fiov-
ing utlo the outdoor heat cxchangcr 33 tlu ough the utlet pipe
58b flows into a space Tl I'ormcd on thc lclt side of the
divider 58ri of the loiver header tank 58, and then flows
upivmd through ones of the tubes 59u coinmunicating v ith
the space 'I'I Subsequently, the refrigerant floivs into the
upper header tank 57 to flow toward the right side, and rien
flows downward in ones of the tubes 59a. Then. the refri-
cranl flow s into a space T2 formed un thc right stile of thc
divider 58a of thc lower header tank 58. mtd then flows oul
to the outside through the outlet pipe 58C.

lteferring to lil(i l. a cooling fan 37 is provided at the
vehicle. 'I'he cooling fan 37 is driven by a fan motor 38. and
is configured to send air to the outdoor heat exchan er 33.
The fan ntotor 38 is connected to the air conditioning control
device 22 such that ON/OFF ol'hc fan motor 38 mtd the
rotational spccd of'hc fan motor 38 drc controlled. Pow cr is
also supplied Ikom the storage baucry (o Ihc Ihn motor 38.

Note that the cooling fan 37 is capable of sending air to
a radiator ti1r cooling, e g, an inverter tiir ruilniilg the
vehicle„and is operable under situations other rhan the
situation where air conditioning is required.

lhc Iirst muut refngcrmtt pipe 40 connects between a
dtsciuttgc port ol'he electric compressor 30 and thc refng-
cranl uriel ol Ihc downstream indour heal exchmtgcr 31.
Moreover. the second ntain refrigerant pipe 41 connects
betiveen the refrigerant outlet of the downstream indoor heat
exchanger 31 and the refrigerant inlet of the outdoor heat
exchanger 33. The tlurd main refri erant pipe 42 connects
belw cxn the rclngerdnl outlet ol thc outdoor heal cxclxingcr
33 mtd the rclhgcrant inlet of the upstream utdoor heat
exchanger 32. Thc fourth maui rclhgermu pipe 43 connects
betiveen the refrigerant outlet of the upstream indoor heat
exchmtger 32 aild a suctioil port ot the electric conlpressor
30.

The first branched refri erant pipe 44 is branched from
Ihe second main rcfngcrant pipe 41, anil is con+Ox(cd to thc
third mrna rcl'n erdnt pipe 42. Thc second brtmclmd refng-
cranl pipe 45 is branched from thc sccontl main refngcrmtl
pipe 41, and is connected to the tiiurth main refrigerant pipe
43 'I he third branched refrigensnt pipe 46 is branched front
the third main refrigemnt pipe 42. and is connected to the
fourth ntain refrigerant pipe 43.

lhc accumulator 34 is dmposcd close lo Ihe suction port
ol'hc clcctrm compressor 30 ut the mnldlc of lhc fourth
mam refrigerant pipe 43.

1he heat pump device 20 further includes a high-pressure
floiv path sv itching device 50, a low-pressure tkiv path

switclung dcvicc 51, d first cxpmtsiou valve 52, a sixond
expansion valve 53, a firs check valve 54, and a second
check valve 55

'I'he high-pressure flow path switching device 50 forms
the flovv path svvitchin device of the present invention. and
is an electric three-way valve controlled by the air condi-
tioning control dcvwe 22. The lugh-prcssure flow paflt
switclung device 50 is disposed at the position tn thc middle
of the second main refrigerant pipe 41, and is connected to

Ic the first branched refriaerant pipe 44.
Although not shoivn, a switching valve is built in the

high-pressure flow path switching device 50 The switching
valve can operate to change the floss direction of refrigemsnt
and thc amount of rcfmgcranl flowtng into each pipe.

Thc low-pressure flow path swttclung dcvicc 51 is an
electric three-svay valve similar to the high-pressure flow
path switching device 50. and is controlled by the air
conditioning contml device 22. 1 he loiv-pressure flow path
switchut device 51 is provided in the middle of the fourth

so main refrigerant pipe 43, and is connected to the third
branched relbigerant pipe 46.

Thc first expansion valve 52 aud thc second cxpmtsion
valve 53 are electric valves. and are switchable between an
expansion state in which a flow path is narrowed to expand
refrigerant and a non-expansion state in ivhich the flow path
is opened so as not to expand refrigerant. The first expansion
valve 52 and the second expansion valve 53 are controlled
by thc air condinomng control dcvicc 22 ln thc expansion
s(atc, fllc tlcgicc. of opi:ning of cdch of lhc frsl expansion

so valve 52 and the second expansion valve 53 is set depending,
on an air-conditionin load state.

'I'he first expansion valve 52 is disposed at part of the
second main refrigerant pipe 41 closer to the outdoor heat
exchan er 33 reiative to the high-pressure flow path switch-

ss iug device 50. Thc second expansion valve 53 is dtsposcxf al
part of Ihc flurd main refngcrmtl pipe 42 closer lo Ihe
outdoor heal cxchangcr 33 relative to Ihc tlurd branchcxf
refrigerant pipe 46

I'he first check valve 54 is disposed at the tlurd main
do refrigemnt pipe 42, and is configured to allov refrigemsnt to

flov from the outdoor heat exchan er 33 toward the
upstream inikior heal exchanger 32 ut the tlurd maui rcfrig-
crant pipe 42 and to prcvmtt refrigerant Iyom flowutg ut an
opposite dirixlion.

'I'he second check valve 55 is disposed at the second
branched refrigerant pipe 45. and is configured to allow
refrigerant to flow from the main refri emnt pipe 43 toward
the second main refri erant pipe 41 in the second bmsnched
relyigcran( pipe 45 mtd lo prevent rclyigerant Iyom flowutg

C hl du opposi(c tltlcctiou.
Thi: iutlooi Bii coilililtoulug tint( 21 iucludi:s B casiu 60

housmg the dovalstream indoor heat exchanger 31 and the
upstream indoor heat exchanaer 32, an air heater 61 housed
in the casing 60, an air ntix door (tempemsture adjustment

ss door) 62 configured to switch the flow direction of air in the
casing 60 (indoor air conditioning unit 21), an air mix door
actuator 63 configurml to drive thc air mix door 62, a
discharge-mode swilchutg door 64, mtd au air blower 65.
'I'he air mix door 62 serves as a supply air volume changer

ro 'I'he air blower 65 is configured to select one of air (indoor
air) inside the vehicle contpartment or air (outdoor air)
outside the 1 chicle compartment to send the selected air into
the casing 60 as air-conditioning atr. Thc air blower 65
includes a simcco Ihn 65a and a blower motor 65b conlig-

ss urcd lo rotatably dove the sirocco I'au 65a. Thc blower motor
65b is connected to the air conditioning contml device 22
such that ON/OFii of the blov er motor 65b and the rota-
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uonal spcxd of thc blower motor 656 sre controlled. Power
is also supplied front the storage battery to the blower ntotor
656.

'lite casing 60 is disposed inside an insthnnent panel (not
shown) in the vehicle compartment. A defroster discharge
port 60a, a vent discharge port 606, and a heat disclmrge port
60C arc I'onncd at thc casing 60. These dischar e ports
60u-60C are each opcncx(/closed by thc discharge-mode
switching door 64 Although nor shown, the discharge-mode
switching door 64 is open&ted by an actuator connected to
the air conditioning contml device 22 I:xamples of a
discharge mode include a defroster mode for sending air-
conditioning air to the defroster discharge port 60u. a vent
mode for am&ding air-conditionuig air Io the vcn1 ihschargc
port 606, a lu:at mode for scnduig air-conditiomng air to thc
heat dischar e port 61(i, a defroster/heat mode for sending
air-conditioning air to the defroster discharge port 60a and
the heat discharge port 61(c, and a bi-level nu&de for sending
air-conditioning air to the vent dischar e port 606 and the
heat dischar e port 60C.

11&e total volume of air-conditionuig mr introduced inIO
thc casing 60 passes tluuugh Ihe upstream indoor heat
exchmtger 32.

Ah)pass path 6UI/ is formed in the casing 60 'I he bypass
path 60d is configured to prevent air having passed through
the upstream indoor heat exchanger 32 from flowing toward
the downstream indoor heat exchanger 31 and to allow such
mr to bypass the dowmtrcam indoor hmt cxclxingcr 31 to
flow toward thc downstream sale.

In the casiim 60, the air mix door 62 is housed between
the upstream indoor heat exchanger 32 and the downstreant
indoor heat exchanger 31 'lite air mix door 62 is coidigured
to adjust the temperature of discharged air in such a manner
that the amount of air which has passed tiuougt the
upstream uidoor heat exchanger 32 snd which is about to
pass Qm&ugh thc downstream indoor hest exchimgcr 31 is
cluuigcd to dctcrminc a mixuig rauo bctwixn mr havuig
passed through the upstreant indoor heat exchanger 32 and
air bavin passed through the doivnstream indoor heat
exchanger 31.

The depee of opening of the air mix door 62 is switchable
to an optiomi1 opcruug degree between Ihe opcmng dcgrcc at
wluch thc flow ol air toward Ihc downstream indoor heat
exchanger 31 is block&xi (i.c., thc opmiing dcgrix at which
the b)pass path 60J fully opens) and the opening, degree at
which all of air having passed through the upstream indoor
heat exchanger 32 flows into the downstream indoor heat
exchanger 31 (i.e.„ the opening degree at which the bypass
pall& 60a Is liilly'losed).

Air basing pmsed tluough the duwnsIrcam uidoor heat
exchanger 31 and air havuig circulated (luough thc bypass
path 6UI/ are mixed together in the region of the casing 60
doivnstream of the air mix door 62, thereby ti&rming air-
conditioned air having a desired temperature.

The air heater 61 is housed downstream of the down-
stream uidoor heat cxclrsnger 31 m thc casing 60. Thc mr
hcatcr 61 may bc, e.g . a PTC hcatcr using a PTC elmnmit
gcncratuig heat by current applicauun. Thc air heater 61 is
connected to the air conditiiming control device 22 such that
ON'OI'I& of the air heater 61 and the amount of heat
eneration of the air heater 61 (the povver supply amount of

the air heater 61) are controlled. Power is also supplied fmm
11&C StotsgC brihcrv Io (lie riir hcJICI 61.

11&e velnclc air conditioner I further uicludes mi outdoor
mr Imnperaturc sensor 70, an outdoor heat cxchan er tem-
perature sensor 71. a high-pressure refrigerant pressure
sensor 72. an upstream indoor heat exchanger temperature
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sensor 73, a downsu cern uidoor heat exchanger tcmperaturc
sensor 74, a discharged air temperature sensor 73. and an
upstream indoor heat exchanger pressure sensor (refrigemsnt
pressure/temperature sensor) 77 1'hese sensors 70-75 and
77 are connected to the air conditioning contml device 22.

The outdoor air tempemsture sensor 70 is disposed
upstream of thc outdoor heat exchanger 33 in thc flow
direction of air, imd is conligured to determine thc tcmpers-
hire (outdoor air temperature 1(i) of outdoor air before the

Ia outdoor air tloivs into the outdoor heat exchanger 33. 1'he
outdoor heat exchanger tentpemture sensor 71 is disposed on
a downstream surface of the outdoor heat exchanger 33 in
the flow direction of air, and is conti ured to determine the
surface tcmperaturc ol'hc outdoor heat cxchaugcr 33.

Thc high-prcssure rcfrigcrmit prcssure smisor 72 is dis-
posed closer to the discharge port of the electric compressor
3U at the first niain refri erant pipe 4U, and is configured to
deternnne the high-side refriaerant pressure of the heat
pump device ZU. i.e.. the pressure of refri erant circulatin

Io through the dov:nstream indoor heat exchanger 31
Thc upstream inik&or heat exchanger tcmpcrature sensor

73 Is disposed downstream of thc upstream indoor heat
exchanger 32 in the flow direction of air. and is configured
to determine the surface temperature of the upstream indoor
heat exchanger 32 to detenttine the tempem&ture of outdoor
air havm passed tlm&ugh the upstream indoor heat
exchanger 3Z.

Thc downstream uidoor heat exchanger tempcraturc sen-
sor 74 is disposed downstrcmn of thc downstream indoor

io heat exclmnger 31 in the flow direction of air, and is
configured to deterniine the surface temperature of the
downstream indoor heat exchanger 31 to determine the
temperature of outdoor air having passed tluough the down-
stream indoor heat exchanger 31

&I Thc discharged air tempcraturc sensor 75 I ~ conligurcd to
ilclcriuiiic (ltc Icitipci state of air iliscllargixl ftoiII thc ciisiilg
60, I.c., Ihc tcmpernturc of air-condiuoued air discharges(
into the vehicle compartment. and is disposed at a prede-
termined part of the vehicle compartment

so The upstream indoor heat exchanger pressure sensor 77 is
configured to individually determine the pressure and tem-
pcrahirc ol'efrigerant circulating tluough the ups(rerun
indoor heat cxchangcr 32.

Au ui-compartment Imnperaturc sensor 76 conligurcd to
deternnne the temperature (1 R) in the vehicle compartment
is provided at the vehicle air conditioner I, and is also
connected to the air conditionin control device 22.

The air conditioning control device 22 is configured to set
the operation mode of Ihc heat pump device 20 based on,

C eg., a tcmpcraturc sct by a passcngcr, au outdoor air
tcmpcrature, a tcmpcraturc inside the vchiclc compartment,
and the mnount of solar radiation Moreover, the air condi-
tioning control device 22 is also configured to set not only
the volume ofair from the air blow er 65 (the rotational speed

&s of the blov,er motor 656) and the degree of opening of the
air mix door 62 but nlso thc mode ol'he high-pressure flow
path s&vitching dcvicc 50.

Thc air condiuorung control device 22 controls the heat
puntp device 2U to the set operation ntode. and contn&ls the

io air blower 65 and the air mix door actuator 63 respectively
to the set air vohune and the set opening degree. The air
conditioning control device 22 is. e.g . a well-known central
processing unit, ROM. or RAM.

Moreover, thc air conihuoiung control dcvicc 22 is further
ss conligurcxl Io control Ihe electric compressor 30 and thc fan

nx&tor 38 depending on an air-conditioning load. and is also
em&figure to control the air heater 61, if necessary
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As ui a typical mitomatic air-conditioning conlrol. Ihc mr

conditionin control device 22 controls, in a later-descnbed
main routine. switching of the operation mode of the heat
pump device 20, the volunie of air from the air blower 65,
the degree of opening of the air mix door 62, switching of
the discharge mode. the electric compressor 30, and the
blower motor 656. For example. although the Ihn motor 38
basically operates dunug opcmtion of thc electric compres-
sor 30. the fan niotor 38 is operable even in a resting state
of the electric compressor 30 when. e.g „cooling of the
inverter is required

The opemstion mode of the heat pmnp device 20 includes
four types ofoperation modes: an air-heating start-up open-
non mode; a normal alr-llcatlllg opcratliiii iIliidc; Bll all-
coollllg opcratioii illodc, alii B ih:llostlll opcriitliiii itiodc.

'lite air-heating start-up operation mode illustrated in Iiy(i.
5 is selected under the circumstances that the outdoor air
tenipemture is. e g., lower than 0' (under extremely-lov
outdoor air tempemsture) and that it is estimated that the
tempemsture of refrigerant on a high-pressure side in the heat
pump dcvicc 20 decreases to a tcmpcrature of equal Io or
lower (Iran about thc outdoor air temperature (prcdctermincd
low temperature) due to. e.g . the vehicle being left uncon-
trolled for a long period of time In the air-heating start-up
operation mode, the downstream indoor heat exchanger 31
and the upstream indoor heat exchaiiger 32 serve as radia-
tors, and the outdoor heat exchan er 33 serves as a heat
absorber. In Ihc figurc, a dashed hne indicates thc refngcrmit
pipe Iluough wluch uo rclyigerant flows.

In the air-heating start-up operation inode, the high-
pressure flow path switching device 30 switches the flov
path to cause refrigeraiit flowing out trom the dowitstreani
indoor heat exchanger 31 to flow into the upstream indoor
heat exchanger 32. Moreover, the lov:-pressure flow path
suitchuig device 51 switches thc flow path Io cause rcfug-
crant flow uig out I'rom thc outdoor heat exchanger 33 to tlow
into thc accumulator 34. Thc first expansion valve 52 is in
the expansion state, and the second expansion valve 53 is in
the non-expansion state

Moreover. in the air-heating start-up operation mode. the
degree of opening of the air mix door 62 of the indoor air
conditioning unit 21 is controlled such that flie bypass path
60J Iully opens. Thw is called an "air-hcatuig start-up
control." Thus, ui Ihc air-hcatuig start-up operation mode, no
air having passed through the upstream indoor heat
exchanger 32 passes thniugh the downstream indoor heat
exchanger 31.

Due to„e ., poor sealability at a peripheral ed e part of
thc mr mix door 62, u ccrlaui volume ol air may pass through
thc downstream indoor heat exchanger 31. However, such a
state also iiidlcan:s tile state ill wliicli Illc dcgrcc ol opcillllg
of the air mix door 62 is such an opening degree that the
bypass path 60d fully opens.

When the electric compressor 30 operates in the fore oing
state, high-pressure refngerant discharged from the electric
compressor 30 flows uito thc downstream indoor heal
exchanger 31 tlu ough thc Iirst maui rclbigerant pipe 40. and
circulates in the downstream uidoor heat cxchangcr 31 Thc
refrigerant having circulated in the downstream indoor heat
exchanger 31 tlows front the second main refrigerant pipe 41
to the high-pressure flow path switching device 50. The
refrigerant flowing into the high-pressure flow path switch-
ing dcvicc 50 flow s into thc upstream uidoor heat exchanger
32 Iluough the Iirst branched rcfrigcrmit pipe 44, imd cir-
culates ui tlu: upstream uidoor heat cxclmngcr 32.

1he refrigerant having circulated in the upstream indoor
heat exchanger 32 flows from the fourth main refrigerant

pipe 43 to Ihc second maui refrigerant pipe 41 tluough thc
second branched refrigerant pipe 45 The refngerant floiving
into the second main refrigerant pipe 41 is expanded by
passing thmugh the first expansion valve 52. and then floivs
into the outdoor heat exchanger 33. The refrigerant fiowin
into the outdoor heat exchanger 33 absorbs heat from
outdoor air. Then, Ihc refngcrant passes through thc third
minn rcfngcrant pipe 42 mid the third branched rcfrigcrant
pipe 46 in this order, and is sucked into the electric com-

ic pressor 30 tltrough the accumulator 34
In the air-heating start-up opemstion niode, refrigerant

discharged from the electric conipressor 30 circulates in the
downstream indoor heat exchanger 31. However. since the
dcgrcc of openuig ol'thc air mix door 62 is sct such that no
air-conditiotung air flows tluough thc downstream indoor
heat exchanger 31, little heat is exchanged between the
refrigerant circulating in the downstreani indoor heat
exchanger 31 and outdoor air 'linis, an mcrease m tempera-
ture and pressure of refrigerant on the high-pressure side in

io the heat pump device 20 accelerates
Thc normal air-hcatuig opcrauon mode illustrated in FIG.

6 is sclivtcd under thc circumslauccs Ihal the outdoor air
temperature is, e g., lower than 0''. (under extremely-loiv
outdoor air temperature) and that it is assumed that the
air-heatmg start-up opemtion niode is not required as in the
case where the temperature of refrigerant on the high-
pressure side in the heat pump device 20 Is higher than the
outdoor mr tcmpcraturc.

In Ihe normal air hca1uig operation mode. Ihc dog uslrcatn
io indoor heat exchanger 31 and the upstream indoor heat

exchanger 3Z serve as radiators, and the outdoor heat
exchanger 33 serves as a heat absorber.

Moreover, in the nomtal air-heatin operation mode. the
de ree of opening of the air ntix door 62 of the indoor air

is conditiotung unit 21 is controlled at Ihc opcmng dcgrce
obtauicd based on, c.g., a tcmpcraturc sct by a passenger.
This is called a "normal air-hcatui control." Thus. in Ihe
normal air-heating operation mode. air having passed
through the upstream indoor heat exchanger 32 passes

so throu h the dov:nstream indoor heat exchan er31 Thus, the
volmne of air passin tluough the dov nstream indoor heat
cxchangcr 31 is greater thmi that in thc air-heatuig stari-up
opcralion mode.

That is. Ihe high-pressure flow path switchuig device 50
and the low-pressure flow path sivitching device 31 operate
as in the foregoing air-heating operation mode The first
expansion valve 5Z is in the expansion state. and the second
expansion valve 53 is in the non-expansion state.

Wlmn Ibc clew 1ric compressor 30 operates ui the lorcgouig
c state, high-prcssure reliigcrant discharged from thc clectnc

compressor 30 flows as ui thc fiiregoing air-heating opera-
tion mode, i.e, high-temperature refrigemsut flows into the
downstreain indoor heat exchanger 31 and the upstream
indoor heat exchanger 32. Air-conditioning air is heated by

ss both of the dov:nstream indoor heat exchanger 31 and the
upstream indoor heat exchmigcr 32. resultuig in a lugh
alr-llialtlllg CapaCllv.

Thc air-cooling operanon mode illustrated in FIG. 7 is
selected when the mitdoor air temperature is. e.g, higher

io than 25' In the air-cooling operation mode, the dowi1-
stream indoor heat exchanger 31 serves as a msdiator. the
upstream indoor heat exchanger 32 serves as a heat absorber,
and the outdoor hcut exchanger 33 scrvcs as a radiator.

That is, Ihc high-prcssure flow path switcluug device 50
ss swiIchcs Ihc flow path such Ihatrcfn crant flowingout from

the downstream indoor heat exchan er 31 tlows toward the
first expansion valve 52 so as not to flow into an mlet port
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of the upsueam uldoor hca( cxclmnger 32. Morcovcr. thc
loiv-pressure flow path switching device 51 sv itches the
floiv path to cause refrigerant flowing out from the upstreanl
indoor heat exclmnger 32 to flow into the accunnilator 34.
The first expansion valve 52 is in the non-expansion state,
and the second expansion valve 53 is in the expansion state.

Morcovcr. in (hc air-cooling opcranon mode, (hc degree
o('pening o('hc mr mix door 62 of Ihc uldoor air cond&-
tionina unit 21 is controlled at the opening degree obtained
based on, e.a, a tempenstme set by a passenger

When the electric compiessor 30 operates in the ti&regoiag
state, high-pressure refngerant discharged from the electric
conlpressor 30 flows into the downstream indoor heat
exchanger 31 tlu ough thc Iirst maul rc(bigerant pipe 40. and
circula(es in the downstream uldoor hea( cxchangcr 31 Thc
refrigerant having circulated in the downstream indoor heat
exchanger 31 flows, without being expanded„ into the nut-
door heat exchanger 33 through the main refrigensnt pipe 41.
The refrigemsnt flov in into the outdoor heat exchanger 33
dissipates heat, and is expanded by passing tluouch the
second expansion vulva 53 o('hc tlurd mmn rel'rigerant pipe
42. Then, the refmgcrant flows ulto the upstream uldoor heat
exchmlger 32 flhe refrigerant floiving, into the upstreanl
indoor heat exchanger 32 circulates in the upstream indoor
heat exchan er 32 to absorb heat from air-conditioning air.
The refrigerant having circulated in the upstream indoor heat
exchanger 32 is sucked into the electric compressor 30
Iluough ihe accumula(or 34 of the fourth main refngcrml(
pipe 43.

l)ependin on the degree of opening of the air mix door
62. the volume ofair passing through the downstream indoor
heat exchan er 31 and the volume of air passing (I&rough the
upstream indoor heat exchanger 32 are chan ed. As a result,
air-conditioned air having a desired temperature is ener-
atcd.

11&e defrosting operation mode illustra(cd in FIG. 0 is
sclccn d win n fros( is formed on Ihe outdoor heal exchanger
33 In the defrostmg operation mode. the downstream indoor
heat exchan er 31, the upstream indoor heat exchanger 32,
and the outdoor heat exchan er 33 serve as radiators

That is. the hip&h-pressure flow path slvitching, device 50
su 1(ches the flow pa(h to cause relngeranl havulg circulated
in Ihc downs(rerun uldoor hen( cxclmnger 31 Io flow ulto thc
upsucam indoor heat exchanger 32 and (hc outdoor heal
exchanger 33 Moreover, the low-pressure flov path sivitch-
ing device 51 switches the tlov: path to cause refrigerant
flowing out from the outdoor heat exclmnger 33 to flow into
the accunuihstor 34. The first expansion valve 52 is in the
expansion state. aud thc second expansion valve 53 is in the
lion-cxpaltslou s(a(c.

When the electmc compressor 30 opera(es ul the forcguulg
state, high-pressure refngerant discharged from the electric
compressor 30 flows into the downstream indoor heat
exchanger 31 fltlough the first main refrigerant pipe 40. and
circulates in the do&s nstream indoor heat exchanger 31 The
rcfrigeran( having circula(cd in (he duwnstrcam mdoor heal
exchanger 31 flows into thc lugh-prcssure flow pa(h switch-
ing dcvicc 50 tluough Ihc second main rcfngemn( pipe 41.
Part of the refngerant flowing out fmin the high-pressure
floiv path sivitching device 50 flows into the upstreanl
indoor heat exchan er 32 through the first bmnched refrig-
erant pipe 44, and circulates in the upstream indoor heat
exchanger 32. Thc refngerant havulg circula(cd ul the
ups(ream uldoor heat exchanger 32 flows ulto (hc second
mam refrigerant pipe 41 (hrough (he fourth mmn refn ermlt
pipe 43 and the second branched refrigerant pipe 45. Mean-
while. (he remaining part of the refrigerant flowing out front

thc lugh-prcssure flow path switching device 50 flows mto
the second main refrigemnt pipe 41 without circulating in
the upstremn indoor heat exchan er 32.

After joining together at the second main refngerant pipe
41. the refrigerant flows into the outdoor heat exchanger 33.
After absorbing heat front outdoor air, the refrigerant fio-
win into the outdoor hca( exchanger 33 passes tluuugh Ihe
tlurd main rcfngcrim( pipe 42 and thc flurd brtmchcd refrig-
emsnt pipe 46 in this order. and is sucked into the electric

Ia cmnpressor 30 through the accunlulator 34
In any of the air-heating start-up operation mode. the

normal air-heating operation mode, the air-cooling operation
mode. and the defrosting operation mode„ the downstream
indoor hea( cxchangcr 31 seri ca as u radiator.

Morcovcr, in any of thc foregoing operation modes, thc
refrigerant pipe throu h ivhich refrigerant flows into the
outdoor heat exchanger 33 is the second main refrigerant
pipe 41, and the refri erant pipe through which refrigerant
flows out from the outdoor heat exchanger 33 is the third

lo main refri erant pipe 42. Thus. in the outdoor heat
exchanger 33. rcfngcran( alw ays flow s in onc direction. The
outdoor hca( exchanger 33 nuiy bc conligurcd considenng
only distributioil of refriaerant in one direction, and there-
fore, the heat exchan e perti&rnlance of the outdoor heat
exchanger 33 can be relatively easily enhanced as compared
to the case of a heat pump device configured such that
refrigemnt reversibly flows.

In any of (heforcgoulg opera(ion modes, sflcr refrigeranl
flows (luough the downs(ream ones of thc tubes 49a of thc

lo downstream indoor heat exchanger 31 in the floe: direction
of air, the refrigerant can flow through the upstreain ones of
the tubes 49a of the downstream indoor heat exchanger 31
in the flow direction of air, and then can be discharged. Thus,
the dov:nstream indoor heat exchanger 31 can be in such

&s countcrcurrcnt arrangcmml( Ilrat the flow o('rcfrigcran( in the
downs(ream indoor hca( exchanger 31 is coun(crcurren( Io
the flow ol'utdoor air. Sinularlyr ul mly of thc Ihrcgoulg
opemstion modes. after refrigerant tlows through down-
stream ones of tubes (no( shoivn) of the upstrean& indoor heat

so exchanger 32 in the flow direction of air„ the refrigerant can
flov tluough upstream ones of the tubes of the upstream
ludool heal exchanger 32 ill thc flow dil'cc(loll o( alr, alu!
then can bc discharged. Thus. thc upstream indoor heat
cxchangcr 32 can bc also in thc coun(crcurrcnt armngcmen(.

Since the doivnstream indoor heat exchanger 31 is in the
countercurrent arrangement, higher-temperature refrigenlnt
flows tluough the downstream part of the downstream
indoor heat exchan er 31 in the flow direction of air par-
ticularly ul the normal mr-heating operation mode. Thus,

o air-hcatulg can bc cfliciently pcrfi&nncdr and air-hca(ulg
pcrfi&nnancc can bc mlproi rx(.

Moreover. since the upstream indoor heat exchanger 32 is
in the countercurrent armngement, lower-tenlpemture refrig-
erant Ik&ws tluough the doivnstream part of the upstream

» indoor heat exchanger 32 in the flow direction of air par-
ticularly ul thc air-coolulg operation mode. Thus, mr-coolulg
can bc eflicicn(ly pcrformcd. and mr-cooling perfonnance
can bc improved.

Referring to I l(i 2. the air conditioning control device 22
ro includes a frosting detenninator 22rr configured to determine

v hether or not frost is fi&rmed on the outdoor heat exchanger
33. The frosting detenninator 22a determines that frost is
fi&rnuxl on the ou(door heat cxclmuger 33 when a value
obtaulcd by subuacnng the sur('acc tcmpcraturc of Ihe

ss outdoor heat exchanger 33 detennuled by the outdoor hca(
exchanger temperature sensor 7( from the outdoor air tem-
perature ( FGj determined by the outdoor air temperature
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smisor 70 is greater than, c.g., 20 ('.). 11iat is, frosting
determination is performed based on the fact that. when frost
is Rirmed on the outdoor heal exclmn cr 33, rcfh crmil
cannot absorb heat in the outdoor heat exchanger 33 and a
it:filgcrdiil tt:iiipci'dlUrt: clot:s iiol iiiclmtstx TliUs, SI vithtt: of
"20" may be other values as long as it can be„based on such
a value, determined whether or not frost is fomled on the
outdoor heat exclmnger 33

Next, the steps of the control performed by the air
conditioning control device 22 will be deschbcd with ref-
erence to FICiS. 9 and 10. FIC). 9 shows the main routine. At
step SA1 ager '*START," an outdoor air tcmperaturc (TG)
detemiined by the outdoor air temperahire sensor 70 is read.
Al step SA2 subscqumit to step SA1, it is dctermincd
whether the outdoor air tentperature ('Ifi) is lower than 0" G.
or equal to or hi her than 0" G.

When it is, at step )A2, determined that the outdoor air
tempemsture (TCI) is loss er than 0" C., the process proceeds
lo step SA3. An air heating subroutine control shoe n ui FIG.
10 is performed„and the process proceeds to 7ENEW of the
mam rouluie. In the air-healing subroutine conlrol. Ihc heal
ntode is ntainly selected as the discharge mode of the indoor
air conditionin unit 21 Moreover. the air mix door 62
operates such that the temperature of discharged air reaches
a target tempemsture.

When it is„at step SAZ, detemiined that the outdoor air
lempcralurc (TG) is equal to or higher lhmi O'., the process
proceeds to step SA4. Then, thc hest pump device 20 is
switched to the air-cooling operation mode. and the process
pmceeds to "I:NI)'* of the main mutine

In the case where frost is fohned on the outdoor heat
exchanger 33, the defrosting operation mode is selected

The air-heating subroutine control shown in the ilowchart
ol'FIG. 10 ss ill bc deschbcd At step SB1 after *'START." an
outdoor mr tempcruture (Tfi) detchuuicd by thc outdoor air
tcmpcralurc sensor 70 is read.

At step S)32 subsequent to step S)31„ it is deternuned
whether or not the outdoor air temperature ('Ifi) is higher
than -10'. When it Is determined as "NO** at step SB2,
i.e.. the outdoor air temperature (TG) is equal ro or lower
than — 10'.. a vchiclc is assumed as bemg ui a cold star(
stale, mid thc process procccds to step SB3. As a result, thc
mr-healing start-up operation mode is selected as Ihc opera-
tion mode. Note that a value of "— 10*'ay be other values
as long as it can be, based on such a value, deternuned
whether or not the tempemsture of refrigemnt on the high-
pressure side in the heat pump device 20 is low.

Since (hc air mix door 62 fully opens Ihc bvpass path 60tf
in Ihe air-healing start-up operation mode, Ihc volume of air
p ass i rig thriiUgli (lit: tlow iislrcaiii iiitlttttr lieal cxcliaiigcr 3 1 Is
less in the air-heatmg start-up operation nxide than in the
normal air-heating operation mode.

Subsequently, the process proceeds to step SB4. and the
output value of the Itjvg-pressure refrigemsnt pressure sensor
72. i.c.. a rel'rigcrant prcssure (P) on thc lugh-prcssure side
in thc heal pump device 20, is roid. The process proctxds to
step SB5 afier roading of lhe rcfrigcranl prcssure (P), and il
is detehnined whether or not the refrigerant pressure (P) is
hig)ier than 1.0 Mpa When it is determined as "NO" at step
SB5, i.e.. the refhgerant pressure (P) is equal to or lower
than 1.0 MPa, the process returns to step SB4. The refrig-
erant prcssure (P) on Ihc high-prcssure snlc ui tlm heal pump
device 20 ts read agmn, and thc dctcnmnation as m step SB5
is pcrfonmxl. That is, until thc rclrigcranl prcssure on the
high-pressure side becomes higher than I 0 Mpa. it is
estimated that the teinperature of refrigerant on the high-

prcssure sale in Ihc heat pump device 20 is loss. and
therefore, the air-heatin start-up operation mode is contin-
ued.

Note that a determination pressure value of I 0 Mpa tnay
vary depending on the outdoor air temperature. For example,
as the outdoor air tempemsture increases. the speed of
iiicicdsiiig (lie tciilpt:ldhiic tif it:filgcidiil oii (lie liigli-prcs-
sure side in Ihc heal pump device 20 decrca sea. Accorthngly,
the detemiination pressure value is decreased

Io When it is determined as "Yl:S" at step )135. i e., the
pressure of refrigerant on the high-pressure side in the heat
pump device Z0 is higher than I 0 MPa. it is assumed that
the refrigerant temperature is also hi h, and the air-heating
start-Up opcid(ioii is lxi Iortgl:r iil:cdctl. Iii lists casm (lie
process proceeds lo step SB6. and lhc air-healing stari-up
opemstion inode is stvitched hi the norinal air-heating opera-
tion mode.

When it is detemtined as "Yl:S" at step S)32. i e., the
outdoor air temperature (Tli) is hi her than -10" C.. it is

stt assumed that the temperanlre of refrigerant on the high-
prcssure side ui thc heal pump dcvicc 20 is high, and Ihc
air-hcatuig start-up operation is no longer ntxdcd. Thus, Ihc
pmcess proceeds to step S)36. and the operation mode of the
heat pump device 20 is stvitched to the normal air-heating
opemstittn inode

As just described, the air conditioning control device 22
estimates. at steps SB2 and SB5. whether or not the tem-
pcrahirc of relngcranl on Ihc lugh-prcssure side ui Ihc heal
pump device 20 is equal to or lower than a prcdclernunod

io low temperature. When it is estimated that the tempemsture
of refrigerant on the hig)i-pressure side in the heat pump
device Z0 is equal to or lower than the predetermined low
temperature ("NO" at step SB4 and "NO*'t step SB5), the
operation is performed in the air-heatin start-up operation

is mode On Ihe other hand, when it is cshmalcd that Ihc
tcmpcralure of rcfhgcrdni on Ihc lugh-pressure snlc in Ihc
heat pump device 20 is lugher tluui thc prcdclernuncd low
temperature ("YIIS" at step SI32 and "YIIS" at step SI35),
the operation is performed in the norntal air-heating open-

ao tion mode.
That is. the air conditioning control device 22 controls the

air nux door 62 suCh Ihal Ihc volume ol'ir sent lo thc
downstrctun indoor heal exchanger 31 is lower in thc case
where it is cshmalcd lluii lhc Imnperaturc ol rclrigcrmh on
the high-pressure side in the heat pump device 20 is equal to
or lower than the predetemtined low tenipemsture than in the
case where it is estimated that the temperature of reihigemsnt
on the high-pressure side in the heat pump device 20 is
higher than thc prcdclcrnuncd low temperature.

O If lhc frosting dclenmnalor 22U determines. dunn Ihc
air-hcaluig opcrahon mode. that frost is lonncd on Ihc
outdoor heat exchanger 33, the opemstion mode of the heat
piunp device 20 is stvitched to the defrosting operation
mode. When defrosting is completed, the operation mode of

ss the heat pump device 20 is switched to the air-heating
operation mode.

As dcschbcd above, accorduig to thc Iirsl embodiment, it
is cstinuttcd that die temperature of rclrigcmnt on thc
high-pressure side is equal to or lower than the predeter-

io nuned lov temperature under the circumstances, such as the
v inter. that the outdoor air tempemsture is loss and that
refrigerant on the hi+-pressure side In the heat pump device
20 is cooled to a tcmpcraturc close to thc outdoor air
tcmpcralure duc lo Ihc heal pump device 20 bcuig Icf(

ss uncontrollcx( for a long pchod of time. In such a case, since
the air mix door 62 fully opens the bypass path 60t(. the
volume of air sent to the downstream indoor heat exchanger
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31 &s less than that &n the nom&al air-heaung oper It&on ulodc.
'I'lnis, the amount of heat exchanged benveen outdoor air and
refrigerant discharged from the electric co&nprescor 30 wlule
the refrigerant is circulating in the downstream indoor heat
exchanger 31 can be reduced. Accordingly. a decrease in
tempemture of refri emnt on the high-pressure side in the
heal pump dcv&cc 20 can bc rrxluccd. Consequently, an
incrcdsc in rcfn Orant prcssure and rcfrigcrant temperature
acceleratec. and therefore start-up of air-heating becomes
faster. As a result. the degree of passenger'c comti&rt can be
improved.

Since the volume of air sent to the downstream indoor
heat exchanger 31 is switched by the air mix door 62. it can
bc m&surcd that such au air volume is cas&ly sw&lchcd.

When &t &s dctennu&cd that Ihe relhgcrm&t prcssure
becomes h&gher than the predetermined pressure, the heat
pump device 20 and the indoor air conditioning unit 21 are
switched from the air-heat&ng start-up openction mode to the
normal air-heatin opemtion mode. Thus. the heat pmnp
device 20 and the indoor air conditionin. unit 21 can be
sw itched to Born&el a&r heating based on m& actual refn erm&1

tcmpcraturc Tlus allows Born&al a&r-healing at proper Iinung
afier start-up of air-heat&ng

1hc outdoor air ten&pencture ('I'(i) which i ~ the tmnpera-
ture of air outs&de the vehicle coinparunent and the ten&-

perature of refrigerant on the lfigh-pressure side in the heat
pump device 20 relate to each other, and it is assumed that

lower outdoor a&r tmnpcrature fTG) resulls u& a luwer
tempcraturc of rel'ngcrant on thc high-pressure side u& thc
heat pump device 20 In the present einbodiment. the
outdoor air ten&perature (T(i) &s determined to estimate the
tenlpemture of refrigerant on the high-pressure side in the
heat pun&p device 20. Thus. the estimation results are
accurate. and proper control can be performed.

In Ihc forego&ng emboihmcnt. after lhc refrigerant prcs-
sure fp) on Ihc h&gh-pressure sale &s, al slap SB4. read in the
mr-heating start-up operation mode, it is. at step SB5,
detemlined whether the a&r-heating start-up operation n&ode

should be continued or should be terminated to be switched
to the nomlal air-heatin operation mode. However. the
present invention is not limited to such a configuration. For
cxdulplc. after thc a&r-hcdtulg stBII-Up opc&BI&ou unxlc
begins. Ihe heat pump dev&cc 20 and the uldoor a&r cond&-

uorung unit 21 may bc sw&tched to ihe normal air-heating
operation &node filornlal air-heating control) when it is, at
step SB4, determined that the refrigencnt teinperature deter-
mined by the upstream indoor heat exchanger pressure
sensor 77 becomes higher than the predetermined tempem-
turc. In tlus case, au actual reiiigerm&1 lcmperaturc can be
detcrmu&ed, and thc heat pump device 20 and lhc indoor mr
cond&tioning un&t 21 can be sw&&chad Io normal air-heating
based on the actual refrigerant temperature. This allows
normal air-heating at pmper timing after start-up of a&r-

heating. As a result, the dree of passenger's comfort can
be improved.

After the temperature of mr havu&g passed tluough thc
upsucam indoor heat exchanger 32 &s dctenuuled by thc
upsucam indoor lmdt exchm&gcr temperature sclwor 73. and
the air-heating start-up contml begins. when it is deternuned
that the air temperature determined by the upstream Indoor
heat exchanger temperature sencor 73 becomes hi her than
the predetermined temperature. the heat pump device 20 and
thc indoor mr cond&t&on&ng ulut 21 mdy bc sw&tchcxl to the
nom&al air-lmdting opcrauou mode.

In tlus case. thc a&r-heauug start-up operat&on mode can be
switched to the normal air-heating operation mode based on
tile tcnlpcl'Blare of,'ui'avhlg p,'lcscd ihl'ough the upsti'calx

indoor heat cxchimgcr 32. Tlus allows normal air-heatu&g at
proper t&ming. As a result, the depee of passenger's comfort
can bc further impro&cd.

Note that thc tcmpcraturc used for thc foregoing dcier-
nunation may va&y depending on the outdoor a&r tempem-
ture. I&or example. since a lower outdoor air temperature
results in a slo&ver increase in tempemture of refri emcnt on
the Iug-pressure side. a lower temperature is used ii&r the
detenn&nation.

1&i

Second I in&lx&din&ent

Flfi 11 is a fiov,chart showing the steps of an air-heating
subroutine control of a second mubodunent of thc prcscnt
iuvm&&ion. Thc second embodunm&t &s sun&lar to the first
embodiment except for the steps of the air-heating submu-
tine control 'I'he same reference mu&&erals ac those described
in the first embodiment are used to represent equivalent
elements in the second embodiment. and the description

&o thereof will not be repeated. Difi'erences between the firct
and second cmbodunents will be descnbed &n data&1.

At step SCI of the liow chart shown u& FIG. 11, an outdoor
a&r tenlperature 1 I (i) deterinined by an outdoor air tempem-
ture sensor 70 is read

At step S('2 subsequent to step )Cl, it ic determined
whether or not the outdoor air temperature (TCi) ic higher
than -10'. When it is determined as "NO** at step SCZ,
i.c., thc outdoor a&r tcmperaturc fTG) &s equal to or lower
than — 10'.. a velucle &s assumed as be&ng &n a cold start

&o state, m&d the process proceeds Io step S('3 As a result, an
a&r-heating stmt-up operation n&ode ic selected ac an opera-
tion mode.

Subsequently, the process proceeds to step SC4, and
timing begins v, ith a timer being set at "0." The time elapsed

&c dficr bcguuung of lhc d&I'-hcatulg sn&rt-up opcldnou uuxlc
can bc obta&ncd by thc umcr.

Then, thc process proceeds to step SC5, and &I is dcier-
nuned whether or not the time obtained by the timer exceeds
60 seconds, i.e . &vhether or not a predeterm&ned period of

do time has eiapsed after beginnin of the air-heating start-up
operation mode. When it is detemlined as "NO*'t ctep SC5,
i.c., thc t&mer shows that 60 scmonds have not elapsed, thc
dctcrnunation as u& step SC5 is perl'onncd agau&. and thc
process stands by until 60 seconds have clapscd

When it is detemlined as yYI:S" at step 5('5. i e., the
timer shows that 60 seconds have elapsed. the process
proceeds to step SC6, and the air-heating start-up operation
mode is switched to a normal air-heating opemtion mode.

That is. &n thc second embod&menu when the prcdcier-
o nuncd t&mc has clapsixl aficr bcgumu&g of thc a&r-hcatu&g

start-up opera&&on mode. Ihc heat pump dev&cc 20 and an
indoor air conditionin unit 21 are s&vitched to the normal
a&r-heatmg operation mode lhe steps of estunating &vhether
or not the temperature of refrigemnt on a hiJ&-pressure side

&s in the heat pump device 20 is equal to or lower than a
prcdcternunid low tcmpcrature arc steps SC2, SCS.

Thus, accord&ng to the second emboihmcnt. under thc
c&rcumstanccs that reiiigcrant on thc lugh-prcssure s&dc in
the heat plunp device Z0 is cooled to a tempenctme close to

io an outdoor air temperature, an a&r mix door 62 fully opens
a bypass path 60d, and therefi&re the volume of air cent to a
downstream indoor heat exchanger 31 is less than that in the
normal a&r-heat&ng operation mode as in thc iirst embodi-
meul. Accordu&gly, a dccrcasc &n tcmperaturc of rcfrigcrant

sc can bc riduccd. Conscqum&tly, an u&crease &n rcfrigcrant
pressure m&d refrigerant ten&perature on the high-pressure
side in the heat pump device 20 acceleratec. and therefore,
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start-up ofair-heatuig bccomcs faster. As a result, the dcgrcc
of passen er's comfort can be improved.

Morcovcr. since Ihc air-heating stan-up operation mode is
switched to the normal air-heating operation inode based on
the time elapsed after bcgulnuig of Ihe mr-hcaluig start-up
operation mode, a simple control can be achieved, and
normal air-heating can be performed at proper timing.

I 'urther. the tinie (predetermined time) before sivitching to
the nomial air-heatin operation mode and af'ter beginning
ol'Ihc air-heating start-up opcmtion mode nuiy vary dcpmid-
in on the outdoor air tempemsture, Specifically. the prede-
termined time is set lo bc longer as thc outdoor air tcmpcra-
ture decreases In the case of a loiv outdoor air temperature
duruig mi cxtremcly-cold penod, it is sssumcil thai Ihc time
required for start-up of air-heating is long In such a case, a
long time before sv itching to the normal air-heating open-
tion mode and after begtnnmg of an air-heating start-up
control is ensured. thereby perfouniiig normal air-heating at
proper llllllilg.

Moreover. the time (predetermined time) before switch-
ing to Ihe normul air-lmating operauon mode and after
beginning of the air-heating start-up operation mode may
c ary dcpenduig on the pressure of rcfngerant on lhc high-
prcssurc side. Specifically, the predctcmuncxl ume is sct to
be ion eras the pressure of refrigerant on the high-pressure
side increases In the case of a low outdoor air temperature
during an extremely-cold period, it is assumed that the
pressure of refrigerant on the high-precsure side is low and
that the time required for start-up of air-heating, is loiig In
such a case, a long lime before swilclung lo the normal
mr-healing opcrauou mode and after bcguumi ol'Ihe air-
heating start-up control is ensured. thereby perfornliilg ilor-
nial air-heating at pmper timing.

Tlurd Embodiment

FI(i 12 is a flowchart showing the steps of an air-heating
subromine control of a third embodiment of the present
invention. The third embodiment is similar to the hrst
enlbodiment except for the steps of the air-heatin subrou-
une conu of Thc same rcfcrcuce numerals as those descnbed
in ihe first embodiment arc used lo rcprcscnl cquivalmil
clcmcnls in thc tlurd cmbodimcnl, and flie ilcscription
thereof will not be repeated Differences between the hrst
and third embodiments will be described in detail.

At step SDI of the flowchart shown in FI(r'. 12. an outdoor
air temperature (TO) deteunined by an outdoor air tempem-
turc sensor 70 is read.

At slc)t SD2 subscx)cent to slap SD1, il is dctermincd
whether or nol thc outdoor air temperature (TG) is lughcr
than — IO" ('hen it is determined as "NO" at step SD2,
i e.. the outdoor air temperature ('I'(I) is equal to or lower
than -10" (:.. a vehicle is acsumed as being in a cold start
state, and the pmcess proceeds to step SD3. As a result. an
mr-healing start-up opcrauon mode is sclerlcil as an opcra-
uon moile.

Subsequently, the process proceeds to slap SD4. and thc
output value of a lligli-pressure refrigerant pressure seilsor
72. i e . a refrigerant pressure (P) on a high-pressure side in
a heat punlp device 20. is read. The process proceeds to step
SD5 afler reading of the refrigerant pressure (P), and it is
detcrmuied whclhcr or not the rcfrigcranl prcssure (P) is
lugher than 0.5 MPa. Whoa»l is detcrmuied as "NO" al step
SD5, i.e.. thc rcl'ngersnl prcssure (P) is equal to or lower
than 0.5 Mpa, the process returns to step Sl)4 The refrig-
emnt pressure (P) on the high-pressure side in the heat pump
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device 20 is read agaui, and the dclcrminalion as ui step SD5
is performed Meanwhile. the air-heating start-up openction
mode is continued

When it is deterniined as "YI'IS" at step SD5. i e., the
pressure of refrigerant on the high-pressure side is higher
than 0 5 MPa. it is estimated that a refrigerant temperature
is lugh. In Ibis case. thc process proceeds to step SD6 lo
cmise an air mix door 62 to be ui a huff-open stale. That is,
air having passed throuah an upstream indoor heat

lii exchanger 32 flows throu h belli of a dowiistreani indoor
heat exchanger 31 and a bypass path 60d, and therefiire. such
air is also heated by the downstream indoor heat exchanger
31. Note that the air mix door 62 may be in a one-third open
slate oi il Iwo-tlillil opcli slalix

Then, Ihc process proceeds to step SD7, aud thc refrig-
erant pressure (V) on the high-pressure side in the heat pump
device 20 is read. After the refriaencnt pressure (V) is read,
the process proceeds lo step SDS. and it is determined
v hether or not the refrigerant pressure (P) is higher than 1.0

io MPa When it is determined as "NO" at step SDS, i.e.. the
relngcrant prcssure (P) is equal to or lower thtm 1.0 MPa,
the process rclums lo slop SD7. The refngcrant pressure (P)
on the high-pressure side in lhe heat pump device 20 is read
again, mid the foregoing determination is performed again at
step SD8. Meamvhile. the air-heating start-up operation
mode is continued.

Note that a detemiination pressure value of I.O MPa may
vary depending on thc outdoor air tcmpcralure. For example.
since a lower outdoor mr Imnperalurc results in a slower

io increase in refrigencnt temperature on the high-pressure side,
a smaller determination pressure value is set

With a change in detemiination pressure value of I 0
MPa. the determination pressure value (0 5 MPa) at step
SD5 may be chan ed.

sc Wlmn it is detcrmuied as "YES" al step SDS. i.c., Ihe
prcssure of refngcranl on Ihc lugh-prcssure sale is lugher
than I 0 hIPa. Ihc process proceeds to step SD9, and Ihe
air-heatmg start-up operation mode is switched to the nor-
mal air-heating operation mode. This increases the volmne

so of air sent to the downstream indoor heat exchanger 31. An
increase in voiume of air sent to the downstream indoor heat
cxchangcr 31 may result in a decrease in prcssure of
rcfngcrsnt on the lugh-prcssure side.

In order to cope with such a stale, it is, at step SD10.
deternnned again whether or not the refrigemcnt pressure (V)
on the high-pressme side in the heat punip device 20 is
hi her than 0.5 MPa.

When it is determined as "NO" at step SDIO, i.e.. the
relbigcrant prcssure (P) on thc lugh-prcssure side is

o dixrcascd to equal Io or lower thmi 0.5 MPa. Ihe process
returns to step SD6, and lhc iolumc of air scut lo Ihe
downstreain indoor heat exchanger 31 is decreased by
putting the air mix door 62 into the half-open state Then, the
process stands by until the pressure of refri erant on the

i. high-pressure side increases afler steps SD7, SDS
When it is dclenmncd as "YES" at slap SD10, i.c., thc

prcssure (P) on Ihc lupi-prcssure side is higher than O.S

MPa. Ihc process proci:cils to "END."
'illus, according to the third embodiment, under the

io circumstances that refrigerant on the high-pressure side in
the heat pump device 20 is cooled to a temperature close to
the outdoor air temperature, the air mix door 62 fully opens
the bypass path 60d. and therefore, thc volume of air sent Io
the downstream uidoor heal cxchangcr 31 is less than that in

sc the normal air hwiung operation mode as in the first embodi-
ment. Accordingly, a decrease in temperature of refrigerant
can be reduced. (:onsequently, an increase m refrigerant
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prt:ssllrc d&id reft&go&ant Ic&l&pc&du&&0 ti&i Itic h& 1&-p&cssurc

side in the heat pump device 20 accelemstes. and therefore,
start-up ofmr-heat&ng bccomcs faster. As d resul&, fiie degree
ol'asscngcr's comfort can be unpmved.

1be fiirm Of the a&r mix door 62 is not limited. and the air
noix door 62 may be in the form of a plate or a filnt.

The case i&here two heat exchan ers, i.e.. the downstream
indoor heat exchanger 31 and the upstream indoor heat
exchanger 32. are the indoor heat exchangers servin as
radiators has bem& dcscribcd in thc li&regouig embod&mmits,
dnd the present uivmiuon &s not 1&m&ted to such a case. Thc
present inve&&(ion is applicable to the case &Chere a si&tgle
indoor heat exchanger serves as a radiator (see the air
conditioner of Patent Document I). That is, the air mix door
62 is controlled such that the volume ofair sent to the indoor
heat exclmnger servin as a radiator in both of the a&r-

hea&uig opcrat&ou mode and thc air-cooling opcranon mode
is less in Ihc case wlmrc il is cstimatcd Iha& Ihe temperature
of refriuerant on the h&gh-pressure side in the heat puntp
device 2U &s equal to or low:er than a predetermined low
temperature than in the case where it is estimated that the
temperature of refri erant on the hi h-pressure side in the
heat pump dev&ce 20 is h&gher than the predetermined low
IC&lipCI&Ill&&0.

In this case, li:aturcs aud advantages sumter to those of
the foregoing embodiments can be achieved

In estimatin whether or not the te&nperature of refrigerant
on the high-pressure side in the heat pump device 20 is equal
to or loiver than the predeteunined lov, temperantre. it may
be estimated based on an output value of B temperature
sensor capable of dctermuuug the temperature ol'refu erm&t

on thc high-prcssure sale, &I may be cstimatcd by dc&crnun-
ing the pressure of refrigensnt on the high-pressure side. or
it may be estiniated based on the ti&ne elapsed afier begin-
nin of air-heating 'the estimation method is not linuted

In the foregoin embodiments. it is estimated whether or
not the tenipemture of refrigemsnt on the high-pressure side
in Ihc hca& pump dcv&cc 20 &s equal to or lower limn thc
prcdc&ernuncd low temperature, mid thea&r-hiaituig start-up
control is performed when the tempensture of refrigerant on
the high-pressure side in the heat pmnp device 20 is esti-
mated as bei&m equal to or lower than the predetermined lov
tempemsture The present invention is not limited to such a
configuration. For example, the air-hestia. start-up control
may bc. at the bcgituung ol'&r-hca&uig, pcrfi&micd rcgard-
lcss ol Ihc temperature ol rcfrigcranl on Ihc lugh-prcssure
side, folloived by sw&tching the air-heating start-up opera-
t&0»'0 tile &&0»'ital,'lu'-1&CBtu&g OpC&'Bt&ii&1 I bc'lr-beati&tg
start-up operation niay be sw&tched to the normal air-beati&tg
operation at, e.g.. the timing at which a predetenn&ned
period of time has elapsed after beginning of air-heating.

I'ourth Iimbodi&nent

A fourth embodiment of the present invention will be
dcscubixl with rcfcrm&ce to FIGS. 13 (o 15. The Iburth
mubodimcnt &s d&flbrent ltom thc first embodunmit in data&ls
of a conu ol Thc same rcfcrcucc numerals as those descubed
in the hrst embodiment are used to represent equivalent
elements in the fourth embodiment, and the description
thereof ivill not be repeated Diflcrences between the tirst
and fourth embod&ments will be described in demit.

Rcfcrung Io FIG. 13, B high-pressure flow path sw&tching
device 50 I'ouns a flow path sw i&chuig device of the present
invcn(ion, and is an elec&uc tlu ceca ay valve conIrollcd by an
air conditioning control device 22 'I'he high-pressure tlow
path switchin device 50 is disposed at the position in the

m&ddle of a second maui rcfrigcraut pipe 41, and is con-
nected to a first branched refrigerant pipe 44.

'I'he high-pressure fioiv path sv itch&ng device 50 includes
a refrigerant inlet 50a which is connected to a downstream
indoor heat exchan er 31 tlmiugh the second main refri-
emsnt pipe 41 such that refrigerant flows into the rettigerant
iulc& 50a from the downstream indoor heat exchanger 31, a
normal air-hea&ing rclhgcr;mt outlet 50b && h&ch is connccied
to an upstream indoor heat exchanger 32 through the first

&0 branched refrigerant pipe 44 such that refrigerant floiving
into the refrigerant inlet 50a tloivs into the upstream indoor
heat exchanger 32, and an air-heating start-up refrigerant
outlet 50c ivlfich causes refrigerant flowing into the rettig-
cI'tlat n&lct 50&t (0 bvpdss Ill&: lips&rca&t& a&door hcdI cxcl&B&lgc&

32. Thc air-heating s&ait-up rcltigcrant outlet 50c is con-
nected to an outdoor heat exchanger 33 through the second
main refrigermit pipe 41 so that refrigerant flowing into the
refrigerant inlet 50a can tlows mto an outdoor heat
exchm er 33.

&0 Although not shown, a sivitching valve is built in the
high prcssure flow path su i&clung dcvicc 50. Such a swi&ch-

ing villvc opc&dtcs 10 sv:I&el& B&i&ong B nomull Bu-1&can&lg

openstion mode in ivhich refrigensnt flowing into the refrig-
ensnt inlet 50a tiows into the normal air-heatmg refrigerant
outlet 30b. an air-heating start-up operation mode in which
refrigemnt flowing into the refrigerant inlet 50a flows into
the Bir-heating start-up refrigemsnt outlet 50c. and an inter-
mcdiaIc air-hcatui opera&ion mode in wluch refrigeran1
flowuig ui&o Ihc refugcrm&1 inle( 50a flows &n&o Ihc normal

ic a&r-heating refrigerant outlet 50b and the a&r-heating start-up
refrigerant outlet 50c. 'I he proportion of distribution of
refrigerant tiowing into the normal air-heating refrigensnt
outlet 50b and the air-heating sta&t-up refrigerant outlet 50c
in the intermediate air-heatin operation mode can be

is optionally clmngmi.
No&c that thc iugh-prcssure flow path sw &tclung dev&cc 50

and a Iow-prcssure flow path sw&tching device 51 are bofii
electnc three-way valves, but an electric valve or an elec-
tromagnetic valve may be separately provided at each outlet

do pipe to switch a flow path.
A vehicle air conditioner I includes an outdoor air tem-

pcraturc sensor 70, an outdoor heat cxchaugcr tcmperaturc
sensor 71, a h&gh-prcssure rcfrigecdnt pressure sensor (first
prcssure seimor) 72, an upstream u&door heat cxclmngcr
temperature sensor (second temperature sensor) 73. a down-
stream mdoor heat exchanger teniperature sensor (first tem-
perature sensor) 74, a discharged air tempemsture sensor 75,
and an upstream indoor heat exchanger pressure sensor
(second pressure sensor) '77. These sc&mors 70-75 and 77 are

0 connimtcd 10 Ihc air condi(ioning control dcv&cc 22.
Thc a&r-heanng sta&t-up opcrauou mode of thc fourfii

embodinient is performed as illustrated in. e g . 1&Ki 13 In
the a&r-heating start-up operation mode illustrated in I'IG
13. the downstream indoor heat exchanger 31 serves Bs a

i. radiator. and the outdoor heat exchanger 33 serve~ as a heat
absorber. Moreover, no rel'rigerant flow s into thc ups&rerun
&ndoo& ical cxclla&&ger 32. I&1 11&c du-llcdnng sui&1-ilp opc&d-
t&on mode, the lugli-pressure flow path sw&tcluug device 50
is switched to the air-heating start-up operat&on mode. In

ic addition, the low-pressure tlow path sivitching device 51
switches the flow path to cause refrigemsnt flowing out from
the outdoor heat exchanger 33 to floe into an accumulator
34. A first expans&on valve 52 &s ui an cxpaus&on state, and
d second cxpBns&on i dli t: 53 &s u& d non-cxpans&0&1 sitiic.

ss When an electric compressor 30 opecdtcs ui Ihc lbrcgouig
state, high-pressure refrigerant discharged from the electric
cmnpressor 3U flows into the downstream indoor heat
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exchanger 31 tlu ough thc Iirst maui rctbigerant pipe 40. and
circulates in the downstream indoor heat exchanger 31 'I he
refrigerant having circulated in the downstream indoor heat
exchanger 31 flows into the refrigerant inlet 50a of the
hi h-pressure flov path switching device 50 tluou h the
second main refngerant pipe 41. Since the high-pressure
flow path switclung device 50 is in thc air-heating start-up
operation mode, thc rcfrigcran( flowuig u11o Ihc refn ermu
inlet 50a tloivs into the second main refrigemsnt pipe 41
through the air-heating start-up refrigerant outlet 50r flhe
refrigerant is expanded by passing thmugh the tirst expan-
sion valve 52, and then, flows into the outdoor heat
exchanger 33. The refrigerant ti(nvin into the outdoor heat
exchanger 33 absorbs hca( I'rom ou(door mr. 111cn, thc
rcfrigeran( passes through a third maui rcfngemnt pipe 42
and a third branched refrigerant pipe 46 in this order, and is
sucked into the electric contpressor 30 thmugh the accumu-
la(or 34

In the air-heatin start-up operation mode, refrigerant
discharged from the electric compressor 30 circ«tates In the
downs ue un utdoor heat exch mgcr 31, but does no( circulate
in the upstream indoor hest cxchan cr 32. Thus, the total
volume of (he refrigerant path in the heat pump device 20 is
small. 'I'hus, an increase in tempemsture and pressure of
refrigerant on a high-pressure side accelerates

In the fourth embodunent, the intermediate nir-heating
operation mode illustmsted in Fioi. 14 is perfomted. The
iniermcdia(c air-heating operation mode is selcc(cxt while
die tllr-heating star(-up operation mode sluf(s. af(er comple-
tion thereof, to the nornial air-heating operation mode

In the intermediate air-heating operation mode, the down-
s(ream indoor heat exchanger 3( and the upstream indoor
heat exchanger 32 serve as msdiators. and the outdoor heat
exchanger 33 serves as a heat absorber.

lliat is. the high-prcssure flow path switching device 50
is sw«chcd to thc intenncdiate air-hca(m operation mode.
In addi(ion. Ihc low -prcssure flow path sw«clung devmc 51
switches the flow path to cause refrigerant flowing out front
the outdoor heat exchanger 33 to flow into the accunnilator
34. The first expansion valve 52 is in the expansion state,
and the second expansion valve 53 is in the non-expansion
1 til Ie.

When the electric compressor 30 operates ui dte Ibregoing
stale, lugh-pressure refngermit discharged from Ihe elec(ric
compressor 30 floivs into the downstream indoor heat
exchanger 31 through the tirst main refrigerant pipe 40. and
circuhstes in the dov nstream indoor heat exchnn er 31 The
refrigerant having circulated in the dov;nstreran indoor heat
exchanger 31 flows in(o the rcfn crau( mlct 50a of the
lugh-pressure tlow pa(h switching device 50 fluough the
second mrna rcthgerant pipe 41. Since Ihe lugh-pressure
floiv path switching device 50 is in the intermediate air-
heating operation mode, the refrigerant flov ing into the
refrigerant inlet 50a flows nut thorn the nomtal nir-heating
refrigerant outlet 506 and the air-heating start-up refrigerant
outlet 50c.

llic retbigcran( tlowuig out from Ihe normal air-hea(ing
rcfrigeran( outlet 50(t flows into thc upsueam indoor heal
exchanger 32 through the first branched refrigerant pipe 44,
and circulates in the upstream indoor heat exchanger 32 'I he
refrigerant having circuLsted in the upstream indoor heat
exchanger 32 tlov s from a fourth main refri erant pipe 43
to Ihc second main refngermit pipe 41 Iluough a second
branched rctbigcrunt pipe 45.

Mcsnwhilc. tlm rcfngemn( flowuig ou( Irom Ihc air-
heating start-up refrigerant outlet 50O flows into the second
niain refrigerant pipe 41 without circulating in the upstreant

indoor heat exchanger 32. At part of thc second main
refrigerant pipe 41 upstreani of the first expansion valve 52,
the refrigerant floiving out front the normal air-heating
refrigerant outlet 50(i and the refrigerant tlowing out from
the air-heating start-up refrigerant outlet 50c join together.

After joinin together at the second main refngerant pipe
41, thc rcfngcran( is expanded by passing through thc tirst
expansion valve 52. mul flows in(o Ihe ou(door hca(
exchanger 33. The refrigerant flowing into the outdoor heat

Io exchanger 33 absorbs heat from outdoor air Then, the
refrigerant passes thmu h the (bird main refrigerant pipe 42
and the third branched refrigerant pipe 46 in this order. and
is sucked into the electric contpressor 30 through the accu-
uuda(01'4.

I Ill tlllv Of Ihx. all-hi:s(lltg s(alt-Op Operation luodix Ihc
normal air-heating operation mode, the intermediate air-
heatmg opemstion niode. an air-coohng opemstion mode. and
a defrosting operation mode, (he downstream indoor heat
exchan er 31 serves as a radiator in this example.

io Moreover, in any of the foregoin operation modes, the
retrigcran( pipe through which rctrigcrnnt flows in(o Ihe
ou(door hea( exchanger 33 is Ihc second main rcfrigcran(
pipe 41, and the refrigerant pipe through which refrigerant
flov s out from the outdoor heat exchanger 33 is the third
main refrigerant pipe 42 Thus, in the outdoor heat
exchanger 33. refri erant abvays thews in one direction. The
outdoor heat exchanger 33 ntay be configured considering
only distnbu(ion ot retrigerant ui onc ihrcction, and there-
fore, Ilm hca( cxchimgc pertbrmancc of the ou(door hea1

io exchanger 33 can be relatively easily enhanced as compared
to the case of a heat pump device contigured such that
refrigerant reversibly flows

In any of the foregoing operation modes„after retbigemsnt
flows tluou h dovvnstream ones of tubes 49a of the down-

is stream indoor heat exchanger 31 ui thc flow dirccuon of air,
the rcfngcrant can flow Iiuuugh upstrcum ones of the tubes
49a of thc downs(ream indoor heat exchanger 31 ui thc flow
direction of air, and then, can be discharged I'hus, the
downstreain indnor heat exchanger 31 can be in such

so countercurrent arran ement that the flow of refrigemsnt in the
downstream indoor heat exchanger 31 is countercurrent to
thc flow of outdoor mr. Similarly. in any of the Ibrcgouig
opera(ion modes, sflcr rcfrigersn( flows tluough down-
stream ones ol (ubca tno( shown) o I Ihc ups(ream uidoor hea1
exchanger 32 in the floiv direc(ion of air, the refngerant can
tlow thrnugh upstream ones of the tubes of the upstream
indoor heat exchan er 32 in the flow direction of air. and
then. can be discharged. Thus, the upstream indoor heat
exchanger 32 can be also in the countercurren( armngcmcn(.

o Sumc the downstream indoor Iu:st exchanger 31 is in Ihe
countcrcurrcnt arrangcmmi(, higher-tmnperaturc rcfrigcrmu
flov s thmugh a dnivnstreani parr of the doivnstream indoor
heat exchanger 3( in the flow direction of air particularly in
the nomtal air-heating operation mode. Thus. air-heating can

1. be effimently perfomted. and air-heatin perfonnance can be
improved.

Morcovcr, since Ihc upstream indoor heat exchanger 32 is
in Ihc countcrcurrcn( srrangemcnl. lower tempera(urc refrig-
erant flows throug)1 a dov nstream part of the upstream

(o indoor heat exchanger 32 in (he tlow direction of air par-
ticularly in the air-cooling operation mode. Thus, air-coo tin
cmt be efficiently performed. and air-coolin pertiirmance
can bc improved.

Next. thc steps of thc control pcrformcd by the air
ss condi(iotung control des ice 22 will bc descnbixh A main

routine of the fnuith embodiment is the sante as tlmt of the
first embodiment I'irst, mi outdoor air tempemstme ('I'Ci) is
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read at slap SAI after **START" of thc mmn roulmc of thc
firrt embodiment as tllustmtted in I'l(i. 9 When it is, at step
)A2 detenuined that the outdoor air temperature (T(i) ts
lotver than 0" ('. the process proceeds to step SA3 An
air-heating subroutine control illustmtted in FICI. 15 is per-
formed, and the process proceeds to "END" of the main
rouiinc. In tlm atr-heating subrouluic control, a heal mode ts
mamly selcctcd as a discharge mode ol'hc uidoor mr
conditioniim unit 21 Moreover, an air inix door 62 opemttes
such tltat the temperature of discharged air reaches a target
temperature

When it is„at step SA2, detemiined that the outdoor air
temperature (TCI) is equal to or hi her than O'.. the process
proceeds to step SA4 Thc heat pump device 20 is switched
lo thc atr-cooling opcrauon mode. and Ihe process proceeds
to "iiNI)" of the main routine

If fmst is ftirnted on the outdoor heat exchanger 33. the
defmsting operation niode is selected

Tbe air-heating subroutine control shown in the flowchart
of FIG, 15 still be described. At step SBI subsequent to
'*START," an outdoor atr lempcmiurc (TG) detcrmuied by
thc outdoor mr tmnpcralurc sensor 70 mid an m-compart-
nient air teniperature (TR) determined by an in-compartntent
temperature sensor 76 are read.

At step SI32 subsequent to step SI31„ it is deternuned
ivhether or not the outdoor air tempemture (TCI) or the
in-conipartment air temperature (TR) is lower than O'.
When tl ts dctermtncd as '*NO'* al step SB2. t.e., tlm outdoor
mr Imnperalure (TG) or Ihe in-compartment mr lcmperalurc
('I'R) is equal to or higher than 0" ('., the process proceeds
to step SI33. and the operation mode of the heat pump device
20 is switched to the air-heatuig start-up operation nxide

Then, the process proceeds to step SB4. and it is deter-
mined whether or not a discharged air temperature deter-
nuncd by thc discharged air lcmpcralure sensor 75 is lughcr
than 30'. When it ts dctenntncd as "NO" at step SB4. t.tx,
thc tliscliarged atr temperature is equal to or lower than30''

the determination as in step )l34 is repeatedly performed
until the discharged air temperature reaches higher than 30"
() Meanwhile. the heat pump device 20 opemtes in the
air-heatin start-up operation mode.

When tt is delcrmincd as "YES*'t sicp SB4. i.e., thc
dtscltatgcd air tcmpcraturc is higher lhmi 30'., the process
proceeds to step SB5, and the opcrauon mode of thc heal
pump device 20 is switched to the normal air-heating
operation mode

Tbe air conditionin control device 22 estimates, at steps
SB2, SB4, whether or not the temperature of refri erant on
thc luJt-prcssure side ui the heat pump device 20 ts equal to
or lower than a prcdclcrmuicd low lcmpcranirc. That is, if
thc Icmperaturc of rcfngerant on Ihe lugh-prcssure side in
the heat pump device 20 is equal to or lov er than the
predetermined low tempemttme, the discharged air tmnpera-
nlre is low. The "predetermined low temperanire" in the
present embodiment is a temperature at which the dis-
charged air tcmpcraturc is 30'. Wlicn thc discharged mr
lempcralurc is lughcr than 30" C., tl ts cstmiated lhal thc
lempcralurc of rel'ngcrant on thc high-pressure side ui thc
heat pump device 20 is higher than the predetermined lov
tenipemture ("Yl:S" at step )l34) On the other hand. when
the dischar ed air temperature is equal to or lower than30'..

it is estimated that the tempemtture of refrigerant on the
lugh-pressure side tn thc heat pump device 20 ts cxlual to or
lower lhmi Ihc prcdctem»ncd low lcmperalurc ("NO" at step
SB4).

qhat is. Ihe air conditioning control device 22 causes the
high-pressure flow path switching device 50 to be in the

atr-hcatuig start-up operation mode when it 1 ~ cstimatcd thai
the temperature of refri emnt on the high-pressure side in
the heat pump device 20 is equal to or lower than the
predetermined loiv temperature. and causes the high-pres-
sure flow path switching device 50 to be in the normal
air-heating operation mode when it is estimated that the
tcmpcralure of rcfngcrani on Ihe lugh-pressure sale in Ihe
heat pump device 20 ts lugher tlnui thc prcdclernuncd low
temperature

la When it is determined as "Yl:S" at step )l32. i e., the
outdoor air temperature (I'(I) or the in-compartment air
temperature (TR) is loiter than 0" C., the process proceeds
to step SB6. and the operation niode of the heat pump device
20 ts switcitcd lo lhe air-heating start-up opcrauon mode.

Subsequently, Ihc process proceeds to step SB7, and tt is
deternuned tvhether or not the discharged air tempemtture
deternuned by the discharged air temperature sensor 75 is
higher thmi 30" C When it is deternttned as "NO" at step
SB7. I.e, the dischar ed air temperature is equal to or lower

io than 30" C.. the determination as in step SB7 ts repeated
until the discharged air lempcralurc rcachcs lugher thtm30'.

Mcanwlule, lhe heal pump dcvtcc 20 operates in Ihe
atr-heatmg start-up operation niode

When it is determined as "Yl:S" at step )l37. i e., the
discharged air temperature is hiaher than 30" ('., the process
proceeds to step SBS, and the in-compartment air tempera-
ture (TR) is read. At step SB9 subsequent to step SBS, it is
dclcrnuncd ss bather or nol Ihc in-compartment air lcmpcca-
turc (TR) ts lower than 20'. If the ui-comparuncnt air

so temperature (I R) is equal to or higher than 20" ('. the
pmcess proceeds to step SI35, and the operation mode of the
heat pump device 20 is stvitched to the nonual air-heating,
operation mode.

At steps SB7 to SB9. the air conditioning control device
is 22 csluna les w hclhcr or nol Ihc tempera lure ol refrigerant on

the high-prcssure side ui lhc heat pump device 20 is equal lo
or lower than Ihc prtxlclcrmincd loss tcmperaturc.

At step 5139, tvhen the in-compartment air teniperature
(TR) is lotver than 20" C., the pmcess proceeds to step

so SBIO. and the operation mode of the heat pump device 20
is sv itched to the intermediate air-heating operation mode.
Subscxlucntly, thc process proceeds to slap SBII, and ii is
dclcrnuncd whcthcr or not lbc surface tcmperaturc ol'hc
upstream indoor heal cxchmigcr 32 detcnnined by thc
upstream indoor heat exchanger tempemtture sensor 73
(equivalent to the temperantre of outdoor air having passed
through the upstream indoor heat exchanger 32) is higher
than 50'. When it is determined as "NO** at step SB11, i.e.,
the surlacc tcmpcralure of Ihc upstream uidoor heal

o exchanger 32 ts equal to or lower thmi 50'., the dctcnni-
nalion as in slctt SB11 is repeated unul thc surl'acc tempera-
ture of the upstreani indoor heat exchanger 32 reaches
higher thmi 50" (:. Meanwhile. the heat pump device 20
operates in the intemtediate air-heatin operation mode.

s. When it is determined as "YES** at step SBII. i.e., the
sitifat:t: tctilpci Jtittt: of lilt: ttpslrcatii ititloor Itctt cxchailgt:1
32 is lughcr than 50'.. the process proceeds to step SB5.
and lhc operation mode of Ihc heal pump dcvtcc 20 is
switched to the nomial air-heating operation ntode

ro 'I'hat is, the air conditioningcontrol device 22 switches the
hi h-pressure floiv path switchin device 50 from the air-
heating start-up operation mode to the intermediate air-
hcaung operation mode beliire assr(ching from lhe air-
hcaling start-up operation mode Io thc normal air-hcaluig

ss operation mode. and then switches the high-prcssure flow
path switching device 50 fmm the mtennediate air-heating
opemttion inode to the normal air-heating operation mode.
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During Ihc mr-heating operation mode, when a frosting

deternlinatnr 22a determines that frost is filnned on the
outdoor heat exchanger 33, the operation mode of the heat
pump device 20 is switched to the defrnsting operation
mode. Upon completion of defrostinv, the heat pump device
20 is switched to the air-heatmg operation mode.

As I usl dcscribixl, according to the lourlh cmbodnnenl. It

is assumed that the tcmpcraturc of refrigerant on lhc high-
pressure side is equal to or lower than the predetermined low
temperature under the circumstances. such as the winter. that
the outdnor air temperatum is low and that refrigerant on the
high-pressure side in the heat pump device 20 is cooled to
a temperature close to the outdoor air temperanire due to the
1 chicle being left uncontrolled lor a long penod of lmic. In
such a case. the lugh-prcssure flow path swilclung device 50
is in the air-heatmg start-up operation mode, and refrigerant
having circulated in the downstream indoor heat exchanger
31 flows so as to bypass the upstream indonr heat exchanger
32. Tlnis, an increase ln refrigerant pressure and refrigerant
tempemshire on the hi h-pressure side in the heat pump
device 20 accelerates, mid therefore, start-up ol'air-healuig
bimomcs I'aster.

On Ihe other hand, it is assumed that the temperature of
refrigerant on the high-pressure side is higher than the
predetermined low temperature under the circumstances
after the Lapse of the predetermined time from the beginning
of the air-heating stait-up opemstion mode. In this case. the
lngh-pressure flow path swilclung device 50 is in the nomial
mr-healing opcrauou mode, and rcfrigcrmil having circu-
lated in the downstream mdoor heat exchanger 31 tlnws
through the upstream indoor heat exchanger 32. 'I'lms, since
outdoor air can be heated by the doivnstreain indonr heat
exchanger 31 and the upstream indoor heat exchanger 32, a
hi h air-heating capacity can be achieved. Consequently,
according to thc prcscnt mnboduncnl, the dcgrcc of passen-
ger's comfort can be improvish

Since Ihc intcnncdiatc air-hcaluig operalion mode is
pmvided, part of refrigerant can floiv, before sivitching front
the air-heatin start-up operation mode to the nnrnial air-
heating operation mode. throu/I the upstream indoor heat
exchanger 32 ~bile the remaining refrigerant can flow
lluough Ihe section other Ihan thc upslreiun uidoor heal
exchanger 32. Tlus results ul a slow change in relhgcrmll
flow, mid thcrclhrc. a lugh air-heaung capacity can bc
achieved

'flic air conditioning contml device 22 may control. in the
intermediate air-heating operation mode, the amount of
refrigerant circulatin in the downstream indoor heat
exchanger 31 such thai a change ul lcmpcralurc dctermincd
by thc downstream indoor heat exchanger tcmpcraturc sen-
sor 74 falls within a predetcrmuied rmlgc. That Is, the
high-pressure flow path switching device 50 is capable of
optionally changing the amount of refrigerant circulating in
the downstream Indoor heat exchanger 31 and the amount of
refrigerant circulating in the upstream indoor heat exchanger
32. and controls lhc amount of refrigerant circulalm ui thc
downslrimn uidoor heat cxchimgcr 31 such thai lhc surlacc
lempcralurc of thc downstream uldour heal exchanger 31 is
higfier than. e g, 50" ('his can adjust the flow rate of
refrigerant in each of the downstreain indonr heat exchanger
31 and the upstream indoor heat exchan er 32 without
significantly decreasing the tempemsture of outdoor air hav-
ing passed tluough thc downstream uldoor heal exchanger
31.;md lhercfilrc, lhc dcgrcc of passen cr's comfilrt can be
further improved.

1he air cnnditioning contml device 22 may control, in the
intemiediate air-heating operation mode, the amount of
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32 such that a change in pressure. which is determined by the
high-pressure refrigerant pressure sensor 72, of refrigenlnt
circulating in the doivnstream indoor heat exchanger 31 falls
v ithin a predetermined range. That is. the amount of refri-
emsnt mrculating in the downstream Indoor heat exchanger
31 is controlled such lluii lhc pressure of refngcriml circu-
lating in the downsucam uldoor heat cxclrdngcr 31 Is, c.g.,
equal to or higher than I MPa 'Ibis can adlust the flow rate

ln of refrigerant in each of the downstreani indoor heat
exchanger 31 and the upstream indoor heat exchanger 32
without significantly decreasing the temperature of outdoor
air having passed through the downstream indoor heat
cxchangcr 31. mid thcrcforc. the dcgrix ol'assenger's
comfort can bc further unproved.

'I'he air conditinning control device 22 may contml, in the
intermediate air-heating operation nlode. the amount of
refrigerant circulating in the upstream indoor heat exchanger
32 such that a chan e in tenlperature determined by the

lo discharged air temperature sensor 75 falls within a prede-
tCnuluCd raugC. Tlldl ls. Ihc Bllxluul ol ICfllgi IBBI CIICulallug
iu the downstream uidoor ical cxchaugcr 31 is controlfcxf
such that the temperature deternlmed by the discharged air
temperature sensor 75 reaches, e g, equal to or higher than
30'1 'I'his can adjust the flow rate of refrigenlnt in each of
the downstream indoor heat exchanger 31 and the upstream
indoor heat exchaltger 32 without significantly decreasing
thc lcmpcralurc of ouidoor mr having passed tlumigh Ihc
dowustrciuu indoor heal cxcfuutgcr 31. and lhcrcfore, thc

lc degree nf passenger's comfort can be further improved
'I'he air conditionin control device 22 may switch the

high-pressure flovv path sivitchin device 5U from the inter-
mediate air-heating operation mode to the normal air-heat-
in operation mode when it is deteunined that the tempera-

ls ture delcrnunixl by Ihc upstream indoor heal exchanger
tcmpcrature sensor 73 is equal to or higher than a prcdcier-
nuncd tcmperaturc. Tluil is, when tlm tcmpcmturc dcier-
nuned by the upstream indoor heat exchanger teniperature
sensor 73 is. e g, equal to or higher than 50" ('., It can be

do assumed that the temperature and pressure of refrigerant on
the hi h-pressure side is sufficiently increased. In such a
state, thc lugh-prcssure flow path sw itching dcvicc 50 can bc
switched to thc nomuil air-heating operation mode to
ctthancc the air-hcaung capacity.

'I'he air conditionin control device 22 may switch the
high-pressure flovv path sivitchin device 5U from the inter-
mediate air-heating operation mode to the normal air-heat-
in operation mode lvhen it is determined that the pressure
dclcrnuncd by thc upstream uldoor hcut cxclrdngcr prcssure

o smlsor 77 is equal to or higher than a prcdclcrmincd prcs-
sure Thai is, when Ihc pressure ol'rcfrigcraul circulaung in
the upstreain indoor hear exchanger 32 is, e g., equal to or
higher than I MPa, it can be assumed that the pressure of
refrigemnt on the high-pressure side is sufficiently

is increased. In such a state. the hi h-pressure flow path
switclung device 50 cdn bc switched to thc nonual air-
heating operation mode lo enhance lhc air-hmling capacily.

Thc air condiliomng control dcvicc 22 may switch thc
tlow path switching device from the interniediate air-heating

ic openltion inode to the normal air-heating operation mode
v hen it is detemlined that the discharged air temperature
determined by the disclmrged air tempemsture sensor 75 is
equal to or lughcr than a prcdclermuicd tcmpcmturc. That is,
when thc discharged air temperature dclcrmincd by Ihe

ss dischaiged air tcmpcrdlure sensor 75 is, c.g., equal lo or
higher than 30" (', it can be assmned that the pressure of
refrigerant on the high-pressure side is sufficiently
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increased. In such a stnic, thc flow pafll switching device can
be switched to the nomlal air-heating operation mode to
cnhBncc Ihc Blr-hcaung cdpticuv.

When it is estnuaicd thai the tcmperdturc and prcssure of
refrigerant on the high-pressure side are equal to or higher
than predeteunined temperature and pressure based on the
determined rotational speed of the electric compressor 30,
the air-heating start-up operation mode may be switched to
the normal air-heatin operation mode, the air-heating start-
up operation mode may bc swuchcd to Ihe ullcrmediatc
mr-healing operutlon mode, or Ihe uttcrmcxliatc air-heating
operation mode nlay be switched to the normal air-heating
operation mode

At steps SB4. SB7 of the flowchart shown in FRi. 15. the
determination is made on the dischar ed air temperanire (T).
Imtead of the dischar ed air temperature (T). it may be
detcrmuled whcthcr or noi thc tcmperdturc dcicmuncd by
Ihc duwnslrctuu huloor hcdt cxchBngiu tcnlpcliuilic sensor
74 is hi her than, e g, 50" (', or it nmy be deternuned
whether or not the refngerant pressure determined bv the
high-pressure refrigemnt pressure sensor 72 is higher than,e, I MPa.

llifth I inlbodiment

FIG, 16 is a flov chart showing the steps of an air-heating
subroutine control of a fifih embodiment of the present
invmulon. Thc lifth embodiment is sunilar to thc Iburth
mubodimcnt except for the slcqts of thc mr-heating subrou-
tine control lbe same reference numerals as those descnbed
in the fourth embodiment are used to represent equivalent
elements in the flflh emlxldiment, and the description
thereof will not be repeated. Diflhrences beuveen the fourth
and fifth enlbodiments will be described in detail.

At sup SCI ol'hc flow clmri shown ul FIG. 16, an outdoor
mr Icmpcrature (Tfi) dctemuncd by an outdoor air tempera-
ture smlsor 70 aud an ul-comparunelu air temperature (TR)
detemlined by an in-compartment temperature sensor 76 are
read

At step SC2 subsequent to step SCI. a first timer TI is set
to begin counting. Then. the process proceeds to step SC3,
dnd 0 ls dctcmuncxI wlmthcr or noi Ihc outdoor air Icmpcra-
Iurc (TG) or Ihc in-compartment air temperature (TR) is
lower thml O'. When it is dctennincd as '*NO" ai step SC3,
i e., the outdoor air temperature (T(i) or the in-compartnlent
air tenlperature (TR) is equal to or higher than 0" C, the
process proceeds to step SC4. and the operation mode of a
heat pump device 20 is switched to an air-heating smrt-up
operation mode.

At step SC5 subscqucnt to step SC4, u is dctermlncd
whciher or not 10 sixonds Irdvc clapscd smce lhc Iirst umcr
'I'I began counting When it is determined as "NO" at step
S( 5. i.e., 10 seconds have not ehlpsed since the first timer
TI began counting. step SC5 is repeated until 10 seconds
have elapsed When it is detemtined as "YES" at step SC5,
i.c., 10 seconds haveclapscd since Ihe Iirst tmlcr TI bc dn
couniulg. Ihe process process)s Io stop SC6. mid the opcra-
uon mode of thc heat pump device 20 is swttcitcd to a
normal air-heating operation mode.

At steps S( 3. S('5. an air conditioning control device 22
estimates whether or not the temperature of refrigeram on a
hi h-pressure side In the heat pump device 20 is equal to or
lower Ihan a prcdctem»ncd low Iemperature. Thai ls. 0 is
csiimdicd thai the Iempcraiurc of rcfrigcrani on Ihc high-
pressurc side in thc lmdt pump device 20 is equal to or lower
than the predeternlined low: temperature until a certain
amount of time has elapsed after the beginning of the
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air-hcatulg start-up operauon mode, mid the mr-heatulg
start-up operation mode is continued On the other hand,
v hen the certain amount of time has elapsed after the
beginning of the air-heating start-up operation mode, it is
estimated that the tenlperature of refrigerant on the high-
pressure side in the heat pump device 20 is hipter than the
prcdeicnnlnixl lou Icmpcraiure, and thc air-heating sian-up
opcranon mode is switched Io the normal nir-lmdtulg opera-
tion mode.

Ic I'hat is, the air conditioning control device 22 causes a
high-pressure flow path switching device 5U to be in the
air-heating start-up operation mode when it is estimated that
the temperature of refrigerant on the high-pressure side in
thc heat pump dcvicc 20 is ixNul to or lower than thc
prcdclcrnuncxl low tcmpcraiurc. and causes thc high-pres-
sure flov path sivitching device 50 to be in the normal
air-heating operation mode when it is estinlated that the
temperature of refrigerant on the high-pressure side in the
heat pump device 20 is higher than the predetermined low

lo temperature.
Wlmn it is detcnnined as "YES" ut step SC3. i.c., Ihe

outdoor air temperature (TG) or Ihc ul-compaumcnl air
temperature (TR) is lower than 0" (', the process proceeds
to step S('.7, and the operation mode of the heat pump device
20 is switched to the air-heating start-up operation mode

At step SCS subsequent to step SC7, it is determined
whether or not 10 seconds have elapsed since the first timer
Tl began counting. When ii ls deiennincd as "NO" at stcqt

SCS, i.c, 10 seconds luivc not elapscxI sulce thc Iirsi nmcr
lc 'I'I began counting, step SCU is repeated until 10 seconds

have elapsed When it is determined as "YI'S" at step S( 0,
i e., 10 seconds have elapsed since the first timer 'I I began
countin . the process proceeds to step SC9. and the in-
compartment air tempemture (TR) is read.

li Then, thc process proccmds Io step SC10, and it is dcier-
nuncd whcihcr or noi Ihc in-compuriment air Icmpcraiure
(TR) is lower than 20'. When it ls dctcrmlncd as "NO" at
step SCI U, i e, the in-compartment air temperature ('I'R) is
equal to or higher than 20" (', the process proceeds to step

do SC6. and the operation nlode of the heat pump device 20 is
sv itched to the normal air-heating operation mode.

When it is dciermincd as "YES" at step SCIU, i.c., thc
iu-compartment air tcmpcraiure (TR) is lower tlmn 20'..
thc process proceeds Io step SC11, and u second umcr T2 is
set to begin counting.

At step S('12 subsequent to step S('ll, the opemltion
mode of the heat pump device 20 Is switched to an inter-
mediate air-heating operation mode. Subsequently, the pro-
cess prociicds Io sup SC13.;md it is dcicrnuncd whether or

o not 5 seconds have elapsed since thc second timer T2 began
counting. When it is dctcmuncd as '*NO" at step SC13, i.e.,
5 seconds have not elapsed since the second tinier T2 began
countmg, step S('13 is repeated until 5 seconds have
elapsed. When it is determined as "YES" at step SC13, i.e.,

ss 5 seconds have elapsed since the second timer T2 began
counting. Ihc pmccss proceeds Io step SC6. mid thc opcm-
tlon mode of thc heat pump device 20 ls switched Io thc
normal air-heating opcrauon mode.

As just described, according to the flflh embodiment, it is
ic assluned that the temperanlre of refrigerant on the high-

pressure side in the heat pump device 20 Is equal to or lower
than the predetermined low temperature under the circum-
stances Ilmt rcfrigernnt on thc high-pressure side is cooled Io
a Imupcralure close lo Ihe ouidoor air tmupcraiure. In such

si a case, the lugh-prcssure flow path switching device 50 is in
the air-heating start-up opemtion nlode. and refrigerant
having circulated in a downstream indoor heat exchanger 31
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flow s so de to bypass mi upstream indoor heat exchanger 32.
Thus, an incrcusc ut rcfngcrant prcssure and refn ermit
temperature on the hi h-pressure side in the heat pump
device 20 accelemtes. and therefore, start-up of air-heating
becomes faster.

Under the circuntstances that the predetermined time has
cldpscd al'tcr start-up ol'ir-heatuig, it is assumed that the
tempera lure of refmgcrant on the lugh-prcssure side Is lu her
than the predetermined low tempemsture. In such a case. the
high-pressure flov path su itching device 50 is in the nomtal
air-heating operation mode, and refrigensnt having circu-
lated in the downstream indoor heat exchanger 3l flows
tin ough the upstream indoor heat exchanger 32. Tlnis, sutcc
outdoor air can bc heated by thc downstream indoor heat
exchanger 31 and the upstream indoor heat exchanger 32, a
hi h air-heating capacity can be achieved. Thus. according
to the present entbodiment. the degree of passenger's cont-
fiirt can be intproved.

In thc Ibunh aud liflh cmbodunents, flie hmit pump device
20 is also switches) to tlm mr cooluig operation mode. but thc
present invention is not limited to such a configuration. No
air-cooling opemtion mode may be available.

In estimatin whether or not the teinperature of refrigerant
on the high-pressure side in the heat pump device 20 is equal
10 Or liiwt:I llrdll tile prcdctcnIlillcx! Itiw Iclnpcratulc, silch
estimation may bc made based on ihc output value of the
temperature sensor determinin the temperanire of refriger-
ant on the high-pressure side, may be made by determining
the pressure of refrigerant on the high-pressure side. Or may
be made based on the tinte elapsed after the beginniag of
dll-ht:dtllig All Cstlluatloii IIICIhod is licit llinllCIL

In the lirst und second cmbodimmits, it is estimated
whether or not the tempemture of refrigemnt on the high-
pressure side in the heat pump device 20 is equal to or lower
than the predeterntmed low tempensture 'I'he high-pressure
flotv path switching device 50 operates in the air-heathtg
start-up operation mode wlmn it Is estimated that thc Imn-
perature of refrigerant on the high-pressure side in the heat
pump device 20 is equal to or lower than the predeternuned
low temperature. and opemtes in the normal air-heating
operation ntode when it is estimated that the tempemnire of
refrigerant on the lugh-pressure side in the heat pump device
20 is higher than Ihc prcdcternuncd low temperature. How-
CVCI, thC pit:sC111 lilvC1111011 is 1101 lllllltcd 10 suCh a Colillgil-
ration. Itor example, the high-pressure tiow path switchhtg
device 50 ntay be normally in the air-heating start-up
operation mode regardless of the state of refrigermtt on the
high-pressure side. and then. the high-pressure flow path
switching device 50 may be switched to the normal air-
ht:dtllig OpCI'It(loll 11100C Whcll a prCUCIC1111111Cd pC1100 Of
umc luis clapscd or when thc prcssure of rel'rigeran1 on thc
big)i-pressure side increases to a predeterinined pressure.

In the foregoing entbodiments. it has been described that
the vehicle air conditioner 2 ic mounted on the electric
vehicle. Hottever, the present invention is not limited to
such a conhguration. The vehicle air conditioner ) may be
mounted on, c.g., a hybmd vclucle mcluduig an engine and
d nlotor IOI rilllllillg thc vclllChx

INDUSTRIAL APPI ICABILITY

As descnbcd above, thc vcluclc air conditioner of the
present invention can be niounted on. e g, an electric
vehicle or a hybrid vehicle

DESCRIPTION OF REFERENCE CHARACTERS

I Vehicle Air ('onditioner
2(1 I lest Pump Device

31)

3i

so

21 Indoor Air Conihuomng Unit
22 Air Conditioning ('ontrol Device
22C lirosting Deterniinator
3U Electric Compressor ((:ompressor)
31 Dim nstream Indoor Heat Exchanger (First Indoor Heat

Exchanger)
32 Upstream Indoor Heat Exchanger (Second Indoor Heat

Exchanger)
33 Outdoor I lest I lxchan er

io 40-43 liirst to Fourth Main Refrigerant Pipes
44-46 liirst to Third i)ranched Refri erant Pipes
50 Htp-Pressure Flow Path Switchin Device (Flow Path

Switclung Device)
61 Air Hcaicr
62 Air Mix Dour (Tcmpcrdture Adlusunent Door)
65 Air Blov;er
7U Outdoor Air I'enipemture Sensor
72 I iigh-Pressure Refrigerant Pressure Sensor (I'irst Pres-

sure Sensor)
Io 73 Upstream Indoor Heat Exchanger Temperature Sensor

(Second Tempcraturc Smisor)
74 Downstream Indoor Heat Exchanger Tcmperdturc Sensor

(liirst 'I'emperature Sensor)
77 Upstreain Indoor I lest iixchanger Sensor (Second Pres-

sure Sensor, Refrigerant Pressure Sensor. Refrigerant
Temperature Sensor)
The invention claimed is:
I A vcluclc air conditioner compnsing.
a heat pump device including

a coinpressor configured to compress refrigensnt,
first and second indoor heat exchangers arranged in a

vehicle compartnient, and
an outdoor heat exchanger connected to the second

indoor heat exchanger by a refri erant pipe on a
downstream side in a flow dirccnon ol'hc rcfrigcrant
ol thc siuond uidoor heat exchanger, aud disposes)
outside thc vclnclc comparunent,

a flow path sv, itching device disposed m the refrigerant
pipe;

do an expansion valve disposed in the refrigerant pipe
between the outdoor heat exchanger and the flow
path switclnng dct ice; and

mi indoor iur conihuomng unit
housuig thc lira( mid second uidoor heat cxchangcrs.
including an air blov er configured to send air-con-

ditioning air 10 the first and second indoor heat
exchan ers, and

configured to generate air-conditioned air to supply
the atr-conditioned air utto thc velucle compart-

o ment. thc rclbigcr;mt pipe, to w luch lugh-tempera-
ture refrigerant discharged lbom the compressor is
supplied, being connected to the first indoor heat
exchanger;

the flow path svvitching device
s. including a refrigerant inlet into u hich refrigerant flows

from thc lirst indoor heat exchanger, a normal air-
heating rcfngcrmii outlet connected to thc simond
indoor heat exclmngcr such that the rcl'ngcrdnt flow-
ing into the refrigerant inlet flows mto the second
indoor heat exchanger, and an air-heating start-up
refrigerant outlet causin the refri erant flowin into
the refri erant inlet to bypass the second indoor heat
cxchangcr,

configured to switch between u normal air-hcatuig
si mode ui whiCh thc rcl'rigerant flow utg Into thc refrig-

erant inlet flows into the normal air-heatuig refrig-
ensnt outlet mid an air-heating start-up mode in
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winch lhc rclhigerant fiowulg into Ihe relhgcrmlt
inlet flows into the air-heating start-up refrigerant
anth:1, and

connecting a refrigerant outlet of the first indoor heat
exchanger, u rclyigcrant inlet of thc second uldoor
heat exchanger. and a refrigerant inlet of the expan-
sion valve together: and

ml air conditioning control device configured to contml
the flow path switchin device. vvherein

the expansion valve has the refrigerant inlet located
downstrctun of a toiruug portion of a pipe connected to
thc air-heating start-up rcfngcrant outlet ol lhc flow
path switching device and a pipe connected to the
refrigerant outlet of the second indoor heat exchanger,

the air conditioning control device is configured to cause
the flow path sttitchin device to be in the air-heating
start-up mode at be innin ofair-heating and then to be
in the nounal air-heating mode, and to allow the
refrigerant that has been discharged from thc compres-
sor. floived into the first indoor heat exchanger. and
then discharged from the first indoor heat exchanger in
the air-heating start-up mode and the refrigerant that
has been dischar ed from the compressor. sequentially
flolved into the first indoor heat exchanger and the

lo

second uldoor heat cxcluulgcr, and thmi discharged
from the second indoor heat exchanger in the normal
air-heating mode to selectively tloiv into the expansion
valve.

in the air-heating start-up nlode. a flow of the relhigemnt
into the second indoor heat exchanger is blocked, and

in Ihc air-heat ing start-up mode and the nonua 1 air-hca 1ulg
mode. thc rcfngcrmlt flows into thc outdoor heat
exclmnger, and the outdoor heat exchanger serves as a
heat absorber

2 1lle vehicle air conditioner of clainl l, wherein
the flow path svvitching device is stt itchable to an inter-

mediate mode in which the refrigerant flov in into the
relyigerant lnlm flows into thc normal mr-hcatulg
relyigerant oullct and Ihc air-heating start-up refrigermu
outlet, and

the air conditioning control device is conhgured to switch
the tlow path switching device from the air-heating,
start-up mode to the inteunediate mode before switch-
ing of the flow path switching device from the air-
hctuulg sial1-up nuxh: la Ihc annual tut'-hi alhlg uiodc,
mid then. switch thc flow path switching dcvicc from
the intermediate nlode to the normal air-heatmg mode
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