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VEHI('LE AIR ('ONDITIONER

US 10,421,337 B2
2

SUMMARY OF THE INVENTION

CROSS-REFERENCE TO RELATED
APPI ICA'I'IONS

TECHNICAL FIELD

1'he present mvention relates to an air conditioner nf a
heat pump system which conditions air in a vehicle inteuor,
and more particularly, it relates to an air conditioner appli-
cable to a hybrid car or an electric car.

l3A(vK(iR(RJNI) AR'I'n
Due to actuahzation of environmental problems in recent

years, hybnd cars and electric cars have spread. Further-
more. as an air conditioner which is applicable Io such a
& chicle, there has bccn dcvcloped an air conditioner which
comprises a compressor to compress and discharge a refrig-
erant, a radiator disposed on a vehicle interior side to let the
refrigerant absorb heat, a heat absorber disposed on the
vehicle interior side to let the refri erant absorb hen&. nnd nn
outdoor heat exchanger disposed on a vehicle exterior side &c

to lct thc rcfrigcrant red&etc or absorb heat, and which
cxccutes respect&ve opcrauon modes of a hcatuig cycle in
which the refrigemsnt discharged fn&m the compressor mud&-

ates heat in the radiator and the refrigerant by which heat has
been radiated in this radiator absorbs heat in the outdoor heat &s

exchanger. a dehumidifying and heating cycle in which the
refrigerant discharged from the compressor radiates heat in
the radiator and thc rcfugcmnt by wluch heat has been
radiated u& the radintor nbsorbs heat only u& die heat absorber
or in this heat absorber and the outdoor heat exchanger, a sc

cooling cycle in &vhich the refrigerant discharged from the
compressor radiates heat in the outdoor heat exchanger and
absorbs heat in the heat absorber, and a dehumidifying and
cooling cycle in which the refrigerant discharged froin the
compressor raduites heal ui Ihc radiator and Ihe out&lour hca&

exchanger m&d absorbs hca& &n the heat absorber (c, sec
Patent l)ncument I)

Additinnally. in the above publication, when the heatiag
cycle and the cooling cycle are changed, the cycle is
changed via an internal cycle. This internal cycle has a state so

&there the refrigerant Is inhibited from flowing into the
outdoor heal exchanger and Ihe refu cran& radiaIcs hea! &n

the radiator and absorbs hca& ui thc heat absorber, and hcncc
as con&pared with the dehumidifying and heating cycle or
the dehumidifying and coolmg cycle. a dehumidifying capa- &1

bility further heightens and a heating capability becomes
smaller. Therefore, these other types of operation modes
(cycles) are changed in accordance with conditions such as
an em iroiuncnt and a sct Icmpcrature, thereby pcrfi&miing
comlhrtable air cond&t&on u& a veluclc uitenor. sc

CITATION I 1ST

Patmit Documents
ss

Patent I )ocument I .Iapanese Patent Application Publication
No 1109-29550(&

1'his apphcation is a U S. National Stage Patent Applica-
tion under 37 U S C ss 371 of international Potent Applicn-
uon No. PCT/JP2013/080474, lilcd on Nov. 11. 2013. wluch
clauns the bm&alit of Japanese Patent Application No JP
2012-247513. filed on Nov 9. 2012, the disclosures of '"
which are incorporated herein by reference in their entirety.

Problems to bc Solved by the Invcn&ion

Ilere, in such an operation mode of ai& internal cycle
(heremafter referred to as an internal cycle mode), control is
basically executed to inhibit inik&v, of a refrigerant into an
outdoor heat exchan er and outflow of the refrigerant from
the outdoor heat exchanger. Therefore„an amount of the
reft&gemut lo be scaled ui Ihe ouldoor heat exchanger varies
iu accordance with a siatc of Ihc rely&gerant flowuig ui thc
outdoor heat exchanger imn&ed&ately befo&e the mode is
changed from an operation n&ode of a dehun&idifying and
heating cycle (hereinafter referred to as a dehumidii'ying and
heating mode) to the internal cycle mode or from an opera-
tion mode of a dehumidifying and coolin cycle (hereinafter
repcrrcd to as a dchunnililying and cool&ng mode) to Ihe
iu&cn&al cycle mode, so tluit cxccss or lack occurs ui an
amount nf the refrigerant to be circulated in a refrigerant
circuit in the internal cycle mnde.

When the lack of the refrigerant (excessively httle reibig-
erant) occurs in the internal cycle mode. n temperature of the
radiator rises, but a heating capability itself is msuflicient.
On thc other l&and, when thc excess of thc rel'ugcmnt occurs.
a high prcssure abnormally rises. In cense&lucncc, thcrc has
been the problem tint a hunting phenomenon occurs in
v hich after the el&ange to the internal cycle mode, a desir-
able air conditionin perfonnance in a vehicle interior
cmmot be exerted and the mode disadvantageously imme-
diately changes to another opemstion mode.

Thc present invention luis bom& dcvclopcd to solve such a
convcntioi&al teclmical problem, and au oblect Iherix&f &s Io
pmvide a vehicle air conditinner which can effectively
elin&inate occurrence of excess nr lack of an amount of a
refrigerant tn be circulated in an internal cycle mode

Means for Solvuig the Problems

A vehicle air conditioner of the invention of claim I
comprises a compressor which compresses a refrigerant. an
air flo&v passage tluough which air to be supplied into a
vcluclc intcuor flows. a radiator disposed u& this air flow
passage Io lc& Ihe rcfngcrm&1 red&etc hca&, a heat absorber
disposed in thc mr flou passage Io lct thc rclhgcrant absorb
heat, an outdnor heat exchanger disposed outside the vehicle
interior to let the refrigerant radiate or absorb heat. an
expans&on valve which decompresses the refugerant flowin
into this outdoor heat exchanger, and control means. tlfis
control means bcuig configured to change m&d cxccute one
of a heating mode ui wluch Ihc rel'ugcrunt discharged from
thc coi&ipicssor Idiliii&cs 1&cat ii& thc &till&a&or aiiil 11&c Icliig-
emsnt by which heat has been radiated is decompressed and
then absorbs heat in the outdonr heat exchanger. a dehu-
midifying and heating mode in which the refngerant dis-
charged from the compressor radiates heat in the radiator
and Ilm relhgerant by &&luck heat has bccn rad&alcxl is
diuomprcssed and then absorbs heat u& thc heat absorber and
thc ou&door heat cxchangcr, an intcmal cycle mode ui w luch
inflow of the refrigemnt into the outdoor heat exchanger and
outtlow of the refrigemnt from the outdoor heat exchanger
are inhibited, the refrigerant discharged from the compressor
radiates heat in the radiator, and the refugerant by which
heat has been radiated is decomprcsscd and then absorbs
heat ui the heat absorber. a dcluunidifying nnd cooluig mode
iu wluch Ihc rcfn crani discharged from thc compressor
radiates heat in the radiator and the outdoor heat exchanger
and the refrigerant by &vhich heat has been radiated is
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decompressed and then absorbs heat in ihe heal absorber,
and a cooling mode in v hich the refri emsnt discharged from
thc conlpu:ssor radldlcs hcBI ut flro ouk!ool hcBI exchanger
and the refrigerant by which heat has been radiated Is

decompressed and then absorbs heat in thc heat absorber, thc
vehicle air conditioner heing chamscterized in that in the
internal cycle mode, the control means executes a refrigerant
sealin mode to seal the refrigerant in the outdoor heat
exchanger in a case where an amount of the refri erant to be

Illcuculatcd Is excessively large, Bnd cxcculiu 11 rcfrlgcrBnl
discharge mode to discharge the refrigerant from the outdoor
hcdl cxchangcr ul II crise whclc lhc dnnuull ol flu: rclrlgcrdnl
to be circulated is Insuflicient

lite vcluclc air conihtloncr ol'he invention of claim 2 Is

characterized In that in the above invention. the contml
means judges lvhether or not the amount of the reibigemnt to
be circulated is excessively large on the basis of a refrigerant
subcool degree of the radiator, and judges whether or not the
amount of the refngcraut lo bc circulalix! is msufliclent on ZO

the basis of a discharged refrigerant superheat degree of the
conlprcssor.

A vchiclc Bu'ondltloncl'f thc hlvcnllon of claun 3

comprises a compressor which compresses a refrigerant. an
air flow passage through which air to be supplied into a
vehicle interior flov s„a msdiator disposed in this air flow
passage to let the refngerant radiate heat. a heat absorber
disposed in the air flow passage to let Ihc refrigerant absorb
bean an outdoor heat exchanger disposed outside lhe veluclc
interior to let the refngerant radiate or absorb heat. an lc
expansion valve which decompresses the refrigerant flov ing
into this outdoor heat exchanger, and control meang tlus
control means bein configured to chan. e and execute one
of a heating mode in which the reibigerant discharged from
thc compressor mdiatcs heat in Ihc radidlor and Ihc rcfmg- ls
cranl by which heal has bccn raihatcd Is decompressed and
then absorbs heat ul the outdoor heal cxclmnger. a dchu-
nlidifyiag and heating mode in which the refrigerant dis-
charged from the compressor radiates heat in the radiator
and the refrigerant by wlflch heat has been radiated is do

deconlpressed and then absorbs heat in the heat absorber and
the outdoor heal exchanger, tm intcmal cycle mode in which
inflow of the rcl'ngcranl Into the outduor heat exchanger and
oufllow of Ihc rcfngcmnt irom thc uutdoor heal cxclmnger
are inhibited. the refrigemsnt discharged from the compressor d

radiates heat in the radiator. and the refrigerant by which
heat has been msdiated is decompressed and then absorbs
heat in the heat absorber. a delnlmidifyin. and cooling mode
in wluch the rclblgerant discharged from the compressor
radiates heat In thc radiator and Ihe uutdoor heat cxclxlngcr o

and the refrigerant by winch heat has been radtatcsl Is
decompressed and then absorbs heat in the heat absorber,
and a cooling mode In which the refrigerant dischalged front
the compressor msdiates heat in the outdoor heat exchanger
and the refrigerant by wlflch heat has been radiated is s.
decompressed and then absorbs heat in thc heat absorber, thc
1 chicle air condluoner beulg clmraclcrizcd ul that In thc
inlenml cycle mode, thc control means closes tlm expansion
valve which decompresses the refrigerant flowing into the
outdoor heat exchanger, to inhibit the intlow into the outdoor ic
heat exchanger. and discharges the refrigerant from the
outdoor heat exchanger every predetermined timing.

Thc vchlclc Blr condlnoncr ol lhc hlvcntlon of clllun 4 Is
cluiracicnzed In that in the above invcnnon, Ihc control
mc;ms regulates Ihc timing lo discharge Ihe refrigerant from ss
the outdoor heat exchanger and/or a discharge amount on the
basis of a refrigemsnt tlow rate

A vchiclc air conditioner of Ihc Invcnnon ol'laim 5
comprises a compressor which compresses a refrigerant. an
air flow passage through ivhich air to be supplied into a
vehicle interior flows. a radiator disposed in this air flow
passage to let the refrigerant radiate heat, a heat absorber
disposed in the air flolvv passage to let the refngerant absorb
heat. an outdoor heat cxclrdngcr disposed outside thc vehicle
iulcnor to lcl Ihc rcfmgcrmll raduitc or absorb hcan an
expansion valve which decompresses the refrigemsnt floiving
into this outdoor heat exchan er. and control means. this
cmltrol nleans being conhgured to change and execute one
of a heating mode in which the refri emnt discharged from
the compressor radiates heat in the msdiator and the reibig-
crant by wluch heat luis bccn radiated Is dccompresscd and
then absorbs hmil ul the outdoor heal cxclrdnger, a dchu-
nudifying and heating mode in which the refrigemsnt dis-
charged from the compressor radiates heat in the radiator
and the refrigerant by ivhich heat has been msdiated is
decompressed and then absorbs heat in the heat absorber and
the outdoor heat exchanger, an internal cycle mode in which
inflow of the rclhgcrant Into the outdoor heat cxclmngcr and
outflow of Ihc rclhgcrant from thc outdoor heat exchanger
are mlnbited, the refrigemnt discharged from the compressor
msdiates heat in the mdiator. and the refrigemsnt by which
heat has been radiated is decompressed and then absorbs
heat ul the heat absorber, a dehumidifying and cooling mode
in which the refri erant dischar ed from the compressor
radiates heal In thc radiator and Ihc outdoor heal cxclmngcr
and flm rclhgcrant by winch heat has bccn radtalcxj is
decompressed and then absorbs heat in the heat absorber,
and a cooling mode in which the refrigerant discharged from
the compressor radiates heat in the outdoor heat exchanger
and the refrigerant by which heat has been radiated is
decompressed and then absorbs heat in the heat absorber, the
vchiclc mr conditioner being clrdraclcnzcd In thai when Ihc
control means slufla lo thc inlcmal cycle mode. thc control
means delays a nming lo ullubil Ihc outflow of Ihe refrig-
emsnt fmm the outdoor heat exchanger

A vehicle air conditioner of the invention of claim 6
comprises a compressor which compresses a refrigerant. an
air flovv passage tluough which air to be supplied into a
vcluclc inlcnor flows. a radiator disposed ul this air flow
passage lo icl Ihe rcfmgcrmll radiate heal, a heat absorber
disposed in thc mr flow passage lo lcl thc rclhgcrant absorb
heat, an outdoor heat exchanger disposed outside the vehicle
interior to let the refrigerant radiate or absorb heat. an
expansion valve which decompresses the refngerant flowin
into this outdoor heat exchanger, and control means. tlfls
control means bculg configured to change mid cxccule one
of a healing mode ul wluch lhc rel'ngcrunl discharged from
lhc conlplcssor Iddullcs hcdl ht lhc rtldlalor Bnd fllc Ichlg-
emsnt by which heat has been radiated Is decompressed and
then absorbs heat in the outdoor heat exchanger. a dehu-
midifying and heating mode in which the refngerant dis-
charged from the compressor radiates heat in the radiator
and flm rclhgcrant by winch heat has bccn radtalcxj is
dcuomprcsscd and then absorbs heat ul thc heat absorber and
thc outdoor heat cxchdngcr, an intcmal cycle mode ul w luch
inflow of the refrigemnt into the outdoor heat exchanger and
outtiow of the refrigemnt from the outdoor heat exchanger
are inhibited, the refrigerant discharged from the compressor
radiates heat in the radiator, and the refngerant by which
heat has been radiated Is decomprcsscd and then absorbs
heat ul the heat absorber. a dcluunidifying and coolulg mode
iu wluch Ihc rcfn crdni discharged from thc compressor
radiates heat in the radiator and the outdoor heat exchanger
and the refrigerant by ivhich heat has been radiated is
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dixompresscd and then absorbs heat in ihe heal absorber,
and a cooling mode &n v hich the refri emsnt discharged from
Ihc con&pii:ssor rad&dli:s hcBI ui flii: oun!00& hcBI i:xchangcr
and the refrigerant by wh&ch heat has been radiated &s

dixompresscd and then absorbs heat in thc heat absorber, thc
vehicle air condit&oner being clmracterixed in that when the
control means shifts to the internal cycle mode. rhe control
means delays a timing to inhibit the intlow of the refrigerant
into the outdoor heat exchanger.

ui

Advantageous Effect of the invention

According to a vehicle air conditioner of the invention of
cldin& 1. &&1 iul uilcriuil cy'i:li: nloilc h& which nifli&w of &I

I
refrigerant into an outdoor heat exchanger and outflow of the
refrigerant from thc outdoor heal cxchdngcr are u&h&b&nxk

the refrigerant disclmrged from a compressor radiates heat in
a msdiator. and the refri erant by which heat has been
radiated is decompressed and then absorbs heat in a heat
absorber, when an amount of the refrigerant to be circuLated
is exccssiicly largo, a rc!'ngcrdnl scalm mode lo seal the
refrigerant in the outdoor heat exchan er is executed. and
when Ihe amount o! the rcingcranl lo bc c&rculalcd &s

insufflcient. a refrigerant dischar e mode to discharge the
refrigerant from the outdoor heat exchanger is executed.
Therefore. also when in accordance with a state inunediately
bcforc lhc mode &s changed to ihe inlcmal cycle mode, an
amount of thc re!'ngcrant to bc scalrx! ui fl&e outdoor heal
exchanger varies and excess or Lsck occurs in the amount of 30

the refrigerant to be circuLsted, it is possible to su&tably
regulate the amount of the refrigerant to be circulated,
thereby acquiring a necessary air conditionin perfomtance,
or it is possible to avo&d occurrence of a high pressure
abnormality duc to lhe cxccssivc refn crm&t. 3s

In coiiscqucnci) fllc du conga&Cuing pc&!i&rnlani:0
requ&rcd in the internal cycle mode cmi bc acqu&ru!. and
occurrence of a so-called hunting phenomenon can be
avoided

In particular. when as in the invention of claim 2. conrrol do

means judges ivhether or not the amount of the reibigemnt to
bc circulated is excess&vely large on Ihc bas&s ol a relngcrm&l
subcool degree of thc rad&a&or, and !udgcs whclher Or no! thc
amount of the refngcraut 10 bc circulanx! is msuflic&ent on
the basis of a discharged refngerant superheat degree of the
compressor, it is possible to accunstely judge the excess or
lack of the amount of the refrigerant to be circulated and to
precisely reguLate the amount of the reibigerant to be c&rcu-
liilcd ul Ihc alii:nial i:3'clc nlixlc.

According lo u veh&clc air conditioner of lhc mvent&on of o

cldin& 3. &&1 iul uilcriuil cy'i:li: nloilc h& which nifli&w of &I

refrigerant into an outdoor heat exclmnger and outflow of the
refrigerant from the outdoor heat exchanger are inhibited
and the refrigerant discharged from a compressor radiates
heat in a msdiator and the refri erant by vvhich heat has been T.

radiated &s dccomprcssed and then absorbs heal in a heal
absorber. control means d&schiugcs thc refngcrant from thc
outdoor heal cxchaugcr cvcry prcdclernuncd umuig. 11&crc-

fi&re, when an expansion valve which decompresses the
refrigerant flowing into the outdoor heat exchanger is closed ic
to inhibit the inflow of the refrigerant into the outdoor heat
exchanger. lack of an amount of the refrigerant to be
c&rmilatcd due to thc u&flow of thc refrigerant uito the
outdoor heat cxchungcr &s caused by leakage oi'l&e expan-
sion valve. but can bc elinunatcd by discharguig lhc rcfmg- ss
emnt every predetermined time. so that it is possible to
acquire the required a&r cond&tioning perfi&rmance

In flus ciisc. When ds in lhc ulvcnnoii 0! claun 4, lhc
control means regulates a timing to discharge the refrigerant
from lhc outdoor heal exchanger and/or a dmchargc amount
on the basis of a refrigerant floiv mate. it &s possible to more
accurately control thc amount 0! Ihe refngcraut to be dis-
char ed from the outdoor heat exchanger and to precisely
re ulate the amount of the refrigerant to be circulated.

According to a vehicle air conditioner of the invention of
claun 5. during shift to an internal cycle mode in wlflch
inflow of a rcfngcrant uito an outdoor heal exchanger and
outflow of the refri erant from the outdoor heat exchanger
arc udub&lcd and Ihc refngcrm&l d&sclrdrgcd from a compres-
sor radiates heat in a mdiator and the refrigerant by which
heat has been radiated is decomprcsscd and then absorbs
heat in a heat absorber, control means delays a timing to
inhib&t the outflow of the refri emsnt from the outdoor heat
exchanger I'herefore, it is possible to befi&rehand avoid lack
ofan amount of the refrigerant to be circulated which occurs
dficr shiflu&g to thc intcnuil cycle mode aud to acquirc a

required air conditioning performance.
Accordu&g to a vchiclc air conditioner of the invention of

cia&m 6, during shiA to an internal cycle mode in which
intlow of a refngcranl into dn Outdoor heat cxchangcr and
outflov of the refrigerant froni the outdoor heat exchanger
are inhibited aud Ihc rcfngcrm&t dischurgcd from a compres-
sor radiates heat in a radiator and the refrigerant by which
heat has been radiated is decompressed and then absorbs
heat m a heat absorber, control means delays a timing to
inhib&t the inflow of the refrigerant into the outdoor heat
cxchangcr. Thcrcfl&rc. il is possible to bc!'orchand avoid
excess of an amoiu&t of the refrigerant to be circulated wlflch
occurs after slufu&g to the internal cycle mode imd lo
elinlinate occurrence ot a biab pressure abnomiality

131(II ili Dl IEGRIPi ION Oii TI Il: 1)I(AWIN(i)

iil(i I is a constitutional vieiv of a vehicle a&r conditioner
of one embodiment to xvhich the present invention is
applied,

FICi. 2 is a block diagram of an electnc circuit of a
coiltrollcl of the vch&clc B&r condit&oner of FIG. 1,

FICi 3 is a control block diagram concerning compressor
control o!'he controller of FIG. 2;

lil(i 4 is another control block diagram concerning the
compressor control of Ihc controller o! FIG. 2,

l&I(i 5 is a control block d&agrmn concermng outdoor
expans&on valve control of the controller of FICi. 2;

lil(i 6 is a diagrani to explain chang&ng control of an
operation mode of the controller of FICi. 2:

FICi 7 is a din~an& to cxpla&n transit&on o!'ormal
operating, a refrigerant sealing mode and a reibigemsnt
d&schargc mode as onc example of rcgulaung contml of an
amount of a refrigerant to be circulated in an internal cycle
mode by thc controller Of FIG. 2,

lil(i 5 is a timing chart to explain operations of respective
components in FICi. 7;

l&I(i 9 is a disgrani to explain another example of the
re ulatui control of the anu&unt of the refngerant to be
c&rculated in the internal cycle niode by the controller of
FICT. 2,

FICi 10 is a d&agram lo explain still another example of
the regulating control of the aniount of the refrigerant to be
c&rculatcd in the uilemal cycle mode by the controller of
iil(i 2;
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FIG. 11 is sunilarly a ihagrtmi Io explain a further
example of the regulating control of the amount of the
relrigcrani to bc circulated ui Ihe uiterndl cycle mode by the
controller of FIG. 2,

FIG 12 is a diagrmn to explain a further example of the
regulating control of the amount of the refrigerant to be
circulated in the Internal cycle mode by the controller of
FRL 2;

FIG, 13 is sunilarly a diagmsm to explain B still further
example of Ihc regulating conlrol ol Ihc amounl of thc ut

refrigerant to bc circulated ui thc internal cycle mode by thc
controller of I'l(i. 2;

II(i 14 is a constitutional view of a vehicle air condi-
tioner of one embodiment to which the present invention Is

applied„ I

FIG. 15 is a constitutional view of B vehicle Bir condi-
uoncr of onc embodiment Io wluch thc prcscnt invention is
applied,

FIG 16 is a constitutional view of a vehicle air condi-
tioner of one entbodiment to which the present invention is io

applied;
FIG, 17 is a constitutional view of a vehicle Bir condi-

tioner of one embodiment to which the present invention Is

dppl lcd,
FIG. 18 is a consututional view of a veluclc mr cond&-

tioner of one embodiment to which the present invention is
applied;

FIG. 19 is a constitutional view of B vehicle Bir condi-
tioner of one embodiment to which the present invention Is

appliedt Bnd Ii)

FIG. 20 is a consututional view of d vcluclc mr cond&-

boner of onc embodiment Io wluch thc prcscnt invention is
applied

MODE FOR CARRYING OIIT THE INVENTION is

Hcrcurdficr. an nnboduncnt of the present invnition will
be described in detail with reference to the drawings.

FIG I shows a constitutional view of a vehicle air
conditioner I of one embodiment of the present invention. In do

this case, a vehicle of the embodiment to which the present
invntiion is applied is mi electric car (EV) which does noi
luivc an cnginc (an internal combusiion niginc), aixl runs by
dosing an electric motor I'orruiuun by a povcr charged in
a battery (which is not shown), and the vehicle air condi-
tioner I of the present invention is driven by the power of the
battery.

That is„ in the electric car in which heating cannot be
performnl by waste heat of the cnguie. Ihc velucle mr
conditioner 1 ol'he nubodiment perlomis flie hcaiuig by a o

heal pump operauon in wluch a refn crmit circuit is uscxl,
and luther selectively executes respective operation modes
of dehumidifyin and heatuig, cooling and dehumidifying,
cooling. and the hke It is to be noted that the vehicle is not
limited to the electric car. and the present invention is also ss
cflbcuie for a so-calhxl hybrid car ui which flie engine is
used together with the electric motor for Ihe running, and is
further applicable also to a usual car wluch runs by thc
engine.

'Hie vehicle air conditioner I of the einbodiment performs io
air conditioning (heating. cooling. dehumidifying. Bnd ven-
tikstion) in the electnc car. and there are successively con-
ncxled. by a refngcrant pipe 13. an clcctrm compressor 2

w liicli coilipl ca sea tI rclllgci alit to i disc s pl cssilrc, B radliiIor
4 disposed ui un air flow pasgdgc 3 ol mi HVAC umi 10 ut ss
which air in the vehicle intenor is passed and circulatnf to
let the hi h-temperature high-pressure refrigerant dis-

clliirgcil lroiti Illc coilipicssor 2 IddiBIC liest iii flic vclllclc
interior, an outdoor expansion valve 6 constituted of an
electric valve which decompresses and expands the refrig;
erant during the heatin, an outdoor heat exchanger 7 which
perfomts heat exchange benveen the refngerant and outdoor
air to function as the radiator during the cooling and function
as an evaporator during Ihc hcatin, au indoor cxpmtsion
valve 8 constituted of mi clcctnc valve which dccompresscs
and expands the refri emnt, a heat absorber 9 disposed in the
air flow passage 3 to let the refrigerant absorb heat from
interior and exterior of the vehicle dunng the cooling and
dunn the delntmidifying and heating. an evaporation capa-
bility control valve 11 vvhich reguLates an evaporation capa-
bility in thc heat absorber 9, mi accumulator 12 and the like.
so fliai a refrigerant circuit R is consututed. II is Io be noted
that in the outdoor heat exchanaer 7, an outdoor bloiver 15
is disposed to perform the heat exchange between the
outdoor air and the refriaerant v hen the vehicle is stopped

In addition. the outdoor heat exchan er 7 has a header
portion 14 and a subcooling pottion 16 successively on B

rclrlgcidlit dogiistrcilill side, a rclrlgcrallt pipe 13A
extended out from ihc outdoor heat cxchangcr 7 is conncclcx)
to the header portion 14 via a solenoid valve (an opening/
closing valve) 17 opened during the cooling, and an outlet
of the subcooling portion 16 is connected to the indoor
expansion valve 8 via a check valve 18. It Is to be noted that
the header portion 14 and the subcooling pottion 16 struc-
turally constitute a pan ol'he outdoor heat exchanger 7, and
an indoor expansion valve 8 side ol'hc check valve 18 is a
fotward direction

In addition, a refrigerant pipe 13B between the check
valve Fg and the indoor expansion valve 8 is disposed in a
heat exchan e relation with a refrigerant pipe 13C extended
out from the evaporation capability control valve 11 posi-
tioned on an outlet side of thc heat absorber 9, and both Ihe
pipes constitute mi uitcmdl heat cxchungcr 19. In consc-
tlucncc, the rcl'rigcrant flowuig through the rel'ngcrtmt pipe
13B mto the indoor expansion valve 8 is cooled (subcooled)
by the lov -temperature refrigemsnt fiowing out from the heat
absorber 9 tluough the evaporation capability control valve
11

In addition, thc rcfngcrdnt pipe 13A extcudcd out I'rom

thc outdoor heal cxchangcr 7 is branched. and Ihts bmtnchcxi
rcfngcrdnt pipe 13D communicdtcs to bc conncctcd to thc
refrigerant pipe 13C on the downstream side of the internal
heat exchmiger 19 via a solenoid valve (an openuig/ckising,
valve) 21 to be opened during heating. Furthermore. B

refrigerant pipe 13E on an outlet side of the radiator 4 is
branched bel'ore Ihc outdoor expamion valve 6, and tlus
branched rclhgcrant pipe 13F conununicdtcs to bc cun-
nixIcd to the relhgcrmit pipe 13B on the downstream side of
the check valve 18 via a solenoid valve (an opening/closing
valve) 22 to be opened duriim the dehuniidifying

In addition. a refri erant pipe 13(i on a dischar e side of
the compressor 2 is branched„and this branched refrigemsnt
pipe 13H conununicntcs Io be conncctcd to a refrigerant pipe
131 bctwccn the outdoor expansion valve 6 and thc outdoor
heat exchanger 7 vid d solenoid valve (an opnung/closuig
valve) 23 ivhich is opened duriim defrosting of the outdoor
heat exchanger 7 to alloiv the high-tempemsture refrigerant (a
hot gas) discharged from the compressor 2 to flow directly
into the outdoor heat exchanger 7 and a check valve 24. It
is to be noted that a direction of thc rcfrigcrant pipe 131 of
the check valve 24 is Ihc forward direcuon.

Additionally. ui the air flow passe e 3 ou au air upstream
side of the heat absorber 9, respective suction ports (repre-
sented by a suction port 25 in lil(i I). e 8, an indoor air
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suction port and an outdoor air suction port are Iouncd. and
in the suction port 25, a suction changing damper 26 is
disposed to change the air to be introduced into the air flov
passu e 3 to indoor air which is air in the vehicle inteuor (an
indoor air circuLating mode) and outdoor air which is air
outside the vehicle interior (an outdoor air introducing
mode). Further, on au mr downstream side oi the simtion
cluuiguig diunpcr 26, au indoor blower (a blower fan) 27 Is
disposed to supply the introduced indoor air or outdoor air
to the air flow passage 3 I I I

Additionally. in the air flow passage 3 on the air upstreant
side of the radiator 4. an air mix damper 28 is disposed to
regulate a degree of flow of the indoor air or the outdoor air
tluough thc raduitor 4. Further, ui theair flow passage 3 on
dn mr downstream side of Ihc radiator 4, each outlet oi fiio1,
vent or defroster (represented by an outlet 29 in Ii i(i. I) is
fiirmed, and in the outlet 29. an outlet changing daniper 31
is disposed to perforni changing contml ofbloiving ofthe air
front each outlet mentioned above.

Next. in Flfi. 2. 32 is a controller (ECII) as control means Ic
consututcd of a microcomputer, and mi uiput oi'lm control-
ler 32 is conncctcd to respcctivc outputs of mi outdoor mr
temperature seilsor 33 wllich detects an outdoor air tenl-
perature of the vehicle, an outdoor air humidity sensor 34
which detects an outdoor air humidity, an I IVA(: suction
temperature sensor 36 which detects a suction tempermue
from the suction port 25 to the air flow passage 3. an indoor
mr tempcraturc sensor 37 wluch dctecIs a tcmpcraIurc of thc
mr in thc vcluclc Interior (thc indoor air), mi uidoor air
humidity sensor 38 which detects a humidity of the air in the Io
vehicle iliterior, an indoor air ( Ds concentration sensor 39
which detects a carbon dioxide concentration in the vehicle
interior. an outlet temperature sensor 41 which detects a
tempemture of the air blown out from the outlet 29 into the
vehicle uiterior. a discharge prcssure sensor 42 v, luch detects 31

a prcssure of thc refugcraut discharged from thc compressor
2, a discharge tcmperaturc sensor 43 winch detects a tem-
perature of the refrigerant discharged from the compressor 2,
a suction pressure sensor 44 w:hich detects a suction refrig-
erant pressure of the compressor 2. a msdiator tempermue do

sensor 46 which detects a temperature of the radiator 4 (the
tcilipcI'ilnllc iif tile Iddliuor 4 ltscll iii tile Iclllpcldlille of tile
mr heated in thc rdihator 4), a radiator prcssure sensor 47
wluch detects a refngermit pressure of thc radiator 4 (thc
pressure in the radiator 4 or the pressure of the refrigerant
floivinu out from the radiator 4), a heat absorber temperature
sensor 48 which detects a temperature of the heat absorber
9 (the tentperature of the heat absorber 9 itself or the air
cooled in the heat absorber 9). a heat absorber prcssure
sensor 49 which detects a rcfrigcrant prcssure ol thc heat o

absorber 9 (the prcssure ui thc heat absorber 9 or the
pressure of the refngerant flowing out from the heat
absorber 9), a solar mdiation sensor 51 of, e g, a photo
sensor system to detect a solar radiation mnount into the
vehicle„a velocity sensor 52 to detect a moving speed of the s.
i chicle (a ielocity), an opcratuig portion 53 to sc! thc
clrdnguig ol'hc tcmpcrature or thc operation mode. an
outdoor heat exchanger tcmpcrature sensor 54 winch deIccts
a tenipemture of the outdoor heat exchanger 7, and an
outdoor heat exchanger pressure sensor 56 which detects the io
refrigerant pressure of the outdoor heat exchanger 7.

An output of the controller 32 is connected to the com-
pressor 2. the outdoor blower 15, thc indoor blower (the
blower I'an) 27, thc suction changuig damper 26. tlm air nux
damper 28, thc outlet clrdnging dmnpcr 31, the outdoor si
expansion valve 6. tile iildoor expansion valve 8, the respec-
tive solenoid valves 23, 22. 17 and 21, and the evaporation

Ciipabllltv Colltrol VdlvC 11. Ill dddltloll. 111C OUtpUI Ol 111C

controller 32 is also connected to an electric heater 57
disposed in the air tlow passage 3 on the air downstream side
of the radiator 4 to complement the heating by the radiator
4. and the controller 32 controls these components on the
basis of the outputs of the respective sensors and the settin
input by the opcranng poruon 53.

Next. Un operation of ihe vchmlc nir conditioner I of the
embodinient having the abovementioned constitution will be
described In the embodiment, the controller 32 changes and
executes respective mughly divided operation modes such
as a heating mode. a dehumidifying and heating mode, an
internal cycle mode, a delnunidifying and cooling mode, and
d coollllg liiodc. FlrsL thc flov'f tile rcfrlgcralu 111 iaicll
operation mode wifl be dcscribnl.

(I) I leating Mode
Referring to FI(ig I and 14. when the heating mode is

selected by the controller 32 or a manual openstion to the
operating portion 53, the controller 32 opens the solenoid
valve 21 and closes the solenoid valve 17. the solenoid valve
22 and the solenoid 1 alvc 23. Furthcrmorc. thc compressor
2 and thc rcspcctivc blowers 15 and 27 are opera ted, mid the
air mix dainper 28 has a state ivhere the air blown out from
the indnnr blov,er 27 is passed through the radiator 4. In

cmisequence, the high-tenipemture high-pressure gas refrig-
erant discharged from the compressor 2 flows into the
radiator 4. The air in the air fkiw passage 3 is passed tlirough
thc radiator 4, and hcncc thc mr ui the air tlow passage 3 is
heated by thc lugh-tcmpcrature refngcrant ui tlm radiator 4.
v hereas the refrigerant in the mdiator 4 has the heat taken
by the air and is cooled to condense and liquefy

'I'he refrigerant liquefied in the radiator 4 flow:s through
the refrigerant pipe 13E to reach the outdoor expansion
valve 6 which decompresses the refrigemnt, and then the
relbigcrant flows uito the outdoor heat exchanger 7. The
relbigcrant flow ing into thc outdoor heat cxclrdnger 7 cvapo-
ratcs, and thc heat is pumpml up from the outdoor mr passed)
by running or the outdoor blower 15 (a heat pump) I'ur-
therniore, the lniv-temperature refngerant flowing out from
the outdoor heat exchanger 7 flows through the refrigemsnt
pipe 13D and the solenoid valve 21 to flow from the
rcfugcrdnt pipe 13C uito thc accumulator 12 ui wluch gas
liquid sc)tamtion is perfomied, and Ihmi the gas refrigermi1
is sucked into thc compressor 2, thcrcby rcpcating tlus
circulation. Tiie air heated in the radiator 4 is blown out from
the outlet 29, and hence the heatiim in the vehicle interior is
perfomied.

The controller 32 controls a revolution number of the
compressor 2 on thc basis of a high prcssure of the refrig-
erant circuit R which Is dctectcd by thc discharge prcssure
smisor 42 or thc rdihator prcssure sensor 47, also controls a
valve pnsition of the outdoor expansion valve 6 on the basis
of the temperature of the mdiator 4 which is detected by the
radiator temperature sensor 46 and the refngerant pressure
of the radiator 4 ivhich is detected by the mdiator pressure
sensor 47, and controls a subcool de ree of thc rclbigcrani in
tile UUtlct of tile Idihduir 4.

(2) Dclnimnlifying;md Healing Mode
Referring to I'I(ig I and 15. next, in the dehumidifying,

and heating mode, the controller 32 opens the solenoid valve
22 in the above state of the heating mode. In consequence,
a part of the condensed refrigerant flowing through the
radiator 4 and thc relbigermit pipe 13E is distubunxh and
flows through the solenoid ialve 22 to flow from the
relbigcrant pipes 13F and 13B through thc uitcrnal heat
exchanger 19, thereby reachinu the indoor expansion valve
8 'I'he refrigerant is decompressed in the indoor expansion
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I elve 8 and lhmi flow s Into the heal absorber 9 to evaporate.
Water in the air blown out lbom the indoor blower 27
coagulales to adlmrc lo thc hcai absorber 9 by a heat
absorbin operation at this time, and hence the air is cooled
dnd dchumidiliixl.

1he refri emont evapomsted In the heat absorber 9 flows
through the evaporation capability control valve 11 ond the
internal heat exclianger 19 to loin the refrigerant fnim the
refrigerant pipe 13D in the refrigerant pipe 13C. Bnd rien

111
flows tluough thc accumulator 12 io be sucked uilo the
compressor 2. thereby repeating this circulation. The air
dclnuniddicd In thc heat absorber 9 Is rchealcd ui a process
of passing the msdiator 4, and hence the dehumidifying and
hciihng hi lhc vchlclc uitcriol Brc pcifonncd.

'lhe controller 32 controls the revolution number of the
conipressor 2 on the basis of the high pressure of the
refrigerant circuit R which is detected by the discharge
pressure sensor 42 or the radiator pressure sensor 47. and
dlso ctullri11S lhc vBlvc posinon ol lhc ouldooi cxpiinsion 10

valve 6 on the basis of the temperature of the heat absorber
9 which is dctcctcd by thc heat absorber temperature sensor
48

(3) Internal ('ycle Mode
Referrin to lil(iS I and 16. next. in the internal cycle

mode. the controller 32 shuts oif the outdoor expansion
valve 6 in the above state of the dehumidifying and hearing
niodt: (d shul ofl position) Bnd also cltlscs Ihc solcnoul valve
21. When lhc outdoor expansion viilvc 6 Bnd dic solenoid
valve 21 are closed, inflow of the refrigemsnt into the outdoor Io
heat exchanger 7 and outflow of the retrigerant trom the
outdoor heat exchanger 7 are inhibited. and hence all the
condensed refrigerant flowing through the mdiator 4 and the
refrigerant pipe 13E flows through the solenoid valve 22 to
thc rcfrigcrant pipe 13F. Furlhemiorc, the rel'rigerant flow- Is
ing through the refngermit pipe 13F flows lbom the rcfwg-
cranl pipe 13B through lhc uilcrnal hwit cxchangcr 19 to
reach the indoor expansion valve 8 1he refrigerant Is
decompressed in the Indoor expansion valve 8 and then
flows into the heat absorber 9 to evaporate. The water in the do

air blown out from the indoor blovver 27 coagulates to
adhere lo lhchcal absorbcr 9 by the heat absorbui Operation
dt this tune. and hence thc mr Is cooled and dehunndilied.

lhc rclhgcrant cvaporalcd in ihe heal absorber 9 tlows
through the evaporation capability control valve ll, the
internal heat exchanger 19. the refrigerant pipe 13(: and the
accumuLator 12 to be sucked into the compressor 2. thereby
repeating tins circulation. The air dehumidiTied in rhe heat
absorber 9 Is reheated ui thc process of passing thc raduitor
4, and hence thc dehumidifying and hcalmg ui thc vehicle o

interior are performed. How cvcr, ui llus uilema1 cycle mode,
the refrigemsnt Is circulated between the msdiator 4 flteat
radiation) and the heat absorber 9 (heat absorption) which
are present in the air flow passage 3 on an indoor side. and
hence the heat ls not pumped up from the outdoor oir. but a 11

hcatuig capability for consumed power of lhc compressor 2

is exerted. Thc whole amount of Ihe refrigerant tlows
tluough thc lu:dt ubsorber 9 wluch exehs a dchumuhfying
operation, and hence as compared ivith the aixive dehunndi-
fyina and heating mode, a dehmnidif) ing capability is high, to
but the heating capability lowers.

The controller 32 contmls the revolution number of the
compressor 2 on thc basis of thc tcmpcralure of die heat
absorber 9 or thc abovcmennoned lugh prcssure Of the
relrigcranl circuit R 0(l tins hmc. Ihe conlroflcr 32 sclocts a ss
smaller compressor target munber of revolution from cont-
pressor tar et numbers of revolution obtained by calcula-

tions from thc Icmpcrdlure of thc heat absorber 9 or the lugh
pressure, to control the compressor 2 as described later.

(4) Dehumidifying and ('oohng Mode
Referring to I'I(ig I and 17. next, in the dehumidifying,

and cooling mode, the controller 32 opens the solenoid valve
17 and closes the solenoid valve 21, the solenoid valve 22
and lhc solmioul valve 23. Furthermore, thc compressor 2

and thc respective blowers 15 and 27 arc opcranxk mid Ihe
air mix damper 28 has the state ivhere the air blown out from
the indoor blov,er 27 is passed through the radiator 4. In

cmisequence, the high-tenipemture high-pressure gas refrig-
erant discharged from the compressor 2 flows into the
radiator 4. Tluough the radiator 4. the air in the air flow
passBgc 3 ts passed, audit:rico lhc Blr ui lhc Bu flou paswl 0

3 Is hcatcd by Ihc lugh-temperature rcfngcrant ui thc radia-
tor 4, whereas the refrigerant in the radiator 4 has the heat
taken by the air and is cooled Io condense and liquefy.

'I'he refrigerant flowing out from the msdiator 4 flows
through the refri creat pipe 13E to reach the outdoor expan-
sion vali e 6, and fkivvs through the outdoor expansion valve
6 conlrollcd so that thc I die lends to bc opmi. Io flow into
the outdoor heal exchanger 7. 111c rcfrigcranl flowing into
the outdoor heat exchanger 7 Is cooled by the huming
therein or the outdoor air passed by the outdoor bloiver 15,
to condense The refri erant flowing out from the outdoor
heat exchanger 7 flows from the refngerant pipe 13ik
throu h the soienoid valve 17 to successively flow into the
hcadcr portion 14 Imd lhc subcooling portion 16. Herc. thc
rcfngcrdnt Is subcoolcd.

'I'he refrigerant flowing out from the subcooling portion
16 of the outdoor heat exchanger 7 flows through the check
valve 18 to enter the refrigerant pipe 13I3. and flows through
the internal heat exchanger 19 to reach the indoor expansion
valve 8. The refrigerant is decompressed in the indoor
expansion valve 8 and then flow s into the heal absorber 9 lo
evaporate. The water In Ihc air blown oui from thc induor
blower 27 coagulales to adhere to thc heat absorber 9 by Ihe
heat absorbing operation at this time, and hence the air is
cooled and delnuniditied.

The refrigerant evaporated in the heat absorber 9 flows
throu h the evapomtion capability control valve 11. the
inleriml heal exchanger 19 and the rcfrigcrmil pipe 13C to
reach the accumulator 12. and flows thcreduough to bc
sucked uito thc compressor 2, thereby rcpcanng tlus circu-
lation. The air cooled and dehumidified in the heat absorber
9 is reheated in the process of passing the radiator 4 (a
radiation capabiiity is lower than that during the heating),
and hence the dehumidifying and cooling in the vehicle
inlcnor arc pcrfonnctL

Thc controller 32 controls thc revoluuon number of Ihe
compressor 2 on Ihc basis of Ihc tcmpcrature ol'he heal
absorber 9 which is detected by the heat absorber tempem-
hire sensor 48, also contmls the valve position of the outdoor
expansion valve 6 on the basis of the abovementioned high
pressure of the refri erant circuit R. and contmls a relbig-
crant prcssure (an aflcr-menhoned radiator prcssure PCI) of
thc riidiiiior 4.

(5) Cooling Mode
Referring to lii(IS. 1 and 18. next, in the cooling mode,

the contmller 32 fully opens the outdoor expansion valve 6

in the above state of the dehuniidifying and coolin mode
(sets the valve position to an upper limit of controllin ), and
the air mix damper 28 lias a state w herc thc air Is nol passoxI
tluuugh the radiator 4. In consequence, thc high-Icmpcralure
high-prcssure gas rclhgerant disclrdrgcd lbom the compres-
sor 2 tiows into the radiator 4 The air In the air flow passage
3 Is not passed thmugh the radiator 4. the air therefore only
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passes here, and thc rcfngcrant flowing oul from thc radiator
4 tlolvs through the refrigemant pipe 13E to reach the outdoor
cxpailslon valve 6.

At this tinle, the outdoor expansion valve 6 i ~ fully opened
and hence the rcl'ngeranl flows into lhc outdoor heal
exchmlger 7 as it is, in which the refrigerant is cooled bv the
numing therein or the outdoor air passed through the out-
door biov er 15, to condensate and liquefy 1he refrigerant
flowing out from the outdoor heat exchanger 7 flows fmm

illthc rel'rigcrant pipe 13A tluuugh thc solenoid valve 17 to
successively liow into the header portion 14 and the sub-
coolulg portion 16. Herc. Ihc rcfrigcranl is subcoolciL

1'he refrigerant flowing out fmm the subcooling portion
16 of thc outdoor heat exchanger 7 flows tluough thc check
valve 18 lo enter the refrigenant pipe 13I3, and flows tllrough
the intenlal heat exchanger 19 to reach the indoor expansion
valve 8. 'Ihe refrigerant is decompressed in the indoor
expansion valve 8 and then flows into the heat absorber 9 to
cvaporalc. The water in the air blown out lbom flle uldoor
blolver 27 coagulates to adhere to the heat absorber 9 by the
heal absorbing opcrauon at this time, so thai Ihc air is
cooled.

lllc rclhgcrant cvaporalcd in ihe heal absorber 9 tlows
through the evapomation capability control valve ll. the
internal heal exchanger 19 mid Ihe rein crmll pipe 13C lo
reach the accumulator 12, and flows therethrough to be
sucked into the compressor 2. thereby repenting, this circu-
lation 1 he air cooled and dehumidified in the heat absorber
9 does not pass the madiator 4 but is blown om from the outlet 1li

29 Into lhc schick: lnlixior, and hence coohng hl fllc vchlclc
interior is performed.

In this coohng mode, Ihe coniroller 32 controls the
revolution number of the compressor 2 on the basis of the
Iempcralurc of thc heal absorber 9 wluch is dctcclcd by thc
heat absorber temperature sensor 48 Next, Iii(i 3 to Iiffi 5
show control blocl diagrams of the compressor 2 and the
outdoor expansion valve 6 by the controller 32 in the
abovenlentiOned respective operation modes. FI(i. 3 is the an
control block die~am of thc controller 32 w luch determines
a target number of revolution (a compressor tar et luunber
of reloluuon) TGNCh of the compressor 2 for Ihe above
hcatulg mode mid thc above dchunudifying mid heating
mode An I'111 (feedfoiward) control amount calculation
section 58 of the controller 32 calculates an I'/ll contml
amount TCiNChfl'of the compressor target number of revo-
lution on the basis of an outdoor air temperature Tam
obtauttxt Ibom thc outdoor air temperature sensor 33, a
blower loltagc BLV ol'hc indoor blower 27, an air nux o

damper opening SW of the air mix damper 28 which is
obtained in accordance with SW (fAO— 'le)/(1 II —'I'e). a
target subcool degree 'l(IS('hich is a target value of a
subcool degree SC in the outlet of the radiator 4. n radiator
tar et tempemature TCO which is a target value of the s.
lempcralurc ol the radiator 4, mid a radiator largel prcssure
PCO which ls a target value of thc prcssure of Ihe radiator
4.

It is to be noted that 1AO is a tar et outlet temperature
which is a target value of an air temperature from the outlet io
29. TH is the tempemature of the radiator 4 wlflch is obtained
front the madiator tempemature sensor 46 (the radiator tem-
perature), and Tc is thc tempcraturc of thc heal absorber 9
winch is obtained from thc heat absorber temperature sensor
48 (Ihe ical absorber tcmperaturc). The mr mix dmnpcr si
openin SV1'aries m a range of OaSVVal, 0 indicates an air
noix shut otl'tate where the air is not pawsed through the

radiator 4, and I uxlicales an air mix fully opcncd siatc
v here all the air in the air flow passage 3 is passed through
the radiator 4

'I'he above radiator target pressure PCO is calculated on
the basis of the above target subcool degree TCiSC and the
radiator target temperanlre TCO by a target value calculation
section 59. Furthcrmorc. an F/B (fecxtback) control amount
calculation section 60 calculates an F/B control amount
1'(iNChtb of the conlpressor tar et nmnber of revolution on
the basis of this ntdiator ter et pressure P('0 and the radiator
pressure P('I lvhich is lhe refrigerant pressure of the radiator
4. Furthermore. the F/F control amount TCiNCnfl'calculated
by the F/F control amount calculation section 58 and the
control amount TGNClflb calculated by thc F/B contml
amount calculation scmion 60 arc added by tm adder 61.
linuts of an upper limit of controlling and a lower limit of
colltn111111 are attached by a limit setting section 62, and
then the compressor target number of revolution 'I'(iN(11 is
determined. In the above heating mode and the dehumidi-
fying and heating nlode. the controller 32 controls the
revolution number ol'hc compressor 2 on thc basis of tlus
compressor large( number of rel oluuon TGNCh.

On the other hand. I'l(i 4 is the control block diagram of
the controller 32 which deternlines a target number of
revolution (a compressor target number of revolution)
TCiNCc of the compressor 2 for the above coolin mode and
the delnunidifying and cooling mode. An F/F control
amount calculation section 63 ol'he controller 32 calculates
an F/F control amount TGNCcfl'f thc compressor target
nunlber of revolution on the basis of the outdoor air tem-
perature 'I'am, the blower voltage l3I,V, and a heat absorber
target temperature 'I'EO lvhich is a target value of the
temperature of the heat absorber 9.

In addition, an F/B control amount calculation section 64
calculates an F/B control amount TGNCclb of thc compres-
sor target munbcr ol resolution on the basis of Ihc heal
absorber target Icmperaturc TEO and thc heal absorber
temperature I'e Iiurthemlore. the li/Ii control amount
1'(iNCcff calculated by the Iyli control amount calculation
section 63 and the F/B control amount TCINCcfb calculated
by the F/B control amount calculation section 64 are added
by ml adder 66. hmils of an upper lunit of controllulg and a
lower linut of controllulg arc attached by a hmil seuulg
section 67, and then thc compressor target number of
revolution 1'(INCc is determined In the cooling mode and
the dehuntidif) ing and cooling mode, the controller 32
controls the revolution number of the compressor 2 on the
basis of this compressor target number of revolution
TCiNCc.

Il is to be no(cd that in the above internal cycle mode. Ihe
controller 32 conuols thc resolution number of thc com-
pressor 2 by use of a smaller contml amount in the com-
pressor tar et nunlber of revolution 'I'GNCh calculated tbr
the heating mode and the dehumidifying and heating mode
and the compressor target nunlber of revolution TGNCc
calmilatcd for thc coolulg mode and the dehumidifying and
cooling mode as dcscribcd above.

Next, FIG. 5 ls the control blocl diagram of Ihc controller
32 winch determines a target position (an outdoor expansion
valve target position) 'I'(il I('CVpc of the outdoor expansion
valve 6 in the delnunidifying and coohn mode. An F/F
control amount calculation section 68 of the controfler 32
calculates an F/F control amount TGECCVpcfl'f the out-
door expansion vatic iargcl position on flm basis ol Ihe
outdoor air tcmperaturc Tam. the blower voltage BLV, Ihe
nadiator target tempemture I'CO, and the nsdiator target
pressure PCO
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In addition, an F/B control amoun& calculation section 69
calculates an li/13 control amount T(ili('('Vpcfb of the
outdoor expansion valve target position on the basis of the
radiator target pressure P('0 and the msdiator pregsure PCI.
Furthemtore. the F/F control amount TGECCVpcff calcu-
lated by the F/F control amount calculation section 68 and
thc F/B control amoun& TGECCVpcib calculated by &hc F/B
control amoun& calculatiou sccuon 69 dre added by an adder
71. limits of an upper hnlit of controlling and a lov er limit
of contmlling are attached by a limit setting section 72. and 10

then the outdoor expansion valve target position I'(JEC-
('&pc is detemiined. In the dehumidifying and cooling
mode. the controller 32 controls the valve position of the
outdoor expansion valve 6 on thc basis ol tins outdoor
expansion valve target position TGECCVpc.

'Ihe air flowing through the air flow passage 3 is subjected
to the cooling front the heat absorber 9 and a heating
operation from the msdiator 4 (regulated by the air mix
damper 28) in the above respective operation modes. to be
blown out into the vehicle interior from the outlet 29 The 10

controller 32 calculates thc target outlet tmnpemturc TAO on
thc basis of the outdoor air &cmpcralure Tmi dctcc&cd by the
outdoor air temperature sensor 33, the interior temperature
which is detected by the indoor air temperature sensor 37,
the above blower voltage. the solar radiation an&Cunt
detected by the solar radiation sensor 51. and the like, and
the target intenor temperature (the set temperature) in the
&chicle which is sct by thc opcraung portion 53, mid each
opcraiion mode is changed lo control Ihe lempcralure of thc
air blown Out from the outlet 29 into this target outlet 10

tenipemture 1AO as described later.
(6) ('hanging ('ontrol of Operation Mode
Next. the changing contml of the above respective open-

tion modes by the controller 32 will be described with
Iciixcncc Io FIG. 6. Thc controller 32 sclecls the operation ss
mode on slat&up as shown in FIG. 6. That is, m tlus
cmbodimcnt, thc controller 32 selects Ihe opcrauon mode on
the basis Of the outdoor air teniperature 'I'am detected bv the
outdoor air tempemsture sensor 33 and the target outlet
temperature TAO. In Flfi. 6. a broken line Ll is a line of the do

tar et outlet tempemsture TAO=the outdoor air tempermue
Tam, and a solid linc L2 is a hne of the tar el outlet
lempcralurc TAO=au HVAC suction lempcralure (a lmn-
pcrd&ure of thc mr to bc sucked from ihc aim&ion port 25 uito
the air floiv passage 3) In addition, a broken line 1.3 is a lute
of a hysteresis set at a predetermined value (tinea degrees)
above the solid line.

When the outdoor air temperature Tam of FRJ. 6 is O'.
0& Jess, Ihc coil&roller 32 sclccm lhc hodling niodo. In
addition, win:n the outdoor air lemperaturc Tam is lughcr 0

than O'. and thc target outlet temperature TAO is the
I JVAC suction temperature or less, the contniller selects the
cooling mode. I urtherlnore, when the outdoor air tmnpera-
nire Tam is lugher than 0" C. and is a predetermined value
(e, 20" C, or the like) or less and when the target outlet ss
lempcralurc TAO&a higher limn thc HVAC suclion Icmpcra-
&urc, the controller selects thc dehunudifying and heating
mode.;md further, when the outdoor mr tcmpera&ure Tam is
higher than the predeternlmed value. the contniller selects
the delnunidifying and cooling mode it is to be noted that &0

when the outdoor air lnnnidity detected by the outdoor air
huntidity sensor 34 is a predetermined value (e.g.. 50% or
thc like) 01 8:ss 011 such cond&lions ds to sclccl lhc dohli-
nmhfying and heauug mode, Ihe controller selects Ihc heal-
ing nxxlc. ss

Furthermore, after the start, the respective Operation
niodes in I'l(i 6 are selected and changed in accordance
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wilh changes ol an cmiroiunmil Or setuug con&hi&on&. e.g..
the above outdoor air temperature Tam and the target outlet
temperature I'AO In this case, the controller 32 basically
shifts from the heatin mode to the dehumidifying and
heating mode. or from the dehunlidifying and heating mode
to the heating mode, or froln the dehumidifying and heatin
nlodc 10 fllc ilchunlldifv'ing iuul cooling nlodc. 01 front lhc
dchumidii'ying and cooling mode &o thc dchunudifying and
heatin mode, and shifts from the dehumidifying and cool-
ing nlode to the cooling niode. or from the coolmg mode to
the dehumidifying and cooling nlode I lowever, when the
controller shifts from the delnimidifying and heating mode
to the delnunidifying and cooling mode and shift~ from the
dclnunnlifying and cooling mode to the dchunudifying and
healing mode. thc controller shifts via lhc above uilemal
cycle mode. In addition. Ihe controller shifts from the
cooling mode to the internal cycle nlode and from the
internal cycle to the cooling mode sonletimes.

(7-1) Regulating Control of Amount of Refrigerant to be
Circulated in Internal Cycle Mode (No. I)

Rcfi:rring to FIGS. 1. 19, and 20, howcvcr, in tlus uitcmal
cycle mode, thc outdoor expansion valve 6 is closed al Ihe
shut otfposition, the solenoid valve 21 is also closed. and the
inflov of the refrigerant into the Outdoor heat exchanger 7
and the outflov, Of the refrigerant fmm the outdoor heat
exchanger 7 are inhibit&. so that in accordance w ith a state
of the refri erant flowing in the outdoor heat exchanger 7
immediately bcforc lhc operation mode w changed from thc
dclnunnlifying and hcaung mode to thc internal cycle mode
or froni the dehumidifying and cooling mode to the internal
cycle mode, mi amount of the refrigerant to be sealed in the
outdoor heat exchanger 7 varies I'herefiire. excess or lack
occurs in the amount of the refrigerant to be circulated in the
refrigerant circuit R in the internal cycle mode executed
al'Icr thc operation mode is changed.

II &s lo bc noted that in tins applicauon, '*the amount of Ihe
relyigcrant lo bc circula&cd" &negus thc iunouut of thc refrig-
emsnt to be circulated by the compressor 2 in a region other
than the outdoor heat exchanger 7 (in actual, a region from
the outdoor expansion valve 6 to the solenoid valve 21).

Therefore. in this embodiment, the controller 32 controls
thc outdoor expmwion valve 6 and thc solenoid valve 21 on
thc basis of a refrigcrmil subcool dcgrce SC in thc outlet of
thc radiator 4 and a disduirgcd refngcraut supcrhcat degree
Si ld Of the compressor 2. thereby executing a refrigerant
sealing mode to seal the refrmerant in the outdoor heat
exchan er 7 from the refrigerant circuit R and a reihigemsnt
discharge mode to discharge the refrigemsnt from the outdoor
heat exclmngcr 7 lo lhc rcfngcrant circuit R. FJG. 7 is a
iliilgi itin 10 explain lransltion &if no&anil operating, lhc 10111g-

eraul scaling mode mid Ihe rcfrigcranl discharge mode in
such an internal cycle mode, and lil(i 8 is a timing chart to
explain Operations of respective components in this case it
is to be noted that during normal operating in the internal
cycle mode, the controller 32 closes the outdoor expansion
valve 6 to thc shul ofl position mid cloaca &hc solenoid valve
21 as described above.

Here, Ihc refngcrmil subcool dcgrcc SC of thc mdiator 4
can be obtained front the radiator temperature '111 detected
by the msdiator temperature sensor 46 and the radiator
pressure PCI detected by the radiator pressure sensor 47. In
addition, the discharged refrigerant superheat degree SHd of
the compressor 2 can be obtanu:d from thc dischargcxi
relyigcrant tcmperaturc of the compressor 2 wluch is
dcliwlcd by thc discluirgc temperature sensor 42 and Ihe
discharged refrigerant pressure of the compressor 2 which is
detected by the discharge pressure sensor 43 I'urthermore,
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when Ihc mnount of Ihc rclngcrmu lo bc circulalcd in ttus
internal cycle mode is excessively lar e, the high pressure of
the refrigerant circuit R uses, and an amount of the refrig-
erant to be condensed in the radiator 4 increases, so that the
refrigerant subcool de ree S('n the mldiator 4 also enlarges.
Conversely, when the amount of the refrigerant to be circu-
liilcd Is UISUflicicill (is cxccsstvclv sniall), Bit BIIIUUU! Uf lllc
ret'rigcranl to bc sucked into the compressor 2 dccrcascs. so
that the discharged refrigerant superheat degree Slid of the
compressor 2 enlarges i it

qheretilre. Ul the internal cycle ntode, when a workiitg
stanis is normal operating and the refri erant subcool degree
SC of the radiator 4 enlarges to be an SC first tltreshoid (e
six degrees) or more, thc controller 32 judges that thc
dilloiull of lllc rcfngcrant lo be circulated is excessively
lar e. and shifts to the refrigenlnt sealing imlde ((I) of IIKI.

7) In this refrigerant sealmg mode, the controller 32 opens
the omdoor expansion valve 6 at a miniimim position of
controllin (an open position at a lower limit of controlling)
in a state lvhere the solenoid valve 21 is closed. In conse- 10

quence. d part of thc rcfngersnt flow uig out Ibom lhe raduilor
4 lluough the rclbigerant pipe 13E is ibstnbutcd from the
refrigerant flowing toward a solenoid valve 22 direction, and
floivs into the outdoor heat exchanger 7 through the outdoor
expansion valve 6

In consequence. the amount of the refrigerant to be
circulated m the refri erant circuit R decreases. and hence
the refrigerant subcool dcgrcc SC of flie radiator 4 also
biuomes smaller. Furthcrmorc, when this rein cmnt sub-
cool degree SC lowers to be smaller than an SC second lo
threshold (e g., tivo degrees), the controller 32 judges that
the aniount of the refngerant to be circulated lowers dov n
to a suitable amount. to return the outdoor expansion valve
6 to the shut off position. and retunls to the nomlal operating
((II) of FIG. 7). In consixpicnce, thc amount of thc rcfng- ls
cranl scaled ui llm outdoor heal exchanger 7 enlarges. and
thc amount of thc rcfrigcranl lo bc circulated w luch Itas been
excessively large is regulated into a suitable anxlunt.

On the other hand. during this normal operating, a pre-
determined time (e..„30 seconds) has passed in B state do

lvhere an absolute value of a difl'erence of the radiator target
prcssure PCO— the radiator prcssure PCI is smaller thmi a
prcdclernnncd value (c.g., 0.05 MPa), i.c., a slate whcrc an
operating status of thc compressor 2 is stable and ui a state
where the discharged refrigerant superheat degree Slid of d

the compressor 2 enlarges to become an ) I Id threshold (e g.,
ten degrees) or more. In this case, the controller 32 judges
that the amount of the refrigerant to be circulated is insuf-
licient (Is cxccssively small), and slufla lo lhe refn ermil
discharge mode ((Hi) ofFIG. 7). In tlus refngcrant discharge 0

mode. the controller 32 opens the solenoid valve 21 only for
a predetermined time (e g, 50() ms) in a state where the
outdoor expansion valve 6 is closed at the slnit otTposition.
In consequence. the refrigemlnt enclosed in the outdoor heat
exchanger 7 flows out to the refri creat pipe 13EL and joins ls
the rcfngerant flowing through thc rein crmit pipe 13C to bc
sucked Ibom thc accumulator 12 uitu thc compressor 2

In conscqumicc. the amount of lhc relngcrmil lu bc
circulated in the refrigerant circuit R increases. and hence
the discharaed refrigerant superheat degree Slid of the io
compressor 2 also becomes smaller. It is to be noted that the
solenoid valve 21 is opened for the above predetermined
time;md lhml closed. so llrdt this rcfrigcrmil discharge mode
ends in the abovcmmilioncd prcdctcrnuncx! ume imd retunw
to the normal operating ((IV) of FIG. 7). However, when the ss
amount of the refrigerant to be circuLlted is not returned to
a suitable amount even by executing the refrigerant dis-

ClliirgC Iuoite OIICC Bill lhc ihsCllilrgiXI ICfilgCidill SiipCIIICdl

degree Slid of the conipressor 2 matches the abovemen-
tioned )udgment condition again. the controller 32 executes
the refrigerant discharge mode again ((III) of I'Ki 7). In
consequence. the refrigemlnt enclosed in the outdoor heat
exchm er 7 is dischar ed into the refrigerant circuit R and
lllC IBCkiilg (CXCCSSli Cly'ilulll) diiloUiit Of 1110 IehlgCIdill 10

bc circulated is regulatcil into ltu: suitable amount.
(7-2) Regulating ('ontrol of Amount of Refrigenlnt to be

('irculated in Internal Cycle Mode (No 2)
Next, a tiining chart of I'Ki 9 shows another exaniple of

the re ulating control of the amount of the refrigerant to be
circulated in the internal cycle mode by the controller 32.
Evmi when lhc ouuloor expmision valve 6 constituted of an
clectnc valve is closed al lhc shul olT posiuon. refrigeranl
leakage slightly occurs. Theretilre. even ivhen the internal
cycle niode is executed in a state where the amount of the
refrigerant to be circulated is suitable (the abovementioned
normal operating status) Bnd the outdoor expansion valve 6

is controlled at the shut off position„ the refrigerant is sealed
iu thc outdoor heal cxchdngcr 7. Bnd eventually (herc is lhe
risk thai thc amount of ihe rclngcrant lo bc circulated lalls
into a lacking (excessively small) state

I'herefore, in this embodiment. the controller 32 periodi-
cally opens the solenoid valve 2 I for a predetermined time
(a predetermined time I of FICi. 9) every predetermined
timin (a predetermined time 2 of FICi. 9) in the internal
cycle mode, and discharges the refngermit from thc outdoor
heat exchanger 7 to thc rcfngcrant circuit R Iu conscqucnce.
it Is possible to eliminate the lack of the amount of the
refrigerant to be circulated due to the inflow of the refrig;
erant into the outdoor heat exchan er 7 which occurs due to
the leakage of the outdoor expansion valve 6 when the
outdoor expansion valve 6 is closed to inhibit the inflow of
the rcfngcrant uito thc ouliloor heat exchanger 7, and a
required air condilioiung perfonnance can bc acquired.

Il is lo be noted lhdl lhc above predetcnuuied ume 1 (an
amount of tbe refrigerant to be discharged) or the predeter-
nuned time 2 (a timing 10 discharge the refrigerant) may be
regulated on the basis of a physical amount correlated with
a refngerant flow rate in the refrigerant circuit R, e.g.. the
revolution number of lhc compressor 2 (TGNCh or TGNCc
mentioned above). For cx;miplc, wlmn lhc rclbigcmnl flow
rale is large (thc rcvoluuon number of thc compressor 2 is
high), the predetermined tinie I is lengthened and/or the
predetermined time 2 is shortened to increase the amount of
the refn erant to be discharged, and conversely, when the
refrigerant flovv rate is small (the revolution number of the
coiilpressoi 2 Is low). Itic prcdclcrillliicxl lliilc 1 Is sholtcucx!
and/or the prmtclcmimml tune 2 Is lengthened to decrease
lllC Bnloiiill Of lllC Icfrigcl dill 10 be ihsChBrgiXI.

When the timing to discharge the refrigenlnt from the
outdoor heat exchan er 7 anegor the discharge amount is
regulated on the basis of the refrigerant flow rate in the
refrigemnt circuit R in tlus manner. It is possible to more
accurately control thc amount ol lhe refngcraut to be dis-
clliirgcd Ironi lhc UU(door lied 1 cxchailgci' Bnd to precisely
rcgulalc thc amount of lhc refrigerant to bc circulated.

(7-3) Regulating Control of Amount of Refrigerant to be
('ircuLlted in Internal (') cle Mode (No. 3)

Next. timing charts of Flfi. 10 and FICi 11 show further
examples of the reguLating control of the amount of the
relrigcrant to bc circulated ui lhc uilcrna1 cycle mode by lhe
controller 32. In the above cxamplcs ol'ICi. 7 and FIG. 8,
the scaling of thc rcl'rigcranl into lhc outdoor heal exchanger
7 and the discharge of the refrigerant front the outdoor heat
exchanger 7 are controlled on the basis of the refrigerant
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subcool degrcw ol'hc radiator 4 m&d ihc d&schargcxI refng-
erant superheat degree of the compressor 2. but v hen the
lack of the refrigemsnt may only be avoided, a timing to close
the solennid valve 21 may be delayed as six&wn in 1&l(i lfl
and Flfi. 11.

In FIG. 10. when the controller 21 closes the omdoor
cxpBusuui valve 6 tu lhc shin ofl posinou front Ihc cooling
or delnmud&l'yiug and coolu&g mode, opens thc solcno&d
valve 22 and closes the solenoid valve 17 to shift tn the
internal cycle mode, the controller opens the solenoid valve &n

21 which has been closed for a predetermined time (two
seconds in the embodiment) afier the outdoor expansion
valve 6 is closed nt the shut ofl'osition. Additionally. in
FIG. 11. when thc controller 21 cloaca Ihe outdoor expansion
1 alve 6 at thc shut olf pos&t&on 1)om Ihe dcluunid&fyu&g and
heating mnde and closes the solenoid valve 21 to shift to the
internal cycle mode. the controller closes the solenoid valve
21 lvith a delay of a predeterm&ned time (two seconds in the
embodiment) after the outdnor expansion valve 6 is closed
at the shut ofl'pos&tion 20

Iu couscqucucc, when lhc controller shifls 1)om the cuol-
ing or dchumulil'y&ng aud coolu&g mudc or the dehunudi fy-
ing and heating mode to the internal cycle &node, a timing to
inhibit the outflow of the refngerant from the outdoor heat
exchm&ger 7 is delayed, and hence it is possible to before-
hand avoid the lack of the amount of the refrigerant to be
circulated which occurs afler shii'ting to the internal cycle
mode and Io acqu&re the rcquircd air condilio&ung pcrfor-
ulducc.

(7-4) Re ulating ('ontrol of An&ount of Refrinerant tn be &o

( ircuiated in Internal ('ycle Mode (No -I)

Next. timing charts of I'l(i 12 and I'l(i 13 shou st&ll

further examples of the regulating control of the mnount of
the refrigerant to be circulated in the internal cycle mode by
thc conlroller 32. Conversely lo Ihe above mnboduncnl, &i

when Ihc excess&vc rcl'ngcmnt may Only bc avo&dcd. a

nmu&g lo close Ihc outdoor expansion valve 6 al the shu! ofl
position nlay be delayed as shown in I'I(i 12 and FKi 13.

In I&l(i 12. when the contmller 21 closes the nutdnor
expansion valve 6 at the shut ofl'position from the cooling dn

or dehmuidifyin and coolmg mode. opens the solenoid
1 alvc 22 B&ul closes thc soh:uoul valve 17 10 shill Io thc
inien&al cycle mode. Ihe controller cloaca Ihe outdoor expan-
sion talve 6 at Ihc shul ofl position w&th a delay of a
predeternlined tinle (two seconds in the embodiment) after d

the solenoid valves 22 and 17 are switched. Additionally, in
FIG. 13, when the contmfler 21 closes the outdoor expan-
sion valve 6 at the shut off position from the dehumidifying
and heatu&g mode and closes Ihe solenoid valve 21 Io shift
to Ihc intcmal cycle mode, Ihc controller closes Ihc outdoor n

cxpans&on valve 6 ut thc shul ofl'posiuon &lith a delay of a
predetermined t&n&e (two seconds in the e&nbodiment) after
the solenoid valve 21 &s closed

In ctu&sequence, during the slfifl from the cooling or
deln&midifymg and cooling mode or the dehumidifying and &s

ht:dung uxxlc &0 lhc ultc&BBI cycle ulodc, Ihc Ihuulg &0

inhib&t the inflow ol'hc refngerant into the outdoor heal
exchanger 7 &s dclaycd, so that it is poss&ble Io bei'Oral&and
avoid the excessively large amount of the refrigerant tn be
circulated lvhich is generated after the &node is shifted to the to
internal cycle mode and to eliminate occurrence of a high
pressure abnormality.

Ii is io be no&cd that Ilm constiuinon of Ihc refn erm&I

c&rmiit R m&d thc rcspccnvc mm&cnc values described in the
abois embodiment are not limited, and arc, nemlless to say, si
changeable without departing from the gist of the present
invention.
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DESCRIPTION OF REFERENCE NUMERALS

I vehicle air conditioner
2 co&&&pre&sot'

air flow passa e
4 radiator
6 outdoor expansion valve
7 outdoor heat cxchmigcr
8 indoor expansion valve
t) heat absnrber
11 evaporation capability control valve
17, 21. 22 and 23 solenoid valve
26 suction changing dan&per
27 indoor blower (n blower fan)
28 a&r nux damper
32 controller (control means)
57 electric heater
R refrigerant circuit
The invention claimed is:
I A velucle air conditioner compnsin:
a coulplcsstll which cou&pic&st:s a I'cfllgcl'&alt,
an air flow passage Iluough wluch mr Io bc suppl&cd into

a vehicle interior flu&v:
a radiator disposed in the air flow passage to 1st the

refrigerant radiate heat:
a bent absorber disposed in the nir flow passa e to let the

refri erant absorb heat;
an outdoor heat cxduingcr disposed outsule the vcluclc

intcnor Io let thc rcfngcrant rad&ate or absorb heat,
an expansinn valve lvhich decompresses the refrigerant

flov ing into the outdonr heat exchanger;
and control means.
wherein the vehicle air conditioner includes an internal

cycle mode in lvhich inflow of the refrigerant into the
outdoor heat cxcl&anger m&d outflow ol'hc rcfrigcrant
from Ihc outdoor heat exchanger are u&lubitcd, Ihe
rcfngcrant discharged from Ihc compressor mdiatcs
heat in the radiator, and the refrigerant by which heat
has been radiated is decompressed and then absorbs
heat in the heat absorber„

wherein. in the in&en&Bi cycle mode. the control means is
coufiguicd to )udge when Bll au&Cunt ol thc lclllgc&'lull
to bc circulated is excessively large nnd in rcsponsc
exccutc a rcfngcrdnt sealing mode Io seal the rcfn cr-
ant in the outdoor heat exchanger in a case &vhere a
refrigerant subcool degree of the radiator enlar es to be
a predetermined threslu&ld or more, and the control
means is configured to judge when the amount of the
rcfngcrant Io bc circulated &s u&suflic&cnt and in
rcsponsc cxccute a rei'rigerant disclrdrgc mode to d&s-

chargc thc relhgerm&t lyom the outdoor heat exchanger
in a case lvhere an operatin status of the compressor
is stable and a discharged refrigerant superheat degree
of the compressor enlarges to become another threshold
or more:

thc control means bcu&g coniigurcd to allow for sehouvc
execution im&ong Ihc u&tcrmil cycle mode Bnd one ol:
a heating mode &n which Ihc refngerm&t discharged

from the compressor radiates heat in the radiator, and
the refrigerant by which heat has been radiated is
decompressed and then absorbs heat in the outdoor
heat exchanger:

a delu&nudifying dnd heating mode &n which thc refrig-
erant d&schargcd Ibom Ihc compressor rad&ates heat
in the rad&a&or. Bnd Ihc rcl'rigcrunt by wluch heat has
been msdiated is decompressed and then absorbs heat
in the heat absorber and the outdoor heat exchanger;
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d dchunlldllvulg Bnd coohng nlodc'. In which lhc rcfl1g-
erant discharged fmm the compressor radiates heat
in the radiator and the outdoor heat exchanger. and
the refrigerant by which heat has been nsdiated Is
decompressed and then absorbs heat in the heat
absorber: and
cooling mode ul wluch thc rcfngemnl discharged
from Ihc compressor mdia tea heal ul tlm ouldoor heal
exchanger, and the refrigensnt by which heat has
been nsdiated is decompressed and then absorbs heat Ic

in the heat absorber
2. The vehicle air conditioner according to cLsim 1,

lvherein the vehicle air condition includes Bt least one
dddiiional mode ol'peration sclccled imlong lhe healing
mode. Ihe dclnunnlifying and heating mode. Ihc dcluunidl-
fyinu and cooling mode and the cooling mode

3 1 he vehicle air conditioner according to claim 2.
wherein die coiltrol nieans judges whether or Ilot the

anlount of the refrigemsnt to be circulated is excessively
Large on the basis of the refri erant subcool deyee of lc
Ihe radiator. and Iudges whether Or nol Ihc mnount of
Ihe rcfngcrant to bc circulated is insulliclcnl on the
basis of the discharged refrigerant superheat degree of
the conlpressor

4 'I he vehicle air conditioner according to claim l.
wherein the velgcle air condition includes a plurality of

additional modes of operation selected among the heat-
ing mode, thc dehumidifyulg mid healing mode, thc
dehumidifying Bnd cooling mode and thc cooling
nlode; and Ill

wherein the contml nleans is configured to allow for the
selection and execution among the internal cycle niode
and the plumlity of additional modes of operation

5. The vehicle air conditioner according to claim 4.
whcrcin the control means Iudges whcthcr or not the ls

amount of Ihc refngcraut to be circuialcxi is excessively

large on thc basis ol'he rclbigcrant subcool dcgrcc of
the radiator. and judges whether or not the amount of
thc refngcrant to bc circulated is ulsullicicnt on the
basis of the dischar ed refrigerant superheat degree of
lhc conlprcssor.

6 111e vehicle air conditioner according to claim l.
wherein the velucle air condition includes a plurality of

additional nlodes of operation including each of the
heating mode. the dehumidifying and heating mode,
thc dclulmxlifying and cooling mode and the coolulg
mode; and

whclc'ul lhc conllol nlcdns ls conflgulcd to illlow lor lhc
selection and execution among the internal cycle mode
mid thc plurahty ol'dditional modes of operation.

7 I he vehicle air conditioner according to claim 6.
wherein the control means judges whether or not the

mnount of the refrigerant to be circulated is excessively
large on the basis of the refrigerant subcool degree of
thc radiator. mid Iudgcs whether or uot thc amouni of
the refrigerant to be circulated is insutfjcient on the
basis ol'hc discharged refrigerant superlmdt dcgrce of
the compressor

8 Thc vehicle Bll condllloncl'ccordulg Io clduu 1.
wherein the vehicle air conditioner includes the dehumidi-
fvulg Bnd hCBlhlg nlodC.

9 111e vehicle air conditioner according to claim 1,

wherein the vehicle air conditioner includes the dehumidi-
fying and cooling mode

10. The velucle air conditioner according to claim 1,
wherein Ihc control means allows lor selccuvc execution
among each of the heating mode, the deluuuidifying and
hcauug mode. the dchunndi fying and coohug modeand Ihe
cooling mode.

t t t
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