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VEHICLE AIR CONDITIONING APPARATUS

RELATED APPLICATIONS

llns apphcaliou is a ihvisional ol U.S. patent application
Scr. No. 14/002,643 filed Oct. 18. 2013 winch is a National
Stage under 35 U.S.C 371 of Intcmalional application No.
P('TLIP2012i055441 hied Mar. 2, 2012 Priority is also
claimed of Japanese application nos. 2011-046512 filed Mar.
3. 2011. 2011-135014 filed Jun 17, 2011. 2011-138181 filed
Iun. 22, 2011. 2011-172940 filed Au . 8. 2011 and PCT/
JP2012/050991 lihxl Jau. 18, 2012. the maire contents of all
ol'wluch arc hereby incorporated by refi:rance.

TECHNICAL FIELD

Tlic prcsciil iiivciilioii Iilalcs lo a vohlclc aii coiidilioliiiig
apparatus applicable lo, for cxamplc, ehmlric cars.

BACKOROUNDART

Conventionally. this sort ol'cluclc mr conditiomng appa-
ratus includes: a compressor driven by an engine as a power
source of a vehicle: a radiator pmvided outside the vehicle
interior; and a heat exchanger provided in the vehicle
interior. With this vehicle air conditioniitg appamnis. a
cooling opemstion is performed by: releasing the heat from
lhe rcfngcranl discharged lrom lhe compressor in lhe radia-
tor: absorbuig thc heat uito lhe rcfngerant m the heal
exchanger: and supplying the air subjected to a heat
exchange with the refrigerant in the heat exchanger to the
vehicle interior In addition, such a conventional vehicle air
conditioning apparatus includes a heater core and perform a
heating operation by: releasing the exhaust heat from the
cooluig water used to cool lhc engine ui thc hotter core, and
blowing lhc air sublcclcd lo a heat exch m c with flie cooling
water ui the healer core lo the vcluclc uitcrnor. Moreover,
such a corn entional vehicle air conditioning apparatus per-
forms a heating and dehuniidifying opemstion by cooling the
air to be supplied to the vehicle interior to a required
absolute humidity ln the heat exchaitger for deluunidifica-
uon. healing thc cooled and dchunudtfiixf mr ui the heal
cxcliaiigcl lii a dcsircd tctiipcltiluri'ii flic lictilcr cote. Bird

blowing lhe hcatcxf air to thc vcluclc uilenor.
'lite above-mentioned vehicle air conditioning apparatus

uses the exhaust heat fmm the engine as a heat source to heat
the air for a heating operation, or a heatiitg and dehurnidi-
fying operation. Cienemlly. Bn electric car uses an electric
motor as a power source, aud it is diflicult to acquirc the
cxhausi heal that can heal lhc mr by using thc elecluc molor
without an enguic. Thcrcl'orc, thc above-menuoncd vehicle
air conditioning apparatus is not applicable to electric cars.

1'o address this issue, there has been knov,n a vehicle air
conditioning apparatus which is applicable to electric cars.
The vehicle air conditioning apparatus includes: a compres-
sor conligurcd to compress and discharge a rcfngcranl; a
radiator prox idcd ui thc vehicle interior and configured to
Iclctisc Ilia lieut lroiii ti Iifligcltiiil, a liest oxclitiiigcr pro-
vided in the vehicle interior and configured to absorb the
heat into the refrigerant, and an outdoor heat exchanger
provided outside the vehicle interior and configured to
release the heat from or absorb the heat into the refrigerant.
This veluclc air conditioning apparatus perlomis a healuig
operation by releasing the heat lbom the rclhgcrimt dis-
cluirgcd lrom thc compressor in thc radiator and absorbing
the heat into the refrigerant m the outdoor heat exchanger,
a heating and dehuniidifying operation by releasing the heat

83,551 B2

from thc refrigerant discharged from thc compressor in thc
msdiator and absorbing the heat into the refrigerant in the
heat exchanger and the outdoor heat exchanger, or at least in
the heat exchanger; a cooling operation by releasuig the heat
from the refrigerant discharged from the compressor in the
outdoor heat exchanger and absorbing the heat into the
relbigcrant in thc heat exchmigcr, und a cooling Bnd dehu-
nudifying opcrauon by releasing the hcut from thc rcfnger-
ant discharged fmm the compressor in the msdiator and the

lo outdoor heat exchanger and absorbing the heat into the
refrigerant in the heat exchan er face. for example, Patent
Literature I).

In addition, there has been known a vehicle air condi-
tioning apparatus winch is apphcablc lo electric cars. Thc
vcluclc air condiuomng apparatus includes. a compressor
configured to compress and discharge a refrigerant; a msdia-

tor configured to release the heat fmm the refrigemsnt: a heat
exchanger configured to absorb the heat into the refrigerant;
an outdoor heat exchanger configured to release the heat

m from or absorb the heat into the refrigerant: a heatin
operation refrigerant circuit configured lo allow lhe refrig-
erant discharged lbom lhe compressor to flow into lhe
msdiator, to allov, the refri erant having passed through the
msdiator to flow into the outdoor heat exchanger via the
expansion part, and to allov the refrigemsnt having passed
throu h the outdoor heat exchanger to flow into the com-
pressor: a heating and dehumidifying refrigerant circuit
coiiflgillcd to allow flic iclilgcraiit discliaigix! hoiii flic
compressor lo flow uilo lhe radiator, to allow part ol thc

io refrigerant having passed throuah the radiator to flow into
the heat exchanger via the expansion part. to allow the
remainmg refrigermit to flow into the outdoor heat
exchan er via the expansion part„and to allow the refri-
emsnt having passed tlirough the heat exchanger and the

is relbigcrant having passed lluough thc outdoor heal
exchanger to bc sucked uilo the compressor, and a cooluig
and dchumiihl'yuig refrigerant circuit conligurcd lo allow lhe
refrigerant discharged from the compressor to flow into the
msdiator, to allov, the refri erant having passed through the

so radiator to fkiiv into the outdoor heat exchanger, to allow the
refrigemnt having passed throu h the outdoor heat
cxchangcr to flow uito the heat exchanger via thc expansion
part, and lo allow thc rclhgerant huving passed tluough thc
heat exchanger lo bc sucl ed uilo tlm compressor face. Ihr
exaniple, Patent I iterature I ).

Moreover, there has been known a vehicle air condition-
in apparatus wlfich is applicable to electric cars. The
vehicle air conditioning apparatus includes: a compressor
conligurcxl lo compress and disuhar e a refngermit, a radia-

n tor pmvulcd in thc velucle inu:rior and configured lo release
the heal from a rclhgerant. a heat exchmigcr provtdixi in the
vehicle interior and configured to absorb the heat into the
refrigerant: and an outdoor heat exchanger provided outside
the vehicle interior and configured to release the heat from

s. or absorb the heat into the refngerant. This vehicle air
conditioning apparatus pcrfomno a healing operation by
releasing the heal from lhc rcfngerant discharged from thc
compressor in thc raihalor and absorbing the heat uito thc
refrigerant in the outdoor heat exchanger; and a cooling and

io dehuniidifying operation to release the heat from the refrig;
emsnt discharged from the compressor ln the radiator and
also the outdoor heat exchanger, and to absorb the heat into
the rcfngcranl in thc hcai exchmigcr face, Rir example,
PBlcnt Lllitiltiirc I ).

ss Furflmnnorc. there has been kixiwu a vehicle mr condi-
tioning apparatus which is applicable to electric cars 1'he
vehicle air conditionina apparatus includes a compressor
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coniigured to compress and &hsclmrgc a rcfngerant. a radia-
tor provided in the vehicle interior and confi ured to release
thc heat liom a rel'ngcrant, a heat cxchangcr provnlcxl in the
vehicle interior and conhgmed to absorb the heat into the
refrigerant, and an outdoor heat exchanger provided outside
Ilic vclllclc llltcllor arid collligill&d io rclcasc Ilic licdl f1&iiii

or absorb thc lmdt into thc rel'n cmnt. The veluclc air
conditionin apparatus performs a heating and delnunidify-
ing operation to release the heat from the refrigerant dis-
charged from the compressor in the mdiator. to decompress
part of the refri emnt by an expansion valve and absorb the
heal into ihe rcfrigcrant in thc heat exchanger while dccum-
prcssillg fllc rcllld ill&Jig rcfngcldiit bv tile cxpsllisioii valve
and absorbing thc heat into thc refn crant m flie outdoor
heat exchanger (see, for example. Patent l.iterature 2i

CITATION LIST

Patent l.iterature

PTL I: Japanese Patent Application Laid-Open No. 2001-
324237

PTL2: Japanese Patent Application Laid-Open No. 2009-
264661

SIJMICLARY OF INVENTION

Tccluucdl Problem

With such an electric car. during the heating, opemtion and
the heating and dehuniidifying operation, in order to
improve the radiation performance of the radiator. the
degree of supercooling of the refri emnt flowing out of the
radiator is increased by controlling the opening of an expmi-
sion vah c to incrcasc thc ddlbrcnce ui cn1halpy between the
relrigcrant flowuig uito 1hc radiator and thc refn arm&1

flowing out of the radiator. It is possible to unprovc the
radiation performance of the radiator by increasing the
degree of supercoohng of the refrigerant flowing out of the
radiator. Iqowever. the difference in temperature increases
between the refngerant flowing from upstream of the radia-
tor;md thc rcfngcrant flowing Irom downs1rcam of thc
radiator in thc rclbigerdnt flow direction. By tlus means, thc
tempcraturc of 1hc air after thc heat exchange in the radiator
varies betv een the upstreani and doivnstreain of the refrig-
erant floiv direction, and, when the amount of air supplied
front the fan is reduced. the difl'erence in temperature
increases. Tlfls may make it difflcult to control the tempem-
turc ol'he air blowing to thc vcluclc intenor.

Ii is thcreforc, an oblcct ol the prcscnt mvcntion 1o

provide d vchiclc air conditioiung apparatus tha1 can prevent
temperature variations of the air after a heat exchange in the
radiator to reliably contml the temperanire of the air sup-
plied to the vehicle interior

In addition. with the electric car. the radiator and the
UU&door cxcliall'r Brc coilllcc1cd ill scllcs. Blid Ilicrcforc,
dunng Ihc coohng and dchumulilving opera1&on. 1hc reirig-
crant discharged from thc compressor flows fluough thc
radiator and then flows through the outdoor heat exchanger.
'I'he refriaerant discharged from the coinpressor releases the
heat both in the mdiator and the outdoor heat exchanger.
Here. the quantity of heat release in each of the radiator and
thc outdoor heat cxchangcr vancs depending on the quantity
ol tlic dlr sUbJcctcd to B lied& cxclldllgc with thc flowing
rel'rigcrant. Thcrclbrc. When, for example, thc vcluclc is
running. and therefore the quantity of air increases, winch is
subjected to a heat exchange ivith the refrigemnt tlov ing

tluough thc outdoor heat cxchangcr provided outsnle thc
vehicle interior, the qumitity of heat release in the outdoor
heat exchanger increases ivhile the quantity of heat release
in the mdiator reduces. Vi'hen the quantity of heat release is
reduced during the cooling and dehumidifying operation, the
dehumidified air obtained by cooling the air in the heat
exchanger &iuuiot bc bed&cd to a target tmnpcraturc in the
radiator. This makes it diflicult to set thc tcmpcraturc of the
vehicle interior to a preset teniperature

ic It is therefore, an object of the present invention to
pmvide a vehicle air conditionina apparatus that can reliably
set the temperature of the air supplied to the vehicle interior
to a preset temperature by securing the quantity of heat
release rcqinrcd in the radiator during thc coohng and
dclnunnlifying opcrauon.

In addition, v,ith the electric car, the radiator and the
outdoor exchanger are connected in senes, and therefore,
dunng the cooling and dehumidifying operation. the refrig;
emnt discharged from the compressor flows through the

io radiator and then flows tluough the outdoor heat exchan er.
The rciiigcrmit discluirgcd from thc compressor relcascs the
heat both in the radiator dnd thc outdoor hest exchmiger.
I lere, the quantity of heat release in each of the radiator and
the outdoor heat exchanger varies depending on the quantity
of the air subjected to a heat exchange with the flu&rin
refrigemnt, Therefore. when. for example. the vehicle is
running. and therefore the quantity of air increases, which is
subjected to a heat cxclrdngc with the rcfngcrant flowuig
tluough thc outdoor heat cxchangcr provided outsnle thc

io vehicle interior, the qumitity of heat release in the outdoor
heat exchanger increases ivhile the quantity of heat release
in the mdiator reduces. Vi'hen the quantity of heat release is
reduced during the cooling and dehumidifying operation, the
dehumidified air obtained by cooling the air in the heat

ii exchanger &iuuiot bc bed&cd to a target tmnpcraturc in the
radiator. This makes it diflicult to set thc tcmpcraturc of the
vchiclc intcnor to a prcsct temperature.

It is therefore, an object of the present invention to
pmvide a vehicle air conditionina apparatus that can reliably

do set the temperature of the air supplied to the vehicle interior
to a preset temperature by securing the quantity of heat
release rcqinrcd in the radiator during thc coohng and
dclnunnlifying opcrauon.

Morcovcr, with the clcctrm car. tmnperaturc expansion
valves are pmvided, as expansion valves. which one is
pmvided upstream of the direction to flow the refrigerant
into the radiator and the other is provided upstream of the
direction to floiv the refrigerant into the outdoor heat
CXCliilllgC&. ill Older 1&1 ICCp tliC CVaporatlllg tClllp&'ra&Ule Ol

c the relbigerant constant in each of the heat exchanger and the
outdoor heat exchanger duruig the heating mid dehumidify-
ing operation. In this case, it is not possible to control the
heat absorbing perfommnce in the heat exchanger and the
outdoor heat exchanger individually. Tlierefore. if the out-

s. door temperature is low, the evaporating temperature of the
rcfngcrdnt in the outdoor heat exchanger is rcduccd. and
consequently a flost is hkely to bc finned on the hea1
cxchangcr. Il' frost is fonncd on thc heat exchanger, thc
quantity of heat absorbed into the refrigerant in the heat

&o exchanger is reduced, so that the heat radiation performance
of the radiator deteriorates. This makes it difflcult to control
the temperature and the humidity of the vehicle interior to a
prcsct tcmpcraturennd a sciting humidity

It is 1herelore, mi object of 1hc present invention to
si provnlc a vchiclc air condnionuig apparatus that can secure

the required quantity of heat absorbed into the refrigemnt in
the heat exchanger during the heating and dehmnidifying
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opcraiion, regardless ol cnvironmenlal conditions, for
example, even if the outdoor temperature is lowi

Solution to Problem

To achieve the above-described objects, the velficle air
conditioning apparatus according tu Ihe prcsmil invention
includes. a compressor configured io compress and dis-
charge a refrigerant: a radiator provided in a vehicle interior
and configured to release heat from the refrigerant: a heat
exchmiger provided in the vehicle interior and configured to
absorb the heat into the refrigerant: and an outdoor heat
exchanger provided outside the vehicle interior and conti-
urcd lo release thc heat from or absorb thc heat into thc
rcfrigerdnn the vehicle air conditioning apparatus perform-
ing: a heating operation to release the heat from the refrig-
erant discharged from the compressor in the radiator, to
decompress the refrigerant by an expansion valve, and to
absorb the heat Into the refri emsnt in the outdoor heat
exchanger: and a heating and dehumidify in operation to
relcasc the heat from the rcfrigcranl dischiugcd from the
compressor in thc radiator. to decompress lhe rcfn erant by
the expansion valve and to absorb the heat into the refrig-
emnt in the heat exchanger and the outdoor heat exchanger,
or at least in the heat exchanger. the vehicle air conditioning
appamstus further including: an indoor ihn conti ured to
allow air to floiv, the air being subjected to a heat exchange
with Ihc refrigerant flowuig Ihrough boih or one of thc
radiator and the heat cxchtmgcr mid then blowing to thc
vehicle interior: a target supercooling setting part coidigured
to set a taraet degree of supercooling of the refrigerant such
that the target degree of supercooling of the refrigerant
flowing out of the msdiator v hen a target air temperature of
the air having been heated in the radiator is higher than a
predelcrmuu:d lcmpcralure is lugher Ihdn lhe largcl degree
ol'supcrcooling Ihal is scl when thc lar ct air lcmpcralurc is
lower Ihmi Ihc prcdctcrnuncsl lemperalurc. and a valve
openin control part configured to control an opening of the
expansion valve such that a degree of supercooling. of the
refrigerant flov, ing out of the radiator is the target degree of
supercooling set by the tar et supercooliitg setting part,
whermn. Ihc target supercooling selling part uicludes a lirsl
corrccnon part conligurcd lo correcl thc scl largcl dcgrim of
supcicooliiig Bccordiiig 10 tiii Biiiiiuiil iil llic Bii slipplii'.d
fmm the indoor fan, and the target supercooling setting part
corrects the tar et degree of supercooling such that v hen the
amount of the air supplied from the indoor ihn is smaller
than a predetermined value. the degree of supercoolin Is
lower Ihmi Ihc target degree of supercooluig thai is corrcctcd
when the amount of thc mr supphed lrom thc uidoor fan is
thc prcdctennincd value or greater.

13y this means, it is possible to reduce the degree of
supercooling of the refrigerant when the amoiuit of air
supplied from the indoor fan, and therefore to reduce the
difl'erence in temperature between the refri erant flowing
from upstream of llm rmhator and Ihe reffigcranl flowing
from downstream of thc radiator ui thc refrigerant flow
dirccnon.

'lo achieve the above-descnbed objects, the vehicle air
conditionin apparatus accordmg to the present invention
includes; a compressor configured to compress Bnd dis-
charge a refri emnt, a radiator configured to release heat
from the refrigerant, a heat exchanger configured lo absorb
thc heal uilo thc rcfngcrant: an outdoor heal cxclxingcr
conligurcd to release lhc heat from ur absorb thc heat uito
the refrigemnt: a heating refngemsot circuit contigured to
alloiv the refrigerant discharged from the compressor to tlow

into thc radiator, lo aflow the rcfrigcranl to flow into thc
outdoor heat exchan er via an expansion park and allow the
rclyigcrant to bc suckixl into lhc compressor, a healing and
dehuniidifying refrigerant circuit configured to allow the
rcfngcrdnl discharged from Ihc compressor lo flow uilo Ihc
msdiator, to allow pan of the refrigerant to flow into the heat
exchan er via the expansion part is bile allo~ ing a remainin
refrigerant to flow into the outdoor heat exchanger via the
expansion part. and to allow the refrigerant to be sucked into

ni
the compressor: a cooling/cooluig and dehumidifying refrig-
emsnt mrcuit configured to aflow the refri emsnt discharged
from lhc compressor lo flow into the raduilor. to allow thc
refrigerant to tioiv into the outdoor heat exchanger, to alloiv
the refrigerant Io flow into tiu: heat exchanger via Ihe
expansion put and to alloiv the refri emsnt to be sucked into
the compressor: and a high-pressure refri emsnt flow regu-
lating valve provided in a refrigerant floiv passage between
the radiator and the outdoor heat exchanger in the cooling/
cooling and dehumidifying rcfrigcranl circuit. Ihe lugh-
pressure refrigerant flow regulatin valve being able to
regulate mi amount ol'hc refngerant flowing oul of Ihe
msdiator mid into the outdoor heat exchanger

13y this means, the condensing pressure of the refrigerant
flov ing out of the radiator in the cooling and dehumidifying
refrigemnt circuit is reguLsted by the high-pressure reibig-
erant flow regulating valve. Therefore. the quantity of heat
release in the radiator is controlled during thc cooluig and
dclnunnlifying operation, and conscqucntly it is possible to

io secure the ainount of heating to heat the air blowing to the
vehicle interior.

'1'o achieve the above-described objects, the vehicle air
conditioning apparatus according to the present invention
includes: a compressor conti ured to compress and dis-

is charge a rcfngcranl; a radiator provided in a vehicle inlerior
and conligured lo release heat from llm refngermit: a heal
exchanger provided ui Ihc vclncle iulcnor and conligurcd lo
absorb the heat into the refrigerant; and an outdoor heat
exchanger pmvided outside the vehicle interior and coofig-

so ured to release the heat from or absorb the heat into the
refrigemnt. the vehicle air conditionin appamtus perfonn-
iug: a heating opcranon to release thc heal from thc rcfrig-
cl'iiiil discliiiigcd fioiii Ilic coiiipriwsoi'ii llic rtidialol; diid lo
absorb Ihc heat uito thc rclbigcrant in thc outdoor heat
exchanger; and a cooling and dehumidifying operation to
release the heat from the refrigerant discharged fmm the
compressor in the radiator, and additionally to release the
heat from the refrigerant in the outdoor heat exchanger. and
then to absorb the heat into the rclyigcrant ui thc heal

IJ cxcliiiiigcr. Ilic vcliiclc Bii coiiditioiiiiig BppBrdlils lorllici
iucluduig: an cxpimsion 3 alve provided in B rel'ngcrtmt fiow
passage between the radiator and the outdoor heat exchanger
dunng the heating opemtion, the expansion valve having an
adlustable opening and configured to decompress the reibig-

i. erant floiving tluough the refrigerant flow passage: a con-
dcnsiug prcssure regulating salve provided in a refrigeranl
flow passage parallel to the rclngcrant flow pasxdgc ui
which the expansion valse is provided, thc condensuig
pressure reguLsting valve configured to regulate an amount

io of the refrigerant flowing out of the msdiator and into the
outdoor heat exchanger to regulate a condensin pressure of
the refrigerant in the radiator durin the cooling and dehu-
nudifying operation: and a 3 alvc opmiing control patt cun-
ligured to close a rcfugcrmil flow channel to the condcnsuig

ss prcssure regulating valve to control the opcmng of Ihe
expansion valve during the heating operation, and confi-
gure to close a refri erant flow channel to the expansion
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salve &o control an opciuug of thc condensin prcssure
regulating valve during the cooling and dehumidifying
operation.

liy this means, it is possible to regulate the condensing
pressure of the refrigerant in the radiator by the condensing
pressure regulating valve during the cooling and delmrnidi-
fyuig operation. Therefore, it is possible &o secure the
amount of heating Io heat thc air blowing Io Ihc vehicle
interior dunng the cooling and dehumidifying operation

To achieve the above-described objects, the velucle air
conditioniim apparatus according to the present invention
includes: a compressor configured to compress and dis-
charge a refrigerant: a radiator provided in a vehicle interior
dnd configurixl to rclcasc boa& from the rclngerant. a heal
exchanger provided ui thc velucle inienor and conligurcd to
absorb the heat into the refrigemsnt: and an outdoor heat
exchanger pmvided outside the vehicle interior and co&fig-
ured to release the heat fmm or absorb the heat into the
refrigerant. the vehicle air conditioning apparatus perform-
in: a heating operation to release the heat from the refrig-
erant dtschargoxl from the compressor in thc radiator. and Io
absorb Ihc heat into Ihe refrigerant in Ihc outdoor heat
exchmiger: and a cooling and dehumidifying operation to
release the heat from the refrigerant discharged from the
compressor in the radiator, and additionally to release the
heat from the refri emsnt in the outdoor heat exchanger. and
then to absorb the heat into the refri emnt in the heat
exchanger. the vehicle air conditioiung appamtus further
including: a flow rcgulauug valve provided ui a relhgcrmit
floiv passage that allows the refrigemsnt fin&sin out of the
radiator to tlow into the outdoor heat exchanger. an opening
of the flow regulating valve beino regulated within follov-
in two ranges; a decompression range that allows the
refrigerant flowing through the refrigerant flow passage to
be decomprcssixl dunng the heatuig operation. a&xi a con-
dCIISI&ig prCSSU&C rcgilla&lllg Idllgc &hilt alloWS ill& OpCIllllg
arcs ol thc flow regulating valve to be a same as an opciung
area of an upstream or downstream refrigerant tlow channel
wbc&1 the opell1llg of thc flow I'cal!1a itllg vailvc Is IIlaxillllxcd,
and that can regulate the condensing pressure of the refri-
erant in the radiator by regulating an amount of the refri-
cran& flowuig tluough flm refngerant flow channel duun thc
Coollllg dlli! dchUlllldlfvlllg OpcIdtlo&1. Slid B VB1VC iipC&llllg

con&rol part conligurcd to control thc opening of flie flow
regulating valve witlun the decompression range during the
heating operation, and to cimtrol the opening of the flov
re ulating valve within the condensing pressure regulating
ran e during the cooling and dehumiditying operation.

By &his means, dunug the cooluig mid dchunndifying
operation, it is possible to regulate &he condensing prcssure
ol Ihc refngcraut In Ihc radiator by adpis&mg Ihe opemng of
the expansion valve in the condensing pressure regulating
ran e flherefore, it is possible to secure the anuiunt of
heating to heat the air blov in to the vehicle interior during
cooling and deluimidifying operation.

In add&non, to achieve thc above-described objects, thc
I chicle air coudiuouuig apparatus accorduig Io Ihe presmit
1&IVclltlo&1 1&IClUdcs. B Coillp&CSSOI Collllgilled lo Colllp&CSS

and discharge a refrigerant; a msdiator provided in a vehicle
interior and configured to release heat froin the refrigerant,
a heat exchanger provided in the vehicle interior and con-
figured to absorb the heat into the refrigerant; and an outdoor
heal exchanger provided ou&sule thc vchmlc uitenor and
conligurcd to release &hc heat from Ur absorb thc heat uito
thc rel'rigcrann the vehicle air condiiioning appara&us per-
formin: a heating and dehumidifying operation to release
the heat fmm the refngerant discharged fnim the compressor

iu thc radiator. Io decompress part ol'hc rcfngcrant by an
expansion valve, and to absorb the heat into the refrigemsnt
iu thc heat exchanger while decompressing a rcmainuig
relyigcrant by thc expansion valve and flmn absorbing Ihe
heat into the refrigerant in the outdoor heat exchanger. the
vehicle air conditionina appamtus further including an
evaporating tempemture reguLating valve provided in a
refrigemnt floiw passa e to an output side of the heat
exchanger from which the refngerant is discharged and

Io configured Io regulate an evaporating Icmpcranire ol Ihc
rcfngcrdnt in thc heat exchanger by regulating an amoun& of
the refrigerant flowing thmugh the refngerant flow passage;
and a valve opening contml part configured to control an
opening of the evaporating temperature regulating valve
dunng the heatin and dehumidifyin operation. w herein the
opening of the evaporating temperature regulatin valve can
bc sct Io Iwo diflcrcnt openings, and Ihc valve openuig
control part acts Ihe opening Io ouc of Ihe two &hlfcrent
OPCI1111gS.

Io Moreover. to achieve the above-described objects. the
vehicle air conditionin apparatus according to the present
invention includes: a compressor configured to compress
and discharge a refrigerant: a radiator pmvided m a vehicle
interior aud conligurcd lo rclcasc heat from thc rclngerant.
a heat exchanger prox idml in Ihc vcluclc interior and con-
figured to absorb the heat into the refrigemsnt: and an outdoor
heat exchanger provided outside the vehicle interior and
configured to release the heat from or absorb the heat into
the refri erant. the vehicle air conditionin apparatus per-

io forming: a heating and dehumidifying operation to release
the heat from the refngcrant discharged from flm compressor
iu the radiator. to dccomprcss part ol'hc refngerant by an
expansion valve, and to absorb the heat into the refrigerant
in the heat exchanger &chile deconipressing a remaining

Is refrigerant by the expansion valve and then absorbing the
heat into the refrigerant in the outdoor heat exchanger. the
vehicle air conditioning apparatus further including: an
evaporating tcmpernturc regulating valve provided in a
rcfngcrdnt flow passage Io an output side of thc heat

do exchanger front which the refrigerant is discharged and
configured to regulate an evaporating temperature of the
refrigerant in the heat exchanger by regulating an amount of
the refrigerant flowin tlm&ugh the refngerant flow passage;
and a valve opening control part configured to control an
OpCilillg Of thC Cvapotiltlllg IC&Ilpcratill'C I'Cgilldtlllg VBIVC

dunng thc heating and dehumidifying operation, whcrcin Ihe
opening of the evapomting teniperature regulating valve can
be optionally set by the valve opening contml part

l3y this means, it is possible to control the openmg of the
so evaporating temperature reguLstin valve during the heating

and dehumidifying opemstion. Therefore, it Is possible to
prcvmit thc cvaporaung &cmpcra&ure ol'hc refngermit i'rom

dropping in thc red&a&or during the heating and dchunudi-
fying operation

i.
Eflbcl Ol IEC l&IVC&ltioll

fbccording to thc prcsen& im sutton, it Is possible to reduce
the difl'erence in tempemsture bet&veen the refngerant floiving,

io from upstremn of the radiator and the refrigerant floiving
from downstream of the msdiator in the refrigerant flow
direction. By this means. it is possible to prevent tempera-
&Urn VB&latiotlS Of 111C all il f&CI d lli BI Cxclldllgc lit fllC ra did&on

and Ihercfore Io rehably control the Imnpcrature ol Ihc air
ss supplmd to the velncle ui&crior.

in addition, according to the present invention, during the
cooling and dehuniidifyina operation, it is possible to secure
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Ihe iunounl of heating to lmdl Ihe air blowuig lo lhc veluclc
interior by regulating the quantity of heat release in the
radiator. Thcrcforc, 11 is possible to ensure thai Ihc lempera-
ture of the air supplied to the vehicle interior is a preset
ICIllpCIilhllc.

Moreover. according to the present invention. during the
cooling Bnd dehumidifying operation. it is possible to secure
the amount of heating to heat the air blowing to the vehicle
interior, and therefore to rehably control the temperenue of
thc air suppluxl lo the veluclc ulterior lo a prcsel lempera-
ture.

Furlheunore, accorduig to thc present uivenlion. during
the heating and dehumidifying operation. it is possible to
prei ant Ihe cvaporatuig Icmpcralure ol ihc rein ermu from
dmpping in the heat exchanger. I'his prevents a frost front
being formed even lf the outdoor temperanlre is fowl and
therefore it is possible to secure the quantity of heat to be
absorbed into the refri erant in the heat exchanger.

BRIEF DESCRIPTION OF DRA3VINGS

FIG. 1 is B schematic view showing a vehicle air condi-
horung apparatus accorduig lo Embodnuenl I of Ihc presmu
invention:

FIG. 2 is a block diagrmn show m B control system.
l1(i 3 is a scheniatic view showing the vehicle air

conditioning apparatus perfomling B cooling operation and
a cooling and dehumidifying operation;

FIG. 4 is a schematic view showin the vehicle air
condiiioning apparahis performing a heatuig operation,

FI(f. 5 is B schematic view showing the vehicle air
conditioning apparatus pcrfllrmuig a lirsl hcalulg imd dehu-
midifying operation:

FIG. 6 is a schematic view showulg lhc vehicle mr
conditioning apparatus performing a second heating and
dehumidifying opcrauon,

l1(i 7 is a flowchart showing an expansion part contml
process:

Fl(i 8 is a flowchart showing a cooling and dehunudi-
fying performance control process;

FIG. 9 is a flow chait showing an cvaporaung tcmpcraturc
control process:

FIG. 10 is a flowchart showing a rcfugerant amuuut
deternlination process;

FIG. 11 is B flowchart showing an expansion part control
process according to Embodiment 2 of the present invention,

FIG. 12 is a schmnalic view showing mlother veluclc mr
conditioning appuralus according lo Ihe present uivenlion,

FIG. 13 is u schematic view showing lhe vclnclc mr
conditioning apparatus accordmg to Embodiment 3 of the
present invention:

FI(f. 14 is a front view showin an outdoor heat
exchanger unit:

FIG. 15 is a side view showing Ihc ouldoor heal
cxchdllgCI null,

FIGS. 16A, 16B Bnd 16C Brc schenuihc cross-sectional
vielvs showing a first control valve:

l1(i 17 is a cross-sectional vieiv showing an accumula-
tor:

FIG. 18 is a schematic view showing the vehicle air
conditioning apparatus pcrfonning d cooling operation and
d coollllg iuul UCllulllldllylllg OpCI"dltoll,

FIG. 19 is a drawing showing Ihe rein tioimlup bete ccn the
degree of supercoohng of the refrigerant flowing out of the
heat exchanger and a coeffictent of perfilunance, and the

relationship bclwccn thc dcgrce of supcrcooling ol'hc
refrigerant and the tenlperature of the refugerant discharged
from the compressor:

ill(i 2U is a pressure-specific enthalpy fp-h) disgram
dunng a cooling and delnimidifying opemstion:

FICi. 21 is a draiving showin the reLationship between the
degree of supcrcoohng of the refrigerant flowing out of Ihe
outdoor heal cxclrdngcr mid a cocflicicnt of pcrfornmnce
duung the cooling operation and the cooling and dehumidi-

I o fying operation;
lii(i Z2 is a schenlatic vielv showing the vehicle air

conditioning apparatus performin a heating opemstion;
FICi 23 is a drawin showing the relationship between the

dcgrcc of supcrcoolmg of the rclbigcrunt flowing oul of thc
I rddlBIOI dill BIC opCIllllg Of lhC I:Xpallslon valve,

ill(i 24 is a pressure-specific enthalpy diagranl during a
heatmg operatioiu

ill(i 25 is a drawing showing the relationship between the
de ree of supercoolin of the refrigerant flowing out of the

Io radiator and the heating performance„and the relationship
bclwimn Ihe degree of supercoolulg of lhc rclugerdnl and Ihe
tcmpcrature ol'hc air blowing to thc 1 elucle interior duung
a heating operation;

ill(i 26 is a drawing showing the relationship betw:een the
degree of supercoolin of Ihe refrigerant flowing out of the
radiator and a coefficient of perfonnance during the heating
operation:

FICi 27 is a schcmauc iiew showing thc vclucle air
conditioning apparatus pcrfornnng a lirst hcaung and dchu-

lo nudifying operation;
ill(i 28 is a schematic vielv showmg the vehicle air

conditioning apparatus performing a second heating and
dehumidifyin opemtion;

FICi. Z9 is a schematic viewshowln the vehicle air
ls condiliotung apparahis pcrliluning a defrost opcralioiu

FICi 30 is a schematic llew showing the veluclc air
condiliotung apparatus according to Embodiment 4 of Ihe
pl'cleat lllvcntlofl;

lil(iS. 31A and 3113 are cmss-sectional views showing the
do expansion valve;

FICi 32 is a schematic view showin the vehicle air
conditioning apparatus according to Embodiment 5 of thc
present ulvmltion;

FICi 33 is a schcmauc iiew showing thc vclucle air
conditioning apparatus according to Iinlbodinlent 6 of the
pl'CBCflt illveluiofl;

FICiS. 34A, 34B and 34C are schematic cross-sectional
views shov,in a third control valve:

FICi 35 is a schematic llew showing the veluclc air
o condiliotung apparatus according to Embodiment 7 of Ihe

prcscul invention;
lil(iS. 36A. 36I3 and 36('re schematic cross-sectional

views showing the first control valve;
FICi 37 is a block diagram showing a control system:

11 FICi 38 is a schematic view showin the vehicle air
conditioning apparatus pcrfonnulg a cooluig operation and
a cooling and dchumidlfyutg opcrauon,

FICi 39 is a schcmauc iiew showing thc vclucle air
colldltlofllllg appal';ltilB pcrfol'nllllg B lie;ltlng opal'Btlofu

fo ill(i 4U is a schematic vielv showmg the vehicle air
conditioning apparatus performmg a first heating and dehu-
midifying operation:

FICi 41 is a schematic llew showing the veluclc air
condiliotung apparatus performing a second hcahng and

Ss dchumidil'ying opernhon.
lii(i 42 is a flowchar sholving an expansion part contml

pmcess;
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FIG. 43 is a Jlowchart showing a cooling and dcluunidi-
fying perfonnance control process;

FIG. 44 is a Jlowclrdrt showing an evaporaIuig tempera-
ture control process:

FIG 45 is a refrigeuont amount determination pmcess:
FIG 46 is a schematic view showing the vehicle air

conditioning appamtus according to Embodiment 8 of the
present invention:

FIG, 47 is a block diagram showing a control system:
FIG. 48 is a liow chart showing a cooling and dcluunidi-

fying peribrmaucc control process.
l1(i 49 is a schematic view showing the vehicle air

conditionin apparatus according to limhodiment ') of the
present invention:

FIGS. 50A. 50B and 50C are schematic views shov.ing
the third control valve,

FIG. 51 is a schematic view showing the velucle mr
conditioning apparatus accorduig to Embodiment 10 of the
present invention:

FIG 52A is a cmss-sectional view showing a state in
&vhich a conununicating hole of a second control valve Is

open,
FIG, 52B is a cross-sectional view showing a smte in

wluch thc conununicdting hole of Ihe second control valve
is closed.

l1(i 53 is a block diagram shoiving, a control system:
l1(i 54 is a schematic view showing the vehicle air

conditioning apparatus performing a cooling operation and
a cooling and dehumidifying operation:

FIG. 55 is a schematic view showing the vehicle air
coudltloulllg apparatus pcifomliug a bed&lug opcIdIiou,

FIG. 56 is a schematic view showing the velucle mr
conditioniim apparatus performing a first heating and dehu-
niidifyiim operation:

FIG 57 is a schematic view showing the vehicle air
conditioning apparatus performing a second heatin and
delnimidifymg opemtion,

FIG. 58 is a liow chait show uig an expmision part control
process:

l1(r 59 is a flowchart showing a cooling and dehunndi-
fying operation contml process;

l1(i 60 is a flowchart showing an evaporating tempera-
ture control process:

FIG. 61 is a flowchart showing a refrigerant amount
dctc11uulB&lou process,

FIG. 62 is a schematic view showing the velucle mr
conditioniim appamtus according to limhodiment I I of the
present invention: and

FIG 63 is a schematic view showing another vehicle air
conditioning apparatus according to the present invention

J)i&S('l(IPJ ION Ol'JMJJOJ&IMJ!hfJ'5

FIG, I to FICi. 10 show Embodiment I of the present
IIIVCritloil.

As shown lu FIG. I, thc vehicle Bll couditiolllug Bppaldtus
according to thc present invention mcludes an air condition-
ing unit 10 provnled in Ihc veluclc mtcuor. and a refugcrmit
circuit 20 formed across the vehicle interior and the outdoor.

'lhe air conditioning unit It) includes an air tkiw passage
11 that allows the air to be supplied to the vehicle interior to
pass tltiou/. An outdoor air inlet 11a and an indoor air inlet
11b arc provided ui the Iirst cnd side of the air flow passage
11. The outdoor mr uilet lla is cunligurcd to allow the
outdoor mr to liow into thc air liow passage 11, and the
indoor air mlet lib is coniigured to allow the indoor air to
floiv into the air tloiv passage I I Meanwhile, a tiiot outlet

Ilc, a vmit outlet 114 and a defroster outlet lie are providod
in the second end side of the air tlow passage I I 'I he foot
outlet I I c is configured to alloiv the air tloiving thmugh the
air flow passage I I to bloiv to the feet of the passengers in
the vehicle. The vent outlet Ild is conti ured to allow the air
flowing tluou h the air flow passage 11 to blow to the upper
bodies of the passengers ui the vchiclc. Thc dciyoster outlet
11C is coniigurcd to allow thc air Jlowing tluough the air
flov passage I I tn bloiv to the interior surface of the front

In w lndow
An indnor fan 12 such as a siroccn fan configured to alloiv

the air to flow throu h the air flow passage 11 from end to
end is provided in the first end side of the air flow passage
11 Tlus indoor fan 12 is driven by the elec&wc motor 12a.

Also, in the Iirst end side of thc air liow passage 11, an
inlet switching damper 13 conhgured to open one of the
outdoor air inlet I la and the indoor air inlet I lh and to close
the other 'ibis inlet switching damper 13 is driven by the
electnc motor 13a. When the inlet sv itclung damper 13

io closes the indoor air inlet Ilb and opens the outdoor air inlet
Ila, thc mode is switched to an outdoor air supply mode in
which thc air lions from Ihe outdoor air inlet lla into the air
flov passage 11. Meanwhile. when the inlet switching
damper 13 closes the outdoor air mlet I la and opens the
indoor air inlet I lb. the mode is switched to an indoor air
circulation mode in which the air flov s from the indoor air
inlet 11b into the air flow passage 11. Moreover, when the
inlet svvitclung damper 13 is placed between thc outdoor air
inlet 11a and thc indoor air inlet Ilb aud thc outdoor air uilet

io I la and the indoor air inlet Ilh open, the mode is switched
to a two-way mode in ivhich the air flows from both the
outdoor air inlet I la and the indoor air inlet I I 6 into the air
flow passage 11 according to the operung ratio ofthe outdoor
air inlet 11a and the indoor air inlet lib

1& Outlet switching dampcrs 13b. 13c aud 13d conligurcd to
open and close Ihc foot outlet 11c, the vent outlet 11d and the
dci'roster outlet 11e dre provided in thc Ihot outlet 11C, the
vent outlet I Id and the defroster outlet I le, respectively. in
the second side of the air flow passage 11 'I'hese outlet

do sv itchin dampers 13b, 13c and 13d are configured to move
together by a linl age (not shown) and are opened and closed
by thc clectnc motor 13e. Here, when the outlet switclung
dampcrs 13b, 13c and 134 open the foot outlet lc, close thc
vent outlet 11d and slightly open thc defroster outlet 11e.
most of the air flovving tlirou h the air flow passage I I bio&vs

out of the fnot outlet I I & and the reniaining air bkiws out of
the defroster outlet 11e. This mode is referred to as "foot
mode *'eanyvhile, when the outlet switching dampers 13b,
13c mid 13d close the foot ou&Jct 11C and thc defroster outlet

o 11C, and open thc vent outlet 114, all thc air Jlowing tluough
the air liow passage 11 blows out OI'he vent outlet 114. Tlus
nuide is referred to as "went mode" In addition, when the
outlet switching dmnpers 13b. I3& and 13d open the foot
outlet IIC and the vent outlet 11d. and close the defroster

ss outlet Ile, the air flowing tluough the air flow passage 11

blows out oi'the foot outlet 11c and the vent outlet 114. 11us
mode is refcrrcd to as "bi-level mode." Morcovcr, when thc
outlet switching dampcrs 13b. 13c and 13d close the foot
outlet Ilc and the vent outlet I ld, and open the defroster

&o outlet lie. the air flowing through the air flow passage 11

blov s out of the defroster outlet 11c. This mode is referred
to as "defroster mode." Furtheunore, v hen the outlet switch-
iug dampcrs 13b. 13c and 13d close the vent outlet 114 and
open tlm foot outlet Ilc and thc defroster outlet 11e, thc air

Si Jlowing tluough the mr liow passage 11 blows out of thc foot
outlet I ic and the defroster outlet lie This mode is referred
to as "defroster-foot mode "

I Jere. in the bi-level mode, the
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mr flow passage 11, the foot outlet 11C. thc vent outlet 1(rj,
and a heat exchanger and a radiator which will be descnbed
later. are arranged and configured such that the temperature
of the air blowing out of the fiiot outlet I le is higher than the
tempemsture of the air blov in out of the vent outlet Ild.

A heat exchanger 14 is provided in the air flow passage 11

in thc downstream ol'hc air flow from Ihc indoor fan 12.
Thc heat excluingcr 14 m conligurcd to cool mid dehumidify
the air flowing through the air floiv passage I I In addition,
a radiator 15 is provided in the air flow passage 11 in the
doivnstream of the air flow from the heat exchanger 14 1 he
radiator 15 is configured to heat the air flowing, thmugh the
air Ikiw passage 11. The heat exchanger 14 and the radiator
15 dre heat cxchungcrs, each of whwh is constttutu! by lins
dnd tubes and which is conligured to perlhmi a heal
exchange betiveen the refrigerant flowing therethrough and
the air flowiitg tltrough the air flow passage I I

An air mix dmnper 16 is provided benveen the heat
exchanger 14 and the msdiator 15 in the air flow passage 11

and is configured to control the percentage of the air to be
healed. wluch m flowing through thc air flow passage 11.
Thc air nnx damper 16 is dnven by Ihe electric motor 16a.
ashen the air mix daniper 16 is disposed in the air tlow
passaae 11 in the upstreani of the radiator 15, the percentage
of the air sub(ected to a heat exchange in the radiator 15 is
reduced. Meanwhile„when the air mix damper 16 is moved
to a position other than the msdiator 15 in the air flow passage
11. Ihc percents e ol Ihc atr sublcc(ed to d hca( cxclruigc is
increased. In thc air flow passage 11. when Ihc air mix
dmnper 16 closes the upstream side of the radiator 15 and
opens the portion other than the radiator 15, the opmting is
0%. mid. on the other hand. when the air mix damper 16
opens the upstream side of the radiator 15 and closes the
portion other than the radiator 15. the opening, is 100%

lhc rcfngerant circuit 20 includes. thc heat exchanger 14,
thc radiator 15; a compressor 21 configurcxl Io compress a
rel'rigcrant, an outdoor heat cxchangcr 22 conligurcd to
perform a heat exchange benveen the refrigerant and the
outdoor air: an indoor heat exchanger 23 contigured to
perform a heat exchange betv een the refri erant flowing out
of the heat exchanger 14 and the refrigerant flowin out of
the radiator 15 and the outdoor heat exchimgcr 22, or at least
of Ihc radiator 15, a lirst con(rol valve 24 includm an
expansion part conligurcd to decompress Ihc relhgcrmi(
floivina into the outdoor heat exchanger 22 during the
heating operation. and a condensing pressure regulating part
configured to regulate the condensiiig pressure of the refrig-
erant in the msdiator during the cooling and dehumidifying
operation: a second control valve 25 hdvuig a lunction as an
cvaporaluig prcssure regulating part (o rcgulalc Ihc cvapo-
Idllllg prCSSilrc Of (lie rclllgCidllt 111 (lie lied( CSCllallgCi 14,
first to third solenoid valves 26a, 26b and 26rx first and
second check valves 27a and 276, an expansion valve 28,
and an accunnilator 29 configured to separate refrigerant
liquid from refrigerant vapor to prevent the refrigerant liquid
from beuig suckixl utto thc compressor 21. These compo-
ilcilm arc ciillllcctixl to cdcll olllci bv d copper pipe or all
aluminum pipe.

'lo be more specihc, input side of the radiator 15 into
which the refrigerant flows is connected to the delivery side
of the compressor 21 fmm which the refrigerant is dis-
charged to form the refrigerant flow passage 20a. In addi-
tion. Ihc input side of Ihe lira( con(rol valve 24 uito which the
relrigcran( flows is conncclcx( Io Ihe outpu( side of the
radiator 15 from which thc rcfngcrant is discharged. Ihcrcby
to tiimi the refri emsnt flow passage 20M 'I'he first end side
of the outdoor heat exchanger 22 is connected to the output

side of the expansion part of lirst control valve 24 I'rom

which the refrigerant is dischar ed. thereby to foun the
relngcran( flow passage 20C. Mcanwlulc, thc second end
side of the outdoor heat exchanger 22 is connected to the
outpilt side of ihc colidclislllg prcssilrc rcgiiltltlllg pdrt ol Ihc
first control valve 24 from ivhich the refrigemsnt discharged,
thereby to form the refrigerant flow passage 20d. The
suction side of the compressor 21 into which the refrigerant
is sucked is connected to the second end side of the outdoor

I it heat cxchangcr 22, in paraflel with the refngerant fiow
passage 20d. thereby to form the refngerant flow passage
20e. Thc lira( solenonl valve 26a and thc accumulator 29 arc
pmvided in the refrigerant flow passage 20e in the order
from the upstream ol Ihc flow of Ihc rcfrigcrmit. Thc input
side of the indoor heat exchanger 23 into which a high-
pressure refrigerant Ikiivs is connected to the refrigerant
flov passage 206, thereby to form the refrigerant flos
passage 20f. In the refrigerant flow passage Zfif. the second
solmtoid valve 26b and the lirst check valve 27a are pro-
vided in the order from the upstream of the refngerant flow
direction. The uiput side of the heat exchmigcr 14 into wluch
the refngermit flows is connected to the output side of the
indoor heat exchanger 23 fmm which the high-pressure
refrigerant is discharged, thereby to form the refrigemsnt flos
passage 208. The expansion valve 28 is provided in the
refrigemnt flow passage 208. The input side of the indoor
heat cxchangcr 23 into which a low-prcssure refrigerant
flows is conncctcd Io ihe output side of thc heat cxclmngcr

io 14 from ivhich the refri emnt is discharged, thereby to form
the refrigerant tiow passaae 20h I'he second control valve
25 is provided in the refriaerant flow passage 20h. The part
of the refrigerant flow passage 20e betv een the lirst solenoid
valve 26a and the accunnihstor 29 is connected to the output

is sale ol'hc uidoor heat exchanger 23 from wluch Ihe
low-prcssure rcfngcrant is discharged, Ihcrcby to form the
relbigcran( flow passage 20(. Part ol'he rcliigcrmit fiow
passage 20f located downstream from the first check valve
27a in the refrigemsnt floiv direction is connected to the first

do end side of the outdoor heat exclmnger 22. in parallel with
the refngerant flow passage 20r. thereby to form the relbig-
crant flow passage 20j. lite third solenoid valve 26C and thc
second check valve 27b are prox idcd in thc rclhgerant flow
pmsagc 20j ui the order from die upstream of thc refrigermit
tlow direction

'I'he coinpressor Z I and the outdoor heat exchanger 22 are
disposed outside the vehicle interior The compressor 21 is
driven by the electric motor 21a. The outdoor heat
exchanger 22 includes an outdoor fun 30 conligured Io

o pcrfiinn a heal cxclumgc bc(w ccn thc ou(door air mid Ihe
relbigcrant wlule Ihe i chicle stops Thc outdoor fm 30 is
driven by the electric motor 3llu

In the first control valve 24. a refrigerant flow clmnnel to
the expansion part and a refri emsnt flov channel to the

s. condensing pressure regulating part are formed The relbig-
crant tlow clianncls Io the expmision part and thc condensuig
prcssure regula(ing part cmi be completely closed by valves
that regula(c the operungs ol'he rcfrigcrant flow channels.
respectively.

io Moreover, the vehicle air conditioning apparatus also
includes a controller 40 that controls the temperature and the
humidity of the vehicle interior to be the preset temperature
and humidity.

Thc controller 40 uicludcs d CPU, a ROM and a RAM. In
ss the controller. upon recco ing an input signal lbom a device

cmtnected to the input side, the ('PU reads the program
stored in the ROM accordion to the input signal, stores the
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staie dc(ac(cd by thc uiput signal on thc RAM and transmits
an output signal to a device connected to the output side.

As show n in FIG. 2, nn elccinc motor 12a for drivuig the
indoor fan 12; an electric motor 13a for driving the inlet
su iiclnng diunpcr 13, an elccinc moior 13e lor dnving thc
outlet switching dampers (3(r, 13i and 13rj: an electric
motor 16a for dnving the air mix damper 16: an electric
motor 21ir for driving the compressor 21; the tirst control
valve 24„ the second control valve 25; the first ro rhird
solenoid valses 26a, 26b and 26C mid dn clcctric motor 30a
for drivin the outdoor fan 30 are connected to the output
side ol'he controller 40.

As shown in I'l(i 2, an outdoor air temperature sensor 41
conligurcd Io dctcci tempcraturc Tam outside Ihc vehicle
interior; an indoor air teniperature sensor 42 contigured to
detect indoor air temperature Tr: an insolation sensor 43
such as a photo sensor cimfigured to detect amount of
insoLation Ts„

d liigli-prcssUrc rclllgcrallt tcillpci'tIIUlc sellsol 44 collligilrcd
to detect tempemsture Thp of a high-pressure refrigerant
flowing tluough the rcl'ngcrdni flow passage 206; a high-
pressure refri erant pressure sensor 45 contigured to detect
prcssure Php of thc high-pressure refngcrant flowing
through the refrigemsnt flow passage 206; a loiv-pressure
relrigcrant tcmpcraiure smisor 46 configured to dctcmt tem-
perature Tip of the low-pressure refrigerant that tlnws
tluough the refrigerant flo pass) e 20e and is sucked Into
the colnpressor 21, a low-pressure refrigerant pressure seil-
sor 47 configured to detect pressure Pip of the refrigerant
thai flows tltrou h thc rcfrigcrani flow passage 20e and is
sucked into the compressor 21; a heat exchan er tempem-
turc sensor 48 configured to detect cvspomting temperature
le ot the retrigerant in tile heat exchanger 14: an operation
pari 49 configured Io sct modes regarding to target prcsct
temperature 'lect and the switching of the operation; and a
dispLay part 50 configured tn display the indoor air rempem-
ture I'r and opemstion states, are connected to the output side
of the controller 40.

Tile VClliCIC Blr Colldlholllllg dppdl'ti(US llavilig Illc Bbovc-
described configumtion perfomts coolin. operation. cooling
dnd dchumidilyuig opcrauon, heatuig operation, first heat-
ing mid dcluunidifying opcmtion, and second hcatmg and
delnutiidifying operation Nowt each operation v ill be
explained

During the cooling and dehumidifying operation. in the
refrigerant circuit 20. the refri erant flow channel to the
expansion part is closed wlule the rcfngcrant flow clmruicl
to Ihc condensing pressure regulating pari is opencsl in the
lirst conu ol valve 24, the tlurd solenoid valve 26c is opened,
the first and second solenoid valves 26u and 266 are closed,
and compressor 21 is operated I3y this means. as shown in
FIG. 3, the refrigerant discharged from the compressor 21
flows tluouugh in this order: the refri emsnt flow passage 20a,
the radiator 15, thc refngerant flow passages 206 and 20d,
the outdoor heat cxclrdnger 22, thc rein crmit flow passages
20j and 20f: thc high-pressure side of thc uidoor heal
exchanger 23: the refrigerant floiv passage 208; the heat
exchanger 14; the refngerant flow passage 20h; the lov-
pressure side of the indoor heat exchanger 23: and the
refrigerant fioiv passages Zfii and 20e. and is sucked into the
compressor 21. Dunng the cooluig operation, Ihc rcfn ermit
flow ing tluough the refngermit circuit 20 releases the heat in
thc outdoor heat cxchangcr 22 and absorbs the heat ui the
heat exchanger 14 During the cooling and dehumidifying
operation, v hen the air mix damper 16 is opened as slxown

16
by thc unshed-doited linc of FIG. 3. thc refngermit flowuig
through the refrigerant circuit 20 releases the heat also in the
msdiator 15.

In this case, in the air conditioning unit 10 during the
cooling operation, the indoor fan 12 Is operated to flow the
air through the air flow passage 11. and the air is subjected
to a heat cxchangc ss ith the rcfngerant in the heat exchanger
14 and cooled. Thc tmnperaturc ol'hc cooled air becomes
target air-bloiving temperature 'I'AO of the air to blow out of

In the outlets lie, Ild and lie to the vehicle interior in order
to set the temperature of the vehicle interior to the target
preset temperature Tact. The target air-blov in temperature
TAO Is calculated based on the preset temperature Tact. and
mivironmcnta1 contiuons mcluding Ihc outdoor air Icmpcm-
turc Tam, the indoor mr Icmpcraturc Tr, and an mnouni of
insolation 'I', which are detected by the outdoor air tem-
perature sensor 41, the indoor air temperature sensor 42, and
the insolation sensor 48, respectively

Meanwluie. in the air conditionin unit 10 during the
ic cooling and deinunidifying operation, the indoor fan 12 is

opera(cd to flow Ihe air tlmtugh the air flow passage 11, and
the air is sublimtcd Io a hcdi exchange with ihc rcfrigcrant
which absnrbs the heat in the heat exchanger 14. and
therefore is cooled and dehumidified I'he air having been
dehumidified in the heat exchanger 14 is subjected to a heat
exchange vvith the refri erant which releases the heat in the
radiator 15. and therefore heated As a result, the air at the
target air-blowing temperature TAO blows to thc vcluclc
llllerlor.

sc l)uring the heating operation. Ut the refrigerant circuit 20,
the refngemsnt flow channel to the expansion part is opened
v bile the refrigerant flow channel to the condensuig pres-
sure re ulating part is closed in the first control valve 24; the
first solenoid valve 26a is opened, the second and third

)s solcnosl valves 26b imd 26C arc closed, and thc compressor
21 is operated. By tins means. as shown ui FIG. 4, Ihc
rclbigcrant disclmrgcd from the compressor 21 flows tluough
in this order: the refrigerant flow passage 20u: the radiator
15: the refrigermit flow passages 206 and 20c: the outdoor

dc heat exchanger Z2; and the refrigerant flow passage 22e, and
is sucked into the compressor 21. The refrigerant flowing
tluough thc refngcrant circuit 20 releases thc heat ui dic
radiator 15 and absorbs the IU:at in thc outdoor heat
cxchangcr 22.

In this case, in the air conditioning unit 10, the indoor fan
12 is operated tn flow the air thmugh the air flow passage I I,
and the flowing air is not subjected to a heat exchange with
the refrigerant in the heat exchan er 14. but is subjected to
a heat cxchangc with the refngcrant in the radiator 15 and

o thercforc is hcatcxh As a result. Ihc mr nt thc target air-
blowuig tcmperaturc TAO blows to thc vcluclc interior.

l)uring the first heatin and delnunidifying opemstion, in
the refrigerant circuit 20, the refrigerant tlow chamiel to the
expansion part is opened while the refrigemsnt flow channel

s. to the condensing pressure regulating part is closed in the
first control valve 24. Ihc Iirst and second solcnonl valves
26a and 26b arc opened. Ihc tlnrd solmioid valve 26c is
closed; and the compressor 21 is operated. By tlus means. as
shown m FI(i 5, the refrigerant discharged from the com-

ic pressor 21 flows throu h in this order the refrigerant flow
passage 20a: the radiator 15; and the refrigerant flow pas-
sage 206. Part of the refrigerant bavin passed tlmsugh the
rclbigcrant flow passage 206 flow s tluough in this order: Ihc
lirst control valve 24: thc rcfngcrant flow passage 20c: Ihc

ss outdoor heat exchanger 22, and thc rel'ngcrnnt flow passage
20e, and is sucked into the compressor 21 Meanw:bile. the
remaining refrigerant havina passed through the refrigerant
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flow passage 20b flows through in tlus order. tlm relhgcrmil
floiv passage 2(lfl the high-pressure side of the indoor heat
exchanger 23: the refrigerant floiv passage 205; the heat
exchanger 14; the refngerant flow passage 20h; the lov-
pressure side of the indoor heat exchanger 23: and the
refrigerant fk&iv passages ZO& and 20e. and is sucked into the
compressor 21. Thc rcfrigcranl flowing lluuugh thc rcfmg-
cranl c&rcuil 20 releases the heat ui Ihe rad&ator 15 and
absorbs the heat in the heat exchanger 14 and the outdoor
heat exchanger 22

In this case. in the air conditioning unit 10, the indoor fan
12 is operated to flow the air through the air flow passage 11,
and the flowing a&r is subjected to a heat exchnn e with the
refrigerant in thc heat exchanger 14, and thcrefi&re &s cooled
dnd dcluun&d&lied. Part ol'hc mr havm bimn dehunudified
in the heat exchanger 14 &s subjected to a heat exchange v ith
the refriaerant &n the radiator 15 and heated As a result. the
air at the target air-blowing teinperature fAO blows into the
vehicle interior.

During the second heating and dehumidifying, operarion,
in thc refr&gcrant c&rcu&t 20, both the refngerant flow clmruiel
10 lhc exp&i&&slot& pii&1 diid lhc ref&i cl"dill flow ch&iiliicl to &lie

condensing pressure regulating part are closed in the hrst
control valve 24, the second solenoid valve 26(& i ~ opened,
and the tirst and third solenoid valves 260 and 260 are
closed, and the compressor 21 is operated. By this mean~. as
shown in FICi 6, the refri erant discharged fbom the com-
pressor 21 flows tluough u& tlus order: thc refrigerant flow
passage 200: the rdduitor 15, thc rcfrigcranl flow passages
206 and 20f: the lugh-pressure side of the indoor heat
exchanger 23: the refrigerant floiv passage 205; the heat
exchanger 14; the refngerant flow passage 20h; the lov-
pressure side of the indoor heat exchanger 23: and the
refrigerant fk&iv passages ZO& and 20e. and is sucked into the
compressor 21. Thc rcfrigcranl flowing lluuugh thc rcfmg-
cranl c&rcuil 20 releases the heat ui Ihe rad&ator 15 and
absorbs thc heat &n Ihc heat exchanger 14.

In this case. in the air conditioning unit 10, the indoor fan
12 is operated to flo&v the air through the air flov passage I I,
and the flowing a&r is subjected to a heat exchnn e with the
refrigerant in the heat exclmnger 14. and therefore is cooled
dnd dchu&uidifitxf in thc same way as ui lhc lira& healing and
dcluunid&fyuig operat&on. Pan ol'he air dciuun&d&flu! in thc
lit:dl cxcliiliigt:1 14 ls sUblcclcd 10 d heal cxchaiigc will thc
refrigerant in the radiator 15, and therefore heated As a
result. the air at the taiget air-bloiving teinperature TAO
blows to the vehicle interior.

While an automatic sv itch is turned on. the conrmller 40
performs an opera&&on sw&&ching control process lo switch
thc opcidlio&1 iiilioiig lllc cooliilg opciiilio&1, tile 0001&ilg dilil
dehumid&fy&ng operat&on, the heating operation, die lirst
heating and dehumidifying operation, and the second heat-
ing and dehunudifying openstion, based on emironmental
conditions includin the outdoor air temperature Tam, the
indoor air temperature Tr, the outdoor air humidiry. the
indoor air luun&d&ty Th, thc amount of uisolalion Ts and so
for&i&.

1110 coiiliollcr 40 su&&cites lht't&oil&: itl lhc 0&i&lets lie,
I id and I le by using the outlet switching dainpers 13(&. 13&

and 13d. and controls the openmg of the air mix damper 16
in order to set the tempemsture of the air blowing our of the
outlets 11c. 11d, and Ile to the target air-bio&ving rempem-
turc TAO.

Till: Cit&ul'&11k:1 40 Sw&ICI&CS &lie iuodc Binoiig lhc foot
mode. Ihc vent mode and thc b&-lcvcl mode dt3&cndu& on the
target air-blowing ten&perature 'I'AO during each operation
switched by the openstion switching control procerms I'o be

morc specific. when Ihc target air-blowing Icmpcra lure TAO
is high, for example, 40 degrees ('elsius. the contmller 40
sets the foot mode Meantvhfle, when the target air-bloiving,
temperature 'I'AO is low, for exmnple, lower than 25 degrees
Celsius. the controller sets the vent mode. Moreover, when
the target air-biowin temperature TAO is the temperature
bclwimn Ihc tcmpernturc lor the loot mode and Ihc tempera-
ture fi&r lhe vent mode, the controller 40 sets thc bi-lcvcl
nx&de

&0 Moreover. during the heating nperat&on and the first
heatin and delnimidifying operation, the controller 40
perfomts an expansion part control process to control the
opening of the expansion part of the hrst control valve 24
brmed on the operauon slate. Now, the operat&on of thc
controller 40 in tins proci:ss w&ll bc explained w&th rcfi:rance
to the flowchart shoivn in I'IO 7.

(Step Sl)
In step Sl. the CPU determines whether the openstion is

the heating operation or the heating and dehumidifyin
10 operation. When determining that the operation is one of the

heal&ng Opcral&on and thc healing and dchunudilyuig operd-
t&on, lhc CPU moves the step to snp S2. On the other hand,
when determining that the opemtion &s neither the heating
openstion nor the heating and dehumidifying operation, the
('PU ends the expansion part contml process

(Step S2)
In the step S2, the CPU calculates superheat SH of the

rcfngcrdnt based on thc temperature Tip dc&ected by thc
low-pit'ssU&t. It'fl1gcraiu le&i&pc&BIU&'c sc&iso& 46 Biul lllc pics-

&o sure P&p detected by the loiv-pressure refrigerant pressure
sensnr 47.

(Step 53)
In step S3. the CPU determines v hether or not the

superheat SH calculated in the step S2 is a predetermined
&s value or lughcr. When detcnnuung that thc superheat SH &s

the prcdclemiincd value or higher. thc CPU moves the slt7&

to s&07& S9. On Ihc other hand, when detcnnu&ing Ihal Ihe
superheat SII is not the predetermined value or higher. the
('PU moves the step to step 54

dc (Step S4)
In step S4. the ( 'PU sets target degree of supercooling SCt

brmed on thc target mr-blowing tcmperaturc TAO. For
cxiunplc, when the target air-blowing temperature TAO &s a
prcdclcrnuntxf value (c.g. 60 degrees Cela&us) or higher, thc
('PU sets first target degree of supercoolmg S('tl (e g 15

degrees ('elsius) On the other hand, when the target air-
blov ing temperature TAO is loiter than the predetermined
value, the CPU sets second target degree of supercoolin
SCt2 (c g. 12 dcgrocs Celsius).

0 (Step S5)
In slap S5, fi&r thc target dcgrcc of'upcrcooluig SCt set in

the step S4, the CPU calculates mnount of correction I II
based on amount of air Cia supplied from the mdoor fan 12
and amount of correction H2 based on amount of refrigemsnt

&1 Cir fiowing through the refrigerant circuit 20. To be more
spec&fic, when the umounl ofmr Cia suppl&cd I'mm the indoor
fan 12 is a prcdctcrnuntxf talus or h&gher, thc amount of
correct&0&1 H1 is Bc&0. O&1 lite oflit:1 ha&id, wl&011 &lie iiiiiotl&u

of air (ia is lower than the predetermined value. the amount
io of correction HI (e. — IOBIIIBO) &s set to decrease the

de ree of supercoolin SC according to the amount of air
Cia When the amount of refrigerant Cir flow ing through the
h&gh-prcssure a&dc ol'hc rcfrigcrant c&rcu&t 20 &s a prede-
tC&i&i&i&Cd vdh&C Or I&&gilt:1; lllc B&110&&&it Of corrcCI&011 H2 (C.g.

ss OBH2u5) &s scl to increase tlm dcgrcc of supcrcooluig
according to an increase in the amount of refrigerant (ir On
the other hand, v,hen the an&cunt of refrigerant (ir is lower
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than the prcdetennincd value. thc mnouni ol correction H2
(e.. -5&HZBO) is set to decrease the degree of supercooling
SC according io a dimrcasc In thc amount oi rcfflgcrani Cir.

I he an&Cunt of refrigerant (ir flo&sing through the high-
prcssurc side oi'hc rcfngcrant circuit 20 increases as thc
pressure of the refrigerant in the high-prewsure side of the
refrigerant circuit 20 increases, and decreases as the pressure
of the refri erant decreases 1 herefore. the amount ofrefrig-
erant Gr flowing tluough the hi h-pressure side of the
rei'rigcrani circuit 20 is calculated based on the pressure Php
detected by the high-pressure refrigerant pressure sensor 45.

(Step S6)
In step S6. the ('VI.J calculates corrected target degree of

supcrcooluig SCtc by adding the amount ol corrocuon HI
and the amount of correction I l2 to the target degree of
supercooling SCt (SCtc=SCt—(HZ+HZ)).

(Step S7)
In step S7. the CPU calculates the de(&see of supercooling

SC 01'ihe refngcraut based on the temperature 11&p detected
by the hIQ-pressure refrigemnt temperature sensor 44 and
thc pressure Php detected by thc high-prcssure refn ermit
pressure sensor 45.

(Step Sg)
In step Sg, the ('VI.J controls the opening of the hrst

control valve 24 such that the degree of supercooling SC is
the corrected target degree of supercooling SCtc. and ends
Ihe expnnsion part control process.

(Step 59)
When deterniming that the superheat SI I is the predeter-

mined value or higher m the step S3, the ('VU perfouns a
superheat control process to control the opening of the
expansion part of the first control valve 24 to set the
superheat SH of the low-pressure refrigemnt to mrget super-
heat SHt ui step S9, and ends thc expansion part control
PIOCCSS.

During the coohng and dehumiihlyuig operation. the
controller 40 performs a cooling and dehumidifying pertbr-
niance control process to control the heat absorbing perfi&r-
mance of the heat exchanger 14 and the heat radiating
perfonnance of the mdiator 15. Now. the operation of the
controller 40 I'or this process will bc cxplamcd with rcfcr-
cllcc to thc flowchart showll Ilt FIG. 8.

(Step SII)
In step Sll. the ('VU determines whether or not the

operation is the coolmg and dehumidifying opemtion When
determining that the operation is the cooling and dehurnidi-
fying operation. the CPU moves the step to step S12. On the
other hand, whmi dcicrmuiing ilia( ihe operation is not the
cooluig and dchumidii'ying opcmiion, thc CPU mids the
cooluig and dehumidifying pcrfomumcc control process.

(Step SI2)
In step S12. the CVI.J calculates tar et pressure Vhpt of the

high-pressure refrigemnt based on the target air-blowing
temperature TAO.

(Sicp 513)
In step S13, thc CPU controls ihe opening of thc con-

ih:11S&lig prc&SIIIO rcguhltlilg pdli OI ihC Illa( Collirol Villvc 24
based on the target pressure Vhpt of the high-pressure
refrigerant and the pressure Vhp detected by the high-
pressure refngerant pressure sensor 45. To be more specihc,
the opening of the condensing pressure reguh&tin part of the
Illst contI'01 valve 24 ls switched bciw cell tw0 viIlilisb B IBrgc
one and d small onc. excluding the completely closed state.
In ilus case. when ihc opeiung is swiichixl from a small oue
to a large one, the pressure Vhp of the high-pressure refrig-
emnt decreases On the other hand. the opening i ~ changed

from a large onc io a small onc, the prcssure Php oi'hc
high-pressure refrigemnt increases.

(Step 814)
In step S14, the ('PU calculates target evaporating tem-

perature Tet of the refrigerant in the heat exchanger 14 based
on the target air-blowing temperature TAO.

(Step S15)
In step S15. the CPU controls thc number oi'rotations of

the electric inotor 2la of the compressor 21 such that the
io evaporating teniperature 'I'e of the refrigerant in the heat

exchanger 14 is the target evaporating ten&perature let,
based on the temperature of Te detected by the heat
exchanger temperature semor 48, and ends the cooling and
dclnunulifying pcrfomuince control process.

Duruig ihe Iirsi healing and dehumiihi'yuig operation, thc
coiltroller 40 performs mi evaporating telnpemnire control
pmcess according to the operation state Now, the opemtion
of the controller 40 for this process will be explained &vith

reference to the flowchart slmivn in FICi. 9.
Io (Step SZ1)

In step SII. the CPU deiennincs whcthcr or noi ihe
operation Is the Iirst hentmg and dehumidifying operation.
When determining that the operation is the first heating and
dehumidifying opemtion, the ('PU moves the step to step
S22. On the other hand. &Chen determining that the operation
is not the first heating and dehuniidifying opemtion, the CPI J
ends the etaporatin temperature control process

(Step S22)
In step S22, ihc CPU calculates thc target cvaporatuig

&0 temperature I'et of the refri emnt in the heat exchanger 14
based on the target air-blowing, temperature 'I'AO

(Step 823)
In step S23, the CPU controls the opening of the second

control vaive 25 based on the target evapomtin temperature
&I Tct mid thc tcmpcraiure Te detccicd by ihc heat exchanger

tcmpcrature seiwor 48. To bc morc spcciiic, when ihe
tcmpcrature Te deiimicd by ihc heat cxchaugcr icmpcraiure
sensor 48 is lower than the target evaporating temperature
Tet, the opening of the second contml valve 25 is decreased

do On the other hand, when the temperature Te is higher than
the target evaporating tentperature Tet. the opening is
lllcrcdscd.

Duruig the heating operation and tlm first heating and
dclnunulifying opcrauon, thc controller 40 performs a
refrigerant amount deterniination process to determine
v hether or not the amount of refngerant enclosed in the
refrigerant circuit 20 is appropriate. Nov „ the operation of
the controller 40 fi&r this process will be explamed with
reference io the flov;chart six&w n in FIG. 10.

0 (Step S31)
In stc7& S31. Ihc CPU dcienmncs whcthcr or not heat load

cmiditions are met to deterniine the aniount of refrigemnt in
the refrigerant circuit ZO based on the outdoor temperature
Tam, the amount of air (ia supplied fmm the indoor fan 12,

» the number of rotations Nc of the electric motor 210 of the
compressor 21 mid so forth. Whmi deicnnuuug that it is
possible to deicnnine Ihc Iunouni of rcfngcrani, ihe CPU
moves the step to step S32. On thc other hand, when
deternnning that it is not possible to determine the amount

io of refrigerant, the ('VU ends the refrigerant amount deter-
llllllatloil pl'OCCSS.

(Step S3Z)
In stc7& S32, thc CPU calculates thc supcrhcai SH oi'he

relrlgctdlII bBscd 011 ihc tcnipcraturc Tip dcicciix! bv ihc
Si low-prcssure tcirigci'illli ii lnpctdiilrc scllsor 46 dial(he ptcs-

sure Pip detected by the loiv-pressure refrigerant pressure
sensor 47.
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(Step 33)
In step S33, the ('PU calculates the degree of supercool-

ing S('f the refrigerant based on the temperature Thp
detected by the high-pressure refrigerant temperature sensor
44 and the pressure Php detected by the high-pressure
refrigerant pressure sensor 45.

(step S34)
In slap S34, the CPU dctemuncs whether or not the

amount of the refrigerant in the refrigerant circuit 20 is
appropriate. based on the superheat Si I of the refrigerant
calculated m the step 532, the degree of supercooling S('f
the refrigemsnt calculated in the step S33. and the opening of
the expansion part of the first control valve 24. When
ilt:rerunning thill lht: amount ol lhc I chlgci'Bnt ls Bpplop ilare,
the CPU ends the rcfrigcranl mnouni dctenuulation process.
On the other hand, when determining that the amolult of the
refrigerant is not appropriate, the CPU moves the step to step
)35 Whether or not the anlount of the refrigerant in the
refrigerant circuit 20 is appropriate is determined bused on
the result of the determination of whether or not the super-
heat SH of lhc rcfngerant calculated in the step S32. the
degree of supercoolulg SC of thc rcfngcranl calcuiatu! In
the step 33. and the opening of the expansion part of the hrst
control valve 24 are within appropriate mlnges. respectively.

(Step S35)
When detemlining that the amount of the refri erant is not

appropriate in the step S34, the CPU dispLays tlmt the
amount of the rclyigcrant in thc rcfrigcranl circuit 20 is
insulhcicnl or cxccssivc ou the tbsplay part 50 in Ihc step
)35, and ends the refngerant mnount determination process.

In this lvay, with the vehicle air conditioning apparatus
accordin to the present embodiment, during the heating
operation and the heatin and dehmnidifying operation, the
target degree of supercooling SCt v:hen the mr et alr-
blow ing temperature TAO is thc predetermined temperature
or lnghcr Is sel lo thc target dcgrce of supcrcooling SCt1 llml
is lupter than the target degree ol supercoolulg SCt2 when
the target air-blowing temperature 'I'AO is lower than the
predetermined tempemsture. and, the set target degree of
supercooling SCt ls corrected such that when the amount of
air Cia supplied from the indoor fan 12 is smaller than a
prcdclernnncd value. Ihe dcgrce of supcrcooling SC Is lower
Ihan Ihc target dcgrcc ol supcrcoolulg SCI that is corrected
when thc amount ol'Bir Ga supphed lrom thc indoor fan 12
is Ihe predetermined value or greater. I3y this means. it is
possible to decrease the degree of supercooling S('f the
refrigerant when the amount of air Cia ibom the indoor fan
12 is snlall„and therefore to reduce the diflerence in tem-
perature between lhc rclngerant flowulg from upstream of
thc radiator 15 and thc refngerant flowmg lyom flle down-
stream of Ihc radiator 15 in lhc rcfrigcranl flov, direction. As
a result. it is possible to prevent tempemlture variations of the
air after the heat exchange in the radiator 15„and therefore
to reliably control the temperature of the Bir blowin to the
vehicle interior.

in addition. thesct talgct dcgrcc uf supcrcoolm SCt is
corrcclcd such that when thc amuum of refngcrant Gr
flow mg Qmtugh thc refngcrant circuit 20 is a predetcrmuled
vahie or greater. the degree of supercooling SC is lfigher
than the target degree of supercooling, )Ct that is corrected
when the amount of refrigerant Cir is smaller thon the
predetermined value. By this means, when the amount of
rel'rigcranl Gr is large, thc degree of supercoolulg of the
relrigcranl flowing upstream of Ihe Iirst control valve 24 is
incrcdscd. Therefore, it is possible lo increase the diflbrence
in enthalpy between the input side of the radiator 15 into
which the refngerant flows and the output side of the

rdthB(or 15 lroni which lhc rt:hlgt:rant ls ihschalgctl. Bnt!

consequently to improve the heating performance. More-
over, It is possible lo incrense COP (cocflicmnl ol'erlor-
mance) to improve the opemlling efliciency of the heat pump
svstcnl.

Moreover. the degree of supercooling SC of the refriger-
ant is calcuiated based on the temperature Thp detected by
the high-pressure refrigemnt temperature sensor 44 and the
pressure Php detected by the hi/I-pressure refri erant pres-

I ti
sure smisor 45. and thc opening of thc expansion part of Ihe
first controi valve 24 is controlled based on the calculated
dcgrcc of supercoolulg SC. By this means, il is possible to
ensure that the degree of supercooling S('ollows the target
degree of supcrcoohng SCL and thcrcforc to maul(sin Ihe
environment of the vehicle intenor m good condition

Furthermore. the superheat SH of the low-pressure reibig-
emsnt is calculated be~ed on the Iempemsture Tip detected by
the low-pressure refrigerant tenlpemture sensor 46 and the
prcssure Pip dctcctcsl by the low-prcssure rcfrigcranl pres-
sure sensor 47. Then, when the calculated superheat SH is
the prcdclennincd value or lughcr, llm opmung of Ihe
expansion part of the first control valve 24 is contmlled such
that the superheat SI I of the lolv-pressure refrigerant is the
target superheat SI I 13y this means, it is possible to increase
the degree of supercooling SC to prevent the superheat SH
from bein excessive because the amount of the refrigemsnt
iu lhc low-prcssure sulc ol Ihc relngcranl circuit 20 is
iusuflicicnl. Accordingly, it is possible to prevent thc com-

ic pressor 21 from failing
llurthemlore, it is determined lvhether or not the amount

of the refrigerant enclosed in the refrigerant circuit 20 is
appmpriate. based on the calculated de ree of supercoolin
SC of the refrigerant, the opening of the expansion part of

ls the lirst control valve 24. and the calculatcd supcrhcal SH of
the low-pressure rcfrigermll. By this means, It is possible lo
easily dctccl Ihe Icalcdgc of Ihc refrigerant enclosed in Ihe
refrigerant circuit 20, and therefore to promptly address the
failure

do FICi 11 shows Embodiment 2. Here. the same compo-
nents Bre assigned the sante reference numerals as in the
above-dcscribcd cmbothmenl.

In lhc veluclc air contliuomng apparatus according lo thc
present cmbodimcnl, thc controller 40 performs ml expan-
sion part control pmcess as shown in the flowchart in I'l(i
ll v ith the same confi umltion as in I:mbodiment I

(Step S41)
In step S41. the CPU deternlines whether the operation is

lhc htgltulg ttpcldfion ol Iht: heating dull tichunuthlvulg
o operation. When detcnninulg thai the operation is onc of Ihe

healing operation and thc healing and dchunudilyulg opera-
tion, the ('PU moves the step to step 542. On the other hand,
when determining that the opemtion is neither the heating
operation nor the heating and dehumidifyin operation, the

s. CPU ends the expansion part control process
(Step S42)
In thc step S42, Ule CPU calculates superheat SH of thc

rcfngccdnt based on thc lempcraturc Tip dctcclcxI by thc
low-pressure refrigerant temperature sensor 46 and the pres-

to sure Pip detected by the lolv-pressure refrigerant pressure
sensor 47.

(Step S43)
In step S43, Ihc CPU dctcmuncs whether or nol Ihe

supcrhcat SH calculated ul the step S42 is a prcdctcrnuncxI
ss value or lughcr. When detcnnuung that thc superheat SH is

the predetermined value or higher. the ('PU nloves the step
to step S51 On the other hand. when detennimng that the
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superheat SH Is not thc prcdclcmtincd value or lu her. thc
( PU moves the step to step 844.

(Step S44)
In step 844, the ('PI/ sets target degree of supercooling

S('t based on the tar et oir-blowing temperature TAO. For
example. Ivhen the target air-blowing temperanlre TAO is a
predetcrmuu:d value (c.g. 60 dcgrims Celsius) or lugher, the
CPU sets lirst target dcgrce of supcrcooling SCt1 (e g. 15
degrees ('elsius) On the other hand, when the target air-
blowing tenlperature 1AO is lower than the predeternuned
value, the ('PI.J sets second target degree of supercooliug
SCt2 (e.g. 12 dekrrees Celsius).

(Step S45)
In step S45, for thc target dcgrcc ol'upcrcooluig SCt scl

in thc step S44, lhc CPU calculates mmiunl ol correction H1
based on mnount of air Ga supplied from the indoor fan 12
and amount of correction 112 based on ainount of refrigerant
Cir floiving through the refngerant circuit 20 1ii be nmre
specitic, when the amount of air Cia supplied from the indoor
fan 12 is a predetermined value or higher. the amount of
COI'ICCIIOII Hl B ZCI'O. 011 flie OlhCI baird, whoil lhC ililloiiill
ol'air Ga is lower than thc prcdclermincd value. tlm amuunt
of correction Ill (e g — Ifisl llsfl) is set to decrease the
degree of supercooling 8('ccording, to the amount of air
(ia When the atnount of mfngerant (ir flowing through the
high-pressure side of the refrigerant circuit 20 is o prede-
termined value or higher, the amount of correction H2 (e g.
O«H2«5) Is set lo increase thc degree ol supcrcooling
according lo the amount of rclrigcranl Gr. On lhe olher hand,
when lhe amount of refrigerant (ir is lower than the prede-
termined value, the amount of correction I I2 (e g. — Set 12sO)
is sel to decrease the degme of supercooling, SC according
to a decrease in the amount of refri erant Cr'r. The amount of
refrigerant Cir flowin through the high-pressure side of the
relrigcranl circuit 20 utcrcascs as lhe pressure of lhe rcfmg-
cranl m lhc lugh-prcssure side of lhe relugcrmtl circuit 20
incrcdscs. and dccreascs as lhe prcssure ol lhe refu ermil
decreases 'I'herefore, the amount of refrigerant (ir tlowiug
through the high-pressure side of the refrigerant circuit 20 Is
calculated based on the pressure Php detected by the high-
pressure refngerant pressure sensor 45.

(Step S6)
In step S46. thc CPU calculates corromled target degree of

supercooluig SCtc by adding thc tmiount ol'orromtion H1
and the amount of correction 112 to the target degree of
supercooling S('t (SCtc 8('t— (I I I+I 12)).

(Step S47)
In step S47. the CPU calculates target feedforward value

EXVtglFF Ihr lhe opcnutg of the expansion Irdit of the lirst
control I alve 24 bascdi on thc corrected target degree of
supcrcooluig SCtc scl ui thc step S46. Thc target fi:edl'oward
value IIXVtgtlili is calculated based on the outdoor air
temperature Tam, voltage I3116 of the electric motor 12a to
drive the indoor fan 12, and number of rotations Nc of the
electric motor 21a to drive the compressor 21
(EXV(g(FF=KaxTam+KbxBLV+KcxNO+d, where Ka, Kb,
Kc. mtd dare prcsct lixed values).

(Sicp S48)
In step S48, the ('PU calculates the degree of supercool-

ing S('f the refrigerant based on the temperature 1'hp
detected by the high-pressure rethigemnt temperanlre sensor
44 and the pressure Php detected by the high-pressure
relrigcranl prcssure sensor 45.

(Step S49)
In stoTI S49, lhc CPU calculates target lbcdback value

I!XVtgtI'l3 tiir the opening of the expansion part of the hrst
control valve 24 based on the degree of supercooling SC

calculated ui lhc step S48. Thc target fccdback value EXVl-
gtFB is an output value of proportional-plus-integral control
(Pi control), which is calculated based on thc target fi:ed-
foward value I IXVtatFI'alculated in the step S47 and the
dcgrcc of supcrcooling SC of the rcfngerant calculated in
the step S48 (I:XVt tl'13 I:XVtgtfbp+IIXVtgtfbi,
EXVtgtfbp=Kpx(SCt tFF-SC), EXVtgttbi=EXVtgttbi n-
I+Kpflix(S('tgtl'F —SC). where Kp Is a constant value as
proportional gain: Ti is integral tune: and EXVtgtfbi n— I is

I II
the previous value of EXV(gltbi)

(Step S50)
In slap S50, the CPU conuols thc opcrung of thc expan-

sion part of the first contml valve 24. based on the target
fhcdforward value EXVtgtFF calculated In thc step S47, and
the tar et feedback vahie iiXVlgtlil3 calculated in the step
S49. and ends the expansion part control pmcess.

(Step 851)
When detenninin that the superheat SH is the predeter-

Io Inliicd vdhic of hlghcr 111 Ihe su'p S43, thc CPU pcrlbrms a

superheat control process to control the opening of the
expdilstoil pdil of lite lira( coittrol viilvc 24 lo scl lhe
superheat Sl I of the low-pressure refngerant to target super-
heat SI It in step 851, and ends the expansion part cootml
pmcess.

In this way, with the velucle air conditioning apparatus
according to the present invention. it is possible to reduce
thc dcgrcc of supcrcooluig SC of thc rcfrigcranl when thc
amount of air Ga supplied Ihom the indoor I'an 12 Is small

so like I imbodiment I, and therefore it is possible to reduce the
ditference in temperature between the refrigerant floiving
from upstremn of the radiator and the refrigerant floiving
from downstream of the mdiator in the refrigerant flow
direction. As a result, it is possible to prevent temperature

Is variations ol'he air after thc heat exchange ui thc mdialor
15, and lhcrcfiirc to reliably control lhc lcmpcralure ol lhe
air blowing to the velucle uilerior.

In addition, the target feedfoiward value IIXVtgtl I'iir
the opening of the expansion part of the tirst control valve

do 24 is calculated based on the target de ree of supercooling
Sctc: the target feedback value EXVtgtFB for the openiitg is
calmilatcd based on thc calculated dcgrcc ol'upcrcoolutg
SC and the scl target degmm ol'upcrcooling SCtc: ond thc
opening is controlled based on thc turgcl fcixlforward value
EXVtgtFII and the target feedback value I IXVtgtiil3. 13y this
means, it is possible to ensure that the tempemture and
humidity of the velucle interior is controlled to the set
temperature and humidity.

HCfC. with thC pfCsCnt Ciilbodliirciln a Coiiiigurdllolt itis
o bimn dcscnbid where, durmg the hcaung operation and lhe

Iirst hcaluig and dchunndifying opcranon, lhe rcfrigcranl
flov ing out of the compressor 21 flows thmugh the outdoor
heat exchanger 22 front the first end to the second end It is
by no means limitin . For example. durin the heating

ss operation and the first heating and dehumidifyin operation,
thc rcfrigcrmil flow ing oul of lhc compressor 21 may flow
tluough thc outdoor hant exclmngcr 22 from the second cnd
side to thc Iirst end side ds shown in FIG. 12.

In the vehicle air conditioning apparatus show:n in I'l(i
co 12, a refrigerant flow passage 201 is pmvided to connect

between the output side of the expansion part of the first
control valve 24 from which the refri emnt is dtscharged
and thc second cnd side ol'he outdoor heat exchanger 22,
instead ol'he rclbigcr;ml flow passage 20c In Emboduuenl

ss l. In addition, ui the vchiclc air conditioning apparatus. a
refrigerant flow passage 20( is provided to connect between
the first end side of the outdoor heat exchanger 22 aod the
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suction side of thc compressor 21 into w luch the refugcrm&I
is sucked. instead of the refrigemnt flow passage 20e in
Embodimmit l.

In the vehicle air conditioning apparatus having the
abo& c-dcscribcd conligurat&on. durm Ihe hcatu&g operation
and the first heating and dehumidifying openstion, the refrig-
erant flo&sing out of the radiator 15 flows tluough the
outdoor heat exchanger 22 from the second end side to the
first end side unlike Embodnnent I. During the other open-
nons, thc refrigerant flows u& the same way as u& Embud&-

ment 2.
In addition, w &th thc present embodiment. a conliguration

has been descnbed where the first control valve is consti-
tut&xl by Ihc cxpaus&on part &o decompress Ihc rcfu erm&I

flo&vina into the outdoor heat exchanger 22 during the
heating operation and the condensing pressure regulating
part to control the condensing pressure of the refrigerant in
the radiator 15 during the cooling and dehumidifying open-
non, which arc integrally fl&nncd. However, &t &s by no
means limitin . Another configuration is possible, for
cxtunple, where an chmtronic cxptmsion valve as the expan-
sion part and a condensmg pressure regulating valve as the
condensing pressure regulating part are connected in parallel
to the upstream side of the outdoor heat exchanger 22 in the
refrigerant flow direction. Tlus provides the same eflect as in
the above-descnbed embodiment.

Morcovcr, w&th thc prcscnt embodiment, a conliguration
luis bccn descnbed where thc degree. ol supercool&ng SC of
the refrigemnt flowing out of the radiator 15 is con&roll&xf by
regulating the opening of the expansion part of the hrst
control valve 24, which &s located upstream of the outdoor
heat exchanger 22. However. another confi urntion is pos-
sible where an electronic expansion valve is prov&ded
instead ol'hc cxpans&ou valve 20 d&&poses! upstrc un of the
heal exchanger 14, and, by rcgulann the opening of the
clccxrou&c cxpaus&on valve, thc dc~co of supcrcoolu& SC of
the refriuerant flo&ving out of the radiator 15 is controlled

FI(ig 13 to 29 show limbodiment 3 of the present
ii&ver&t&ot&.

As shown in FICI. 13. the vehicle nir conditioning appa-
ratus accordu&g Io thc prcscnt invcnuon includes Ihc mr
cond&i&oning un&t 10 provxlcd &n Ihe vcluclc u&tenor, m&d thc
refrigerant circu&t 20 form&xl across thc veluclc u&tenor and
the outdoor

'Ihe air condit&on&ng unit 10 includes the air flov passage
11 that allows the air to be supplied to the vehicle interior to
pass tim&ugh. The outdoor air inlet f1u and the indoor air
inlet Ilb arc prov&dcd &n the lira& cnd siCk ol thc mr tlow
passage 11. The outdoor air inlet I 1 u &s configured Io allow
thc outdoor air to flow u&to thc air flow passage 11, and the
indoor air mlet lib is configured to allow the indoor a&r to
flo&v into the a&r flo&v passage I I Meanwhile, the font outlet
11c. the vent outlet 11d and the defroster outlet 11e are
provided in the second end side of the air flow passu e 11.
Thc foot outlet 11c &s conligured io allow 0&e mr flowing
tluough thc air flow passage 11 Io blow Io the feet of thc
passengers u& thc vch&clc. Thc vent uutlct 11d &s configured
to allow the a&r flow&ng through the air flo&v passage I I to
blow to the upper bodies of the passengers in the vehicle.
The defroster outlet 11e is configured to allow the air
flowing tiuough the air flow passage 11 to blow to the
interior surface of thc front window.

11&e indoor fun 12 such as a sirocco fan configured to
aflow the air to flow through the a&r I'low passage 11 from
end to end is provided in the first end side of the air tlow
passaue 11
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Also, in Ihe first cnd side of thc a&r flow passage 11. Ihc

inlet switching damper 13 conflgured to open one of the
outdoor air u&lct 11a and Ihc indoor a&r u&lct Ilb m&d to clusc
the other. When the inlet switching damper 13 closes the
u&door a&r &nlct 11b nnd opens the outdoor a&r u&let Ilu, thc
nx&de is switched to an outdoor air supply n&ode in which the
a&r flo&vs from the outdoor air inlet 11a into the air flow
passage I I Meanwhile. &vhen the inlet switching damper 13
closes the outdoor air inlet I la and opens the indoor air inlet

I& l Ifh, Ihc mode is sw&tc&cd to an indoor a&r c&rculat&on mode
in wh&ch the air flo&vs from the indoor air inlet 11b into the
a&r flow passage 11. Morcovcr, when thc inlet switclung
damper 13 is placed bet&veen the outdoor a&r inlet 1 la and
the indoor air &nisi 11b and thc outdoor a&r inlet Ilu and Ihc
indoor air inlet 11 5 open. the mode is switched to a two-way
mode in &vhich the air flows from both the outdoor air inlet
lla and the indoor air inlet 11b into the air flow passage ll
according to the opening ratio of the outdoor air inlet 11u

&o and thc indoor a&r mlet 11b.
The outlet switching dampers 13h. 13c and 13d config-

urcd to open and close thc I'oot outlet 11c, Ilm vent outlet 11d
and the defroster outlet 11e are pmvided in the foot outlet
Ifc, Ihc vent outlet 11d m&d Ihc dclboster outlet 11 e. rcspcc-
tively, in the second side of the air flow passage ll. I'hese
outlet sw&&clung &hmpcrs 13b, 13c aud 13d arc configured Io

move together by a links e (not sho&vni Ilere, when the
outlet switching dampers 13b. 13& and 13d open the Ii&ot

outlet Ic, close the vent outlet lid and slightly open the
&o'efmster outlet 11e. most of the air flowing throu h the air

flow passage 11 blows out of thc Ibot outlet 11c and thc
remain&n air bio&vs out of the defroster outlet 11c. This
mode is rcf&:rrcd to as "Ihot mode". Meanwhile, when Ihc
outlet sv itching dampe&s 13h. I le and 13d close the foot
outlet Ilc and thc dclroster outlet 11e, and open Ihc vent
outlet I Id, all the air flo&vina through the air flow passage ll
blov s out of the vent outlet Ild This mode is referred to as
"vent mode" In addition, when the outlet sw&tching dampers

qo 13h. 13c and 13dopenthe foot outlet 11c and the vent outlet
Ifd, and close Ihc defroster outlet Ife. thc a&r flowu&g

through the air flow passage 11 blov, s out of the foot outlet
Ifc and thc vent outlet 11d. Tlus mode &s rcfcrrcxt to as
"b&-level mode". Mor&xn cr, whm& tlm outlet switclung
dampers 13h. 13c and 13d close the foot outlet I in and the
vent outlet I ld, and open the defroster outlet lie. the air
flowing tluou h the air flo&v passage 11 blows out of the
defmster outlet 11e. Tins mode is referred to as "defroster
mode". Furthcnuorc. when thc outlet sw&tchu&g dampcrs

o 13b. 13c m&d 13d close thc vent outlet 11d and open thc fool
outlet 11c and the dclbostcr outlet 11e, thc a&r flowu&g
through the air flow passage 11 blows out of the foot outlet
llc and the defroster omlet I le 'I'his mode &s referred to as
"defroster-foot mode". Here, in the bi-level mode. the air

&s flov passe e 11, the foot outlet 11c. the vent outlet 11d. and
thc heat cxchangcr and the radiator wh&ch w &ll be dcscr&bcd
later. arc arrm&ged and configurcd such that Ilm Icmperaturc
of the a &r blow &ng ou I of thc foo I outlet 11c m higher tlmn the
temperature of the air blowing out of the vent outlet lid.

ro 'I'he heat exchanger 14 is pmvided in the air flow: passage
11 in the downstream of the air ik&v, from the indoor fan 12.
In addition. the radiator 15 is provided in the air flow
passage 11 in thc downstream of thc a&r flow from Ihe heat
exchanger 14. Thc radiator 15 &s coniigured Io heat thc air

si flowing tluough thc air flow passage 11. Tlm host exchanger
14 and the radiator 15 are heat exclmngers, each of w:hich is
cm&stituted by tins and tubes and that is configured to
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perform a heat cxclrangc between thc rclbigermt flowing
through the refri emnt circuit 20 and the air flowing tlirough
the air flow passage I 1

'lite air mix damper 16 Is provided between the heat
exchanger 14 and the mdiator 15 in the air flow passage 11

and is configured to control the percentage of the air to be
healed. wluch m flowing through thc air flow passage 11.
When (hc air mix damper 16 Is disposed ui thc air tlow
passaae 11 in the upstreani of the radiator 15, the percentage
of the air sub(ected to a heat exchange in the radiator 15 is
reduced Meanwhde, when the air mix damper 16 is moved
to a position other than the mdiator 15 in the air flow passage
11. the percentage of the air subjected to a heat exchange ls
increased. In thc air flow passage 11. when (hc air mix
iliiinpcr 16 closes llic iipslrcaiil side rrf lhc IBdliitot 15 Bird
opens the portion other than the radiator 15, the opmting Is
0%s. mid. on the other hand. when the air mix damper 16
opens the upstream side of the mdiator 15 and closes the
portion other than the radiator 15. the opening, is 100%

The refrigerant circuit 20 includes: the heat exchanger 14,
thc radiator 15; a compressor 21 conligurcxl lo compress a
rel'rigcranl, an outdoor heat cxchangcr 22 conligurcd to
perform a heat exchange benveen the refrigerant and the
outdoor air;
the first control valve 24 that includes the expansion part to
decontpress the refngerant flowing into the outdoor heat
exchanger 22 during the heating operation and the first
hcatutg mtd dehumidifying opcrauon, and the condensing
prcssure regulating part as a lugh-pressure refrigerant flow
regulating valve to regulate the condensing pressure of the
refrigerant in the radiator 15 during the cooling and dehu-

midify'n

operation, and that can srvitch the refrigerant flov
channel be(sr een the refrigemnt flow channel to the expmt-
sion part side and the refri erant flow channel to the con-
densing prcssure rcgulaung part side as a relbigcrmtt tlow
passage switchuig valve, thc second control valve 25 as a
low-prcssure relngcranl flow regulating purl lo regulalc the
evaporating pressure of the retrigerant in the heat exclianger
14; firrt to fourth solenoid valves 26u, 26b, 26r" and 26rh the
first and second check valves 27a and 27b: the expansion
valve 28: and the accunuilator 29 configured to separate
refrigerant liquid from refrigermit vapor lo prevent thc
refrigerant liquid (born bmng suckixi uito flte compressor 21.
Thcsc components are conncclcx( to each other by a copper
pipe or an aluminunt pipe.

'lo be more specihc, input side of the radiator 15 into
which the refrigerant flows is connected to the delivery side
of the compressor 21 fmm which the refrigerant is dls-
cluirgcd to fiinn lhc rel'ngcmnt flow passage 20a. in addi-
tion. Ihc input side of Ihe lira( control valve 24 utlo which the
relrigcranl flows Is conncclcx( lo Ihc output side of the
radiator 15 fmm which the refngerant is discharged. thereby
to tiimt the refri emnt flow passage 20b. 'I'he first end side
of the outdoor heat exchanger 22 is connected to the output
side of the expansion part of first control valve 24 fmm
wluch Ihc rcl'ngcranl m discharged, thereby lo form thc
refrigerant flow passage 20c Meanwlulc, thc second cnd
side of lhc nit(door ical cxchBilgc'I 22 Is coilitcclcd Irr thc
output side of the condensing pressure regulating part of the
firrt control valve 24 fmm which the refrigerant discharged,
thereby to form the refrigerant flov: passu e 20d The
suction side of the compressor 21 into which the refrigerant
is sucl cd is connrx lcd lo thc second end side of the outdoor
heal cxchangcr 22, in parallel with flte rcl'ngcrmtt tlow
passage 20d, thcrcby lo form thc refriger;mt flow passage
20e. '(lie first solenoid valve 26u and the accunnilator 29 are
pmvided in the refrigerant florv passage 20c in the order

from thc upstrmun of the rclbigerant flow direction. Thc
input side of the heat exchan er 14 Into which the refrigerant
tlows is connected to the refngerant flow passage 20b,
thereby to foun the refri erant flow passage 20/. In the
refrigerant flow passage 20/; the second solenoid valve 26b,
the first check valve 27a, and the expansion valve 28 are
provided Iit lhc oiler (ruin lhc iipsIIcaiii of fllc Icfilgc'ran(
flow direction. Part ol'he rcfngerant flow passage 20e
between the first solenoid valve 26rr and the accunnihstor 29

Ia is connected to the output side of the heat exchanger 14 from
which the refrigerant is discharged. thereby to foun the
refrigemnt flovv passage 20g. The second control valve 25 is
provided in the refri emnt flow passage 20g. Part of the
rcfngcrant flou passage 20f betwcxn thc lirst check valve
27a and the expansion valve 28 is connrx (cd lo thc lira( cnd
side of the outdoor heat exchanger 22, In parallel with the
refrigerant florv passe e 20c. thereby to forni the refrigemnt
tlow passage 20h. 'l'he third solenoid valve 26c and the
second check valve 27b are provided in the refrigerant flow

Io passage 20h in the order from the upstream of the reibigemnt
flow direction. Thc rcfngcrant flow passage 20a is cun-
nrxlcd to Ihe relrigermtl flow passage 20c lo fiirm Ihc
refrigerant flow passage 20( as a defrost refngerant florv
passage I'he friurth solenoid valve 264 is pnivided in the
refrigerant florv passage 20(.

The compressor 21 and the outdoor heat exchan er 22 are
disposed outside the vehicle intenor The compressor 21 and
thc outdoor heat cxchangcr 22 arc disposed outside thc
vcluclc interior. Thc outdoor heal cxchangcr 22 Includes an

so outdoor fmi 30 configured to perforni a heat exchange
between the outdoor air and the refrigerant while the vehicle
a(OPS

As shown in FICiS. 14 and 15, the outdoor heat exchanger
22 is formed integrally with the first contml valve 24, the

Is lirst solcnoul valve 26a and lhc third solenoid valve 26c lo
fiirm an outdoor ical exchanger unit U.

Thc outdoor heal exchanger 22 includes a pair of headers
22a provided in the width direction of the outdoor heat
exchanger 2Z mid extendina in the vertical direction: a

so plurality of flat tubes 22b provided apart from each other and
connectin between the headers 22a: and wavy fins provided
bclwrxn each of the flal tubes 22b.

Each of Ihc header 22a is made of a cylindrical member
whose upper and lower cods arc closed The lower pari of
the inside of each header 22rr is partitioned m the vertical
direction by a partition member 224 The refrigerant flow
passages 20rf and 20e are connected to the space in the upper
part of the first header 22a. ln addition. the refrigerant flow
passages 20c and 20h arc connected to the space in thc lower

o part of the first header 22a. Mcanwlule, thc space ui Ihc
upper part and lhc space ui lhe loricr part ol'he srxond
header ZZa conununicate with one another thmugh a oas-
liquid separator 22e outside the second header 22ir in the
width direction of the headers 22a. The gas-liquid sepamstor

s. 22e is made of a cylindrical member whose upper and lower
mtds arc closed. and is conligured to bc able lo accimiulatc
thc rcfngcrant hquid when the outdoor heal exchanger 22
fiiilctioils Bs a Iiidiaton When lite ouuloor ical cxchtiilgct 22
functions as a radiator, only the refrigerant liquid accumu-

ro lated in the oas-liquid separator 22e flows mto the space in
the lovver part of the second header 22a. That is, a super-
cooling part Z2fiis formed by the space in the lower part of
each of thc headers 22a and the flat tubes coiuicclutg
bclwrxn the hmders 22u to place thc rcfngcrant liquid

ss flowing through in a supercooling state.
As shown in Eiti 16, the hrst control valve 24 includes

a valve body 24u configured to allow the refrigerant having
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passed Qmiugh the refmgcrant flow passage 20b lo flow
through. and an opening regulating mechanism 24b coidig-
ured lo sivi lch the refrigerant flow channel of the valve body
24u benveen the refngerant flow channel to the expansion
part and the refrigerant flow channel to the condensing
pressure re ulating part. and to regulate the openin s of the
rei'rigcranl flow channels to thc expansion part side and to
thc condensing pressure regulatulg part side, respcxnvely.

In lhe valve body 24u, a refrigemnt inlet passage 24» that
alloivs the refrigerant having passed through the refrigerant
floiv passe e 20b to flow into. a refrigerant flov channel 24d
to the expansion patt and a refbigemnt flow channel 24e to
the condeiming pressure regulating part are formed.

llic opening regulating mecharusm 24h ulcludcs. a sot»-
Coul 24h to linearly rcciprocatc a plunger 24g with respect
to a coil 24f; a first valve element 24j provided in the
refrigerant inlet passage 24» and configured to be able to
open and close a conlmunicating hole 24/ that allnws
communication between the refrigemnt inlet passu e 24»
and the refri emnt flow channel 24d; and a second valve
clmnent 24/ provided In the rcfngeraiu uilcl passage 24» and
conligured to bc uble lo open and close a conununicaling
hole 24/ that allows conlmunication between the refrigerant
inlet passage 24» and the refrigerant flow channel 24e.

1'he solenoid 24h can regulate the magnitude of the
current fiowing tluouvgh the coil 24fto adjust the position of
the plunger 24g v ith respect to the coil 24ji An abutment
portion 24m configurixl lo abut on onc cnd Ihce of Ihc scxond
I alve element 24/ is promdcd on thc front end of flle plunger
24g ln addition, a cylindrical valve element holder nlenlber
24u is provided on the front end side of the abuunent portion
24m A second valve elenlent 24/ is provided on the outer
surface of the valve element holder member 24u, and a tirst
valve element 24/ can be inserted in the inside of the valve
clmnent holder mcmbcr 24a.

lite Iirst valve clement 24j is a nixdle-like member, which
has a circular cross-section and tapers lo one end. The other
end side is Inserted Into the valve element holder nlenlber
24n A first coil spring 240 is provided on the inner surface
of the valve element holder member 24u. One end of the tirst
valve element 24/ is biased to close the conmlunicatiltg hole
24/.

A tiuough hole 24p Is provided m thc secoixl valve
clcmcnt 24/ ul the middle portion m the diameter direction.
'I'he inner diameter of the thmugh hole 24p is approximately
the same as the outer diameter of the valve element holder
member 24m and the valve element holder member 24n is
inserted into the through hole 24p. The second valve elelnent
24/ is biased by a second coil spring 249 provided ul the
refrigerant inlet passage 24» lo close Ihe conununicalulg
hole 24k

FI(i 16A shows a state in which the refrigerant tlow
channel 24d to the expansion part is opened while the
rcfflgclunt flow chaiuucl Z4c couuuunicathl'ith thc coll-
densing pressure re ulating part is closed. FIG. 1 6B shows

stale ul which thc rel'ngcmnt flow chaiulel 24d commu-
ulcallllg with fllc cxpallsloll plllt ls chisel while thc rch1g-
crant flow clmnncl 24» to thc condensulg pressure regulating
part lii(i. 16('hows a state in which the refrigerant flov
channel 24d to the expansion part is closed while the
refrigerant flow channel 24» to the condensing pressure
re ulating part is opened.

lite expansion vulva 28 is a tcmpersturc expansion valve
with thc adjustable opeiung accordulg to thc temperature of
thc rcihgerant flowing out of the heat exclxulgcr 14. As a
temperature expansion valve, tor example, a box type tenl-
perature valve including a refrigerant outlet channel that

allows thc rcfngcrimt flowulg out of thc heat cxclmn cr to
flov tluough. a temperature-sensitive md that detects the
tcmpcralure of thc rcfngeranl flowing oul ol Ihe rcfrigcrmll
outlet clmnnel, and a diaphragin to move the valve element,
which arc ullegrally Ibnncd.

As shov;n in I'I(i. I7. the accumulator 29 includes a

container body 29a that extends in the vertical direction. A
refrigerant inlet tube 29 is connected to the upper parr of the
container body 29a to allow the refngerant flow ing tluough

I I I

the refngcrant flov, pnssagc 20» or the rcfngerant flow
passage ZOg to flow into. Meamvhile. a refrigerant outlet
tube 29» is pmvulcd in the lower purt of thc conuiincr body
29a to allow the refrigemnt to floiv out of the container body
29a to the compressor 21. An opmi cnd of thc rcfrigcranl
outlet tube 29» is placed above the bottonl of the container
body 29e with a predetemlined distance between them to
regulate the refrigerant liquid tlowing out of the container
body. A refrigerant flow restriction plate 29d is provided in
thc contaulcr body 29a betwcxn lhc open end of thc refrig-
erant ullet tube 29b and the open end of the refrigerant outlet
tube 29» lo prevent lhc refrigerant from flowing dirccily
from the refrigerant inlet nibe 29b into the refngerant outlet
tube 29» In addition, an oil return hole 29e is provided in the
refrigerant outlet tube 29» positioiled in the lower part ot the
container body Z9a to return lubricatin oil separated from
the refrigerant accumulated in the container body 29u to the
compressor 21.

Morcovcr, as shown in FIO. 1 3, thc vehicle air condition-
io ing apparatus has the controller 40 that controls the openi ng,

of the expansion part and lhe opening of the condensing,
pressure regulating parr in the first control valve 24

The first control valve 24 is connected to the output side
of the controller 40. Meanwhile, the higrh-pressure refriger-

ii anl lcmperaturc sensor 44 lo detect the Icmpcralure Thp of
the lugh-prcssure refrigerant flow ing tluough the rcfrigcrmll
flow passage 20b. mid thc high-pressure rclhgerant prcssure
sensor 45 to detect the pressure Php of the high-pressure
refrigerant flowing throu h the refrigerant tlow passage 20b

so are connected to the input side of the controller 40.
The vehicle air conditioning apparatus having the above-

dcscribcd conliguration performs cooling operation, coolulg
and dehumidifying operation, lmsting operation. Iirst heat-
ing and dehumulil'ying opcrauon, second heaung mid dchu-
nudifying operation, and defrost operation Now, each
opemtion will be explained.

During the coolin and dehumidifyin opemtton. in the
refri erant circuit 20, the refngerant flow passage to the
expansion part is closixl wlulc the refmgcrant flow passage

o to Ihc condcnsulg prcssure regulaung purt is opcncd ul Ihe
Iirst control valve 24. Ihc third solenoid valve 26» is opened,
the first, second, and fourth solenoid valves 26u. 26b and
26d are closed; and compressor 2l is operated By this
means, as sholvn in FI(i. 18, the refrigemnt dischar ed from

s. the compressor Z1 flows tlm&ugh in this order; the refrigemnt
flow passage 20a, thc radiator 15: the rcfrigcrant flow
ptmsagcs 20h and 20d; thc outdoor heat cxchlmgcr 22, thc
rcfngcrant flow passages 20h and 20f: thc heat cxclmngcr
14; and the refrigerant flow passages 20g and 20e, and is

io sucked into the compressor 21 During the cooling opera-
tion. the refrigerant flowing tlu ough the refri erant circuit 20
releases the heat in the outdoor heat exchanger 22 and
absorbs thc heat In thc heat cxchungcr 14. Durulg Ihe
cooling mid dchumidlfyutg operation, when thc air mix

si damper 16 Is opcncd as shown by the dashed-dotted lute of
III(i 18, the refrigemnt flov ing through the refrigerant
circuit ZO releases the heat also in the radiator 15
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In Ibis case, in Ihc air condiuonm unit 10 durulg thc
cooling operation, the indoor fan 12 is operated to tlov the
air through the air flow passage I l. and the air is subjected
to a heat exchange with the refrigerant in the heat exchanger
14 and cooled. The temperature of the cooled nir becomes
target air-blow ing tempemsture TAO of the air to blow out of
thc outlets 11c, Ild aud Ile to thc vcluclc ultenor in order
to sct Ihc Imuperdturc of thc vclucle uueuor Io Ihe target
preset temperature Tact

I'he target air-blowing tempemsture 'I'AO is calculated
based on Ihe preset temperature Tact. and detected envimn-
mental conchtions such as the outdoor air temperature Tam,
the indoor air temperature Tr, and an amount of insolation
Ts.

Meanwlulc, in thc air conditioning umt 10 during thc
cooling and dehumidifying operation, the indoor fan 12 is
operated to tlow the air through the air tiow passage I I. and
the air is sublected to a heat exchange with the refrigerant
which absorbs the heat in the heat exchanger 14. and
therefore is cooled and dehumiditied. The air having been
dehumiddicd in thc heat exchanger 14 is sublccted to a heat
exchange with Ihc rcl'ngecdnt which rclmiscs Ihc heal ul the
radiator 15. and therefilre heated As a result„ the air at the
target air-blowmg temperature 'IAO blows to the vehicle
li'ltcrlor.

During the cooling and dehlunidifying operation. the
opening of the condensing pressure re ulating part of the
lirst control valve 24 is adlustcd to rcguldtc thc condensing
prcssure of thc rel'ngcrant in thc radiator 15. That is, 11 is
possible to control the quantity ofheat release in the radiator
15 by regulating the condensing pressure of the refrigerant
in the radiator 15 To be more specific. the condensing
pressure of the refri emsnt in the radiator 15 is decreased by
increasing the openin of the condensing pressure regulating
part ol'hc lirst control valve 24. Snd, on the other hand. Is
incrcdscd by decreasing thc opcmng. By Ilus means, the
qumluty ol'eat release in thc radiator 15 is dccrcascxt by
decreasina the condensing pressure but i ~ increased by
increasiim the condensmg pressure.

During the cooling opemstion and the cooling, and dehu-
midifying operation, the refrigerant flowing throu h the
outdoor heat exchmlgcr 22 is ul a supcrcooling stale because
Ihe refrigerant su bi ix Lcd Io a hca I exchange w i lb Ihc outdoor
mr in thc supcrcooling portion 22f is ul liquid state.

ln addition. the opening of the expansion valve 20 is
regulated based on the tenlperature of the refrigerant flowing
out of the heat exchanger 14. and theretilre to control the
superheat of the refngerant flowing out of the heat
exchanger 14. To bc more spimitic, when thc Icmpcraturc of
thc refrigerant tlow ulg out of thc heat exchanger 14 is low,
thc opening is smull. On thc other hand. Ihe Imnperaturc of
the refrigemnt flowing out of the heat exchanger 14, the
openin is large

FIG. 19 shows the relatinnship between the superheat of
the refrigerant flowin out of the heat exchanger 14 and a
coeflicient ol'crlbnuaucc (GOPi, mid thc rclauonslup
bciw cml Ihc supcrhcat ol Lhc refngccdnt and Ihc Icmpera! urc
of thc relrigcraut discharged from thc compressor 21. Thc
coeflicient of perfilrnlance mcreases as the superheat
increases lvithin a predetermined range, and decreases as the
superheat beyond the predetermined ran e. The temperature
of the refrigerant discharged from the compressor 21
incrcdscs as Ihc supcrhcat incrcascs.

To bc Inolc spccilic. 111 a cdsc ill which flu: refllgclilnl Is
in a supcrcooling state ul the supcrcoolulg portion 22f and
the superheat of the refrigerant flowing out of the heat
exchmlger 14 is increased within the predetermined range,

thc difli:rance ul cntlrdlpy bctw ceo thc rcfngcraut flowulg
into the heat exchmlger 14 and the refrigerant flowing out of
the heat exchanger 14 is greater tlmn in a case where there
is no superheating portion 22f and the superheat of the
refrigerant is not controlled. Ivhich is shown by the dashed-
dotted line in FIG. 20, and therefore the coefticient of
pcrfonndllcc Is llnproi cd.

In addition, when Ihc supcrhcat of thc rel'ngcmnt flowulg
out of the heat exchanger 14 is alxlve the predetermined

Io mange, the temperature of the refngerant discharged from the
cmnpressor 21 is increased. I'hen, an increases in the tem-
perature of the refrigerant discharged from the compressor
21 causes the lubricating oil and the refrigerant to deterio-
rate, and makes 11 dilhcult Io cool thc compressor 21. As a

I rcsllll. Lhc nlcchanlcdl liws of Ihc colllplcssol 21 lnav
increase, thereby to drop the coetficient perfilrmance

ill(i 21 shov,s the relationship between the degree of
supercooling of the refrigerant flowing out of the outdoor
heat exchanger ZZ and the coetficient of performance. The

zc coeflicient of perfomlance increases as the degree of super-
cooling incrcascs. In order Io increase Ihc dcgrcc of super-
cooling, it is required to mcrease Ihc surlbcc arcs for a heat
exchange benveen the air and the refrigerant flossin
through the space in the lolver part of the headers 22a of the
outdoor heat exchanger 22. I'or this reason. the degree of
supercoolin increases in propoition to the outline dimen-
sion of the outdoor heat exchanger 22. and therefore is
dctcrnuncd by Ihc oullmc dimension ol Ihc outdoor heal
cxchangcr 22 that can be liued ul.

lo As described above. by setting the superheat that allows
the coeflicient of performance to be maximized and setting,
the degree of supercooling that allows the coeflicient of
perfomlance to be the upper linlit„ it is possible to maximize
the coeflicient of performance durin the cooling operation

ls and the coohng and dehumidifying opcrauou.
During thc hcaung operation. ul thc rcltigcrant circuit 20,

the rcfngcrant tlov channel Io ttu: cxpunsion part is opcncxt
while the refrigerant flow channel to the condensing pres-
sure regulating part is closed in Ihe tirst control valve 24; the

do first solenoid valve 26a is opened: the second to fourth
solenoid valves 266, 26c and 26d are closed: and the
compressor 21 is operated. By this means, as shown ul FIG.
22, Ihc refrigerant discharged Ibom thc compressor 21 flow s
tluough in this order. thc rcfngcrant flow passage 20a: thc
mldiator 15; the refrigermlt flov passages 20II and 20is the
outdoor heat exchanger 22; and the refrigerant flow: passage
22e, and is sucked into the compressor 21 The rethigemsnt
flowing through the refrigemsnt circuit 20 releases the heat in
the radiator 15 and absorbs thc heat in thc outdoor heat

IJ CXCliiiilgCI 22.
In this case. Ln Ihc air conditioning unit 10, thc indoor fan

12 is operated to flow the air thnIOP the air flow passage 11,

and the flowing air is not subjected to a heat exchange lvith
the refri erant in the heat exchanger 14. but is subjected to

ss a heat exchange with the refri emsnt in the radiator 15 and
thcrcfilrc is heatmh As a result, the mr at thc target air-
blowing tcmpcrature TAO blows to tlm velucle interior.

In the accumulator 29, the refugcrant tlows through thc
container body 29a, contactin the inner surface of the

io container body 29a and the refriaerant flow restriction plate
29d. and consequently to separate refrigemsnt liquid from
refri erant vapor. Excessive refngerant liquid is accumu-
lated in thc contaulcr body 29a and only Ihc rcfrigcrant
vapor, which is almost saturated vapor, flows out of Ihe

ss reltigcrant outlet Lube 29c. In addition, when the rcfrigcrant
liquid is separated front the refrigemlnt vapor, the lubricating
oil contained in the refrigerant is sepamsted from the refrig-
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crant, and is accunnilatcd in the container body 29a. Thc
lubricating oil accuniulated in the container body 29c tlows
fmm the oil return hole 29e into the refrigerant outlet tube
291, and is returned to the compressor 21

During the heating operation, as shown in FICrk 25. v.ben
the opening of the expansion part of the first conuol valve
24 increases. Ihe degree of supercoolm of Ihe rcfn ermit
flow ing ou( of Ihc radiator 15 is decreased, and. on thc other
hand, v hen the opening is increased, the dearee of super-
cooling decreases 'I'herefore, the opening of the expansion
valve of the first control valve 24 is controlled such tliat the
degree of supercooling of the reibigerant in the radiator 15
is a predetermined value. based on the temperanlre detected
by Ihc high-prcssure rcfrigcrant tcmpcrature sensor 44 and
Ihe pressure dctcctcd by thc high-prcssure rein ermlt pres-
sure scilsor 45.

'lo be nlore specific. when the degree of supercooling of
the refrigerant floiving out of the radiator (5 is increased, the
difl'erence in enthalpy between the refrigerant flowiiig into
the radiator 15 and the refri erant flowing out of the mdiator
15 is greater thm»n a case whcrc tlm dc rcc ol'supcrcoolulg
is small, w luch is inihca Icd by the dashed do fed lute in FIG.
24. and therefore the coetficient of pertormance i ~ improved.

In addition, when the degree of supercooling of the
refrigerant flowing out of the mldiator 15 is increased, the
liquid phase area in the mdiator 15 increases. Therefore. the
efljciency of the heat exchange decreases, thereby to
increase Ihc prcssure of Ihc rcliigcrmit ui Ihc lu h-prcssure
side. When thc prcssure ol'he rcl'rigerant ui flle high-
pressure side is increased. the difference in enthalpy between
the refrigerant floiving into the mldiator 15 and the refriger-
ant flov ing out of the radiator 15 increases, as slxlwn in I 1Ci.

24. In this case, as shown in FICi. 25. the heatin perfor-
mance increases as the degree of cupercooliiig of rhe refrig-
erant flowing out ol flm radiator 15 uicrcascs, mid the
tcmpcraturc of thc air blowing to ihc vehicle interior is
incrcdscd as Ihc dcgrcc of supcrcoolulg of Ihc rcfn ermit
floivin out of the radiator 15 increases

Cienerally, an increase in the pressure of a refrigerant in
the Ifigvt-pressure side causes an increase in the pressure
ratio, and therefore the power of the compressor increases.
As a result. thc cocflicicut of perl'ormancc drops. However,
wi(h the present embodiment, by increasing Ihc degree of
supercooluig of the refngerant flowuig ou( of thc radiator 15,
an increase in the difl'erence in enthalpy betv een the refrig-
erant flov ing into the radiator 15 and the refrigerant flov ing
out of the radiator 15 may be greater than the increased
amount of the pov er of the compressor. Therefore, it is
possible to improve the cocflicicnt of performance.

In addition, il Ihc degree of supercooling of (he rcfn ermit
flowing out of thc rmhator 15 is abovea prcdctermincd
ran e. the pressure ratio of the compressor 21 increases, and
consequently the coefficient of perfonnance dmps as slxcwn
in FI(fi 26. To prevent this. it ic desired to control rhe degree
of supercooling of the refri erant to be within the predeter-
llliricd rdllgC.

Therefore. when high heating perfomiancc is required, thc
opcnmg of the expansion part of Ihe lira( control valve 24 is
controlled to increase the degree of supercooling. of the
refrigerant flowing out of the nldiator 15. Meanv bile. when
the heating operation v ith high ener y efiiciency is required,
the opening of the expansion part of the first conuol valve
24 is conuollcd such that thc dcgrce of supcrcooling of the
rel'rigcrant flowing out of Ihc radiator 15 is a prcdctermincd
1 aluc.

Ikiring the first heating and delnimidifying operation, in
the refri emnt circuit 2U, the refrigerant floiv channel to the

expansion par( is opened wlule thc refwgcrant flow channel
to the condensing pressure reaulatmg part is cklsed in the
first contml valve Z4: the first and second solenoid valves
26C and 26b are opened: the third and fourth solenoid valves
26c and 26d are closed: and the compressor 21 is operated.
By this means. as shown in FICi. 27. the refrigemnt dis-
charged from thc compressor 21 flows through in tlus order.
the refrigerant flow passage 20d: tlm radiator 15: and Ihc
refrigerant flow passage 20b Part of the refrigerant floiving

Io through the refrigerant flow passage 2Ub flows through in
tlus order: the refrigerant tloiv passage 20C; the outdoor heat
exchanger 2Z: and the refrigerant flov passage 20e, and is
sucked into the compressor 21. Meanwlule, the remaining
rcfngcrdnt tlowing through the rcfrigcrant flow passage 20b
flows tluough in flus order: thc rcfn Orant flow passage 20f.
the heat exchanger 14; the refri erant tlow passages 20g and
2Ue, and is sucked into the compressor 21 The refrigerant
tlowing through the refrigerant circuit 20 releases the heat in
the radiator 15 and absorbs the heat in the heat exchanger 14

lo and the outdoor heat exchanger 22.
In this case. in Ihc air conditioning unit 10, thc indoor fan

12 is opcrdtcd Io flow thc air tluuugh the air flow passage 11,
and the flowing air is subjected to a heat exchange with the
refrigerant in the heat exchanger 14, and therefore is cooled
and delnlmidilied Part of the air having been dehumidified
in the heat exchanger 14 is subjected to a heat exchange with
the refngerant in the radiator 15 and heated As a result, the
air at thc target air-blowing Imnpcrature TAO blows into thc
vcluclc ultcnor.

io In addition, the evapomlting temperature of the refrigemlnt
in the heat exchanger (4 is controlled by regulating the
opening of the second control valve 25 'I'hat is. when the
opening of the second control valve 25 is decreased, the
evaporating temperature of the refri emu( in the heat

li exchanger 14 incrcascs. On the other hund, when the open-
ing of Ihc second control 1 ah c is increased. Ihc cv spore tulg
tcmpcrature decrcascs.

l)uring the second heating and deluunidifying opemltion,
in the refrigerant circuit 20, both the refrigemnt flow channel

do to the expansion part and the refrigemnt flow channel to the
condensing pressure regulating part are closed in the iirst
control valve 24, thc second solenoid valve 26b is opened.
thc lirst, third and fourth solenoid valves 26a, 26C and 26d
arc closed, and thc compressor 21 is operated. By tlus
means, as shovnl in Ill(i 20, the refrigerant discharged from
the compressor 21 flows through in this order the refrigerant
flow passage 20a, the radiator 15: the refri erant flow
passages ZUb and 20fi the heat exchanger 14: and the
rclbigcran( flow passnges 20g and 20e, and is sucked into Ihc

o compressor 21. Thc rclbigcrant flow ing through the refrig-
erant circuit 20 relcascs thc heat ui thc radiator 15 and
absorbs the heat in the heat exchanger 14

ln tins case, in the air conditioning unit 10, the indoor fan
12 is operated to floiv the air througrhthe air flov passa e 11,

i. and the flowin air is subjected to a heat exchange with the
rcfrlgcldllt ill Illc heat cxchdllgcr 14, alii Illcrclolc Is coohx!
and dchumidiliixl ul the smnc w ay as in thc lira( hcaung and
dclnunulifying operanon. Part of the air dchunudilicd ui thc
heat exchanger 14 is subjected to a heat exchange with the

io refrigerant in the radiator 15. and therefore heated As a
result. the air at the target air-blowing temperature TAO
blov s to the vehicle interior.

During thc defrost operation. ul the rcfrigcraut circuit 20,
the relhgeran( flow choruicl of the lira t control valve 24 is sct

si to Ihc rcliigcrmit flov; Hunincl to Ihc cxpamion part: Ihe lira(
and fourth solenoid valves 26a and 26d are opened and the
second and third solenoid valves 26b and 26C are closed; and



US 10,183,551 B2
3i

lhc conlplcssor 21 ls opclalcd. By dus nlciuls, ils shown ul
lil(i. 29. part of the refrigerant discharged from the cnnt-
pressor 21 (iowa through in this order: the refrigemtnt flov
pasta e 20a: the radiator 15; and the refrigerant flow pas-
sages 200 and 20c. and is sucked into the compressor 21.
Meanwhile, the remaining reibigemtnt discharged from the
compressor 21 flows tluough the rel'rigerant flow passages
20a. 20( and 20c, aud flows ulto thc outdoor heat exchanger
22 The refrigerant flowing out of the outdoor heat
exchmiger 22 flnws through the refrigerant flow passage 20c
and is sucked into the compressor 21 'lhe refrigerant
flowing through the refrigerant circuit 20 releases rhe heat in
the radiator 15. and at tlus time. absorbs the hear in the
outdoor heal cxclranger 22.

In this case, In the air conditioning uiut 10, lhc uidoor fian
(2 is operated tn flow the air thnlugh the air tlow passage I l.
'I'he flowing air Is not subjected to a heat exchange with the
refrigerant in the heat exchanger 14, but is subjected to a
heat exchange with the refngerant which releases the heat in
the radiator 15. Bnd therefore is heated and then blows to the
I chicle interior.

While Bn automatic switch is Iurnod on, Ihc opcrauon Is
switched ainnng the cooling operation, the coolinn and
delnunidifying opemttion, the heating operatinn. the hrst
heating and delnunidifymg operation. the secnnd heatiag
and deluuuidifying operation and the defrost operation,
based on enviromnental conditions including the outdoor air
Iempcralurc Tam, thc Indoor mr temperature Tr, the outdoor
mr hunudily, Ihc Indoor air humidity Th, thc amount of
insolation 'I's and so forth

In addition. the mode of the outlets lie„ I I I and lie are
switched by the outlet switching dainpers 13h, 13i and (34.
The opening of the air mix damper 16 is controlled such tlmt
the tempemtture of the air blow ing out of the outlers Ilc, 11d
and 11e Is thc target air-blowuig tcmpcralure TAO.

In each opcrauou. switching thc operation among the filo(
mode. the tent mode Bnd thc bi-lcvcl mode is pcrformcd
according to the target air-blowing temperature TAO 'I'o be
ntore specific. when the target air-blowing teinperature 1'AO

is high, for example. 40 degrees Celsius, the mode is set to
the foot mode. Meanv bile, when the target nir-blowing

lamp era lure TAO Is low, fiir example, lower than 25 degrcms
Cclsnis. the mode is set to llm vent mode. Morcovcr, when
the large( air-blowing tcmperaturc TAO is the tcmpcraturc
betiveen the tempemtture for the foot mode and the tempera-
ture tilr the vent mode, the mode is set to the bi-level ntode.

In this way, with the vehicle air conditioning apparatus
according to the present embodiment. duriilg the cooling
operation and Ihc cooing mid dchumiihfyuig operation, the
filst conuoi valve 24 (hilt can connol fllc Bnloilnl ol rcfltg-
cranl flow ing oul ol llm radiator 15 and into Ihe outdoor heal
exchmiger 22 is provided in the refrigerant flow passage
betiveen the radiator 15 and the outdoor heat exchaager 22
in the refri emnt circuit 20. By this means. during the
cooling and deluuuidifying opemttion. the condensing pres-
sure regulating part ol'hc first control valve 24 regulates thc
quanuly of heat relcasc In Ihc radmlor 15, and thcrcforc it is
possible lo sccurc llm iunount of hmlutg, winch Is required
to heat lhe air blowing to the vehicle interior. Consequently,
it is pnssible to ensure that the temperature of the air
supplied to the vehicle interior is the preset tempemture Tact.

In addition„durin the first heating and dehumidifying
operation, the second control valve 25 thai cmi regulate the
amount ol'efngcraul flowing oul of thc heal exchanger 14
and sucked into thc compressor 21 is provxlcd in the
refrigerant (low passage between the heat exchanger 14 and
the compressor 21 in the refrigerant circuit 20. l3V tlus
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means, during the lira( banting and dchumidil'ying opera(tun.
the opening nf the second control valve 25 is decreased, and
therefore it is possible to increase the evaporatuig pressure
of the refrigerant in the heat exchanger 14 'I herefore. even
if the outdoor temperature is low. it is possible to prevent a
frost from being fi&mted on the heat excltanger 14. and
thercforc to secure Ihc accessary quantity of heal lo be
absorbed ulto Ihc rcl'ngerant ui lhc heat cxchangcr 14.

In additinn. the first control valve 24 includes the expan-
IB sion part cnn(igured to expand the refrigerant flowing into

the outdoor beat exchanger 22 in the refrigerant circuit 20
dunn the heating operation and the first heating and dehu-
midifying operation; the condensing pressure regulating part
confIgni cd to IL'gulatc Ihc condensing prcssulc ol thc Icfltg-
crant flowing oul ol'i thc radiator 15 and ulto thc outdoor
heat exchanger 22 in lhe refrigerant circuit 20 during the
cooling and delnlmidifying operation, and the refrigerant
tlow channel switching part to switch the refrigerant flow
channel between the refrigerant flow channel to the expan-

se sion part and the refrigerant fkliv passage to the condensin
prcssure rcgulatuig part. and they are integrally I'onncd. By
tlus means, thcrc is no nccd lo provide thc cxpmlsion purl,
the condensing pressure regulatutg parr and the refrigerant
flov cllannel switching part separately as Individual parts,
and therefore it is possible lo reduce the number of parts and
the number of man-hours in the assembly.

Moreover, the outdoor heat exchanger 22, the first control
valve 24, Ihc lirst solenoid vali e 26a Bnd the third solenoid
valve 26c arc uitcgrally fonncd as llm outdoor heat

Ic exchanger unit lly this means, there is no need to pmvide
the outdoor heat exchanger 22, the first control valve 24. the
first solenoid valve 26a and the third solenoid valve 26C

separately as individual parts„and therefore it is possible to
reduce the number of parts and the number of man-hours in

Ii the assembly.
Moreover, Ihc accumulator 29 Is provided In Ihc refrig-

erant flow passage thai allows the refngermlt to bc suckcxl
into the cnmpressor 21 The openin of the expansion part
of the first cnntml valve 24 can be regulated to expand the

so refrigemnt floiving out of the radiator 15 and into the
outdoor heat exchan er 22 in the refngerant circuit 20
durmg thc heatin opcrauon. By dim means, only thc
rcfrigcldnl viipor, which ls iihuiisl sB(ul'riled viipor, can bc
sucked into thc compressor 21. and Il Is possible lo optimize
the degree of supercoolin of lhe refrigerant flowing out of
the radiator 15 Consequently, it is possible to impnlve the
heating perfonnance and the coeflicient of periilrmance
dunng the heating operation.

Moreover, Ihc expansion pail ol'hc first control valve 24
o may Include an clcctroiuc expansion valve with thc openulg

regulated by thc solenoid 24ft. By this means, dunn Ihe
heatin operatinn, it is possible to optimize the degree of
supercooling of the refrigerant flnwing out of the radiator 15,
based on the temperature Thp of the lugh-pressure refriger-

ss ant flowing tluough the refrigemtnt flow passage 200, and the
prcssure Php of thc high-prcssure rcfrigcranl flowulg
tluough thc refngcrant flow passage 206. Tllerefore, it is
possible to impmve Ihc hcaung pcrlbnuaucc aud thc coclt
ficient nf perfomtance during the heating operation

ic Morenver, the outdoor heat exchanger 22 includes the
supercooling portion 22f to pfitce the flov in refrigerant in
a supercoolin state is provided in the refrigerant circuit 20
dunng the cooing operation mid thc cooing and dchumuli-
fying operation. Thc expansion valve 28 to expand Ihe

si relyigcrant flowing uito lhc heal exchanger 14 Is a tcmpera-
hlre expansion valve with lhe adjustable opening according
to the temperature of lhe refrigerant flowing out of the heat
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exchanger 14 In th&s way, by placu&g Ihe rcfngerant flowing
through the outdoor heat exchanger 22 in a supercooling
state in the refrigemsnt c&rcuit 20 during the cooling. opera-
tion and the cooling and dehumidifying operation. it &s

possible to increase the difference in enthalpy between the
refrigerant fk»sing into the heat exchanger 14 and the
relrigcrant flow&ng out of the heat exch mgcr 14 a&xl also to
regulate Ihc superheat of Ihe relngcrtmt flowing out of the
heat exchanger 14 'I herefore, it is possible to improve the
coetficient of performance during the cooling operation and
the cooling and dehumidifying operation

Furthermore, the refrigerant flow passs e 20i is prov&ded
in the refrigerant circu&t 20 which allows part of the refri-
crant Io flow u&to the outdoor heat exchanger 22 but restncts
the part from tlow u&g into thc rad&a&or 15 dunng the heating
operation. l3y this means, even if the outdoor temperature &s

lo&v and a fn&st is formed on the outdoor heat exchanger 22,
it is possible to ren&ove the frost on the outdoor heat
exchanger 22. Therefore, it is possible to prevent the heating
perfbrn&ance from dmpp&ng tn the heating operation.

FIGS. 30 and 31 show Embodiment 4 ol'hc present
invention. Herc, the &tune componcnu sre assigned Ihc same
reference numerals as in the above-described embodin&ents.

1his vehicle air cond&tioning apparatus includes an expan-
sion valve 31 provided between the refrigerant tlo&v passage
20b and the refngerant flow passage 20c, instead of the hrst
control valve 24 in Embodiment 3, and a third conuoi valve
32 prov&ded bc&ween tlm refrigerant tlow passage 20b and
the refngcrant flow passage 204.

'lhe expansion valve 31 is a mechanical temperature
expansion valve whose opening varies according to the
ten&pemture of the flowing refrigerant As shown in I&fli 31,
the expansion valve 31 includes a cylindrical valve body
31m a valve element 31b pmvtded in the valve body 31a and
a power clean:nt 31c Io scuse Ihe tcmperaturc of Ihe rcfug-
crant snd move thc valve clement 31b.

11&e & ah c clmncnt 31a is conligurcd to allow d&e rcfug-
emnt flow through. and includes a conununicating hole 314
that allov s comn&unication betw:een the upstream and down-
strean& of the refrlgemsnt flow direction.

The valve element 31b is provided upstream of the
conunun&catu&g hole 314 u& the valve body 31a m&d conlig-
urcd Io bc able to move u& thc refngcrant flow direction.
When Ihe valve clmncnt 31b moves to thc communicating
hole 31b, its one end closes the corn&nunicating, hole 31d. On
the other hand. when the valve element 31b moves oppos&te
to the conununicating hole 31d, the conununicatin hole 31d
is opened. A conununicating passs e 31e is formed &n the
salve body 31b to allow conummication between the
upstream and downstream ol Ihc rclngersnt flow d&rection &n

thc valve body 31a wlulc thc valve clement 31b cloaca the
comnnmicat&ng hole 314. The valve element 3 lb is biased
by a coil sprin 31f to open the corn&nunicating hnle 314

The power element 31c is constituted by a diapluagm 31g
and a cover member 31b that encloses the diaphragm 315.
An air tight chtunbcr 31i in wluch tcmpcrature scnsitivc gas
is sealed is formed bctwccn thc lira& surlhce (Ihe upper
surlhcc u& FIG. 313 ol'hc diaphragm 315 and thc inner
surface of the cover member 3 I 6 Meanwhile, the refrigerant
flo&vina into the valve body 31a flows between the second
surface of the diaphra m 315 and the inner surface of the
cover member 31h. When the temperature of the refrigerant
flow&ng into thc valve body 31a uses, thc prcssure u& the
mrught cluunbcr 31i &ncrcascs. Then, thc diaplmag&u 31g &s

nx&ivxl Io Ihc second ~u&lace sulu so as Io u&cuu&sc thc
volume of the airtight chamber 3li 'I'he movement of the
diaphragm 315 to increase the volume of the airtight chant-

bcr 31i causes the valve body 31b to move to close thc
communicating hole 31d When the valve body 316 closes
the comn&unicating hole 314, only the communicating pas-
sage 31e allo&vs comnn&nication between the upstream and
downstream of the refrigerant Ik&v, direct&on in the valve
body 31a.

Thc open&ng of thc tlnrd conu ol valve 32 can varv, so tha&

it w possible Io regulate ihe condensu&g prcssure ol'he
refrigerant in the radiator 15 dunng the cooling and dehu-

u& nudifying operation.
In the vehicle air conditioning apparatus having the

above-described configuration„ the dek&uee of supercooling
of the refri erant flowing out of the msdlator 15 ts regulated
by thc cxpans&on valve 31.

To bc morc spccdic. when the tcmpcraturc ol'hc refrig-
erant flo&ving out of the radiator 15 mcreases, the opening of
the expansion valve 31 decreases On the other hand, &vhen

the temperature of the refri erant flowing out of the radiator
decreases. the openin of the expansion valve 31 increases.

za FIG. 31A sho&vs a state in which the comnnu&icatin hole
31d &s open. FIG. 31B shows a state u& wh&ch thc commu-
n&cating hole 31d &s closed.

In this way, with the vehicle air condit&on&ng appamstus
according to the present embodiment, during the cooling
opemstion and the cooling and dehumid&fy&ng operation, the
quent&ty ofheat release in the radiator 15 is regulated by the
th&rd control valve 32. and therefore it is possible to secure
thc amount of hcaung rcqu&rcd to heat the a&r blow&ng Io thc
vcluclc interior. Thcrcforc. it &s pose&blc to ensure that thc

&c temperature nf the air supplied to the veh&cle interior is the
preset temperature 'I'set

'I'he expansion valve 31 is a n&echanical te&upemsture
expans&on salve. By this means, during the heatin opera-
tion. it is possibie to optimize the degree of supercooling of

&s the rcfrigcrant flowu&g out of the rad&ntor 15 w&th a suuple
conligurat&on, and Ihcrelorc it &s possible Io reduce Ihe
production coal.

l&l(i 32 shows Embodiment 5 Ilere, the same compo-
nents are assigned the same reference nun&erals as in the

so above-described embodiments.
This vehicle air conditioning apparatus includes a water-

rcfngcrsnt heat excl&anger 33 conligured to release thc heat
from thc rclbigcr mt flowing fluough the refugcr mt circu&t

20 and Io absorb thc hant into the cool&ng water to cool thc
eagine I I fnr driving the vehicle, instead of the radiator 15
to release the heat from the refrigemsnt in I:mbodiments 3
and 4. The water-refri erant heat exchan er 33 includes a
cooling water flo&v passage 33u as a heat medium flow
passage conligurixl to aflow cooling water to flow through.

o An cng&nc cool&ng circuit 60 &s conncctcd to thc coolu&g
water flow passage 33a, which is a heat me&hum c&rcu&I

cm&figured to allo&v coolina &vater to flow through.
I'he engine cooling circuit 60 includes the water-refrig-

erant heat exchanger 33; a water jacket for the engine E: an
engine radiator 61: a first pump 62 configured to circulate
cooling water bctwimn thc water jacket for thc m&gu&c E and
thc m&gu&c rad&ator 61. a rad&a&or 63 conligurcd Io relcasc thc
heat from Ihc coo lu&g wan r Io Ihc air flow u&g Ihrough thc air
tlow passage 11; a second pump 64 configured to circulate

ic the cooling &vater between the water-refrigerant heat
exchm er 33 and the radiator 63& a three-v ay valve 65: and
v ater heater 66 conligured to heat coolin water by electric
power. Thcsc components arc connect&xi Io each other by a

copper pipe or an alunnnum p&pe.
ss To bc more specdic. input side ol'hc water Iacket for Ihe

engine E into &vhich the v ster flows &s connected to the
delivery side of the first pump 62 fmm which the water is
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dtsciuitgcd, thereby to foun a water flow passe e 60u In
addition, the input side of the engine radiator 61 into which
the water flows is connected to the output side of the water
jacket for the engine Ii fnim which the water i ~ discharged,
thereby to fomi a water flow passu e 60b. The suction side
of the first pump 62 into which the vvater is sucked is
connomted to thc output side ol'he cn inc radiator 61 from
winch the water is discharged, thcrcby to Jhmi a water tlow
passaue 60r. 1he input side of the water-refrigerant heat
exchmiger 33 into which the water flows is connected to the
delivery side of the second pump 62 from which the water
is disclmrged, thereby to form a water flow passu e 60d. The
input side of the water heater 66 into vvhich the water flows
is coiuuxted to the output side of the water-refrigerant heat
exchanger 33 from wluch the water is discharged, thereby to
fiirm a ivater Jiow passage 60e. 'I'he input side of the radiator
63 into which the water flows is connected to the output side
of the water heater 66 fnmi which the water is discharged,
thereby to foun a water flow passa e 60fi The suction side
of the second pump 64 into which the water is sucked is
connomted to thc output ~ idc of thc mdiator 63 from which
thc w uter is dischurgcd. (hereby to I'orm a water flow passage
6(tg 'I he water flow passage 60b is connected to the water
floiv passage 60e, thereby to form a ivater flow passage 606.
Moreover. the water flow passage 6(tc is connected to the
water Jkiw passage 60g, thereby to form a water flow
passage 60i. The three-way valve 65 is provided in the
coiuuxuon portion between thc water liow passage 60g and
the water liow passage 60i to allow thc commuiucation
bet!veen the output side of the heat mdiator 63 and the hrst
pump 62 side or the second pump 64 side.

'lite engine cooling circuit 60 is realized by connecting
the circuit constituted by the vvater-reibigerant heat
exchanger 33. the radiator 63, the second pump 64. the
tlucc-way valve 65, mid thc water heater 66 to the enguie
cooluig circuit consututed by the water Jacket for thc enguie
E. the engine radiator 61 and thc Jirst pump 62.

In the vehicle air conditioning apparatus having the
above-described con(iguration, the second pump 64 is
driven while the three-way valve 65 aflows conuminication
between the heat mdiator 63 and the second pump 64, so that
it is possible to perform cooluig operation, cooling and
dcluunidifyuig opcrntion, heating operation. Jirst heating
and dehumidifying operation, second hcatmg and ilcluunidi-
fyinu operation, and defrost operation. in the same way as in
I:mbodimenis 3 and 4

In addition, during the heating operation, when the quan-
tity of heat release is not sufficient in the water-refrigerant
lleilt cxcliilligcr 33, thc water hmtcr 66 heats thc cooling
osier to compmisatc lor thc uisuliicicnt quantity ol heat.

When thc lira( pump 62 is dnven wlnle the (luce-way
valve 65 allows communication between the radiator 63 and
the second pump 64, the exhaust heat of the engine I'. is
discharged from the engine radiator 61.

In addition, the first pump 62 is driven while the three-
w ay valve 65 allow s conununication be(wet:n the radiator 63
and thc lirst pump 62, thc heat relcascil ui the water-
rcfrigeront heat cxchangcr 33 is translerrcd to the cnginc E
to promote the wann-up of the engine I I

In this ivay, with the vehicle air conditioning apparatus
according to the present embodiment. duriiig the cooling
operation and the cooling and dehumidifying operation. the
qumiuty of heat rclcasc in thc water-rclugerant heat
exchanger 33 is regulated by the condensing pressure rcgu-
laung part of thc first contml valve 24, mid thcrcforc it is
possible io secure the amount ofheating required to heat the
air bloivin to the vehicle interior Therefore, it is possible

to cnsurc tlmt thc o:mpcraturc of thc nir supplied to thc
veliicle it!tenor is the preset temperature 1 set

I!I(isk 33 and 34 show iimbodiment 6 of the present
invention I Jere, the same components are assigned the saine
reference munerals as in Embodiment 3.

As shovvn in FI(h 33, in the refri emnt circuit 20 of the
vchiclc air conditioning apparatus. a third control valve 34
is provided uistcad ol'hc lira( control valve 24b ui Embodi-
ment 3 'lite third control valve 34 includes a refrigemnt inlet

io and a refrigerant outlet and can re ulate its opening within
each of a decompression range and a condensing pressure
regulatin range.

To be more specific. input side of the radiator 15 into
which thc rclbigcrimt flow s is connected to thc dchvcry side
of thc compressor 21 from which thc rcfrigcrant is dis-
charged to forni the refriuerant Jiow passage 20!i In addi-
tion, the input side of the third control valve 34 into which
the refrigerant flu!v is connected to the output side of the
radiator 15 from which the refrigerant is discharged. thereby

io to form the refrigerant flow passage 20b. The input side of
the outdoor heat cxclumgcr 22 into wluch tlm rcfrigcrant
Jlows is connectixi to the output side of thc tlurd control
valve 34 fmm ivhich the refrigerant is discharged, thereby to
form the refrigerant flow passage 2Uo 'I'he suction side of
the compressor 21 into ivhich the refrigerant is sucked is
connected to the output side of the outdoor heat exchanger
22 from wlflch the refri erant is discharged, thereby to form
thc refrigerant flov'assage 20d. In the refmgcrimt liow
passage 20d, thc lirst solenoid valve 26u and thc accumu-

io lator 20 are pmvided in the order from the upstream of the
refrigerant flow direction I'he input side of the heat
exchanger 14 into ivhich the refri erant flows is connected
to the refrigerant flow passe e 20b„ thereby to form the
refrigerant flow passage 20e. In the refrigerant flov. passage

is 20e, thc second solenoid i alve 26b, thc Jirst check valve 27a
and thc expansion vahe 28 arc provided in thc order from
the upstrciuu ol'he rcfrigcrmit liow direction. Part of the
refrigerant flow passe e 20d between the first solenoid valve
26u and the accumulator 20 is connected to the output side

oo of the heat exchan er 14 front ivhich the refrigerant is
discharged. thereby to form the refrigerant flow passage 20fi
Thc second control valve 25 is prov!devi in tlm refrigerant
liow passage 20f. 11!e uiput side of the gas-liquid soqtanttor
22e uito which thc refrigerant lions is connected to thc
output side of the outdoor heat exchanger 22 fnim which the
refrigerant is disclmr ed, in parallel with the refngerant flow
passage 20d. thereby to form the refngerant flow passage
20g The third solenoid valve 26c is provided in the refri-
erant tlow passage 20g. Part of thc rcfrigcrant liow passage

o 20e bctwccn the lira( citccl valve 27a mid the cxpmision
valve 28 is conncctcd to the output side of thc gas-liquid
separator Z2e front which the refri emnt is dischar ed via
the supercooling portion 22f. (hereby to fiirni the refrigerant
flov passage 20ii. The second check valve Z7b is provided

i. in the refrigerant flow passage 20b. Moreover. the refriger-
ant liow passage 20o is coiuiectcd to the rcfugcrant liow
passage 20c. (hereby to lorm thc rcfngcrant liow passu c
20i, as a dcflost rclhgerant flow passage. Thc fourth sole-
noid valve 26d is pmvided in the refrigerant flow passage

ii! 2Ui

As shown in FI( h 34. the third control valve 34 includes:
a valve body 34a configured to allo~ the refri erant bavin
passed tluough the rclbigcrant liow passage 20b to liow
tllrotlgll, dllri till opellilig rcgllliltlllg illci:llalllslll 34b coll(!g-

ot urcd to switch thc rcfngcrant flow passage of thc valve body
34 between the refrigerant floiv channel to the expansion
part and the refrigerant flow channel to the condensing
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prcssure regulaung part, and Io regulalc the opc&ungs of thc
refrigerant flow passages to the expansion part and to the
condcnshlg prcssUIC rcgUlalhlg pill&. Iimpccfivcly.

In the valve body 34U, there are formed a refrigerant inlet
clramber 34d coutigurcd to conunu&ucatc with a relhgcrmli
inlet 14& connecting to the refrigerant flow passage 2(lb, and
a refrigerant outlet chamber 34fconfigured to conmtunicate
with a refrigerant outlet 34e connecting to the refrigerant
flow passage 20c. The refrigerant inlet chamber 34d may be
a roon& ha&big a clrcUIUI clogs-sccnon snd cxlcndhlg ul Ihc
horizontal direction. The refri emlnt inlet 34r is provided on
the outer penplmry of thc rctb&gerant ullci chamber 34d &n

the refrigerant outlet chamber 34f side Mean&chile, the
ret'rigcrani outlet chamber 34/ may bea room havulg a

circular cross-section and extending along the same ax&s as
the refrigerant inlet chamber 34f. The refri erant outlet
chamber 34fconlmun&cates with the refrigerant inlet chan&-

her 34d via a first communicating hole 343 that is opened
and clos&xi by Ihc opc&ung regulating macha&usm 34b.

In addi&sin. in the valve body 34a. an expansion part
retrigcrani liow chtulncl 34h contigurix! Io allow conumuu-
cation between the refrigerant outlet chamber 34fside of the
refrigerant Inlet chan&ber 34d and the refrigencnt outlet
chamber 34f A second communicating hole 34i that &s

opened and closed by the opening regulatin mechanism
34b is provided in the expancion part refrigermlt tlow
clrannel 34h &n the ret'ngcmnt outlet chamber 34f side.

Morcovcr, a pilot rely&gerant flow chiuulcl 34j &s prov&ded
in the valve body 34U to alk&w conunuoication betv een the
refrigerant inlet chamber 34d in the side opposite to the
refrigerant outlet chmnber 34fand the second conununicat-
in hole 34i of the expansion part refrigerant tlow channel
34h in the refri emsnt inlet chamber 34d side. A third
commumcaung hole 34k that is opcncd mid closed by the
ope&ung regulat&ng mecharusm 34b is pmv&dml in the p&lot
ret'rigcrani flow chmmcl 34j &n thc refrigerimt outlet chmnbcr
34f side.

1 he openi&lg regulating mechanisnl 34b includes a sole-
noid 34l to linearly rec&procate a plunger g with respect to
a coil; a first valve element 34m to open and close the tirst
conuuun&caiulg hole 343, a second valve clement 34u to
open and close thc second conumuucsting hole 34i . and a
th&rd valve clement 34o to open mid close flle flurd com-
municating hole 34/.

'lite solenoid 34/ &s a proportional solenoid configured to
be able to adjust the position of the plunger with respect to
the coil by regulatin the magnitude of the current tiov.ing
tlx&Ugh Ihc coil.

illa Iirsi calve element 34m includes. a valve element
portion 34p Io open and close the tirst conmlunicsting hule
34/6 a piston portion 23q configured to be able to move in
the refrigerant inlet chamber 34d: and a coupling portion 34r
configured to couple the valve element portion 34q with the
piston portion 34q A conum&n&cating hole 341 is provided in
Ihe p&sion port&on 34q tlrat allows conunumcat&on between
Ihe part of Ihc rcfrigcraui inlet chamber 34d ul Ihc relhgcrmli
outlet chmuber 34f sale and thc perl of Ihe refngcran! inlet
chamber 34d located on the opposite side of the refrigerant
outlet clmnlber 14f 'I'he hrst valve element 14ar is biased in
the direction in which the valve element portion 34p closes
the first conununicating hole 34g by a coil sprin 14t in the
p&sion poruon 34q, wh&ch &s prov&dcd m Ihe opposite sulu of
thc rcfrigcrant outlet chamber 34/.

illa second valve elcmcui 34rr &s s needle-like mcmbcr,
which has a circular cross-sect&on and tapers to one end, and
is fixed to the fmnt end of the plunger. 'I'he second valve

clement 34U increases thc opening of tlm second conununi-
cat&ng hole 34i as the plan er moves uplvard.

'I'he third valve elenlent 34rr is a needle-like member,
v hich has a circular cross-section and tapers to one end, and
is provided to en a e with an en a ement portion 34U that
is provided in the middle of the plunger in the axic direction
of thc plunger. The Ih&rd calve element 34o &s b&ascd to cluse
the third conuuunicating hole 34/- by a co&1 spnn 34v
pmvided on the third valve element 34c When the amount

&U of the upward movement of the plunger is a predetermined
value or greater, the third valve 34c engages with the
engagement portion 34&r. Und, when the amount of the
upward mo& ament of the plunger exceeds the predetermined
value, Ihc openulg of thc tlurd conmlun&caung hole 34

I ulcrcascs.
In ill(i 34A, the first valve elenlent 14&rr, the second valve

element 34a, and the third valve element 34&r close the first
communicating hole 34g. the second communicating hole
34i and the third communicating hole 34k, respectively.

Io When the plun er of the solenoid 34l moves upward from
the state sho&cn in FIG. 34A. the scmond valve element 34n
opens the secoml conununicating hole 34i wlulc thc tirst
valve element 34m and the third valve elenlent 34&& close the
first communicating hole 343 and the third communicating
hole 34/3 respectively, as shov n in l1(i 34I3 In this case,
the refrigerant flowing from the refrigerant inlet 34c into the
refrigemnt inlet chamber 34d is decompressed via the
cxpansron part rcfngcr;mt liow charu&el 34h and flows mto
thc refngcrant outlet chamber 34f, and then tlows out of thc

&o refrigerant outlet 34e 1'he firrt valve elen&ent 34&rr keeps the
first communicating hole 343 closed by the biasing three of
the coil spring 34/ I'he plunger of the solenoid 34l is moved
as long as the tirst comnn&nicating hole 34g and the third
conununicatin hole 34/- are closed. the openin is regulated

lc wlflun fllc I&rage of fllc cxpansiiul pal&.
Thc plunger of thc solano&d 34/ moves morc upward from

the state sho&cn &n FIG. 34B. thc second valve clement 34n
and the third valve element 14O open the second commu-
nicating hole 34i and the third comnlunicating hole 34/,

co respectively. because of the upward movement of the
plunger as sholvn in FICI. 34C. When the second commu-
n&cating hole 34i and ihe &turd conunun&cuing hole 34j arc
opcnrck thc part of thc refngcrant inlet chamber 34d locatod
ou Ihc oppos&te side of thc Iirst conunun&caung hole 34k
communicates cvith the refrigerant outlet chamber 34f via
the pilot refrigerant flow channel 34/. so that the pressure
drops By this mean~, as shown in FICI. 34C. the first valve
element 34m moves to the opposite side of first communi-
cat&ng hole 34g of Ihc rett&gerant u&lct clrsmbcr 34d, agmnst

U the brasing force of Ihc coil sprulg 34t The plunger ot'he
solcnosl 34/ is moved as long as thc Iirst commurucatulg
hole 34g is open. the opening is regulated within the
cmldensing pressure regulating part

In this way, with the velucle air condit&on&ng apparatus
&1 according to the present embodiment. during the cooling

operation and thc cooling and dclnunul&fy&ng operation, thc
quanl&ty ot heal relcasc ul Ihc rad&a&or 15 &s coniroflrxl w&ih

thc third control vahc 34.;md therctorc &I is possible Io
secure the amount ofheating required to heat the air blolving,

rr& to the vehicle interior in the same way as in Iimbodiment 3
to Embodiment 5. As a result. it is possible to encure that the
temperature of the air supplied to the veh&cle interior is the
prcsci Icmpcrature Tsci.

Herc. a conliguration has bcmn dcscnbcd where Ihe olri-
sc door heat exchanger 22. thc Iirst control valve 24, thc tirst

solenoid valve 26U and the th&rd solenoid valve 26 are
integrally formed as the outdoor heat exchanger unit I Iocv-
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ever, it is by no means lunituig. Another coniiguraIion is
possible where the second solenoid valve 26b or the fmirth
solenoid valve 26rJ, and the first and second check valves
27u and 27b are formed integrally with the outdoor heat
exchanger 22 ns long as they are positioned close to the
outdoor heat exchanger 22

In addition, with Ihc prcscnt cmbodnncnt. a conliguration
has been dcscnbcd where thc solenoid 24b switches the
refrigerant flow channels and regulates the opening. I Iow-
Cven 11 Is bv ilo Illa'lils llluttlllg I iil'x;llIiple, a stCpplllg
niotor may be used as long as it is possible to switch the
refrigerant flow channels m the valve body 24C nnd to
regulate the openin .

Morcovcr, with Embodiment 5, a conliguration has been
dcscnbml where Ihc heat released from the rcfrigcrant circuit
20 is absorbed into the cooling water tiowing through the
engine cooling circuit 60 via the water-refrigerant heat
exchanger 33 Ilowever, heat medium subjected to a heat
exchange w ith the refri emnt is not limited to water. bm any
heat medium is applicable. which enables heat unnsfer. such
as antifrcczc solution contauung eIhylcneglycol and so
lortll.

FI(ig 35 to 45 show limbodiment 7 of the present
invention.

As shown in lil(r 35. the vehicle air conditioning appa-
ratus according to the present invention includes the air
conditioning unit 10 provided in the vehicle interior, and the
refrigerant circuit 20 formixl across thc veluclc uitcnor and
IliC Oil(door;

'lite air conditioning unit 10 includes the air flov passage
I I that alloivs the air to be supplied to the vehicle interior to
pass through. The outdoor air inlet lln and the indonr air
inlet 11b are provided in the first end side of the air flov
passage 11. The outdoor air inlet 11a is confignired to nllov
thc outdoor air to flow uito thc air flow passage 11, and the
indoor air uilct Ilb m coniigurcd to aflow the uidoor air to
flow mto thc mr flow ptissagc 11. Mcdllwliilc, flic loci( oiltlct
I li. the vent nutlet Ilrf and the defroster outlet lie are
pmvided in the second end side of the air flnw passage Il.
The foot outlet Ilc is confi ured to allow the nir flowing
tluough the nir flow passage 11 to blow to the Jbet of the
passengers ui thc vchiclc. Thc vent outlot 114 is configured
Io allow the mr flow uig tlumigh Ihe air flow passage 11 to
blow Io the upper bodies ol'hc passengers in thc vchiclc.
'I'he defmster outlet lie is conhgured to allow the air
floiving through the air flow passage ll to blow tn the
interior surface of the front window.

The indoor fan 12 such as a sirocco fan conti ured to
aflow the air to liow through the air I'low passage 11 from
cnd Io end is provided in the Iirst end side of thc air tlow
passagc 11. This indoor Ibn 12 is driven by Ihc clcctnc mutor
1 2O.

Also, in the first end side of the air tiow passage ll, an
inlet switchin damper 13 confi ured to open one of the
outdoor air inlet Ild and the indoor air inlet 11b and to close
the other. Tlus uilct switching damper 13 is dnvcn by thc
clcctnc motor 13n When thc inlet switching dunper 13
cloaca thc indoor air uilct Ilb ond opens Ihc outdoor mr inlet
I ln, the mode is switched to an outdoor air supply mode in
which the air flows from the outdoor air inlet I la into the air
flow passa e 11. Meanwhile, when the inlet switching
damper 13 closes the outdoor air inlet 11a and opens the
indoor mr uilct Ilb, thc mode is switches! to mi indoor mr
cirmilation mode in which thc mr flow s from the uidoor mr
inlet 11b uito thc nir flow passage 11. Morcxtvcr, when the
inlet sivitching damper 13 is placed between the nutdnnr air
inlet Iln and the indoor air inlet I I 6 and the outdonr air inlet

Iln and the indoor air uilct 11b open, tlm mode is swttcltcxl
to a two-way mode in ivhich the air flows from both the
outdoor air inlet I ln and the indoor air inlet I I 6 into the air
tlow passage I I according to the openmg ratio ofthe outdoor
air inlet Iln and the indoor air inlet lib

Outlet sivitching dampers 13b, 13c and 13d coniigured to
open and close Ihc foot ouflct Ilc, the vent outlet 11d and Ihc
dcl'roster outlet 11c dre provided in thc Ibot outlet IIC, Ihc
vent outlet I I if and the defroster outlet I le, respectively. in

io the second side of the air flnw passage li 'I'hese outlet
sv itching dampers 13b, 13c and 13d are configured to move
together by a linl age fnot shown) and are opened and closed
by the electric motor 13C. Here, when the outlet switching
dampcrs 13b, 13c and 13J open the foot outlet lc, close thc
vent outlet 114 and slightly open thc defroster outlet 11e.
most of the air floiving IJIrou h the air flow passage I I bloivs
out of the fnot nutlet I I i and the reniaining air bkiws out of
the defroster outlet lie 'I'his niode is referred to as "foot
mode *'eanivhile, when the outlet switching dampers 13b,

io 13c and 134 close the foot outlet 11c and the defroster outlet
Ilc, and open thc vent ouflet 11rf, all thc air liow ing tlu ough
the air liow passage 11 blows out ol'he vent outlet 11 J. Tlus
nxide is referred to as "went mode" In addition, when the
outlet switching dmnpers I3b. 13i and 13d open the foot
outlet I 1r mid the vent outlet llrJ, and close the defnister
outlet Ilc, the air flowing tluough the air flow passage 11

blows out of the foot outlet Ilc and the vent outlet 11d. This
mode is refcrrcd Io as "bi-level mode." Morcovcr, when thc
outlet switching dampcrs 13b. 13c and 13d close the foot

io outlet llc and the vent outlet lid, and open the defroster
outlet lie. the air flowing through the air flow passage 11

blov s out nf the defmster outlet Ile 'I'his niode is referred
to ns "defroster mode." Furthermore, v hen the outlet switch-
in dnnpers 13b. 13c nnd 13d close the vent outlet Ild and

ii open Ilm foot outlet Ilc and Ihc defroster outlet Ilc, thc air
Jlowing Iluough the mr flow passage 11 blows out of thc fool
outlet 11c and Ihc defroster ouflet llc This mode is rcfi:rred
to as "defroster-foot mode "

I Jere. in the bi-level mode, the
air flow passage I I. the fiant outlet I lc, the vent outlet I ld,

do and n heat exchanger and a radiator which will be described
later. are arranged and configure such that the temperature
of the air blowing out of thc foot outlet Ilc m higher tlmn thc
tcmpcraturc ol'hc air blow uig out of thc vmit outlet 11d.

A heat exchanger 14 is provided in tlm air flow passage 11

in the downstream of the air floiv from the indoor fan 12
'I'he heat exchanger 14 is confi ured to cool and dehumidify
the air Jlov,in tluou h the air Jkiw passage 11. In addition,
a radiator 15 is provided in the air flow passage 11 in the
downstream of thc air liow liom thc heat cxchangcr 14. The

o rddlatiir 15 Is ColliigurCd lo IiCdt Illc dlr flowlllg Ilirougll lliC

air tlow passage 11. Thc heal exchmigcr 14 and the mdiator
15 are heat exchangers. each nf ivhich is constituted by fins
and tubes and which is configured to perform a heat
exchange between the refrigerant flow ing through the reibig-

s. erant circuit 20 and the nir flowing tltrough the air flow
passage 11.

An air nux damper 16 is provided between Ihc heat
cxchangcr 14 and Ihc radiator 15 in thc air liow passage 11

and is configured to contml the percentage of the air to be
io heated, which is flowing throu h the air flow passage II

The air mix damper 16 is driven by the electric motor 16ii.
When the air mix damper 16 is disposed in the air flow

passage 11 in thc upstream of thc radiator 15, thc percentage
of the air sublcctcd to a heat cxchangc in thc radiator 15 is

si reduced. Mcanwlnlc. when Ihc air mix dmnpcr 16 is movcdI
to a position other than the radiatnr 15 in the air flow passage
ll, the percentage of the air subtected to a heat exchange is
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increased. In thc a&r flow passage 11. when Ihc air m&x

dmnper 16 closes the upstream side of the radiator 15 and
opens the portion other than the radiator 15, the opm&ing &s

0%. m&d. on the other hand. when the air mix damper 16
opens the upstream side of the radiator 15 and closes the
portion other than the radiator 15. the opening, is 100%

11&c rcfngerant c&rcu&I 20 &ncludcs. thc heat exchanger 14,
thc radiator 15; a compressor 21 configurcxl Io compress a
refrigerant; an outdoor heat exchanger 22 contigured to
perform a heat exchange benveen the refrigerant and the
outdoor air;
an indoor heat exchanger 23 confi ured to perform a heat
exchange between the refngerant flowing out of rhe heat
exchanger 14 and Ihc rclr&germ&t flowing out of Ihe rad&a&or

15 m&il thc outdoor heat cxchangcr 22, or at least of thc
radiator 15: a first control valve 24 including an expansion
part confi ured to decon&press the refrigerant flov ing into
the omdoor heat exchanger 22 during the heating operation,
and a condensing pressure reguiati»g part configured to
re ulate the condensin pressure of the reibigerant in the
radiator &luring thc coolu&g m&d dehunud&fying opcrat&on; a
si:i'iini! control valve 25 lmvu&g a lunct&on as an evaporaling
pressure regulating part to regulate the evaporating pressure
of the refrigemnt in the heat exchanger 14: first to third
solenoid valves 26&i. 26h and 26&: first and second check
valves 27u and 27h. an expansion valve 28: and an accu-
n&aha&or 29 configured to separate refrigerant liquid from
refrigerant vapor to prevent thc rel'rigerant liquid lkom being
sucked into thc compressor 21. These components arc
connected to each other by a copper pipe or an aluminun&

pipe
'Io be more specihc, input side of the radiator 15 into

which the refrigerant flows is connected to the delivery side
of the compressor 21 fmm which the refrigeranr is d&s-

cluirgcd to fi&nn Ihc rel'ngcmnt flow passage 20a. In add&-

tion. Ihc input s&dc of Ihe lira& control valve 24 u&to which the
relrigcrant flows &s connccicxt Io Ihe output s&rlc of the
radiator 15 fmm which the refngerant is discharged. thereby
to ti&m& the refri emnt flow passage 20h. 'I'he first end side
of the outdoor heat exchanger 22 is connected to the ourput
side of the expansion part of first control valve 24 fmm
wluch Ihc rcl'ngerant m d&scharged, thereby Io form thc
refrigerant flow passage 20c Meanwlulc, thc second cnd
side of Ihe o&ltiioor heat exchanger 22 &5 connect&:il Iii thc
output side of the condensing pressure regulating part of the
firs control valve 24 fmm which the refrigerant discharged,
thereby to form the refrigerant flov: passu e 204 The
suction side of the compressor 21 into which the refrigerant
is sucl ed is connix &cd Io thc second end s&dc of the outdoor
heal cxchangcr 22, in parallel with fl&e rclhgcrm&t tlow
passage 20&j, thcrcby Io form thc refriger;mt flow passage
20e. '11&e first solenoid valve 26u and the accunn&lator 29 are
pmvided in the refrigerant flo&v passage 21)e in the order
from the upstream of the flow of the refrigeranr. The input
side of the indoor heat exchanger 23 into which a high-
prcssurc refngerm&t flows &s connectcxl Io Ihc relngcrm&I
flow passage 20h. thereby to form Ihe refn aran& flow
passage 20j. In Ihc rcfrigcrant flow passage 20j. the second
solenoid valve 26h and the first check valve 27a are pro-
vided in the order from the upstream of the refrigerant flov
direction. The input side of the heat exchanger 14 into which
the refrigerant flows is connected to the output side of the
indoor heat cxchangcr 23 lbom which thc lngh-prcssure
rel'rigcrant is d&schargcd, thcrcby to fom& Ihe rclhger&mt tlow
passage 20g. Thc expansion valve 28 is provirled m the
refrigerant flow passage 20g The input side of the indoor
heat exchanger 23 into which a low-pressure refrigerant
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flows is conncctcd Io ihe output s&de of thc heat cxclmngcr
14 from wlfich the refri erant is discharged, thereby to form
the rcfrigcrant flow passngc 20h. Thc second control valve
25 is provided in the refriaerant flow passage 20h. The part
of the relrigerant flow passage 20e bctw cen the lira& solenoid
valve 26&& and the accumulator 29 is connected to the output
side of the indoor heat exchanger 23 from which the
low-pressure refrigerant is dischar ed, thereby to foun the
refrigemnt flov; passage 20i. Part of the refrigerant flow

&1&

passage 20j loca&cd don nsucam 1'rom the lira& check valve
27a in the refrigerant flow direction is connected to the first
m&d side of thc outdoor heal cxclran i:r 22. &n pamllcl w&th

the refrigerant flo&v passu e 20r. thereby to form the refrig-
erant flow passage 20j. 11&c third solm&o&d valve 26c and Ihe
second check valve Z7h are provided in the refrigerant flow
passage Zfli in the order from the upstream of the refrigerant
flov direction

The compressor 21 and the outdoor heat exchanger 22 are
d&sposcd outside Ihc veh&clc u&terior. Thc compressor 21 is
driven by the electric nn&tor 21u. The outdoor heat
exchanger 22 includes an outdoor fan 30 conligured Io
perform a heat exchanae between the outdoor air and the
refrigerant v;bile the vehicle stops The outdoor fan 30 is
driven by the electric motor 3lk&

As shown in FIO, 36, the first control valve 24 includes;
a valve body 24u configured to aflov, the refrigerant having
pmscd through thc refrigerant flow passage 20h to flow
tluough, and an opc&ung regulating meehan&sm 24h conlig-

&o ured to switch the refrigerant flo&v channel of the valve body
24a between the refrigerm&t flo&v channel to the expansion
part and the refrigerant flow channel to the condensing,
pressure regulatin part, and to regulate the opemngs of the
refrigerant flow channels.

&s ln thc valve body 24a, a refrigerant u&lct passage 24c that
aflow s the rcfngcrant l&aving passed Ihrough Ihe rcfrigcrant
flow pasxage 20b Io flow into. a refrigerant flow chimncl 24d
to the expm&sion part and a refrigerant flow cham&el 24e to
the condensing pressure regula&i&m part are formed.

so The opening regulating mechanism 24h includes: a sole-
noid 24h to linearly reciprocate a plunger 24g w&th respect
to a co&l 24j, a lirst vahc clcmcnt 24i prov&dcd u& thc
rcfngcrant inlet passage 24c and conligurcd Io bc able to
open and close a conunun&catu&g hole 24i that allows
communication between the refrigemnt inlet passage 24r.

and the refrigerant flow chm&nel 24a'I and a second valve
element 24l provided in the refri emnt inlet passage 24c and
configured to be able to open and close a conununicatin
hole 24i- that aflow s conununication between the rcfrigcrant

o inlet passage 24c and thc rcfngcrant flow cha&u&el 24e.
Thc solenoid 24h cm& regulate thc magnitude of Ihe

current flov;ing througi& the coil 24f to adjust the position of
the plunger 24g &vith respect to the coil 24f An abutment
portion 24m configured to abut on one end face of the second
valve element 24I is provided on the front end of the plunger
24g Mcanwlule, u& thc front end s&dc of Ihe abutmcnt
pornon 24&ii, a valve clmnm&I holder mmnber 24&i m prov&dcd
to receive the lira& valve clcmcnt 24j, and a second valve
element 24i is provided on the outer surface of the valve

ra element holder member 24n.
The first valve element 24j is a needle-like member, which

has a circuiar cross-section and tapers to one end The other
end side &s &user&cd into thc val&c clcmcnt holder member
24a A lira& co&l spring 240 is prov&ded on thc un&er surface

ss of thc valve clement holder mcmbcr 24n. Onc end of Ihe lira&

valve element 24j is biased to close the commumcating hole
24i
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A Iluough hole 24p is provided m Ihc secoixl valve

element 24/ in the middle portion in the diameter direction.
'I'he inner diameter of the thmugh hole 24p is approximately
the same as the outer diameter of the valve element holder
member 24n. and the valve element holder member 24n is
inserted into the through hole 24p. The second valve element
24/ is biased by a second coil spring 244 proviiled ui the
refrigerant inlet passage 24c Io close Ihe conununicatuig
hole 24/.

FI(i 36A shows a state in which the refrigerant tlow
channel 24d to the expansion part is open ivhile the refrig-
erant floiv channel 24e to the condensing pressure regulating
part is closed. FICi. 36B shots s a state in which the refri-
crant flow chiauicl 24d to the cxpiuwion part is closed, and
the rcibigerant flow chiuincl 24c to thc condensing prcssure
regulating part is also closed. I I(i 36(: shoivs a state in
which the refri emsnt flow channel 24d to the expansion part
is closed ivhile the refrigemsnt flos channel 24e to the
condensin pressure regulating part is open.

Moreover, the velucle air conditioning apparatus also
includes a controller 40 that controls thc temperature and the
hunudity of the vchiclc tntcnor to bc the prcsct temperature
and lnunidity.

1he contmller 40 mcludes a ('VU, a ROM and a i&AM In
the contmller, upon receiving an input sigrtal from a device
connected to the input side, the CPU reads the program
stored in the ROM according to the input si nal, stores the
staie dc(ected by thc uiput signal on thc RAM and transmits
dn output signal to a devmc coiuiccted to Ihc oulpul side.

As shoivn in I'I(i 37, an electric motor 12rr for driving the
indoor fan 12; an electric motor 13d fiir driving the inlet
switching damper 13: an electric motor 13e for driving the
outlet switching dampers 13b, 13c and 13d: an electric
motor 16a for dnving the air mix damper 16: an electric
motor 21a fiir driving thc compressor 21, Oie Iirst control
salve 24, tlm sixoud control valve 25, the Iirst Io Ilurd
solenoid valses 26n, 26b and 26c mid dn clcctric motor 30a
for driving the outdoor fan 30 are connected to the output
side of the controller 40

As shown in FICI. 37. an outdoor air temperature sensor
41 configured to detect tempemsture Tam outside the vehicle
interior, an uidoor mr tmupcrature sensor 42 conftgurcsf to
dcicct uidoor air Iempcrahirc Tr: an uisolalion sensor 43
such as a photo sensor configured Io detect amount of
insolation Is, a lugh-pressure refrigerant temperature seilsor
44 configured to detect temperature 'I'hp of a high-pressure
refrigerant flowing tluough the refrigerant flow passage 20b,
a high-pressure refrigemsnt pressure sensor 45 conf ared to
detixt pressure Php of the high-pressure refrigerant flowing
tluough the refrigerant flow passage 20b. a low-pressure
refrigerant tcmpcrature smisor 46 configured to dc(not tem-
perature I'lp of the low-pressure refrigerant that flows
through the refrigerant tlow passage 20e and i ~ sucked into
the compressor 21, a low-pressure refri erant pressure sen-
sor 47 configured to detect pressure Pip of the refrigerant
that flows tluou h thc rcfrigcrant flow passage 20e and is
sucked into Ihc compressor 21. o hest excluuiger Icmpcra-
Iurc sensor 48 configured to detect evdpomting Iempcraturc
le ot the retrigerant in the heat exchanger 14: an operation
part 49 configured to set modes regarding to target preset
tempemsture Tact ond the sv itching of the operation; ond a
dispLay part 50 configured to display the indoor air tempem-
turc Tr mid operation states, orc connected to Ihe outpu! side
ol'he controller 40.

Till: vchicic alr collifitiolllllg dppdl'titus havilig Illi: abovc-
described configuration performs cooling operation. coolina
and delnunidifying operation, heating operation, first heat-

iug mid dcluimulifying operation, aud second heating and
dehuniidifying operation Now. each operation ivill be
explained.

During the cooling, and delnunidifying opemtion. in the
refrigerant circuit 20, the refngerant flow channel to the
expansion part is closed ivhile the refrigemsnt flow channel
to Ihc condmising prcssure regulating part is open ui Ihe first
control valve 24: the Ihird solenoid valve 26c is opened, Ihe
first and second solenoid valves 26rr and 26b are closed; and

Io cmnpressor 21 is operated. I fere, although the expansion
part of the first control valve 24 closes the refrigerant flos
channel. the area of the refri eront flow channel to the
expansion part is quite smaller than the refri emsnt flow
pmsagc to Ihc condensing prcssure regulating pan, and
thcrcfirrc most of Ihc rcfmgcrant flow s Ou ough the rcfn cr-
ant flow channel to the condensin pressure regulating part
even if the refrigerant floiv channel to the expansion part is
opened. Accordingly, durin the cooing opemstion and the
cooling and delnunidihing operation, there is no need to

io close the refrigerant flow passage to the expansion part. By
tlus means, as shov n in FIG. 38, the rclbigcrant dischargoxf
from thc compressor 21 flows tluough in this order. Ihe
refrigerant flow passage 2Ua; the radiator 15: the refrigerant
flov passages 2Ub and 2Ud: the outdoor heat exchanger 22;
the refrigerant tiow passages 2(li and Ztl/," the high-pressure
side of the indoor heat exchanger 23; the refrigerant flow
passage 208: the heat exchan er 14. the refngerant flow
pmsagc 20b, the low prcssure sale of thc indoor heat
cxchangcr 23, and Ihc rcfngcrant flow passages 20/ and 20c.

io and is sucked into the compressor 21 During the cooling,
opemstion, the refrigerant floivin through the refrigerant
circuit 20 releases the heat in the outdoor heat exclmnger 22
and absorbs the heat in the heat exchan er 14 During the
cooling and delnunidifying operation, when the air mix

is damper 16 is opened as represented by thc dashed-dotioxf
lute of FI(L 38, thc rcfngcr mt flowuig tluough the refrig-
erant circuit 20 relcdscs thc heat also in Ihc radiator 15.

In this case. in the air conditioning unit 10 during the
cooling operation, the indoor fan 12 is operated to floiv the

so air tlmiugh the air flow passage 11, ond the air is subjected
to a heat exchange ivith the refrigerant in the heat exchanger
14 and cooled. Thc tcmpcrature ol'he cooled air becomes
target air-blowing temperature TAO ol'he air to blow out of
thc outlets 11c. 11d and 11e to Ihc veluclc interior ui order
to set the temperature of the vehicle interior to the target
preset tenlpemshire I set I he target air-blowiilg tempemsture
TAO is calcuiated based on the preset temperature Tact. and
enviroiunental conditions including the outdoor air tempera-
ture Tam, thc indoor mr tcmperaturc Tr, and au mmiunt of

o insolation Ts. wluch arc detcctcrf by the outdoor air tem-
pcralurc sensor 41, Ihc mdoor air tcmpcrature smisor 42, and
the insolation sensor 48, respectively

Meanv bile, in the air conditioning unit 10 during the
cooling and delnunidifying operation„ the indoor fan 12 is

s. operated to flow the air tfmough the air flow passage 11. and
thc air is subiimo:d Io a hest cxchau e with the refrigeronl
which absorbs the heat ui thc heat cxclrdngcr 14. and
thcrcfi)rc is cooled and dehunudilied. Thc air havuig bccn
dehuniidified in the heat exchanger 14 is subjected to a heat

ro exchange v;ith the refri erant which releases the heat in the
radiator 15. and therefi&re heat&. As a result. the air at the
target air-blov,in teniperature TAO blows to the vehicle
interior.

During thc hcaung operation. ui thc rclbigcrant circuit 20,
ss the rel'rigerant flow channel to the expansion part is open

while the refrigerant flow channel to the condensing pres-
sure regulating part is closed in the first control valve 24; the
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lira( solmioid valve 26a m opcncx), Ihc second and !)urd
solenoid valves 26b and 26r are closed: and the compressor
21 is opemsted I)y this nieans. as shown in Iii(i 39. the
refrigerant discharged front the compressor 21 thiv s tluough
in this order: the refri emsnt flinv passage 20a: the mdiator
15; the refrigerant flow passs es 20b and 200: the outdoor
heal cxchangcr 22: and thc rcfrigcran( flow passage 22C, and
is sucked uilo the compressor 21. Thc relbigcrmit flowuig
through the refrigemsnt circuit 20 releases the heat in the
radiator 15 and absorbs the heat in the outdoor heat
exchmiger 22.

In this case. in the air conditioning unit 10. the indoor fan
12 is operated to flow the air through the air flow passage 11,
diid Ilir: fliiwiiig Bir is llol sub)ccicd (0 a llcBI cxcilBiigc with
the rei'rigerant in thc heal cxcliangcr 14, bul is subjectu! to
a heat exchaime with the reffigemsnt in the msdiator 15 and
therefore is heated. As a result, the air at the target arr-
i)owing tempemsture 'IAO bkiws to the vehicle interior

During the first heating and dehumidifying operation, in
the refrigerant circuit 20. the reihigemsnt flow channel to the
expansion part is open wlule Ihc refn cranl flow chaiuicl (0
thc condmising prcssure regula(uig pan is closed ui the Iirsl
control valve 24; the hrst and second solenoid valves 26rr
and 26b are opened: the third solenoid valve 26r is closed,
and the compressor 21 is operated 13y this means. as slxcwn
in Ffli. 40. the refrigerant discharged from the compressor
21 flows tiuougt in this order, the refrigerant flow passage
200, Ihc radiator 15, and the refngerrmt flow passage 20b.
Part of Ihc rclri erdnt havuig passed Iiuough the relngcrmil
floiv passaae 20b flows through in this order the tirst contml
valve 24; the refngerant flow passage 20c; the outdoor heat
exchanger 22: and the refrigerant flow passage 20e. and is
sucked into the compressor 21. Meanvvhile, lhe remaining
refrigerant bavin passed through the reibigernnt flow pas-
sage 20b flows tluough in this order. thc rcfflgcran( tlow
passage 200 the lugh-pressure side of Ihc mdoor heat
exchanger 23, the rcfngcrant flow passage 205. thc heat
exchmiger 14: the refrigemutt flow passage 20h; the Iow-
pressure side of the indoor heat exchanger 23; and the
refrigerant ikiv, passage Zfii. and is sucked into the com-
pressor 21. The refri emsnt flowing through the refrigerant
circui( 20 releases thc heat in thc raihaior 15 mid absorbs thc
heal in the heat cxcbangcr 14 and Ihe ou(door heat exchanger
22.

In this case. m the air conditioning unit 10, the indoor fan
12 is operated to flow the air thniugh the air flow passage 11,
and the flowing air is subjected to a heat exchange with the
refrigerant in the heat exchanger 14. and therefore is cooled
and dchunndiiicd Pnrt ol'he mr lwving bema dehunudiiicd
ill Ilic lied( cxcllaiigcr 14 ls sub)ected Io d liiuit cxcliliiigc wit)1
thc relhigeranl in thc rddui(or 15 and healed. As a result, the
air at the target air-blowmg temperature 'I'AO blows into the
vehicle interior.

During the second heating and dehumidiflin operation,
in the refri emsnt circuit 20, both the refrigerant flow clnuuiel
(0 (lie cxpdiisloii pail Slid Ilic rcfrigcl dill flov, cliiiiiiicl Io tlic
condensing prcssure rcgulaung perl arc closed in lhe Iirsl
control valve 24, thc second solenoid valve 26b is opcnul,
and the first and tlurd solenoid valves 26a and 26r are
closed, and the compressor 21 is operated 13y this meanm as
shown in Flfi. 41, the refri erant dischar ed from the
compressor 21 flows throu h in this order: the refrigerant
flow passage 20a, thc radiator 15, thc rcfflgcran( tlow
passages 20b and 20f, Ilm lugh-prcssure side of the uidoor
heal cxchmigcr 23, thc rel'ngcmnt flow passage 205. Ihc heat
exchmiger 14: the refrigemutt flow passage 20h; the Iow-
pressure side of the indoor heat exchanger 23; and the

|0
rcfngcrdnt tlow passages 20( and 20c, und is sucked into thc
compressor 21. I he refrigerant tlowing through the refrig;
erant circuit Zfl releases the heat in the radiator 15 and
absorbs the beat in the heat exchanger 14.

The refrigerant flowing tiuou+ the refrigerant circuit 20
releases the heat in the radiator 15 and absorbs the heat in the
heat cxcliangcr 14. Par( of Ihc air dehumidiiicd in thc hca(
exchanger 14 is subjcclcd Io a heat exchange with Ihe
refrigerant in the radiator 15. and therefore heated As a

IB result, the air at the target air-blowing temperature TAO
blows to the vehicle interior.

While an automatic switch is tumed on, the controller 40
perfomis an operation switching control process to switch
thc operation among Ihe cooling opcruuon, the cooling and
dclnunnlifying opera(ion. Ihc lu:a(ing opcrauon, thc Iirst
heatmg and delmmidifying opemtion, and the second heat-
ing and dehumidifyiiig operation. based on enviromnental
conditions including the outdoor air temperature 'I'am, the
indoor air temperature Tr, the outdoor air humidity, the

m indoor air lnunidity Th. the aniount of Insolation Ts and so
fiirth.

Thc controller 40 switches the mode of thc mille(s 11c,
lid and I le by using the outlet switching dampers ) 3b. 13c
and 13d, and controls the opening of the air niix damper 16
in order to set the temperanire of the air blowing out of the
outlets 110. 11d, and 11e to the target air-blowing tempera-
ture TAO.

Thc controller 40 switches the mode mnong thc foot
mode. the vent mode dnd thc bi-level mode depending on thc

ic target air-blniving temperature IAO during each opemstion
switched by the operation sivitching control process I'0 be
more specific, v, hen the target air-blowing temperature I'AO
is high, for example, 40 degrees Celsius. the controller 40
sets the foot mode. Meanwhile„when the tar et air-blowin

is tcmpcrature TAO is low. for exmnplc, lower than 25 degrees
Celsius. thc con(rofler sms thc vent mode. Morcovcr, when
the large( atr-b)orsing tempera(urc TAO is the Icmpcra(ure
between the temperature for the foot mode and the tempem-
ture fnr the vent mode, the controller 40 sets the bi-level

do mode.
Moreover, during the heating operation and the tirst

hcaung and dchumidil'yuig operation, thc controller 40
pcrforiiis Bii expansion pBrl coiilriil proccas (0 coiinol (lie
opening ol'he expmision perl ol'hc first control valve 24
based on the operation state. Now, the opemstion of the
controller 40 in this process will be explained with reference
to the flowchart shown in FI(k 42

(Step S61)
In step S61. Ihc CPU dc(cnnincs whether the opcrauon is

IJ IiiC licit(trig ilpCid(1011 Oi Ilir: 11CB(iiig diid dCllniiiidilviiig
operation. When detcnninuig thai the opcrntion is onc of Ihe
heatin operation and the heatiim and dehumidifying open-
tion, the ('PU moves the step to step 562. On the other hand,
when determining that the operation is neither the heating

s. operation nor the heating and dehumidifyin operation, the
CPU ends the expansion part control process

(Step S62) In Ihc slap S62, the CPU calculates superheat
SH of the rcfngcrdnt based on thc Icmpcrature Tip dctectcd
by the lov;-pressure refrigerant teniperature sensor 46 and

rc the pressure Pip detected by the low-pressure refrigerant
pressure sensor 47.

(Step S63)
In step S63, Ihc CPU dctcmuncs whether or nol Ihe

supcrhcat SH ca)culalcd ui the step S62 is a prcdctcrnuncx)
ss value or lughcr. When detcnnuung that thc superheat SH is

the predetermined value or higher. the ('PU nioves the step
to step S69 On the other hand. when deteunimng that the
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superheat SH Is uot thc prcdclcmiincd value or lu her. thc
( PU moves the step to step 864.

(Step S64)
In step 864, the ('PI/ sets target degree of supercooling

S('t based on the tar et air-blowing temperature TAO. For
example. ivhen the target air-blowing temperanire TAO is a
predetcrmuu:d value (c.g. 60 dcgriws Celsius) or lugher, the
CPU sets lirst target dcgrce of supcrcooling SCt1 (e g. 15
degrees ('elsius) On the other hand, when the target air-
blowing teniperature 1AO is lower than the predeternuned
value, the ('PI.J sets second target degree of supercooling
SCt2 (e.g. 12 degrees Celsius).

(Step S65)
In step S65, for thc target dcgrcc ol'upcrcooluig SCt scl

in thc step S64, lhc CPU calculates mmiunl ol correction H1
based on mnount of air Qa supplied from the indoor fan 12
and amount of correction I I2 based on ainount of refrigerant
Qr floiving through the refugerant circuit 20 Jii be nmre
specific, when the amount of air Qa supplied from the indoor
fan 12 is a predetermined value or higher. the amount of
COI'ICCliiiii Hl is ZCI'O. 011 llic OIIICI liaiid, wlicii lllC iiilloiiill
ol'air Qa is lower than thc prcdclermincd value. tlm amount
of correction Ill (e g — IOxf Ifgfl) is set to decrease the
degree of supercooling 8('ccording, to the amount of air
Qa When the amount of refngerant Qr flowing through the
high-pressure side of the refrigerant circuit 20 is a prede-
termined value or hfvgher, the amount of correction H2 (e g.
O«H2«5) Is set lo increase thc degree ol supcrcooling
according lo the amount of rclrigcranl Qr. On lhe olher hand,
when the amount of refrigerant Qr is lower than the prede-
termined value, the amount of correction I f2 (e g. — Sxf l2x0)
is set to decrease the degree of supercooling, SC according
to a decrease in the amount of refri erant Qr. The amount of
refrigerant Qr flowin through the high-pressure side of the
refrigerant circuit 20 uicrcascs as lhe pressure of lhe rcfmg-
cranl m lhc lugh-prcssure side of lhe relngcrmil circuit 20
incrcascs. and dccreascs as lhe prcssure ol lhe refu ermil
decreases 'I'herefore, the amount of refrigerant Qr tlowing
through the high-pressure side of the refrigerant circuit 20 is
calculated based on the pressure Php detected by the high-
pressure refngerant pressure sensor 45.

(Step S66)
In step S66. thc CPU calculates corrected target degree of

supercooluig SCtc by adding thc imiount ol'orrection H1
and the amount of correction I f2 to the target degree of
supercooling S('t (SCtc 8('t— (I II+I l2)).

(Step S67)
In step S67, the CPU calculates the degree of supercool-

ing SC of'hc rcl'ugeranl based on lhe temperature Thp
detix lcd by thc high-prcssure rcfrigcranl temperature sensor
44 and thc prcssure Php detected by thc lugh-pressure
refrigerant pressure sensor 45

(Step S68)
In step S68, the CPU controls the opening, of the hrst

control valve 24 such that the degree of supercooling SC is
the corrected target dcgrcc of supercooluig SCtc. mid mids
lhe expnnsion purt control process.

(Step S69)
When deterniming that the superheat SI I is the predeter-

mined value or higher in the step S63, the CPIJ perfornis a
superheat contml process to control the opening of the
expansion part of the first control valve 24 to set the
superheat SH of lhc low-pressure refrigerant lo tar el super-
heat SHl in snp S69, and ends thc expansion ixatt control
PIOCCSS.

Ilmiring the cooling and dehmuidifying operation. the
controller 40 performs a cooling and dehumidifying pertiir-
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mauce control process to control lhc heal absorbuig perfor-
mance of the heat exchan er 14 and the heat radiating,
perforniance of the radiator 15. Now, the operation of the
controller 40 tiir this process ivill be explained with refer-
ence to the flowchart shown in FICi. 43.

(Step S71)
In step S71, lhc CPIJ dctcmuncs whether or nol lhe

operation is thc cooling and dclnunidi fying operation. When
determining that the operation is the cooling and dehumidi-

ic fying operation, the CPI J moves the step to step )72. On the
other hand, v:hen determining that the opemstion is not the
cooling and dehumidifying operation, the CPU ends the
cooling and dehumidifying perfiirmance control process.

(Step S72)
In stc7I S72. Ihc CPIJ calculates turgct prcssure Phpl of thc

high-pressure refrigemnt based on the target air-bloiving,
temperature I'AO

(Step 873)
In step S73. the CPIJ controls the opening of the con-

ic densing pressure regulating part of the first control valve 24
based on thc target prcssure Phpt of thc high-prcssure
relyigcrant and thc pressure Php dctectcd by thc hi h-
pressure refrigerant pressure sensor 45 'I'o be niore specific,
the opening of the condensing pressure regulating part of the
first control valve 24 is switched between iwo values, a lar e
one and a small one. excluding the completely closed state.
In this case. when the opening is switched from a small one
to a large onc, lhc pressure Php of tlm high-pressure rcfrig-
crant decrcascs. On lhc other hand, thc opening is clmngod

sc from a large one to a smail one, the pressure Php of the
high-pressure refrigemnt increases.

(Step 874)
In step S74. the ('PU calculates target evaporating tem-

perature Tet of the refrigerant in the heat exchanger 14 based
Is ou lhc target air-blowing lempcraturc TAO.

(Step S75)
In step S75. the CPU controls thc number ol'rotations of

the electric inotor 2la of the compressor 21 such that the
evaporating teniperature 'I'e of the refrigerant in the heat

so exchanger 14 is the target evapomsting tempemsture Tet,
based on the temperature of Te detected by the heat
cxchangcr tcmpcralure sensor 48, and cods the cooling and
dclnunnlifying pcrfomuince control process.

Durutg the first healing and dehumiihl'yuig operation, thc
coiltroller 40 performs mi evaporating teinpemsnire control
pmcess according to the operation state Now, the opemstion
of the controiler 40 for this process will be explained with
reference to the flowchait slmivn in FICi. 44.

(Step S81)
C In step S81, lhc CPIJ dctcmuncs whether or nol lhe

operation is the lirst hentmg and dehumidifying operation.
When determining that the operation is the first heating and
dehumidifying opemtion, the ('PU moves the step to step
S82. On the other hand, when determining that the operation

s. is not the first heating and dehuniidifying opemtion, the CPI J
mids lhc evaporating lempcralurc control process.

(Slap S82)
In step S82, lhc CPU calculates thc target cvaporatuig

temperature I'et of the refri emnt in the heat exchanger 14
ic based on the target air-blowing temperature 'I'AO

(Step S83)
In step S83, the CPU controls the opening of the second

control valve 25 bascsl on the large( cvaporauug lcmpcralure
Tct mid thc tcmpcralure Te detcclcd by lhc heat exchanger

ss tcmpcrature seimor 48. To bc morc specific, when lhe
temperature I'e detected by the heat exchanger temperature
sensor 48 is lower than the target evaporating temperature
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Tci. the opening of thc second control valve 25 Is dccrcascxI.
On the other hand, when the temperature Te is higher than
thc Llrgct cv,'lpot ltlilg tcmpcl'Bti!I'c Ict, thc opcntllg Is
increased.

During the heating operation and the first heatiitg and
dehumidifying opemttion. the controfler 40 perfonus Bn
rel'rigcrani amount dctermulation process to dctennule
whcihCI OI not thC Blnotllli Of Ichl Cldllt CIICIOSCil ill ihC
refrigerant circuit 20 is appropriate Now, the operation of
the controller 40 for this pnlcess will be explained v ith
reference to the flowchart shown in I'I(i 45.

(Step S911
In step S91. the CPU detemlines whether or not heat load

condiiions arc met io dctermulc ihe amount ol rcfn erani in
Ihe refngcrant circuit 20 bascxI on ihc ounloor icmpcraiurc
'I'am, the amount of air Qa supplied fmin the indoor fan 12,
the munber of rotations Nc of the electric nxltor 2 la of the
compressor 21 and so forth. When detenuining that it is
possible to determine the amolult of refrigerant. the CPU
moves the step to step S92. On the other hand, v.ben
detcrmuung Ihat 11 m not possible io dclemlmc Ihc amount
ol'refrigerant, thc CPU ends thc rcfrigcrani amount dcter-
nlination process

(Step S921
In step S92. the ('PU calculates the superheat Sl I of the

refrigerant based on the temperature Tip detected by the
low-pressure refrigemtnt temperature sensor 46 Bnd the pres-
sure Pip detcctcd by thc low-prcssure refrigerant prcssure
smlsor 47.

fgtep 931
In step S93, the ('PU calculates the degree of supercool-

ing S('f the refrigerant based on the temperature Thp
detected by the high-pressure reihigemtnt temperanire sensor
44 and the pressure Php detected by the high-pressure
relrigcranl prcssure sensor 45.

(Stop S941
In step S94, the CPU dctemuncs whether or not the

amount of the refrigerant in the refrigerant circuit 20 is
appropriate. based on the superheat Sl I of the refrigerant
calculated in the step S92, the dree of supercoolin SC of
the refrigemtnt calculated in the step S93. and the opemng of
the expansion part of thc lirst control valve 24. When
ih:ICrlnlllillg thtl 1 ihc amon lit Ol illC I chtgCI'alit IS Bpproplla(C,
the CPU ends the rcfrigcrani mnouni dctenuulation process.
On the other hand, when determining that the amolult of the
refrigerant is not appropriate, the CPU moves the step to step
S95. Whether or not the amount of the reihigerant in the
refrigerant circuit 20 is appropriate is detenuined bused on
thc Iiwllll of thc ilcti rlnltlBiioll of whclhcl or noi thc sllpcr-
heal SH of ihc rcfngerant calculated in the step S92. the
degrcm of supercoolulg SC of thc rcfngcrani calcuiatu! In
the step 93. and the opening of the expansion part of the hrst
control valve 24 are within appropriate ntnges. respectively.

(Step S951
When detemlining that the amount of the refri erant is not

dppropnate ul the step S94, the CPU displays that thc
amount of the rclbigcrant in thc rcfrigcrani circuit 20 is
insulhcicni or cxccssivc on the ibsplay part 50 in ihc step
)95, and ends the refngerant mnount detenuination process.

In this lvay, with the vehicle air conditioning apparatus
according to the present embodiment, durin the heating
operation„ the refngerant flow channel to the condensing
pressure regulating part of the lirsi control valve 24 is closed
to control thc opcnulg of ihe cxpmlsion pam Mcail Whil,

durulg Ihc cooing and dchunudifying operation. Ihc rcfwg-
emnt flolv chmlnel to the expansion part is closed to contml
the opening of the condensing pressure regulating part By

i4
this means, during ihc cooling and dehumidil'ying opcraiiun.
it is possible to regttlate the condensin pressure of the
rclrigcrant in ihe radidior 15 io control Ihc quantity of heat
release in the radiator 15. and therefore to secure the amount
of hcalulg rixpiired lo heal thc mr blowing to Ilm vcluclc
ill tcrlor

In addition, durin the cooling and dehumidifying opera-
tion, the opening of the condensiim pressure mgulating part
of the first control valve 24 is controlled based on the tar et

111
prcssure Phpt and thc pressure Php dctectixl by thc hi h-
pressure refri erant pressure sensor 45, and the number of
rotations ol'hc clcmiric motor 21a of thc compressor 21 is
cmltrolled such that the evaporating temperature Te of the
rclbigcrant in the hcdi cxclrdnger 14 is thc target cvaporaiulg
temperature 'I'et, based on the tempentture Te detected bv the
heat exchan er temperature sensor 48. By this means. it is
possible to ensure that the quantity of heat sucked in the heat
exch m er 14 and the quantity ofheat released in the radiator
15 arc thc target values. rcspectivcly, mid therel'orc to
maintain the temperanire and the humidity of the vehicle
inicnor ul good condiuons.

Moreover, the first control valve is constituted by the
expansion part and thc condmlsing prcssure rcgulaun part
which are integrally formed. By this nleans. it is possible to
reduce thc number of paris. and therefore to rcducc ihc
ptoductlolt cost.

Moreover, the opening of the condensin pressure regu-
lating part of the first control valve 24 is controlled by

lit switchul the opening between ttvo different opening~. By
this means. thc opcnmg cnn be controllcxt by such a simple
way in lvhich the opening is switched between two different
openings, and iherclhrc 11 is possible to reduce thc produc-
tion cost

FICiS. 46 to 48 show Embodiment 8 ol'lm prcscnt
invention. I Iere. the sante components are assigned the smue
reference numerals as in the above-described embodiments.

As shown in FI(i 46, the vehicle air conditioning appa-
do ratus according to the present embodiment includes a third

control valve 34 as a flow regulating valve. Instcttd of ihc
first control valve 24 shown in Embodiment 7. The third
control valve 34 is coniigured to bc able io regulate thc
opening witlun a dccomprcssion range and a condensulg
pressure regulating mnae 'I'he refrigerant flow passage 2(lit
is connected to the input side of the third control valve 34
into which the refrigerant flolvs. The second end side of the
outdoor heat exchanger 22 is connected to the output side of
the tlurd control valve 34 from which thc rcl'ngcrant is

o dischaiged, mid thcrcby to form the refngcrant flow passage
20k. Instead ol'hc refngcrant flow passage 20c shown in
Embodinlent 6, the first end side of the outdoor heat
exchanger 22 is the suction side of the compressor 21 into
which the refrigerant is sucked, thereby to form the reibig-

ss erant flow passa e 20I.
Thc opening ol'hc tlurd control vulva 34 ulcludes thc

dimomprcssion range dnd thc condensing pressure regulat-
ing range. Thc dccomprcssion range allows thc rel'ngcrtmt to
be decompressed during the heating operation 'I'he condens-

io ing pressure regulating ranee allows the condensing pressure
of the refrigerant in the mtdiator to be controlled during the
cooling and dehumidifying operation. The opening area of
the tlurd control vah e 34 in ihc condensing pressure re u-
latltlg IdllgC IS Bpploxllnd(CIV thC SBIIIC IIS thC OpClllllg Bred

si of the upstream refngcrmlt flow channel or ihc downstream
refrigerant flolv channel when the opening of the third
cmltrol valve 34 is maximized. The opening of the third
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control i she 34 is scl lo onc ol'wo difli:rent openings, a

lar e and a small, in the condensing pressure regulating
I J rig c.

As shown in I'l(i 47, the third control valve 34 is
coiuuxlcd lo the output side of Ihe cunlmflcr 40, uislead of
the tirst control valve 24 shown in Embodiment 7

In the vehicle air conditioning apparatus having the
abme-described configuration. the opening of the third
control valve 34 is set to the decompression range during the
healuig operation aud llm Iirst hcaluig and dchunndifying
operation. Meanwhile. the opening is set to the condensing
prcssure regulating range dunng thc cooluig operation and
the cooling and dehumidifying operation Unlike llmbodi-
mcnt I, thc refrigerant flowing oul of thc radiator 15 fluws
through the outdoor heat exchanger 22 from the second end
side to the first end side, and is sucked into the compressor
21 via the refrigerant flow passage 20I during, the heating
operation and the first heating and dehumidify in operation.
Meanwhile, dunng thc cooling and delumudifying opera-
tion. the refrigerant flow s from the second end side to the
Iirst end side of thc outdoor heal exchanger 22 and is sucked
into Ihe compressor 21 via the heat exchanger 14 in the same
way as in llmbodinient 7.

Iyuiring the cooling and dehmnidifying operation. the
controller 40 performs a coolin and dehumidifying perfor-
mance control process to control the heat absorbin perfor-
mance of the heat cxclrdngcr 14 and lhe heal radiating
pcrfornumce of thc radiator 15. Now. Ihe operation of thc
controller 48 for this pmcess will be explained with refer-
ence Io Ihe flowchart shown in I'l(i. 8

fgtep SIOI)
In step S101, the CPU determines whether or not the

operation is the cooing and dehumidifyiit operation, When
delcrmuung llrdt thc opcrauon is lhe cooling and dchumidi-
Pyuig opcrauon, the CPU moves thc step to step S102 On
thc other hand, when delcnnuung Ihal lhc operation is nol
the coolin and dehumidifying opemation, the ('PU ends the
cooling and dehuniidifying perfonnance control process.

(Step S(02)
In step S102. the CPU calculates target pressure Phpt of

the lngh-prcssure refmgcrant based on the target mr-blowing
lcnlpcltinili: TAO.

(Stop 51031
In step S103. the ('PU contmls the opening of third

control valve 34 in the condensing pressure regulating mange
based on the tar et pressure Phot of the high-pressure
refrigerant and the pressure Php detected by the high-
pressurc rcfngerant pressure sensor 45. To be morc spccilic,
thc opening of thc Qurd contml valve 34 ui thc condeiming
pressure regulating range is switched bclwcen lwo values, a
large one and a sniall one In this case. when the opening is
switched from a small one to a large one, the prewsure Php
of the bigot-pressure refrigemant decreases. On the other
hand, the operun is sv itched from a large one to a small
onc, thc pressure Php ol'he lugh-pressurc refngcrmil
iilcrcd sea.

(Stop S1041
In step S104, the CPU calcukates target evaporating

tenipemture I'et of the refrigerant in the heat exchanger 14
based on the target almblow ing temperature TAO.

(Step S105)
In step S105. the CPU controls thc mimbcr of rotations of

thc clcctrm motor 21a of thc compressor 21 such thai the
evaporating tcmpcralure Te of Ihc refrigerant in lhc heal
exchmiger 14 is the target evaporating temperature fet,
based on the temperature of Te detected by the heat

i6
cxchangcr tcmpcralure sensor 48, and cods the cooling and
dehuniidifying pertiirmance control process

In tins ivay, accordion to the vehicle air conditioning,
apparatus according to the present embodiment. the opeui ng,

of the third control valve 34 is controlled in the decompres-
sion ran e during the heating operation, and controlled in the
condcnsuig pressure regulating range dunng thc cooling and
dchumidil'ying opcrauon. By llus mcuns, dumog thc cooluig
and dehumidifying operation, it is possible to regulate the

Io cmidensing pressure of the refrigerant m the radiator 15 to
cmitrol the quantity of heat release in the radiator 15, and
therefore to secure the amount ofheating required to heat the
air blowing to the vehicle interior.

In addition, during lhc cooling aud dehumidifyuig opcm-
tion, llm opening oi'he third conlrol valve 34 ui Ihc
condensing pressure regulating mange is controlled based iiil
the target pressure Phpt of the high-pressure refrigerant and
the pressure Php detected by the high-pressure refrigemant
pressure sensor 45, and the number of rotations of the

Io electnc motor 21a of the compressor 21 is controlled such
thai Ihe cvaporaung tcmpcralurc Te of the rcfrigcranl ui Ihe
heal exchanger 14 is lhe target ei apordting Icmpcralure Tel,
based on the teniperature 'le detected by the heat exchanger
temperature sensor 48. I iy this means, it is possible to ensure
that the quantity ofheat sucked in the heat exchanger 14 and
the quantity of heat released in the radiator 15 are the target
values, respectively, and therefore to maintain the tempera-
ture and lhc lnimulily ol'thc I cluclc inlcnor in good condi-
tions.

so Moreover, the opening of Ihe third control valve 34 in the
condensing pressure reaulating range is controlled by
switclnng the openin between two different openings By
this means. the openin can be contmfled by such a simple
v ay in vvhich the opening is sii itched between Iwo open-

ss iugs. and Ihcrcforc it is possible to rcducc thc production
cost.

FICiS. 49 and 50 show Embodiment 9 of the present
invention. I Iere. the sante components are assigned the smne
reference numerals as in llmbodiment 7.

do As shov:n in FICI. 49, in the refrigemant circuit 20 of the
vehicle air conditioning apparatus. the third control valve 34
is provided instead of the lirsl control valve 24b in Embodi-
ment 7 The tlurd control vdh e 34 includes a rcfngcranl uilet
diid a Icfilgei'iiiil outlet arid cilia rcgillalc ils opciiiiig williiii
each of a decompression range and a condensing pressure
regulatmg range.

To be more specific, input side of the radiator 15 into
v hich the refrigerant flows is connected to the delivery side
of the compressor 21 Ibom which the refngcrant is dis-

c charged lo liirm the relbigerant tlow passage 20d. In addi-
tion, Ihe input side oi Ihc llurd control valve 24 into wluch
the refngermit flows is connected to the output side of the
madiator 15 from ivhich Ihe refrigerant is discharged. thereby
to form the refri creat flow passage 20b. The input side of

s. the outdoor heat exchanger 22 is connected to the output side
of Ihe third control I alvc 34 from which thc rcfngcranl is
discharged. thereby lo Ibnn the refngcraut tlow passage 20r.
Thc suction side ol'hc compressor 21 uito wluch thc
refrigerant is sucked is connected to the output side of the

io outdoor heat exchan er 22 front which the refrigerant is
discharged. thereby to form the refrigemnt flow passage 204.
In the refrigerant flow passage 20d. the hrst solenoid valve
26a and the accumulator 29 are prowdcd in the order from
the upstream ol the relrigeranl flow direction. Thc input sale

ss of thc uidoor heat cxchangcr 23 into wluch thc high-prcssure
refrigerant floivs is connected to the refrigerant flow passage
2(lb, thereby to foun the refri erant tloiv passage 20e. In the
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refrigerant flow passage 20e. thc second solenoid valve 26b
and the first check valve 27it are provided in the order front
the upstremn of the refrigerant flow direction 'I'he input side
of the heat exchanger 14 into which the refrigerant tlows Is
connected to the output side of the indoor heat exchan er 23
front wluch the hiJt-pressure refrigerant is discharged,
thcrcby lo foml lhc refngerant flow passage 20/. The expan-
sion vali c 20 is provided in thc refngcrimt flow passage 20/.
'I'he input side of the indoor heat exchanger 23 into wluch
the low-pressure refngerant flows is connected to the output
side of the heat exchanger 14 from which the refrigenlnt Is
discharged„ thereby to form the refhigerant flow passage 20g.
The second control valve 25 is provided in the refrigerant
flow passage 20g. The part of the refrigerimt flow passage
20d between thc lirst solenoid valve 26a mid thc accumu-
lator 29 is connected to the output side of the indoor heat
exchanger 23 from which the low-pressure refrigerant Is

discharged, thereby to form the refrigerant flow passage 20h.
The input side of the as-liquid separator 22e into which the
refrigerant flows Is connected to the output side of the
ouidoor heal cxclrdnger 22 from wluch lhc refn ermll Is
discharged, ul parallel with thc rcirigcranl flow passage 20d,
thereby to fornl the refrigerant tlov: passage 20/. 1'he third
solenoid valve 26c Is provided in the refrigerant tlow
passaae 20/. Part of the refrigerant flow passage 20e located
downstream from the first check valve 27a in the refrigerant
flow direction is connected to the output side of the gas-
liquid separator 22e from which the refrigerimt is discharged
1 ia Ihc superheat portion 22/, lhcreby lo form lhc relhgcrmll
flotv passaae 20j The second check valve 27/I is provided in
the refrigerant tlolv passage 20j Moreover, the refrigerant
flotv passage 20a is connected to the refrigerant flow pas-
sage 20c, thereby to form the refrigerant flow passage 20/1
as a defrost refrigerant flow passa e. The fourth solenoid
salve 26d is provided ul the refrigerant flow passe e 20k.

As slxiw n ul FICi. 50, thc third control valve 34 includes
a 1 alve body 34a conligurcd lo allow Ihe refrigerant having
passed through the refrigerant flotv passage 20b to tlow
through; and an opening regulating mechanism 34b conhg-
ured to switch the refri erant flow passa e of the valve body
34 between the refrigerant flow channel to the expansion
part mid lhc rclbigerdnt flow channel to lhc condensing
prcssure regulating part, and lo regulalc the opciungs of thc
refrigerant flow passages to thc expansion part and lo thc
condensing pressure regulating part. respectively

In the valve body 34a, there are formed a refrigerant inlet
chamber 34d configured to communicate with a refrigerant
inlet 34c coiulectin to the refrigemsnt flow passu e 20b, and
a refrigerant outlet chamber 34/ confi ured to conumulicate
with a rclngerant outlet 34e connimlulg lo Ihc refn ermll
flow passage 20c. Thc rclbigcrmll Inlet clmmbcr 34d may be
a mom haviim a circular cmss-section and extending in the
horixontal direction 'I'he refrigerant inlet 34c is provided on
the outer periphery of the refrigerant inlet chamber 34d in
the refrigerant outlet chamber 34f side. Meanwhile, the
refrigerant outlet chamber 34/ may bc a room lrivulg a
cllcllhil elias-sec(loll rind cxlclldlng aking lhc moue axis ils
Ihe refrigerant inlet chamber 34j. The refngcranl outlet
chamber 34fcommunicates with the refrigerant inlet chanl-
ber 34d via a first commlulicating hole 34g that is opened
and closed by the opening regulating mechanism 34b.

In addition. in the valve body 34a, an expansion part
refrigerant flow chtulncl 34h configurix! Io allow conumuu-
cduon belweml thc rel'ngcrtmt millet chamber 34/ side of the
refrigerant ullel chamber 34d and Ihc refrigerant oullel
chamber 34f A second communicating hole 34/ that is
opened and closed by the opening regulating mechanisnl

i8
34b is provided in thc expansion part rclbigerdnt flow
channel 34h in the refri erant outlet chamber 34f side.

Morenver, a pilot refriaerant flow channel 34j is provided
in the valve body 34a to allow communication between the
refrigerant inlet chamber 34d in the side opposite to the
refri erant outlet chamber 34f and the second communicat-
ing hole 34/ of the expansion part refngcrant flow channel
34h in Ihc rclbigcranl ullcl chamber 34d side. A third
cmnnlunicating hnle 34k that is opened and closed by the

Ia opening regulating mechanism 34b is provided in the pilot
refrigerant flnw clmnnel 34j in the refrigerant outlet chamber
34f side.

The opening regulating mechanism 34b Includes: a sole-
noid 34/ to linearly reciprocate a plunger with respect to a
coil, a lira( valve elcmmli 34m to open and close thc firsl
communicating hnle 34g: a second valve element 14n to
open and close the second communicating hole 34/: and a
tlurd valve element 34ct to open and close the third com-
municating hole 34k

Ic The solenoid 34/ is a proportional solenoid configured to
bc able to adjust thc position of the plunger with rcspeci lo
lhC Coll by Ic'gllldllng fllc luagnl(UdC Of lhc CUITCIII flowing
though the coil

I'he first valve element 14ni includes: a valve element
pot(loll 34p to open and close the first conlmunicating hole
34g, a piston portion 23q configured to be able to move in
the refrigerant iniet chamber 34d: and a coupling portion 34r
collflgillcd Io coUplc lht: 1 alvc clt:alen( portion 34t/ with lhc

piston portion 34q. A commuiucating hole 34s is provided in
lo the pistnn portinn 14q that allov s communication between

the part of the refrigerant inlet chmnber 34d in the refrigerant
outlet chamber 34f side and the part of the refrigerant inlet
chamber 34d located on the opposite side of the refhigemsnt
outlet chamber 34f. The first valve element 34m is biased in

ls the direction In which the vah c element poruou 34k cloaca
the first conuuunicdling hole 34g by a coil spnug 34( ul Ihe

piston portion 34q, w Inch is provided in the opposite sick of
the refrigerant flos passl e 34f

I'he second valve element 34n is a needle-like member,
do which has a circular cross-section and tapers to one end, and

is fixed to the front end of the plunger. The second valve
clement 34n increases thc opening of tlm second conununi-
catulg hole 34/ as the plunger moves upward.

Thc third valve clement 34o is a uecdlc-hke member.
v hich has a circular cross-section and tapers to one end, and
is pmvided to engage with an engagement portion 34U that
is provided in the middle of the plunger in the axis direction
of the plun er. The third valve element 34o is biased to close
the third conuuunicdling hole 34/- by n coil spnn 34v

o provnlcd on the tlurd 1 alve element 34o When thc amount
of the upward movcmenl ol'hc plunger Is a prcdctcrnuncxf
value or greater, the third valve 34a engages with the
engagenlent portion 34a. and. tvhen the mnount of the
upward mol ament of the plunger exceeds the predetermined

ss value, the opening of the third cotmnunicatin hole 34
lllcrcdscs.

In FICI. 50 A. thc lirst 1 alvc elemmlt 34m, the second valve
clement 34n. and thc tlurd valse element 34a close Ihe first
communicating hole 34g. the second communicating hole

io 34/ and the third communicating hole 34k, respectively
When the plun er of the solenoid 34/moves upttard from

the state shou:n in FI(k 50A. the second valve element 34n
opens the secoml conununicating hole 34/ wiulc thc first
valve element 34m tmd thc third valve element 34o close Ihe

Ss first colululinlcdllng llolc 34g rind lhc third couUUUIucallng
hole 34/1 respectively, as shov n in 11(i 5013 In this case,
the refrigerant flowing front the refrigerant inlet 34c into the
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refrigerant inlet chamber 34d &s decompressed v&a thc
expansion part refrigerant flow channel 340 and flows into
the refriaerant outlet chamber 34f, and then th&ws out of the
refrigerant outlet 34e 'I'he first valve element 34&a keeps the
first conununicating hole 348 closed by the biasing force of
the coil sprin 34& The phu&ger of the solenoid 341 is moved
as long as thc lirst conunu&ucdung hole 348 and Ihc ilurd
commumcaung hole 34k are closed, ihe opening &s rcgulatcd
within the range of the expansion part.

1be plunger of the soleno&d 34I moves more upv ard front
the state shown m lzi(i 50B. the second valve element 34&z

and the third valve element 34o open the second conunu-
nicating hole 34i and the third comnnmicating hole 34/3
rcspccuvcly, bccdusc of thc upward movcmcnt of thc
plunger as shown ut FIG. 50C. O'T&cn thc scmond commu-
nication hole 34i and the third communicating hole 34j are
opened, the part of the refngerant inlet chamber 34&j located
on the opposite side of the first corn&nunicating hole 348
communicates with the refrigemont outlet chamber 34f via
the pilot refrigerant flow channel 340 so that the pressure
drops. By th&s means, as shown u& FIG. 50C. Ihc iirst valve
clmnent 34m moves to thc oppos&ie side of lira& conumuu-
cating hole 348 of the refrigerant inlet chamber 34d. against
the biasina force of the coil spring 34& 'I'he plunger of the
solenoid 347 is moved as long as the first communicating
hole 348 is open, the opening is regulated witlfln the
condensing pressure regulating part.

In tlus way, w&th Ihc vehicle air conihi&omng apparatus
accord&ng to the prcsm&t embodimcni, Ihc lira& conmtunicdi-
ing hole 348 of the third contn&l valve 34 is closed to
regulate the openmg of the second corn&nunicating hole 34&

of the expansion part refrigerant flow channel 34(z during the
heating operation. Meanwlule, durin the cooling and dehu-
midifying opemtion, the opening of the first conununicating
hole 348 is regulated. By tlus means, ii is poss&blc to regulate
thc condmts&ng prcssure of thc refngerant u& Ihc radmtor 15
duru&g thc coohng and dchunudifying opera&&on. a&xl there-
fore to regulate the quantity ofheat release in the radiator 15.
As a result. it is possible to secure the anu&unt of heating
required to heat the air blowing to the velflcle interior, and
&bereft&re to ensure that the tempemture of the air supplied to
Ihc vch&ch: n&ic&lor &s d p&csct Ic'n&pc&dtu&c.

Here. w&th thc above-described embodm&cnt. a conligi&-
ranon hds bema explained where ihe Iirsi control valve 24
includes the expansion part to decompress the refrigerant
flo&vina into the outdoor heat exchanger 22 during the
heating operation and the condensing pressure regulating
part to control the condensing pressure of the reibigemnt in
thc rad&a&or 15 dur&ng thc coolu&g and dclnunnhfym opera-
non. which arc integrally I'onncd. However, &t &s by m&

mc;ms limiting. Another coniigurat&on is poss&blc, for
example, where an electronic expansion valve as the expan-
sion part and a condensmg pressure regulating valve as the
condensing pressure regulating part are connected in parallel
to the upstream side of the outdoor heat excha&&ger 22 in the
refrigerant flow direct&on. Tins provides thc same ciiimt as &n

the above-descnbed embodiment.
In addit&on, a configurai&on has bccn descnbcd where thc

switching of the refrigerant flow channels in the valve body
24a of the tirst control valve 24 and the regulation of the
opening is performed by usin the solenoid 241&. Ho~ever,
it is by no means limitin For example, a stepping motor
may be used as long as &I w possible Io switch Ihc rcfn erm&i

flow channels n& thc valve bodv 24a iuu! to &c uli&tc Ihc
opcnn&g.

In addition, with the present embodiment, a contiguration
has been de&cubed where the degree of supercooling BG of

thc rcfngcrant tlow u&g oui ol'he rad&ator 15 w controlled by
regulatmg the opening of the expansion pan of the first
control valve 24 pmvided upstream of the outdoor heat
exchanger 22 Ilowever, it is by no n&cans limiting but
another confi nuation is possible where an electronic expan-
sion valve is provided instead of the expansion valve 28
loca&&xi upstream ol'thc hcdi exchanger 14 and the openu&g
of Ih&s electron&c cxpans&on vah c is regula&id Io control Ihe
degree of supercoolin 8('f the refrigerant flowing out of

&o the radiator 15

Moreover. with the above-de&cubed embodiments, a con-
figurat&on has been explained ivhere, &n the cooling and
dehumidifying operation. the opening of the condensing
prcssure rcgulat&ng part of ihc lirst control valve 24 and thc
opening of thc third control ialvc 34 in the condensu&g
pressure regulating ran e are regulated based on the target
pressure Phpt of the higi&-pressure refrigenont and the pres-
sure Php detected by the high-pressure refrigerant pressure
sensor 45. Hovvever, it is by no means limiting. Another

zo configuration is possible where. for example, the first control
valve 24 and thc flurd control valve 34 are controlled bascxl
on thc target tcmperaturc 11&pt ol'hc lugh-pressure refrig-
emont and the pressure I'hp detected by the high-pressure
refrigerant tempemotnre sensor 44 1his provides the smne
etfect as in the above-described embodiments

Moreover, tvith the above-descnbed embodiments. a con-
figurat&on has been described where„ in the cooling and
dclnunnhfying opcrauon, thc number of rotations of thc
clectnc motor 21a of thc compressor 21 &s controlled such

&o that the evaporating ten&pemture 'I'e of the refrigerant in the
heat exchanger 14 is the target evaporating temperature I'et

I lowever, it is by no means limiting Another configunotion
is possible ~here the number of rotations of the electric
motor 21a of the compressor 21 is controlled such that the

&3 tc&1&pc»nnc of&hei»rhav»lg I&cab 0 n& &he i&cat& xclla&lgi & 14
is a targe& Iempcraiurc. Tins prov&des the same elf&mt as in
the above-descnbcd cmbodimcnts.

lzurther&nore, &vith I:mbodiment 7, a configuration has
been described &vhere the opening of the condensing pres-

do sure regulating part of the first control valve 24 &s switched
between two values. a large and a small, excluding the
completely closed state. Mcanwlule, w &th Embodiment 8. a
conligurat&on has bccn described whore thc opc&ung of thc
th&rd control valve 34 u& the condens&ng prcssure regulatu&g
osage is switched between two values, a large one and a
small one I lo&vever, another configunotion is possible where
the opening of the condensing pressure regulating part of the
first control valve 24 and the open&ng of the third control
valve 34 in thc condensing prcssure rcgulat&ng rm&geare

O switched bciwccn Iv,o states: a state to rcgulaic thc d&fli:r-

ance in prcssure of Ihe rcfrigcrant between ihc u&put sale of
the radiator into which the refrmerant tlo&vs and the output
side of the radiator fmm &vhich the refrigerant &s discharged;
a fully open state. In this case, it is possible to optimize the

&3 condensing pressure of the refrigemnt in the radiator based
on Ihc targe& pressure Phpi of tlm lugh-prcssure refrigerant
and thc pressure Php detixicd by the lugh-prcssure rcfrig-
crant prcssure sensor 45. Thcreforc, &I &s poss&blc to morc
secure the a&nount of heating to heat the air blowing to the

io vehicle interior.
FICi. 51 through FIG, 61 show Embodiment 10 of the

present invention.
As shown u& FIG. 51. the vehicle air condit&oning appa-

ratus according to thc present invm&uon &ncludcs thc air
si condii&otung unit 10 prox idml u& ihc veh&clc utterior, m&d Ihe

refrigerant circuit 20 formed across the vehicle mterior and
the outdoor.
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llrc mr condrtrouuig urul 10 uicludes thc arr flow passage
I I that alloivs the air to be supplied to the vehicle interior to
pass through. The outdoor air inlet llu and the indoor air
inlet lib are provided rn the first end side of the air flov
passage 11. The outdoor air inlet Ila is confignrred to allov
the outdoor air to flow into the air flow passage 11. Bnd the
indoor air uriel lib m conligurcd to aflow the urdoor air to
flow mlo thc mr flow piissBgc 11. Mcdiiwlrilc, lire loiil critter
I lr . the vent outlet lid and the defroster outlet lie are
pmvided in the second end side of the air flow passage Il.
'I'he foot outlet lie is configured to allow the air tlov iag
tluough the air flow passage 11 to blow to the feet of the
passengers m the vehicle. The vent outlet Ild is conti ured
lo allow the mr tlosr uig tlumigh Ihe arr tlow passage 11 to
blow lo the upper bodies ol'hc passengers in thc vchiclc.
'I'he defmster outlet llc is conhgured to allow the air
floivina through the air flow passage ll to blow to the
interior surface of the front window

The indoor fan 12 such as a sirocco fan conti ured to
allow the air to flow throu h the air flow passage 11 fmm
cnd lo end is provided rn the lirsl end side of thc air tlow
passage 11. This indoor lhu 12 rs driven by lhc clcclnc mutor
1 2a.

Also, in the first end side of the air tlow passage ll, an
inlet sivitching daniper 13 configured to open one of the
outdoor air inlet Ila and the indoor air inlet Ilb and to close
the other. This inlet switching damper 13 is driven by the
clcclnc motor 13a When thc inlet swirching dunper 13
cloaca thc indoor air uriel lib and opens Ihe outdoor mr inlet
I la, the mode rs switched to an outdoor air supply mode in
which the air flows from the outdoor air inlet I la into the air
floiv passage 11. Meanwhile, when the inlet switching
damper 13 closes the outdoor air inlet Ila and opens the
indoor air inlet Ilb„ the mode is switched to an indoor air
crrmilation mode rn which thc mr flow s from the uidoor mr
inlet lib uilo thc Brr tlow passage 11. Morcsrvcr, when the
inlet switching dnmpcr 13 rs placed between thc outdoor mr
inlet Ila and the indoor air inlet I I 6 and the outdoor air inlet
Ilu mid the indoor arr inlet lib open, the mode is switched
to a two-way mode in wlfich the air flows from both the
outdoor air inlet Ila and the mdoor air inlet lib into the air
flow passage 11 according to thc opening ratio of the outdoor
mr inlet Ila aud the indoor air inlci Ilb.

Outlet svsrrctung diunpcrs 13b, 13r and 13d conligurcd to
open and close the foot outlet I I c, the vent outlet I ld and the
defmster outlet lie are provided in the foot outlet I le. the
vent outlet Ild and the defroster outlet llc. respectively. in
the second side of the air flow passs e 11. These outlet
sw ilchuig diunpcrs 13b, 13c and 13d are configured to move
togcthcr by a lurkagr: tnot shown) and arc opened and closed
by the clcctnc motor 13e. Herc, when the outlet switching
dampers 13b, 131 and 13d open the foot outlet Ic. close the
vent outlet lid and shghtly open the defmster outlet lie,
most of the air tlowing thniugh the air flow passu e 11 blows
out of the foot outlet Ilc and the remaining air blows out of
the defroster outlet lie. This mode rs referral to as '*fool
mode." Mcanvs hrlc, when lhc outlet siw rtclung d unpers 13b,
13c mrd 13d close the foot outlet llc and Ihc defroster outlet
I lc, and open the vent outlet I ld. all the air flowing tlirough
the air floiv passage 11 blows out of the vent outlet I id plus
mode is referred to as "rent mode.*'n addition, when the
outlet switching dampers 13b. 13c and 13d open the foot
outlet llc and thc vent outlet lid. and close the dcfrustcr
outlet lie, thc Brr flowing tluough Ihe drr flow passage 11

blows oul of thc foot outlet llc and thc vmit ouilct lid. Tlus
nrode is referred to as "bi-level mode" Moreover, when the
outlet sv itchmg dampers 13b, 13c and 13d close the foot

oullcl llc and thc vent outlet lid, aud open llm dcfrostcr
outlet lie, the air flowing tluough the air flow passage 11

blows oul of thc dcfrostcr outlet lie. Tlus mode is rcfcrrcdt
to as "defroster mode." lrurthennore, when the outlet switch-
iug dampers 13b. 13c and 13d close thc vent outlet Ild and
open the tiiot outlet Ili and the defroster outlet I le, the air
flowing through the air flow passe e 11 blows out of the foot
outlet I lc and the defroster outlet I le I'his mode is referred
to as "defroster-foot mode." Here. in the bi-level mode, the

I 1 1

air tlow passage 11. Ihc foot outlet llc, the vent outlet lid,
and a heat exchan er and a radiator which will be described
later. arc arrmiged and contigurcd such that llm lcmperaturc
of the air blowing out of the foot outlet I lc is higher than the
tcmpcralure of the nir blowuig out of thc vmrl outlet lid.

A heat exchanger 14 is provided in the air flow passage 11

in the downstream of the air flow from the indoor fan 12.
The heat exchanger 14 is contiaured to cool and dehmuidify
the air tlov,in tluou h the air tkiw passage 11. In addition,

rrr d radiBlor 15 ls piovidcil iii lire iiir liow pBssagc 11 iii lire
downstream of the air tloiv from the heat exchanger 14. The
rddiatrir 15 Is coiiligurcd lo licdl lire dir tlowiiig llirougli Itic
arr flow passage I l. 'I'he heat exchanger 14 and the radiator
15 are heat exchangers. each of ivhich is constituted by fins
and tubes and which is configured to perform a heat
exchange between the refrigerant floe ing through the retbig-
erant circuit 20 and the air flowing tlrrough the air flow
passBgc 11.

Au arr nux damper 16 rs provided between lhc heat
so exchanger 14 and the radiator 15 in the arr flow passage 11

and is configured to contml the percentage of the air to be
heated, which is flowing throu h the air flow passage II
The air mix damper 16 is driven by the electric motor 16rr.
When the air mix damper 16 is disposed in the air flow

is passage 11 in thc upstream of thc radiator 15, thc percentage
of the arr sublcclcd to a heat cxchaugc rn thc radiator 15 rs
reduced. Mcanwlnlc. when Ihc air mrx dmnpcr 16 is movcdt
to a position other than the radiator 15 in the air flow passage
ll, the percentage of the air sublected to a heat exchange is

do increased. In the air flow passage 11, when the air mix
damper 16 closes the upstream side of the radiator 15 and
opens thc portion other llrdn thc radiator 15. thc opcmng is
0%, and, on Ihc other hand, when thc arr mrx damper 16
opens thc upstream side of the radiator 15 imd closes thc
portion other than the radiator 15, the opening is 100%

'I'he refrigemsnt circuit 20 includes the heat exchanger 14;
the radiator 15: a compressor 21 confimrred to compress a
refrigerant; an outdoor heat exchanger 22 configured to
pcrfiinn a heal cxchdngc bclw can llm rcfngcraul and Ihe

B outdoor air,
an indoor heal cxchdngcr 23 contigurcd to perform a heal
exchange betv,een the refri erant flowing out of the heat
exchanger 14 and the refriaerant flowmg out of the radiator
15 and the outdoor heat exchanger 22„or at least of the

ss radiator 15: a tirst control valve 24 including an expansion
part configurmi to decompress Ihc rcfngcrmrl flowuig mlo
thc outdoor hest exchanger 22 during thc hcatuig opcralrun.
diid B coiidciisiiig prcssiiic icgiilatiiig pdrl coiitigulix! Io
regulate the condensing pressure of the refrigerant in the

io msdiator during the cooling and dehumidifying operation; a
second contra i valve 25 having a function as an evaporatin
pressure regulating part to reguLate the evaporating pressure
of thc rcfngcranl ui the heat cxchangcr 14, lirsl to third
solcnoxl valves 26a. 26b mid 26c, lirst and srmond check

ss valves 27u mid 27b, an expansion valve 28, mrd an accu-
nnrlator 29 configured to separate refrigemsnt liquid from
refrigerant vapor to prevent rhe refrigerant liquid from being
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sucked into thc compressor 21. These components arc
connected to each other by a copper pipe or an aluminun&

pipe
'lo be more specihc, input side of the radiator 15 into

which the refrigerant flows is connected to the delivery side
of the compressor 21 fmm which the refrigerant is d&s-

cluirgcd to fi&un Ihc rel'ugcmnt flow passage 20a. In add&-

tion. Ihc input s&dc of Ihe lira& con&rol valve 24 u&lo which the
refrigerant flows is connected to the output side of the
radiator 15 fmm which the refngerant is discharged. thereby
to ti&ml the refri count flow passage 201s 'I'he first end side
of the outdoor heat exchanger 22 is connected to the output
side of the expansion part of first control valve 24 fmm
wluch Ihc rcl'ugersnt m d&scharged, thereby Io form thc
refrigerant flow passage 20c Meanwlulc, thc second end
side of the outdoor heat exchanger 22 is connected to the
output side of the condensing pressure regulating part of the
firs control valve 24 fmm which the refrigerant discharged,
thereby to form the refrigerant flov: passu e 20d The
suction side of the compressor 21 into which the refrigerant
is sucl ed is connix &cd Io thc second end s&dc of the outdoor
heal cxchangcr 22, in parallel with fl&e relhgcrm&t tlow
passaae 20d, thereby to form the refrigerant flo&v passage
20e. 'Ihe first solenoid valve 26u and the accunn&lator 29 are
pmvided in the refrigerant flo&v passage 20c in the order
from the upstream of the flow of the refrigerant. The input
side of the indoor heat exchanger 23 into which a high-
prcssurc refngerm&t flows &s connectcci Io Ihe relugcrm&I
flow passage 20b. thereby to form Ihe refu aran& flow
passu e 20f In the refrigemnt flow passage 20f, the second
solenoid valve 26b and the first check valve 27a are pro-
vided in the order from the upstream of the refrigerant flov
direction. The input side of the heat exchanger 14 into which
the refrigerant flows is connected to the output side of the
indoor hint cxchaugcr 23 lbom which thc lugh-pressure
rei'rigcrant is d&scha&gcd, thcrcby to fom& Ihe reihger&mt tlow
passage 20g. Thc expansion valve 28 is proviiled m the
refrigerant flow passage 205 The input side of the indoor
heat exchanger 23 into which a low-pressure refrigerant
flows is connected to the output side of the heat exchanger
14 from lvhich the refrigerant is discharged. thereby to fomt
the refugcrant flow passage 206. Thc second control valve
25 is prov&dcd &n thc rcfngerant flow passage 206. The part
ofthc rcibigerant flow passage 20e between flle lirst solano&d
valve 26u and the accun&ulator 29 is connected to the output
side of the indoor heat exchanger 23 from vhich the
low-pressure refngerant is d&scharged. thereby to form the
refrigerant flow passage 20(. Part of the refrigerant flov
passage 20f locatixl downstrtmm from Ihe first check valve
27a in Ihe rcfngcrant flow dirccuon &s co&u&ectcil Io thc lirst
cnd side of tlu: outdoor heat cxchangcr 22, ul parallel w&th

the refrigemnt flow passage 20&. thereby to form the refrig-
emnt tlo&v passage 20j The third solenoid valve 26c and the
second chock valve 27b are provided in the refrigerant flow
passage 2()I in the order from the upstream of the refrigerant
flow dirixuon

11&c compressor 21 and thc outdoor heat cxchangcr 22 arc
d&sposn! outside the vch&cle u&tenor. The compressor 21 &s

driven by the electuc motor 21u. 'I'he outdoor heat
exchanger 22 mcludes an outdoor fan 30 contigured to
perfi&mt a heat exchange between the outdoor air and the
refrigerant wlule the velucle stops. The outdoor fan 30 &s

du&en by tlu: clcctnc motor 30a.
In Ihc lirst control valve 24. a rcfr&gcran& flow channel Io

thc cxpsns&on part and a rcfngcranl flow chmulel Io the
condensing pressure regulating part are formed il&e refrig-
emnt flow channels to the expansion pa&t and to the con-

dcnsiug prcssure rcgulatu&g part can bc completely ciosccl by
valves that regulate the openings of the refrigerant flow
channels, respectivelv.

As shocvn in FI(i 52. the second control valve 25
includes: a valve body 25a configured to allov the refri-
emsnt bavin passed through the refrigerant flow pacsage 206
to flow tluough, and an opening regulating mechmusm 34b
coniigurnl Io regulntc Ihc openings ol thc rclngerant flow
channels provided in the valve body 25&&.

&c I'he valve body 25a includes a refrigemcnt inlet 25c into
which the refrigerant flows and a refrigerant outlet 23d from
which the refrigerant is discharged. A circular comnn&nicat-
ing hole 25e is provided between the refrigemsnt inlet 25&1

and the rcfugcrant outlet 25d to allow commu&ucat&on
bc&wimn thc rcfngcrant u&lct 25c and thc rcfngcran& oullel
25d.

'I'he opening regulating mechanism 25b includes a sole-
noid 256 to linearly reciprocate a plunger 255 with respect
to a coil; and a valve element 25& connected to the plunger

lo 255 and confi ured to open and close the conumu&icatin
hole 25c of the valve body 25a.

Thc ou&cr d&amc&cr of Ihc valve clnncnt 25( &s approxi-
mately the sa&ne as the inner diameter of the communicating
hole 25c. I'he valve element 25i moves upward and down-
ward along with the recipmcation of the plunger 255. Yyhen
the val& e eiement 25i moves dowmvard and is mserted into
the comnnuflcating hole 25e. the conuuun&cat&ng hole 25e is
closed by the valve clnuent 25). Thc valve element 25i is
buiscd upward by Ihe co&1 spring 25j to open thc commu-

1(i ulcatlnghole 25e lu thc valvc clcnlcut 25&, a refuge&'silt flo
hole 25( is pmvided to allo&v communication between the
refrigerant inlet 25i and the refngerant outlet 25d with an
opening area that is smafler than the opening area of the
conununicatin hole 25c while the valve element 25i closes

&s thc couuuliulcatulg fille 25C.

Thc second control calve opnm thc conunumcatu&g hole
25c as shown &n FIG. 52A. Thc second control valve 25
closes the conununicating hole 25C and only a refrigerant
flov hole 25/. to allow communication between the refrig-

co erant inlet 25c and the refrigerant outlet 25d as shown in
FICi. 521k The valve element 25& opens and closes the
conunu&ucat&ng hole 25c, so that Ihc almond control valve 25
can regula&c thc amount of Ihc rely& ersnt flow&ng Ihrough
thc rcfrigcrant flov, psssngc 206 between difli:rent Iwo
,'uu ou nls.

Moreover, the vehicle air conditioning apparatus also
includes a controller 40 that controls the temperature and the
humidity of the vehicle interior to be the preset temperature
and humidity.

o Thc controfler 40 u&cludcs s CPU, a ROM aud a RAM. In
the controfler. upon recco ing an input s&gnal lyom a dcv&ce
cn&nected to the input side, the ('PU reads the program
stored in the ROM accordion to the input signal, stores the
state detected by the input signal on the RAM and transmits

ll an output sip&al to a device connected to the output cide.
As shown in FIG. 53. Cn electuc motor 12a for dnving thc

indoor fan 12, an clcctrm motor 13a for duv&ng Ihe u&lel

sw&tclung damper 13; an clcctnc motor 13c for drivu&g thc
outlet switching dampers 13b, 13& and 13d; an electric

io motor 16&i for driving the air mix damper 16; an electric
motor 21a for driving the compressor 21& the firct control
valve 24; the second control valve 25„ the first to third
solcnosl valves 26a, 266 anil 26c and au clcctnc motor 30a
fi&r drivu&g thc outdoor fm& 30 are connected Io Ihe ou&pu&

sc sale of Ihc con&roller 40.
As shovul in II(i 53. an outdoor air temperature sensor

41 configured to detect temperature Tam outside the vehicle



US 10,183,551 B2
65

interior, an uidoor mr tmupcrature sensor 42 conftgurcxf to
detect indoor air temperature Tr: an insolation sensor 43
such as a pho(o sensor configured Io de(cci unoun! of
insolation 'I';
d liigh-prcssure rchlgcrant Icnlpcr'11(ul c scnsoi 44 configilrcd
to detect iempemsture 'Ihp of a high-pressure refrigerant
flowing through the refrigerant flow passage 20k u high-
pressure refri erant pressure sensor 45 configured to detect
pressure Php of the high-pressure refri erant tlowing
tluough the refrigerant flow passage 20b. a low-prcssure
refrigerant temperature sensor 46 contigured to detect tem-
perature Tip of thc low-prcssure rcfngcrant tint tlows
through the refrigerant tlow passage 20e and i ~ sucked into
thc compressor 21, a low-pressure rcl'ngerant prcssure sen-
sor 47 configured to detect pressure Pip of the refrigerant
that flows through the refrigemsnt flovv passage 20e and is
sucked into the conipressor 21; a heat exchanger tmnpera-
ture sensor 48 configured io detect evaporatin temperature
Tc of Ihe rel'rigcrunt in thc heat cxclwnger 14. an operation
part 49 configured to set modes regarding to target preset
tcmpcraturc Tact and the switclung of thc operation, and a

display pari 50 configured to display the indoor air tmnpera-
ture Tr and operation states, are connected to the output side
of the controller 40

The vehicle air conditioning appamstus bavin the above-
described confi uration performs cooling operation. cooling
dnd dchumidilyuig opcrauou, hea(uig operation, firsl hca(-
ing mid dcluunidifying opcmtion, and second heatmg and
delnunidifying operation Nowt each operation v ill be
explained

During the cooling and delnnnidifying operation. in the
refrigerant circuit 20. the refri erant tlow channel to the
expansion part is closed wlfile the refrigerant tlow channel
to Ihc condcnsulg prinsuic icgida(in pair Is open ht Ihc first
control vah c 24, thc tlurd solmioid valve 26C is open; the
Iirst and second solenoid valves 26a and 26b are ciosuf, and
compressor 21 is operated l3y this means„as shown in Iii(i.
54. the refrigemsnt discharged fmm the coinpressor 21 flows
tlu ough in this order: the refrigerant flow passage 20a: the
radiator 15: the refri emsnt flow passages 20b und 20d: the
outdoor heat exchanger 22, the rcfrigcrant flov, passages 20j
dnd 20fl ihe lugh-prcssure side ol'he indoor heat exchanger
23, thc rcfngerant tlow passage 208, thc heat exchimgcr 14,
the refrigerant tloiv passage 206; the kiw-pressure side of the
indoor heat exchanger 23: and the refrigerant tlow passages
20i and 20e, and is sucl ed into the compressor 21. During
the cooling operation. the refrigerant flowing tlmsugh the
refrigerant circuit 20 releases Ihc heat ui the ouldoor heat
exchanger 22 mid absorbs thc heat in thc heat exchanger 14.
Dunng Ihc cooluig aud dchunudifying operation, when the
air mix dmnper 16 is opened as shoivn by the dashed-dotted
line of lil(i. 54, the refrigerant flowing through the refrig-
erant circuit 20 releases the heat also in the mdiuror 15.

In this case, in the air conditioning unit 10 during the
cooluig operation, thc indoor f m 12 is operated to flow thc
mr tluough tlu: mr flow passage 11. imd thc mr is sublected
Io 11 fed l exchange with Ihc 1 chlgcidu( ln thc hcBI exchanger
14 and cooled I'he teniperature of the cooled air becomes
tar et air-blowing teniperature TAO of the air to blov out of
the outlets llc. 11d and lie to the vehicle interior in order
to set the tempemture of the velficle interior to rhe target
prese( imnperaturc Tact. Thc targe( air-blowing temperature
TAO is calcula(cxf bused on Ihe prcsct tcmpcrature Tact. and
cnvironmmital comb(iona uicluduig thc outdoor mr tempera-
ture 'I am. the indoor air temperature Tr, and an amount of
insolation 'I'. which are detected by the outdoor air teni-
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pcrauirc sensor 41, Ihc indoor air Icmperaturc sensor 42, and
the insolation sensor 48, respectively

Meamvhile, in the air conditioning unit 10 during the
cooling mid dehumidifying opemsfion, the indoor fan 12 is
operated to fkitv the air flmsugh the air flow passage 11. and
the air is subjected to a heat exchange with the refbigemsnt
which absorbs thc heat ui the heat cxclrdnger 14, and
thercforc is cooled and dchumidificd. The air having beni
dehumidified in the heat exchanger 14 is subjected to a heat

Ia exchange with the refriaerant which releases the heat in the
msdiator 15, and therefore heated As a result, the air at the
target air-blovving temperanire TAO blows to the vehicle
interior.

Duruig the hcanng opcrauon. ui the rclkigerant circuii 20.
thc rcfngcrdnt flow chmmcl to the expansion part is open
v bile the refrigerant flow channel to the condensuig pres-
sure regulating part is closed in the first control valve 24; the
first solenoid valve 26a is open: the second and third
solenoid valves Z6b and 261 are closed: and the compressor

io 21 is operated. By this nieans. as shown in FIPI. 55. the
relkigcran( disclmrgcd from the compressor 21 flow 1 tlu ough
iu Ilus order: Ihc rcfngcr;m( tlow passage 20O: thc mdia(or
15: the refrigermit flow passages 20b and 20C: the outdoor
heat exchanger 22; and ihe refrigerant flow passage 22e, and
is sucked into the compressor 21. I'he refrigemsnt floiving
throu h the refrigerant circuit 20 releases the heat in the
radiator 15 and absorbs the heat in the outdoor heat
cxchangcr 22.

In tlus case. ui Ihc air conditioniug uiut 10, the indoor fan
io 12 is operated to flow the air thmugh the air flow passage 11,

and the flowing air is not subjected to a heat exchange ivith
the refrigerant in the heat exchanger 14. but is sublected to
a heat exchange with the refrigerant in the msdiator 15 and
therefore is heated. As a result. the air at the target air-

is blowuig tcmperaturc TAO blows to thc vcluclc interior.
During the Iirst heating and dehumnhl'yuig operation, in

the rcfngcrani circuit 20, Ihc relrigerun( flow channel to Ihe
expansion part is open ivhile ihe refrigerant flow channel to
the condensing pressure regulaiiim part is closed in the first

do control salve 24: the first and second solenoid valves 2611

and 26b are open; the tlurd solenoid valve 26c is closed; and
thc conlplcssor 21 Is opcnl(ctf. By'hH nleans, Bs shown hl
FIO. 56, thc rclhgerant dtscitargcd Ikom Ihe compressor 21
flows iluough in tlus order. the rclyigerdnt flow passage 20u.
the radiator 15; and the refrigerant flow passage 20b. Part of
the refrigerant having passed through the refrigerant flow
passage 20b flows through in this order: the first control
valve 24: the refrigerant flow passage 20C: the outdoor heat
exchanger 22, and Ihe rclkigerant tlow passage 20e, imd is

u sucked into (hc compressor 21. Mcanwlule, thc rmuainuig
relkigcran( having passtx( iluough Ihc rclkigcrant flow pas-
sage 20b tloivs throu h in ibis order the refrigerant floiv
passage ZOfi the hi h-pressure side of the indoor heat
exchanger Z3: the refrigerant flow passage ZOg: the heat

11 exchanger 14: the refrigerant flow passa e 20b; the low-
prcssurc side ol'hc indoor heat exchanger 23: and thc
rcfngcrdnt tlow passage 20i, mid is sucked into the com-
pressor 21. Thc rcfngcr;mt flow ing through ilm refrigerant
circuit 20 releases the heat in the radiator 15 and absorbs the

io heat in the heat exchanger 14 and the outdoor heat exchanger
22.

In this case. in the air conditioning unit 10, the indoor fan
12 is opcrdtcd Io flow thc air tluough the air tlow passage 11,
and thc flowing air is subtccted to a heat exchange with Ihe

Ss relrlgcidll( ul Ihc hcBI cxchiuigcr 14, iuul thcrcfon: Is coolcx!
and delnimidified Part of the air having been dehumidified
in the heat exchanger 14 is subjected to a heat exchange ivith
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the rcfngcrant u& the radiator 15 m&d hedtciL As a result, thc
air at the target air-blowing teinperature fAO blows into the
vehicle interior

l)uring the second heating and dehumidifying operation,
in the refrigerant circuit 20. both the refrigerant flow channel
to the expansion part and the refrigerant flow channel to the
condensing pressure regulaung part dre closed in Ihc Iirsl
control valve 24, the second solenoid valve 266 &s opm&, and
the hrst and th&rd solenoid valves 26d and 26C are closed,
and the compressor 21 &s operated Hy this means. as slxewn
in I'I(i. 57. the refrigerant dischar ed fro&n the compressor
21 flows tluougt in this order; the refrigerant flow passage
20d; the modlator 15: the refrigerant flow passages 206 and
20f: thc high-prcssure s&de ol'he u&door heat exchanger 23,
the rcfngcrant tlow passage 20g, Ihe heal exchanger 14; thc
refrigerant flow passage 206; the low-pressure side of the
indoor heat exchanger 23: and the refrigerant tlow passages
2()i and 20e, and is sucked into the compressor 21. 'the
refrigerant flowing through the refbigerant circuit 20 releases
the heat in the radiator 15 and absorbs the heat in the heat
cxchiingcl 14.

In tins case. &n thc air conditioning ulul 10, thc u&door fan
(2 is operated to flo&v the air through the air flov passage I I,
and the flowing a&r is subjected to a heat exchange with the
refrigerant in the heat exchanger 14. and therefore is cooled
and deluuuidified in the same way as in the first heating and
delu&midifymg operation. Part of the air delnuuidified in the
ht:dl cxchangt:I 14 Is sublcclctl Io d ical cxchangc w&lh thc
refrigerant in Ihe rmlialor 15, and Ihercfi&re hcalcd. As a
result. the air at the taiget air-bio&ving teinperature 1AO
blows to the vehicle interior.

While an auton&atic switch is turned on. the controller 40
perfilrnls an operation switching control process to switch
the operation among the coolin operation. the cooling and
dehumid&fy&ng operat&on, the heating operat&on, 0&e Iirst
hea&u&g and dchum&d&fy&ng operation, and Ihc second heal-
ing anil dehum&dil'y&ng operat&on, based on cnvirolunm&tal
conditions including the ourdoor air tempenature 1'an&, the
indoor air temperature 'I'r, the outdoor air lunnidity. the
indoor air Jnim&dity Th, the amount of insolation Ts and so
forth.

11&t: connollcr 40 sw&(chi:s Ihc nloili: t&I &bc on&le!s llc,
112 and 11e by usu&g thc outlet sw&tclung dampcrs 13b. 13c
dail 13&I. Iin&l controls lhc opi:nulg ol Ibc a&r nux dan&pc& 16
in order to set the ten&penoture of the air blowing out of the
outlets lit. II&J, and I le to the tar et air-blov ing tempera-
ture TAO.

The controller 40 sv itches the mode among the foot
mode. Ihc vent mode and thc b&-lcvcl mode dcpelxlu& on the
targe& a&r-blow&ng tempcraturc TAO duung each opera&&on

su i&chad by the operat&on swuclung control process. To be
n&ore specific. when the target air-blowing teinperature I'AO
is high, for example. 40 degrees ( elsiug the controller 40
sets the foot mode. Meanwhile, when the tar et air-blowing
temperature TAO &s low. for example, lower than 25 de rees
Cclsnis. the controller sc&s the vent mode. Morcovcr, eben
the targe& air-blowing tcmperaturc TAO is the tcmpcraturc
bciwcm& Ihc tcmpcralurc lor Ibc loot mode and Ihc Icmpcra-
ture for the vent mode, the controller 40 sets the bi-level
mode

Moreover, during the heating operation and the first
heating and dehumidifying opemotion. the conuoller 40
performs an expansion par( control process to control the
opelung of Ihc cxpans&ou pan of Ihe Iirst control valve 24
based on Ihc opcrauon state. Now, the opemtion of the
controller 40 in this process w:ill be explained with reference
to the flo&vchart shown in l&I(i. 30

(S&ep S111)
In step SI I I, the CPI.J determines whether the openation

is the heating operation or the heating and dehumidifying,
openation When determining that the operation is one of the
heat&ng operation and the heating and dehumidifying opera-
tion. the CPU moves the step to step S112 On the other
hand, when detcnni&ung that the opcrat&on &s neither Ihe
hcaung operation nor Ihc hca&u&g and dchumid&fyu&g opera-
tion, the CPU ends the expansion part contml pa&cess

in (Step 5 1(2)
In the step Sl (2, the CPIJ calculates superheat SJ I of the

refrigemnt based on the temperature Tip detected by the
low-pressure refrigerant temperature sensor 46 and the pres-
sure P&p dctccted by the low-prcssure rcl'ngcmnt pressure
sensor 47.

(Step SI(3)
In step SII3, the CPU determines whether or not the

superheat SI I calculated in the step Sl (2 is a predetermined
value or higher. When detem&ining that the superheat SH is

Io the predetermined value or higher, the CPU moves the step
to step S119. On Ibe other hm&d, when delcnnuuug (hat Ihe
supcrhcat SH is not Ihe predetennu&ed value or lugher, Ihe
('PU moves the step to step Sl(4.

(Step 5 I(4)
In step S(14, the ('PU sets target degree of supercooling

SCt based on the target air-bio&sing tempemoture TAO. For
example. &vhen the target air-blowing temperature TAO is a
prcdclcrnuncxI value (c.g. 60 tlcgrees Cela&us) or higher, thc
CPU acts first targe( degree of supercool&ng SCt1 (c.g. 15

&o degrees ('elsius) On the other hand, when the target air-
blov ing temperature TAO is lower than the predetermined
value, the ('PIJ sets second target degree of supercooling,
SCtZ (e.g. 12 degrees ('elsius).

(Step S115)
li In s&ep S115, for thc targe( degree of supercoolu&g SCt scl

iu thc step S4, thc CPIJ cnlculales iunouut of correction Hl
based on amount of mr Ga supplied from the Indoor fan 12
and mnount of correction I I2 based on amount of refrigerant
(Ir flowing through the refriaerant circuit 20 'I'o be more

do specific, v:hen the amount ofair Qa supplied fmm the indoor
fan 12 is a predeteuuined value or h&gher. the amount of
co&Ice&&on HI is zclo. On Ihc olht:I hand, wht:n Ihi: tin&otuu
of &i&r Qd Is lower Ibdn lht: piciic(t:ruuncil vdh&tv Ihc tin&Coul

of corrtmt&on Hl (c.g. — IOSHISO) &s sei to dtmreassc thc
degree of supercooling S('ccordin to the amount of air
Qa When the an&ount of refrigenant Qr tlowing thmugh the
hi h-pressure side of the refrigemont circuit ZO &s a prede-
termined vaiue or hi+el. the amount of correction HZ (e.g.
OWH2u5) &s scl to increase tlm dcgrcc of supcrcoolu&g

o according lo Ihe mnounl of refrigcrau&Qr. On Ihe other hand,
when Ihc mnounl of relrigcran& Qr is lower thim thc prede-
termined value, the an&ount of correction I J2 (e.g — 5al IZCO)
is set to decrease the dearee of supercooling 5( according
to a decrease in the amount of refrigerant Qr. The amount of

&1 refrigemnt Qr flowing tlmlugh the hi h-pressure side of the
rcfngcrdnt c&rcuil 20 mcrenses as the prcssure ol'hc rcfrig-
crant in the lugh-prcssure sale of thc rcfrigcrmu c&rcuil 20
iucrcascs. Snd decrcascs ds thc prcssure of thc refrigerant
decreases 11&erefore. the an&ount of refrigenant Qr flo&ving

io through the high-pressure side of the refrigerant circuit 20 is
calculated based on the pressure Php detected by the high-
pressure refrigerant pressure sensor 45.

(S&cp S116)
In s&cp S116, thc CPU calculates corrected target dcgrce

si of supcrcoohng SC(c by adding the amount ol'corrccnon Hl
and the amount of correction II2 to the target degree of
supercooling S('t (SCtc 5('t—(I I I+I J2))
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(Sicp 5117)
In step SI 17, the CPU calculates the degree of supercool-

ing S('f the refrigerant based on the temperature 1'hp
detected by the high-pressure refrigerant temperature sensor
44 and the pressure Php detected by the high-pressure
refrigerant pressure sensor 45.

(Step S118)
In step S118, thc CPU controls thc opcmng of thc Iirst

control valve 24 such that the degree of supercooling S('s
the corrected target degree of supercooling SCtc. and ends
the expansion part contml process

(Step S119)
When determining that the superheat SH is the predeter-

mined value or higher ui thc step S113, thc CPU pcrfiirnw
supcrhcat control process to control 1hc opening of thc

expansion part of the first control valve 24 to set the
superheat SI I of the low-pressure refrigerant to target super-
heat Sl It in step 8119, and ends the expansion part contml
process.

During the cooing and dehumidifyiiig operation. the
controller 40 performs a cooluig and dehunndifymg pcrfor-
mancc conuol process to contml the heat absorbing pcrfor-
niance of the heat exchanger 14 and the heat radiatiag
performance of the mdiator 13 Now. the operation of the
controller 40 for this pmcess will be explained v ith refer-
ence to the flowchart shott n in FI(i. 59.

(Step S121)
In stc73 S121, thc CPU dcternuncs wheflier or not thc

OpCIiltloll 1s thC Coollllg alii dClllllllnlllvlllg Opi:riitliin. Wllcll
deterniinina tlmt the openstion is the cooling and delmnndi-
fyina operation. the ('PI.J moves the step to step SI22 On
the other hand. when deteunining that the operation is not
the cooling and dehumidifying operation, the CPU ends the
cooling and delnnnidifying performance control process.

(Step S122)
In step S122. thc CPU calculates tar ci pressure Phpt of

thc high-prcssure rcfrigcrant based on thc uirgct mr-blow uig
temperature 'I AO

(Step SI23)
In step S123. the CPU controls the openiiig of the

condensing pressure regulatin part of the first contml valve
24 based on thc target prcssure Phpt of flie Iugt-prcssure
refrigerant and thc pressure Php detected by thc high-
prcssurc rcfngcrant prcssure sensor 45. To be more specific,
the opmiing of the condensmg pressure regulating part of the
firrt control valve 24 is switched between two values, a large
one and a small one. excluding the completely closed state.
In this case. ivhen the openin is switched from a small one
to a large onc, thc prcssure Php of ihe high-pressure rcfug-
crant decreases. On the other himd, the opemng is changed
from a large one to a small onc. ihe prcssure Php of the
high-pressure refrigerant increases

(Step SI24)
In step S124. the CPU calculates target evaporating

temperature Tet of the refrigerant in the heat exchan er 14
based on thc target air-blowuig tcmpcrature TAO.

(Sicp 5125)
In step S125, thc CPU controls the munbcr of rotations of

the electric motor 2ic of the compressor 21 such that the
evaporating tempensture I'e of the refrigerant in the heat
exchanger 14 is the target evaporatin. temperature Tet,
based on the tempemture of Te detected by the heat
exchanger tempcraturc sensor 48, and ends the cooling and
dehumidifying pcrlbmiancc control process.

Morcovcr. thc controller 40 pcrfomis im evaporatuig
temperature control process to prevent the evaporating teni-
perature of the refrigerant in the heat exchanger 14 front

diorcasing by connollmg the opemng of the second contml
valve 25 such that the openin of the second control valve
25 during the first heatin and dehumidifying operation is
equal to or sinaller tlmn the openiim for the other openstions
Now. the operation of the controller 40 for this process will
be explained vvith reference to the flowchart shown in FIG.
60.

(Step S131)
In step SI31, the ('PU determines whether or not the

to openstion is the first heatina and dehumidifying openstion
When determining that the operation is the first heating and
dehumidifying operation, the CPU moves the step to step
S132. On the other hand, when determinin that the opera-
tion is not thc Iirst heating and dehumidifyuig opcrauon, thc
CPU ends the evaporanng imnperaturc control process.

(Step 8132)
In step S132, the ('PU calculates target evaponsting,

temperature I'et of the refri emnt in the heat exchanger 14
based on the tar et air-blowing temperature TAO

io (Step S133)
In step S133, thc CPU conuols thc opeiung of simond

control valve 25 bascxl on the target cvaporaung tcmpcrature
1'et and the temperature 'le detected by the heat exchanger
temperature sensor 48. and ends the evaporating temperature
cmitrol pmcess I'o be more specific. when the teniperature
Te detected by the heat exchanger temperature sensor 48 is
lower than the target evaporating tempemture Tet, the open-
ing of the second control vah e 25 is sct to thc small onc of
thc tvvo openings. On thc other hand, when the 1cmperaturc

io 'I'e detected by the heat exchan er temperature sensor 48 is
higher than the target evaporating temperatme 'let. the
opening is set to the large one

During the heating operation and the first heating and
dehumidifyin operation, the controller 40 performs a

ii rclrlgcldlit anloiillt ilctcnnlllatioll proci:ss to dcti:rllllllc
whctlmr or not thc amount of thc rclngerant enclosed ui the
relbigcrant circuit 20 is appropuate. Now, the operation of
the controller 40 for this pmcess will be explained ivith
reference to the flowchart shown in Iii(i. 61

so (Step S141)
In step S141, the ('PU determines whether or not heat

load conditions arc mm to dctcrnunc thc amount of rcfrig-
crant in the rclhgerant circuit 20 bmcd on the outdoor
tcmperaturc Tam, thc amount of air Qa supplmd from thc
indoor fan 12, the nuniber of rotations Nc of the electric
motor 2111 of the compressor 21 and so forth When deter-
mining that it is possible to determine the amount of
refri erant. the ('PU moves the step to step S142. On the
other hand, when detcnnuiuig that it is not possible to

o dctcrnunc thc amount of refrigerant. the CPU cods the
rclrlgCIdlit illlloullt dc(Crllillliltloll procCss.

(Step 8142)
In step SI 42, the CPI J calculates the superheat SI I of the

refrigemnt based on the temperature Tip detected by the
i. Iow-pressure refrigerant temperature sensor 46 and the pres-

sure Pip dctccted by the low-prcssure rcl'ngcmnt pressure
sensor 47.

(Step 143)
In step 8143, the ('PU calculates the degree of supercool-

io ing S('f the refrigerant based on the temperature 'I'hp

detected by the high-pressure refrigerant temperature sensor
44 and the pressure Php detected by the high-pressure
relbigcrant prcssure sensor 45.

(Step S144)
si In stc73 S144, thc CPU determines whether or not the

amount of the refrigerant in the refrigerant circuit 2() is
appropriate, based on the superheat SII of the refrigerant
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calmilaled ui thc step S142, thc dcgrce of supercoolulg SC
of the refrigerant calculated in the step S143, and the
openina of the expansion part of the first control valve 24.
Wyhen determining that the amount of the refrigerant is
appropriate. the CPU ends the refrigerant amount deiemu-
nation process. On the other hand, when detemlinin that the
amount of the refngcrant w uot appropnalc, the CPU moves
thc slcqt lo step S145. Whether or nol thc iunounl of the
refrigerant in the refrigerant circuit 20 is appropriate is
detemiined based on the result of the determination of
whether or nnt the superheat Sl I of the refrigemant calculated
in the step S142, the degree of supercooling, SC of the
refrigerant calcuLated in the step 143, and the opening of the
expansion part of Ihc Iirsl control valve 24 are willun
dppropnate ranges. respectively.

(Step S1451
yyhen determining that the amount of the refrigerant is nnt

appropriate in the step )144. the ( VU displays that the
amount of the refrigerant in the refri emnt circuit 20 is
insufficient or excessive on the display part 50 in the step
S145. and ends lhc refngerant amount delcnmimuon pro-
CCSS.

In this way. the vehicle air conditioning apparatus accnrd-
ing to the present enibodiment. the opening of the secnnd
con(rol valve 25 is controlled during the first heating and
delnimidifymg operation. By this means. it is possible to
increase the evnpomting tempemature of the reibigerant in the
hcdl cxchiulgi:1 14 (lilting flli: Iirsl hi:dllng slid dclmnllihly'-
ing opcrauon, and thcrcforc to prcvciu a frost bcuig formed
on the heat exchanger 14 even if the outdoor temperature is
loiv. As a result. it is possible to secure the required quantity
of heat absorbed into the refngerant in the heat exchanger
14.

The opening of the second control valve 25 can be
sw itched between diifi rent two opciungs dnd is scl to one of
thc lwo openings. By Ibis mcmis, il is possible lo scl the
opeiung of the sixond control valve 25 lo one of the large
openin and the small opening. As a result„ it is possible to
simplify the control, and therefore reduce the production
COSt.

Moreover. the opening of the second control valve 25 is
controlled based on thc target cvapurating lcmperalurc Tcl
dnd Ihc Icmperaturc Te detected by thc heal cxcltanger
lempcralurc sensor 28. By tlus means, i( is possible to misurc
that the evapomating pressure of the refrigerant in the heat
exchanger 14 is a predetemlined pressure, and therefore to
prevent the quantity of heat absorbed into the refrigerant in
the heat exchanger 14 from being insuflicient.

FIG. 62 shows Embodiment 11 of thc prcsmit ulvmltion.
Tilts vchlclc alr conilillolllng appaldliis llas a sccollil

control valve 35 whose opening can bc oplionally sel The
openin is regulated to control the evaporating temperature
of the refrigerant in the heat exchanger 14

In the vehicle air conditioning apparatus haviiig the
above-described configumation. the controller 40 performs
Ihe evaporating tempcraturc control process so lha! thc
opcnmg of Ihc second control valve 35 during the Iirsl
hcatulg and dehumidifying opcmlion is equal to or smaller
than (he npening during the other operations, in order to
prevent (he evaporating temperature of the refrigerant frnni
dropping in the heat exchanger 14. To be more specific,
when the temperature Te detected by the heat exchanger
tcmpcralurc sensor 48 is lower than lhe large( evaporaluig
tcmpcralurc Tet. the openulg of the second conlrol valve 35
is decreased. Ou thc other liand, ihe iemperaturc Te is lughcr
than the tar et evaporating temperature I'et, the opening is
increased. In this case, the opening of the second contml

valve 35 may bc optionally sct based on thc tcmpcrature Tc
detected by the heat exchanger temperature sensor 48

In this way, with the vehicle air conditioning apparatus
according to the present embodiment. the opening of the
second control valve 35 is regulated during the first heatin
and dehumidifying operation. in the same slay as in Embodi-
meul 10. By this means. it is possible lo ulcrease Ihe
cviipordtlng (cnlpcldturc OI lhc ri:frigo(ant ill lhc llcal
exchanger 14 during the first heating and dehmnidifying

in opemation. and therefore it is possible to prevent a frost from
bemg formed on the heat exchanger 14 even if the outdoor
temperature is low, and to secure the required quantity of
heat absorbed into the refrigemant in the heat exchan er 14.

In addition, thc opening of Ihc second control valve 35
may bc optionally scl. By Ibis means, it is possible lo
optinnally set the quantity nf heat absorbed into the refrig;
erant in the beat exchanger 14, and therefore to improve the
accuracy nf the control of the quantity of heat absorbed into
the refrigerant in the heat exchanger 14.

lo Here. with the present embodiment. n configuration has
bimu dcscrtbcxI where, durmg the hcaung operation and Ihe
Iirst hcaluig and dchunndifying opcrauon, Ihe rcfrigcranl
flov ing out of the compressor 21 flows thmugh the outdoor
heat exchanger 22 fmm (he first end side to the second end
side I loivever, it is by no means limiting. Another configu-
ration is possibie where, fi&r example. as shown in FICI. 63,
the refrigerant flovving out of the compressor 21 flows
tluough thc outdoor hant excliangcr 22 from the second cnd
side to Ihc Iirsl mid side during tlm hcauug operation mid thc

lo first heating and delnunidifying opemation
'I'he vehicle air conditioning apparatus shown in I'I(i 63

has the refrigerant flow passage 201 configured to connect
the output side of the expansion part of the first control valve
24 from which the refrigerant is discharged to the second

ls end side of thc outdoor heal cxclrdngi:r 22, instead of Ihe
reiyigcran( flow passage 20c in Embodunmlt 10. In addition,
the vcluclc iur condilionmg apparatus lrds Ihe rcfrigcranl
flov passage 201 configure (o connect the first end side of
the outdoor heat exchanaer 22 to the suction side of the

so compressor 21 into which the refrigerant is sucked. instead
of the refrigerant flow passage 20e in Embodiment 10.

In thc vcluclc air condilionulg apparatus having thc
above-dcscribcd conliguration. dunng thc heauug operation
and thc Iirst heating and dehunudifyulg operation, thc refrig-
erant tioiving out of the radiator 15 tlows through the
outdoor heat exchanger 22 from the second end side to the
first end side. unlike Embodiment 10. During the other
operations, the refri erant flows tluough„ in the same way as
iu Embodiment 10.

o Moreover, with lhc present embodimcnu a conliguralion
has been dcscnbcd v, herc thc Iirst control valve 24 includes
the expansion part to decompress the refrigerant flowing into
the outdoor heat exchanger 22 during the heating operation
and the condensing pressure regulating part to regulate the

s. condensing pressure of the refrigemnt in the radiator 15
durmg thc cooluig and dehumidifying opcrauou. wluch arc
integrally Iormixh Howcvcr, it is by no mcims luniluig.
Another conligurauon is possible, I'or example, where an
electronic expmision valve as the expansion part and a

io condensing pressure regulatin valve as the condensing,
pressure re ulating part are connected in parallel to the
upstream side of the outdoor heat exchanger 22 in the
reiyigcran( flow direction. Tins provides the slane cfliwt as in
the above-descnbcd cmbodimcnt.

ss Moreover, with lhc present embodimcnu a conliguralion
has been described ivhere the de@ac of supercooling SC of
the refrigerant flowing om of the radiator 15 is cicntnllled by
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rcgulalulg Ihc opcmug ot the expansion part ot Ihc firsl
control valve 24, which is located upstream of the outdoor
heat exchanger 22 Ilowever. another configuration is pos-
sible ivhere an electronic expansion valve is provided
instead of the expansion valve 28 disposed upstream of the
heat exchanger 14„and, by regulating the opening of the
clcmroiuc expansion valve, thc dcarcc of supcrcoolul SC of
thc rcfrigcrant flowing out ol'he radiator 15 is controlled

Moreover. with the present embodiment, a contiguration
has been described where the opening of the second contml
valve 25 or 35 is regulated based on the target evaporatittg
temperature Tet and the temperature Te detected by the heat
exchanger temperature sensor 48. However. it is by ilo
iuCailS lilultlllg. Ailollli 1 Colltlgilrat lou IS po SSlblC whCl c, lot
example. the tcmpcrature ol'hc air after a hmit cxclxingc in
the heat exchanger 14, or the pressure of the refrigerant in
the heat exchanger 14 are detected, and the opening of the
second control valve 25 or 35 is regulated based on the result
of the detection. This provides the same eflect as in the
above-described embodiment.

Itl:I'IIRIIN('ll SI(INS I,IS'I

10 air conditionin unit. 14 heat exchanger. 15 radiator,
20 refrigerant circuit. 21 compressor, 22 outdoor heat
exchanger. 24 first control valve. 25 second control valve,
26u to 26C Iirst to durd solenoid valve, 27a and 276 first and
second check valve. 28 expansion valve, 29 accumulator. 40
controller, 41 outdoor air tempenature sensor, 42 indoor air
temperature sensor. 43 insolation sensor, 44 high-pressure
refrigerant temperature sensor. 45 hi h-pressure refrigerant
prcssure sensor. 46 low-prcssure rcfrigcrant temperature
smlsor, 47 low-pressure rcfhgcrant prcssuresensor, 48 heal
exchanger Imnpcrature sensor, and 49 operation perl

'Ihe invention claimed is:
I A vehicle air conditioiling apparatus comprisiilg
a compressor conti ured to compress and dischar e a

refrigerant,
a radiator provided ui a vcluclc ultcnor mid configured to

rclcasc heat Ibom the refrigcrmlt,
a heat exchanger provided ul the vehicle mtcrior and

confi ured to absorb the heat into the refrigerant: and

I it

lo

Bll oil(door ical cxchallgcl provldixt UUmldc Ihc vehicle
interior and configured to release the heat from or
absorb the heat mto the refmgcrant,

the vehicle air conditioning apparatus performing:
a lmatulg and dehumidifyulg opcrauon to rclcasc thc heat

froni the refrigerant discharged from the compressor in
the radiator. to deconlpress part of the refrigerant by an
expansion vahe. and to absorb the heat mto the refrig;
ermt in the heat exchanger while decompressing a
rmnaining rclbigcrant by ttu: cxpamion valve and then
absorbing the heat into the refri emnt in the outdoor
heat exchan er.

the vcluclc air condiuomng apparatus I'urthcr comprising.
an cvaporatulg temperature rcguluting valve provided ul a

rcfugcrant flow passage to an output side ol'hc heat
exclmnger fmm which the refri erant is discharged and
coilfigured to regulate an evaporatiilg tenlperature of
the refrigerant in the heat exchanger by regulating an
amount of the refrigerant flogin through the refriger-
ant flow passage: and

a valve opcmng controller configured to control ml opcn-
uig ol Ihc evaporating Icmperaturc rcgulaung valve
during the heating mid dehunlidifying operation,

wherein the opening of the evaporating temperature regu-
lating valve can be optionally set by the valve openin
controller.

2 The vehicle air conditionmg appamtus according to
claim 1, further comprising:

an cvaporatulg temperature detector configured Io dclcct
the evaporating temperature of the refngerant in the
heat exchanger;

a target evaporatin tempemture calculator configured to
calculate a target evaporating temperature of the refbig-
ermt in the heat exchanger; and
mi evaporating prcssure regulator configured Io rcgu-

IBIC Bll Opelullg Of all Cvapol'Btlllg pl'CssilrC ICgUlatlllg
valve, based on the tempemture detected by the
evaporating temperature detector and the target
elaporating temperature calculated by the target
ei aporating temperature calculator.
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