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HEAT-PUMP AUTOMOTIVE AIR
CONDITIONER AND DEFROSTING

METHOD OF THE HEAT-PUMP
AUTOMOTIVF. AIR COXDITIONI(R

CROSS-REFERENCE TO RELATED
APPLICATIONS

'lliis is a divisional application of U.S. patent application
Ser. No. 13/814.656. filed on Feb. 6. 2013, which is a 371
of International Application No. PCT/JP2011/064705. filed
on Jun. 27. 2011. which claims Ihe benclii ol'prionty from
thc pmor Japancsc Patent Applicauun Nos. 2011-017089,
liled On Jan 28. 2011 aud 2010-245220 fticxl On Nov. I,
2010, the entire contents ofwhich are incorporated herein by
references

TECHNICAL FIELD

1'he present invention relates to a heat-pump autmuotive 20

air conditioner and a defmsting method of the heat-pump
autoniotive air conditioner applied to an air conditioner of on
electric vehicle, a hvbrid vehicle. and the like.

IIA(UK(iR(RIND AR'I'eatin

mode usin combustion exhaust heat of engine
cooluig water or thc like cannot bc performed in a miiomo-
uie mr conditioner apphcd to an electric velucle (EV), a
hybrid vehicle (such as IIIIV and PIIEV) and the like. Io
I:xhaust heat from a drive motor, a battery, or the like as an
alternative to the engine can be used. I lowever, the aninunt
of exhaust heat is small, and a heating system with only the
exhaust heat as a heat source cannot be realized.

Panicularly, Ihc cnguie is tenninatcd as nuich as possible is
in hybnd vcluclcs to save fuel. Ivioreover, thc amount of
cxhausi heal is small even when cxhaus1 heat Ibom a dove
niotor. an inverter, a battery, or the like as an alternative to
the engine is used Therefore. the heating system using only
the exhaust heat as the heat source cannot be realized. do

Meanwhile„although a heating system using on electric
hcaicr can be cousidcrcd. thc hcaung power consumption is
large raisin e Io Ihc bnticry capacity. Thcrelore, Ihcrc is a
problem thai the dnvc disuincc ol Ihe vcluclc is significantly
reduced

Aii autoniotive air conditioner of a heat pump systeni
including an electric compressor can be considered as on
automotive air conditioner applied to an electric vehicle and
thc like. Howcvcr, in a heat pump of a rcvcrse systmn for
suiichuig a relngcrani circuit io opcratc a condenser as an o

cviipordlor arid opcldtc Bll cvapoldiiir as d ciiiidcliscl dilllllg
heating. a heat exchanger and the like. such as piping. an
evaporator, and a condenser, included in the refrigerant
circuit need to be able to be shared under difierent pressure
conditions of cooling mode and heating mode. The autoino- ss
ui e air condiuoucr apphcd to a vehicle Of an axis tin miginc
dnic system nccds Io be sigiulicanily changed. Defrosting
of frost fonnml on an cxtemal evaporator when Ihc mnbimii
tenipemture is low is a major problem

Meanv bile. an autoniotive air conditioner illustrated in io
PTL I is known as an example of an automotive air
conditioner that allows heat pump heating using on evapo-
Idlor Of Bll Cxisiillg SVSIClll BS till llltCItial Cviipot'IIIOI

arrmigcd ui an HVAC unit (Hcaung Ventilation mid Air
Conditioning Uiut). A hmung circuu is additionally ss
installed, wherein an internal condenser is arranged on a
doivnstream of an internal evaporator in an I IVAC unit ofan

automotive air conditioner including au existing refrigeran1
cycle for cooling. the internal condenser is connected to a
discharge circuit ol a compressor, u three-way valve is
arranged on an outlet side to connect a receiver, a refrigensnt
from thc rimmvcr through a subcoolcr and mi expansion
VBIVC illldllgCd Oil till ilpSIICillll iif IIIC lllicrlldl Cvapoldtor ill
thc HVAC unit is guidkxI Io an external condenser Iha1
functions as an evaporator during heating, and the refriger-
ant is circulated to a suction side of the conipressor from the
outlet side.

An automotive air conditioner illustmted in PTL 2 is
proposed Bs Biioilicr cxillIlple of tile IIUIOiiiotlvc Bll coildi-
tlollCI 1)iai cllilblCS 11IC IICIII plllllp llcdtlllg Uslllg IIIC CVdpo-
raior of Ihc existing sysiem as the internal evaporator
arranged in the IIVA('nit. An internal condenser is
arranged on a doivnstream of an internal evaporator in an
HVAC unit of an automotive air conditioner including an
existuig refrigerant cycle fi&r cooling. The internal condenser
is connimtcd to a discharge circuit of a compressor, mid a
pard)ICI CIICIIII Of a bv'piISS CIICIIII 111CIUdlllg a fit su Clc'CtroillC

expansion valve and a lirsi solenoid valve m coiuiccicd Io an
outlet side I he bypass circuit including a second solenoid
valve is connected to a second electronic expansion valve
and the internal evaporator.

('ITAI ION I,IST

Patent Literature

/iPTL I )
Japancsc Uncxamincd Pdicni Applicution, Pubhcdtion NO.
2009-23664
(Pl'I. 2)
.Iapanese Unexamined Patent Application, Publication No
2010-111222

SUMMARY OF INVENTION

'I'echnical Probleni

However. in PTL I, the external condenser and the
rcfngcrdni pipuig coiuiccicd io the cxicrnal condenser need
to bc a heal exchanger with a condensing fimction and an
evaporation I'unction mid pipuig for low aud high prcssurcs.
I lterefore, an amount ot change froiii the existuig system
must be large 'lite receiver and the subcooler in addition to
the Internal condenser need to be arran ed on the HVAC unit
installed in the vehicle interior Therefore. increase in the
size ol'he HVAC unit cannot be avoided As a result, ii is
dillicult to secure thc installation space, and there are
problems, such as deterioration of case ol mounting on Ihe
vehicle

In P 11 2, the air conditioner is operated while the external
evaporator is teuniimted, even if frost Is formed on the
external evaporator during heating Heat accordin to the
workload ol the compressor is relmscd by the uiiemal
condenser and Ihc cxiemal evaporator. and the cxiemal
evaporator can be dclyostcd while attaining the fi:cluig of
heatmg I lowever, the external condenser and the refrigerant
piping connected to the external condenser need to be a heat
exchan er with a condensing function and an evaporation
function and pipiirg for low ond high pressures in the
conliguration shown in PTL 2. The exisung system needs Io
bc signilicanily changed. A low-cost hmi-pump automotive
air condinoncr with a simple conliguration tlrdt shares Ihe
external condenser. the refrigerant piping, and the like of the
existmg system cannot be manufactured



US 9,884,536 B2

lhc exlcmal evaporator cim bc iklbostwl w lulc allauung
the feeling of heating However. the heat according to the
workload of thc compressor is divided lbr the intcnml
condenser and Ihc exlcmal evaporatur 10 relcasc Ihc heal lo
perform the heating and defrosting. A lack of heat is unde-
niable. and it may be difficult to attain sutficient feeling of
heating and to remove the frost in a short time. Although it
is desirable to set an inside air circulation mode to impmve
the heatin efiiciency in the defrosting mode. window fo-
gmg may occur. Therefore, thc drive needs to be based On an ui

outside mr intake mode, mid 1(may bc ddlirult to reduce thc
heating load

'Hie present mvention has been made in view of the
foregoing circumstances, and an object of the present inven-
tion is to provide a low-cost highly reliable heat-pump
automotive air conditioner with excellent ease of mounting
and d dclbosting method ol'he heal-pump automoltvc mr
conditioner that cun climulale thc problems durin frost
formation on the external evaporator and that can be suitably
applied to an electric vehicle, a hybrid vehicle, and the hke, Io

just by shanng circuit sections and devices with subsmn-
tially the same pressure conditions as those of a cooling
cycle of an existing automotive air conditioner and by
adding mimmal healing circuits imd devices with diilcrmn
prcssure condiuons.

Solution to problem

To sob c the problems. a heal-pump milomouvc air con-
ditioner of the present invention employs the follov ing so

nleails.
A firrt aspect of the present invention provides a heat-

punlp automotive air conditioner includiitg: a refrigerant
cycle for cooing. to which an electric compressor, on
cxlcrlliil ciiliiicnscr. d receiver, a Iusa cxpalislon vBivc. dial Is
an internal evaporator arranged ul an HVAC uiut arc con-
ncxled in tins order, an intcmal condcnscr conncxted to a
discharge circuit of the electnc compressor and disposed on
a downstream of the internal evaporator in the I IVA('uut,
a tirst heatin circuit connected to the receiver through a do

switching unit arranged on an inlet side of the external
condcnscr, and a second heatulg circuit coiuleclcd between
dn Outlet side of thc rccciver and a sucuon sale of thc electric
colnplinsor iliul pluvldcd with d sc'colul cxpBuslon villvc Blid
an external evaporator, wherein the second heating circuit
that includes the electric compressor, the internal coildeilser,
the switching unit. the first heating circuit, the receiver, the
second expansion valve. and the external evopomtor Is
capable of forming a heat pump cycle for healing.

According lo thc lirst aspect of Ihc presmn ulvcnlion, a 0

relrigcranl cycle lor cooling including an elixlric compres-
sor. an external condenser, a receiver. a first expansion valve,
an internal evaporator arranged in an I IVA('nit, and the
like is provided with; an internal condenser connected to a
discharge circuit of the electnc compressor and disposed ou 11

d downstream of Ihc internal evaporalur in Ihe HVAC unil,
lirsl healing circuit connixlcd lo Ihc receiver lluough a

swilclnng unit urrangcd ou an ullcl sale ol Ihe external
condenser; and a second heating circuit connected between
an omlet side of the receiver and a suction side of the electric io
compressor and provided w ith a second expansion valve and
an external evaporator. ~herein the second heating circuit
that ulcludcs Ihc elccluc compressor, lhe inlcmal condenser,
thc su ilclnng uniL Ihc lirsl heating circuiL Ihc receiver, the
second expansion valve, and Ihe cxlcmdl evaporator can ss
form a heat pump cycle for heating. 'Iheretiire. minimal
heating circuits and devices, such as the internal condenser,

thc Iirst heating circuit bclw ccn the inlet side of Ihe cxlemal
condenser and the receiver. and the second heating circuit
including the second expansion valve and the external
evaporator between the outlet side of the receiver and the
suction side of the electric compressor. are connected to the
discharge circuit of the refrigerant cycle for cooling as a
prototype. In llus way, lhc circuit sections aud the dcviccs
with lhc slane prcssure condttkuts cau bc shared lo form Ihe
heat punip cycle for heatin . 1'herefore. a low-cost. highly
reliable heat-punip autoniotive air conditioner with excellent
ease of niounting that cmi be suitably applied to an electric
vehicle, a hybrid velucle. and the hke can be provided just
by sharing the circuit sections and devices with the same
prcsslirc coluliliolls ds those ol llic coolillg cy'clc ol Bli

existing automotive air conditioner used in an ICEV system
and by adding niinimal heating circuits and devices ivith
ditferent pressure conditions, ivithout newly developing,
circuits with specifications that can endure both the cooling,
and heating modes.

In the heat-pump autonlotive air conditioner described
above according lo lhc lirsl aspect of Ihc present ulvcntion,
lhC CXICIuiil CVaporator IS IIISlalhXI ul Bll Bir duCI Ol Bll

external fan for the external condenser. In parallel with the
external condenser.

According to the first aspect of the present invention, the
external evaporator is installed in an air duct of an external
fan for the external condenser, m parallel with the external
condenser. Thcrcforc. Ihe cxlcrnal I'au that venulatcs lhc
oulsulc air lo the cxlcmdl condenser lor cooling can venti-
late the outside air to the external evapomstor arranged for the
heatmg cycle. and the heat can be absorbed front the outside
air to perform the heat pump heating. As a result, the
external fan can be shared to reduce the number of compo-
nents. The contiguration of the heat-pump automotive air
conditioner can bc simphiicd and downsized, and Ihe cusl
can bc rcxluccd.

In onc ol'he heal-pump mitomouvc air condiuoncrs
described above accordion to the first aspect of the present
invention. the receiver is a receiver with check valves, the
check vali es incorporated into refri emsnt inlets of a retbig-
erant circuit from the external condenser connected to the
rcccivcr and ol'he lirst hcaung circuit.

According lo thc lirsl aspect of Ihc prcscnt invention, Ihc
rcccivcr ls B Icccivcl with check vdlvcs, lhc chock vBlvcs
incorporated into refri erant inlets of a refrigerant circuit
from the external condenser connected to the receiver and of
the hrst heating circuit. Therefore, the refri emsnt circuit for
cooling orheatin not used dependin onthe dnvemodecan
bc cul oil'hrough Ihc check salves incorporated into Ihc
rclrigcldilt Illlcm ol lhc rccclvcr. As B rcsidl, collllccuoll
components, such as a llmlge, are nol necessary as comparcxt
to a configuration that includes the receiver and the check
valves individually armnged in the refrigerant circuit. The
refrigemnt circuit can be simplihed. Bnd the cost can be
reduced.

In onc of thc heal-pump automotiveair conditioners
dcscribcd above according lo the lirst aspect ol'hc prcscnt
iuvmilion, lhc lirst expansion valve and lhc second expan-
sion valve are automatic thermal expansion valves, and a
first solenoid valve and a second solenoid valve are arranged
on inlet sides of the first expansion valve ond the second
expansion valve. respectively.

Accordulg 10 the lirsl aspect of llm present ulvcnlion, Ihe
firsl cxpiillstoil viilvc iiiul lhc sccolnl cxpanstoll valve Blc
automatic thermal expansion valves, and a lirsl solenoid
valve and a second solenoid valve are arranged on inlet sides
of the first expansion valve and the second expansion valve,
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rcspccuvcly. Therclbrc, thc expansion valves can bc con-
ventionally used automatic thermal expansion valves. and a
control system that controls the degree of npening. of the
expansion valves is not necessary I'he refrigerant circuit nnt
used depending on the opemsting mode can be fully closed by
the first solenoid valve and the second solenoid valve, and
slaying of tlm refugerant ui thc circuit and lhc like can be
pret anted. Therefore, utcxpcnsivc, lughly reliable aulomalic
thenlial expansion valves can be used as the expansion
valves. 'I'he paused circuit can be surely and fully clnsed by in

the solennid valves. and staying of the refrigerant and the
like can be prevented.

In one of the heat-pump automotive air conditioners
dcscubixl above according to thc Iirsl aspect of the presmll
invmiiion, Ihc iirsl cxpanston valve Bnd lhc second expan-
sion valve are electronic expansion valves.

Accordin to the hrst aspect of the present imention. the
firrt expansion valve and the second expansion valve are
electronic expansion valves. Therefore, in the refrigerant
circuit for coolin or heating not used depending on the Io
operalmg mode, thc electronic expansion valves arranged in
thc circuit can be lully closed lo prevent slayulg of the
refrigerant in the external evaporator paused during cooliag
and in the internal evaporator paused during, heating As a
result. the solenoid valves and the like for fully closing the
paused circuit are not necessary. The reibigerant circuit can
be simplified„and the cost can be reduced.

In onc of the heal-pump aulomolive air conditioners
dcscubixl above according to thc Iirsl aspect of the presmll
invention, check valves are arranged on the second heating io
circuit and the refngerant circuit filr connecting the external
evaporator as mell as the internal evaporator with the suction
side of the electric compressor.

According to the iirst aspect of the present invention,
check valves arc arrangcxi on thc second hwituig circuit and ls
thc refugcranl circuit for conncctin Ihe cxlema1 evaporalor
as mell as the internal evaporator with lhesucl ion sale of the
electric conlpressor 1'herefore. the check valves can cut oif
betiveen the external evaporator or the internal evaponstor
paused dependln on the operating mode and the suction do

side of the electuc compressor. As a result, the function of
Ihe pausing external evaporator or thc ullcrnal evaporator
can be surely teunutated.

In onc of the heal-pump aulomolive air conditioners
described above accordmg to the first aspect of the present
invention, an auxihaty electuc heater for heating i ~ arranged
in the ITVAC unit.

According to the iirst aspect of the present invention. Bn
auxiliary clcmtuc hcalcr for heating is arranged ui thc HVAC
Ulllt. Tllclclorc, 111 a slulalloll lhBI lllc hcallllg pcllorlllalli:0
is utsullicicnl. such as when Ihe ambienl lcmpcralurc Is low,
when heating is started, and when the windov is fnlsted. the
mixiliary electric heater can be temporarily operated at the
same time as the heat-pump heating mode to increase the
bloivoff air tempemsture to supplement the insufficiency in ss
lhC IICItllllg pCrforlIIBIICC. 111CIi:folin flli: Itldxlllllllll rctiulrCil
hcatulg perfonnance can bc sullicicntly securcib The uuh-
zatton rale of thc auxihary clcctuc heater ctm bc reduced
compared to the heating niode using the electric heater as a
main heat source, and the system can be operated efficientl. Io
A reduction in the vehicle drive distance due to an increase
in the heating power consumption can be suppressed.

A second aspect ol flm prcscnt uivenlton provnles a
heal-pump automouvc atr conditioner includmg. a rcluger-
anl cycle for cooluig, lo wluch an cleclnc compressor. an ss
external condenser. a receiver, a first expansinn valve. and
an internal evaporator arranged in an IIVAf'nit are cnn-

nimled in Ibis order, dn internal condenser connected lo a
discharge circuit of the electric compressor and disposed on
a downstream of the internal evapnrator in the I IVAC unit;
a hrst heating circuit connected to the receiver thmugh a
switchui unit arran ed on an inlet side of the external
condenser; and a second heating circuit connected between
an outlet side of thc rcccu cr and a suction side ol'hc clectnc
compressor and provided m lib a second expansion valve and
an external evaporator In the second aspect of the present
invention. the second heating circuit includes the electric
coluprcssol'. thc llucl'llal coodeoscr. tile sivftchlng Ilnrt, thc
first heating circuit, the receiver, the second expansion
valve, and the external evaporator. In the second aspect of
tllC prCSCI11 lllvCI111011. lilt: SCColld hCdllllg CIICUII lorlllS d 11Cdl

pump cycle lor healing. In Ihc second aspect of thc prcscnl
invention, when frost filrmation is detected filr the external
evaporator during heating by the heat pump cycle filr
heatmg, a flniv of a refri erant tn the second heatmg circuit
cmi be cut off to distribute the refrigerant tom ard the internal
evaporator. and sivitch to dehumidification heating usin the
inlcnml evaporator is possible.

Accordulg to Ihc second aspect ol'he present uivcntton,
a second heating circuit including an internal condenser, a
first heating circuit, a second expansion valve. and an
external evaporator are additionally arranged on a refriger-
ant cycle for cooling including an electuc compressor, an
external condenser, a receiver„a first expansion valve. and
an uttcrnal evaporator arranged in an HVAC uiul. Thc
Si:Collil hcilllllg CIICUII lllClltillllg lllC CICCltli: ColllpILSSOI; fllC

internal condenser, the switchin unit, the first heating,
circuit, the receiver, the second expansion valve, and the
external evapnrator form a heat punip cycle for heating
Therefore, minimal heating circuits and devices, such as the
internal condenser, the first heating circuit. and the second
healing circuit including Ihe second expansion valve mid Ihe
exlcnml evaporator, can bc cotuleclcd lo thc rcfrigcranl
cycle filr cooling as a prototype. As a result, lhe rcfrigcranl
circuit and the devices ivi lb the same pressure conditions can
be shared tn foml the heat pump cycle for heatuig There-
fore, a low-cost, highly reliable„highly efficient heat-pump
automotive air conditioner with a relatively simple config-
uratio and with cxccllmll ease ol mounting liat can bc
suitably applied lo clectuc ichicles and hybud vclucles can
bc provnlmi Iusl by sharing lhc rclbtgcrnnt circuit and
devices with the same pressure conditions as those of the
cooling cycle nf an existing automotive air conditioner
applied to an internal conlbustion engine vehicle HCEV)
system and by addio nlinimal heating circuits and devices
with diflcrcnt prcssure conditions, without newly develop-
lllg ICfrlgCldlll CIICMIS mllh SpCClilixlllollS lhdl i all CllililIC
both thc coohng mid hcatulg modes Even Il'rost is fortucxi
on the external evaporator when the ambient temperature is
low, the tiow of the refrigerant to the second heating circuit
can be cut ofi'o distribute the refrigerant tov ard the internal
evaporator. and the switch to the dehumidification heating
using thc ullcrnal evaporator is possible. Tlterefore, when
tile Irosl Is lomleil 011 lite i:xli'tlliil I:vapora lot, flli: cvitpoi'itlol
can bc switched lo Ihc uilemal evaporator, mtd cflicicnl
heat-pump heating mode can be continued 'I'herefore, inter-
niption of the heating nlode nr loss ofpower consumption by
switchui to the defrosting nlode in the heating mode when
the vehicle is running can be elinunated. If the frost formed
on lhc cxtcrnal evaporator when Ihc vclucle is runiung is
naturally dcfrostcxt, lhc heat-pump heating mode using Ihe
exlcnml evaporator may be restored.

In the heat-pump automntive air conditioner described
above accnrding tn the second aspect of the present inven-



US 9,884,536 B2

uon, whmt the switch is made lo lhc dehunudilication
hL;Iting Ilsiilg thc nttcl'nal cvapomium ihc heat-puinp Bitto-
motive air conditioner is operated in an inside air circulation
mode or an inside air/outside air mixed mode.

According to the second aspect of the present invenrion,
when the siiitch is made 10 the dehumidification heating
using ihe uilemal evaporator, lhe heal-pump automotive mr
conditioner Is opcrutcxt ui im inside air circulahon mode or
an inside air,'outside air mixed mode 'I'herefore. Ivhen the
switch is made to the dehumidification heating using the ia
internal evaporator due to the frost formation on the external
evaporator, the inside Bir circulation mode or the inside
air/outside air mixed mode can be set to use internal Bir at

high lemperahirc as a heat source lo pcrfomt lhe hcal-
pUnlp hcdfing nlodc As II IUSUII, lhc hcahng pcifornlancc I

can be sufiiciently secured When the ainbient temperature Is
loiv, the heatiim Is usually performed in the outside air intake
mode to prevent window fogging I lowever. the dehunndi-
fication heatin using the internal evaporator can prevent the
window fogging even based on the inside air circulation 10

mode or thc utsidc air/outside mr nuxcxl mode.
In one of thc heat-pump milomotivc air conditioners

described above according to the second aspect of the
present invention, the external evaporator is located in an air
duct of an external fan for the external condenser. on a
downstream of the external condenser and/or a vehicle
radiator.

According to thc second Bspixl of lhe present invention,
thc cxtcnud cvBpoidtor ls disposed ui an mr duct of an
external fan for the external condenser, on a downstream of io
the external condenser and/or a vehicle radiator. 1herefore,
the external condenser and/or the vehicle radiator can block
snow during snowfall or can block deposited snow. Bnd the
attaclunent of the snow to the external evaporator can be
rcxluccd. Therefore, thc heat cxclian c perlbnuancc ut the is
cxlcrnal evaporator can be sixured lo unprovc lhe hcalutg
performance, and frixzuig by the Bhacluncnl ol'now lo the
external evaporator can be prevented If there is heat
released from the radmtor for vehicle, the heat can be
absorbed to improve the heatin performance, do

In one of the heat-pump automotive Bir conditioners
dcscnbml above accorduig to thc second aspcxt of thc
prcscnl invention, au mixiliary electric healer fiir healing Is
installed on an upstream ol the uilernal evaporalor in thc
HVA('nit. and when an amount of absorbed heat Is
insufficient during heating, the mixiliary electric heater can
be activated to absorb the heat. and heat-pump heating mode
is possible.

According to llm second aspixl ol lhc prcsenl invmtlion,
thc auxiliary chxlnc hcatcr for hcaluig is uislallcd on the o

upstream of the internal cvapomlor ui lhe HVAC umt, and if
the mnount of absorbed heat is insufficien during heating,
the auxiliary electric heater can be activated to absorb the
heat to perform the heat-pump heating mode. Therefore. if
the amount of absorbed heat in the internal evaporaror ls ss
insulhcicnl, and thc internal tcmperaturc does nol nsc suit
licicnlly, thc auxihary electric heaier can bc micr ized to
absorb thc heat to pcrfiirm thc heat-pump hcatmg mode. As
a result. even If the heating performance is insufficien when
the ambient tempemsture is low. the heating performance can ii!

be easily supplemented The auxiliary electric heater can be
similarly used as an auxihary heat source during the heating
nxulc Ushig thc cxlcrniil cvaporalom

In one of thc heat-pump milomotivc air conditioners
descnbcd above accorduig to lhe second aspect of the ss
present invention, an internal heat exchanger that exchanges
heat of a loiv-pressure gas refrigerant intniduced to the

clectnc compressor mid a high-prcssure liquid refrigermit
from the receiver is arranged between intake piping of the
elcctnc compressor and oullcl rcl'ngerdnl piping of lhe
receiver.

Accordulg 10 Ihc second dspcct ol lhc present invcnhiln,
an internal heat exchanger that exchanges heat of a loiv-
pressure as refri erant introduced to the electnc compres-
sor and a high-pressure liquid refrigerant front the receiver
is arranged between intake piping of the electric compressor
and outlet rcfngcranl piping of tlu: rccciver. Therefore, the
internal heat exchanger can exchange the heat between the
low-prcssure gas relbigermtt and the high-prcssure liquid
refrigerant both during cooling and during heating to thereby
siipcrcool thc high-plcssUrc liqUld rclrigcidnt 10 uicicdsc lhc
amount of absorbed heat by the evaporator In this way, the
cooling eificiency and the heating efhciency can be
intproved, and the coolina and heating performance of the
heat-pump automotive Bir conditioner can be improved.

A thild tlspect of thc present hlvcntlon provuhs II dchiisl-
ing method of the external evaporator in one of the heat-
pump mitomotivc air conditioners dcscnbed above, wherein
the automotive air conditioner is operated in the cooling
cycle by setting a temperature re ulation door of the I IVAC
unit to a maximum coolina position and setting an inside/
outside air switch door to an mside air circulation mode
when there is no passenger after temtination of the vehicle,
and thc cxtcmal evaporator is defrosted by warm air heated
by hot gas distnbuled to the cxtcntal condenser.

According to the third aspect of the present invention. in
the defrosting niethod of the external evapomstor of one of
the heat-pump autoniotive air conditioners described above,
the automotive air conditioner is operated ln the coolin
cycle by setting a temperature regulation door of the HVAC
iinlt hi d nltixnniinl cooing piisilion and aching an inside,'utside

air switch door lo an amide air circulahon mode
when there is no passcngcr after temnuatiou of thc vcluclc,
and the external evaporator is defrosted by wami air heated
by hot gas distributed to the external condenser liven if fmst
is formed on the external evapomstor dunng the heating
mode. the defrosting mode is not perfomted when the
vcluclc is running, dnd thc heating mode is conunucd by
switclung to the dchunndilicalion hcuting using thc uilemal
cviiporalol. When lhcic Is no piisscngcl'iflet'hc h:nnuldhon
of the vehicle, the mitomotive air conditioner is operated in
die cooling cycle by setting die temperature regulation door
of the HVAC unit to the maximum cooling position and
setting the inside/outside air switch door to the inside air
circulation mode. In tlus way, mann Bir hcalcd by hot Bs

dtstfibutcxl lo thc external condmtser can bc used lo mell lhe
frosl and dclrosl Ihc cxlcrndl evaporator. llicrcforc, dcfmsl-
ing Is possible without supplying the high-pressure hot oas
to the external evaporator on v hich the frost is formed New
development of the refrigerant circuits and devices with
specifications that can endure the circulation of refrigerants
al high and low pressures is nol ncccssary. In the dcfmsluig.
thc tempcraturc regulation door of the HVAC urut is set to
thc maxunum cooluig position, Bnd tlm inside/outside air
switch door is set to the inside air circulation mode 'lhe
internal air is used as the heat source, and the heat of the hot
gas can be effectively used for the defmsting while elimi-
nating the heat release loss in the internal condenser. There-
fbrc, dcfmsung is possible in a rclauvcly short ume.

In lhc dcfroshng mmhod ol'he cxlemal evaporator of lhe
heal-pump automotive mr condihoncr described above
according to the third aspect of the present mvention, the
defrosting mode of the external evaporator is performed
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dunng or afier charge of a vehicle bauery when there is no
passenger after the terntination of the vehicle.

Accordin to the third aspect of the present invention. the
defmsting mode of the extenial evaporator is performed
during or after charge of a vehicle battery when there Is mi
passenger afler the termination of the vel»cle. As a result. the
influmice of the defrostuig mode on thc dnve distance of the
iehicle can bc avoided, and thc dcl'roslmg mode cmi be
performed v hen there is enough battery capacity during or
afler the charge of the vehicle battery 'therefore. the exter- Io

nal evaporator can be efliciently aod surely defrosted with-
out afl'ecting the passenger in any way.

In one of the defrostin methods of the external evapo-
rator of thc tu:at-pump aulomouvc air condiuoncr descnbed
aboi c according lo Ihc tlurd aspiml of Ihe prcscnl invention,
a bloivotl'ode of the IIVA('nit is one of a def mode, a
face niode. and a bilevel niode in the defrostina mode.

Accordin to the tlurd aspect of the present invention. in
the defrosting mode of the external evaporator. the blowofl'ode

of the HVAC unit is set to one of the def mode. the so

face mode, and the bilcvcl mode. Thercfiirc, ui thc defrost-
ing mode of thc external evaporator performed ui the uiside
air circulation mode, the reduction in the temperature by the
heat absorption by the internal evaporator and short circuit-
ing of the air, which is blown off from the font bios otTport
to the vehicle interior. from the suction port for the inside air
circulation near the foot bloc ofl'ort can be prevented As
a resuli, Ihc lmnpcralure of Ihc mr sucked from the veluclc
interior by the uisidc air circulation can be incrcasnl as
much as possible, and the extenial evaporator can be etTtx- io
fivcly defrostcd iil,'1 shun tiiuc

In one of the defrosting methods of the external evapo-
rator of the heat-pump automotive air conditioner descnbed
above accordin to the third embodiment of the present
invention, win:n internal tcmperaturc is low in Ihe delrosluig ii
mode. Ihc auxiliary clcctnc healer is activated. and the
internal evaporator absorbs Ihc heal lo improve defrosling
performance.

Accordiim to the third aspect of the present invention, if
the internal temperature is low in the detbostiitg mode of the so
external evaporator„ the auxiliary electric heater is activated,
and ihe inlcmal evaporator absorbs Ihe heal lo unprove thc
dcfrosluig pcrfiinnancc. Thcrcforc, if Ihe uilcmal Icmpcra-
lurc is low ui Ihc dcfrosting mode of thc exlcmal evaporator
performed in the inside air circulation mode. the inside air s
circulated by the auxiliary electric heater can be heated to
allow the internal evaporator to sufficiently absorb the heat.
Therefore, eflicient defrosting is possible in a short time
cvcn il Ihc intents l tempera lure is low. In Ihe dcfrosluig. the
number OI'otations of thc ehmtnc compressor can be o

incrcascd lo supply hol gas at a lughcr lmnpemlurc lu the
external condenser to thereby further reduce the defrosting
time of the extental evaporator.

In one of the defrostin methods of the external evapo-
rator of the heat-pump mitomotive air conditioner descnbed i.
aboi c according lo Ihc tlurd aspiml of Ihe prcscnl invention,
lo Iinish the dclbosting mode, thc heat-pump hwitui mode
using Ihc cxlcnial evaporator is cerned oul, and lhe defrosl-
ing mode is hnished when a frost tiirmation detection unit
confimis that there is no frost formation se

According to the tlurd aspect of the present invention. to
finish the defrosting mode of the external evaporator. the
heal-pump hcatuig mode usuig Ihe cxlemal cvaporalur is
cerned out, and thc defrosting mode of lhe cxtemal evapo-
rator is timshnl when a frost Ibnnalion detection unit si
confirms that there is no frost tiirmation 'I'heretiire. the
heat-pump heating mode can be carried out to coidirm the

completion of thc dethosung w hen the frost Ibno au on

detecti-

onon unit dctcmuncs liat Ihcrc is no Irosl lonnalion on Ihe
external evaporator. that is, when the frost fomiation detec-
tion unit is not activated. As a result, the external evapomstor
can be surely defrosted ivithout leaving the frost

According to the heat-pump automotive air conditioner of
the prcscnt invention, nunimal heating circuits and devices,
such as the inlemnl condenser. the Iirst healing circuit
between the iniet side of the external condenser and the
receiver. and the second heating circuit including the second
expansion valve and the external evaporator between the
outlet side of the receiver and the suction side of the electric
compressor, arc connected to the dwchargc circuit of thc
relrigcrant cycle for cooling as a prototype. In flus way, Ihe
circuit sections and the devices ivith the same pressure
conditions can be shared to form the heat pump cycle for
heatin Therefore, a loiv-cost. hi hly reliable, highly etTi-
cient heat-pump automotive air conditioner with a relatively
sunplc contiguration and with excellent ease of mounluig
that can bc suitably applied to elcclnc vchiclcs and hybrid
vehicles can be provided just by shanng the circuit sections
and devices with the same pressure conditions as those of the
cooling cycle of an existing automotive air conditioner
applied to an I('EV system and by adding ntinimal heating
circuils and devices wiih ddlerent pressure conditions. w ilh-
oul newly dcvclopuig circuits with spccilicauons tlial cmi
endure both the cooling and heatin modes. Even if frost is
formed on the external evaporator when the ambient tem-
perature is lovo the flow of the refngerant to the second
heatmg circuit can be cut otT to distnbute the refrigemsnt
toward Ihc inlcmal evaporator. and llm switch lo lhc dehu-
miditicalion healing using Ihc internal evaporator is pos-
sible Therefore, ivhen the frost is formed on the external
evaporator. the evaporator can be switched to the internal
evaporator, and efficient heat-pump heatmg mode can be
cmttinued. 'I'herefore, interruption of the heatmg mode or
loss of power consumption by switching to Ihe defrostuig
mode in thc healing mode during ruru»ng can bc eliminated.

According to the defrosting method of the heat-pump
automotive air conditioner of the present invention. even if
frost is formed on the external evaporator during the heating
mode, the defrosting mode is not perfornied when the
vchiclc is running, and lhe heating mode w contuiued by
switclung to the dchunndilicalion heating using thc uilemal
evaporator. When there is no passenger after the termination
of the velucle. the automotive air conditioner is operated in
die cooling cycle by setting die temperature regulation door
of the IIVAC unit to the maximum cooling position and
salting thc inside/oumidc air switch door to Ihe uisidc air
circulation mode. In ttus way, mann air hcalcd by hot as
distributed to the external condenser can be used to meit the
frost and defrost the external evaporator. Therefore, detbost-
ing is possible without supplying the high-pressure hot gas
to the external evaporator on which the frost is formed New
ilcvelopiucut of lhc icf11gcisiil circuiN arid devices with
speciticalions Ihal can endure the circulation of rcfngcranls
at high and low pressures is not necessary. In the defrosting,
the temperature regulation door of the HVAC unit is set to
die maxiiuuul cooling position, and the inside/outside air
switch door is set to the inside air circulation mode. The
internal air is used as the heat source, and the heat of the hot
gas can bc cflimtivcly used Ibr lhc dcl'rostuig while elimi-
naluig Ihe heal release loss in the internal condcnscr. There-
fore, defmsting is possible in a relatively short tune.

BRIEF DESCRIPTION OF DRAWINGS

FICi 1 is a refrigerant circuit diagram of a heat-pump
mitoniotive air conditioner according to an embodiment of
the present invention
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FIG. 2A is a vertical sixuonal view of a rcmcivcr uicor-
porated into the heat-pump automotive nir conditioner
shown ui FICi. 1.

l1Ci 2I3 is a plan view of the receiver incorporated into
Ihe heal-pump automotive air conihtioncr shown m FIG. 1.

FIG 2('s an a-a cross-sectional view of liq(i 2li.
FIG. 3 is a refrigerant circuit diagram of a heat-pump

automotive air conditioner according to an embodinient of
the present invention

I I I

FIG. 4 is a rclbigerant circuit diagram showuig a flow of
a refrigerant during coolin mode by the heat-pnmp auto-
moucc air conditioner shown ui FIG. 3.

FIG 5 is a refrigerant circuit diagram slxiwing a flov of
thc refngermit dunug heauug mode (bcforc Ibost I'erma(ion)
by the heat-pump automotive air conditioner shown in I 1Ci.

3.
FIG 6 is a refrigerant circuit diagram slxiwing a flov of

the refrigerant during heatmg mode (after frost fomtntion)
by the heat-pump automotivemr conditioner shown in FIG.
3.

FIG. 7 is a rclbigerant circuit diagram showuig a flow of
the refrigerant during defrosting mode by the heat-punip
automotive air coudiuoucr shown in FIG. 3.

FIG 8 is a block diagrani of a contnil apparatus that
controls Ihc heat-pump mitomotivc air condilioiwr shown in
ill(i. 3

FIG, 9 is a flow diadem of drive control by the conrrol
apparatus shown in I'l(i 8

FIG. 10 is a control flov diagram during cooling mode by
ill

the conuol apparatus shown ln FIG. 8.
FIG, 11A is a pattial view of a control flow diagram

duruig heating mode by the control apparatus shown m FIG.
8 ic

FIG. 11B ls a parunl view ol'hc control flow diagrmn
during heatin mode by the control apparatus shov n in lil(i.
8.

l1Ci 11('s a partial view of the rest of the contnil flov
diagram during heating mnde by the control apparatus co
shown ul FIG. 8.

FIG. 12 is a control flow

diagram

during defrosting mode
by thc control apparatus shown in FIG. 8.

First Embodunem

A first embodiment of the precent invention will now be
described ccith reference to FICiS. 1 to 2C.

FIG. 1 shows a refugcrant circuit diagram ol a heat-pump
automotive air conihtioncr according Io an embodiment of o

thc present invcntiou. FICiS 2A, 2B, and 2C show block
diagmms nf a receiver incorporated into the heat-puntp
mitomotive air conditioner A heat-pump automotive air
conditioner 1 of the present embodiment includes nn HVAC
unit (Heating Ventilation and Air ('onditionin llnit) 2 and 1.

heat pump cycle 3 capable ol'ooling mid healing.
lllc HVAC unit 2 includes a blower 4 that switches and

introiluces one of inside air I'rom ihc vclucle mtcrior and
outside air and that feeds the air to the dov nstream by
pressure; and an auxiliary electric heater (for example, P fC ro
heater) 6. an internal evapomctor 7, and an internal condenser
8 sequentiafly arranged from the upctream to the down-
stream in an air duct 5 colulcctcd Io Ihc blower 4. 11lc HVAC
unit 2 is usually installed in an uistrumcnl pimcl on Ihe front
side of the veluclc lntcnor and is conligured to selectively sc
blow off airflow temperature-regukcted by the auxihary
electric heater 6, the internal evaporator 7, and the internal

condenser 8 lbom a plurality of blow ofl'ports opcncd toward
the velucle interior to adjust the velficle intenor to a preset
tculpcl 'I nil c.

A door (not shocvn) that can shield ventilation is arranged
for Ihc uitcrnal condcnscr 8 installed in thc HVAC unit 2. In
a cooling inode. cool air cooled by the internal evaporator 7
cmi be blown ofl'o the vehicle interior bypassin the
internal condenser 8 In a dehumidification mode, the inter-
nal condenser 8 can reheat the cool air cooled by the internal
evaporator 7 mid blow ofl thc air Io thc vchlclc uitcnor.

The heat pump cycle 3 capable of cooling and heatin
includes a rcfngcrant cycle (rclhgcrant circuit) 16 for coul-
ing of a clnsed cycle. to ivhich an electric conipressor 9 that
compresses a rclbigcrann mi cxtcnial condenser 10, a

receiver 11, a first solenoid valve 12. a hrst expansion valve
13. the internal evapomctor 7. and a check valve 14 are
cminected in this order thmu h refrigerant piping 15. 1'he

refrigerant cycie 16 for cooling is similar to an exictin
automotive air conihuoner appln:d to au ICEV system.

To the heat pump cycle 3, the internal cnndenser 8
installed in the HVAC unit 2 ls I'urthcr conncctcd Io dls-
char e piping (refri erant piping) 15A fmm the electric
cmnpressor 9 A tree-way sv itch valve (switchmg unit) 17
is arranged nn inlet-side refrigerant piping 15)3 of the
external condenser 10, and a first heating circuit 18 that
guides the refrigerant condensed by the internal condenser 8
to Ihc rccciver 11 tlirough thc tlucc-way switch valve 17 is
connlxtcd. A secoml lmanng circuit 23, ln wluch a sixond
solenoid valve 19, a second expansion valve 20, an external
evaporator 21, and a check valve 22 are sequentially
arranged, is connected betv een nutlet piping (refrigerant
pipin ) 15D of the receiver 11 and intake piping (reihigerant
pipin ) 15E to the electric compressor 9.

This can filrm thc heal pump cycle (rclbigerant circuii) 24
filr heating of Ihc closcil cycle. to which thc clectnc com-
pressor 9, thc internal condenser 8 lnstallixl ul thc HVAC
unit 2, the three-way switch valve 17, the first heatuig circuit
Ig, the receiver ll, and the second heating circuit 23
provided with the second solenoid valve 19, the second
expansion valve ZO, the external evapomctor 21. and the
check valve 22 arc conncctcd tluough the rcfrigcrant pipuig
15 m tlus order.

In Ihc heal pump cycle 3, Ihc external evaporator 21
constituting the heat pump cycle 24 fiir heating is installed
in parallel with the external condenser Hl constituting the
refrigerant cycle 16 for cooling, in the air duct of the external
fan Z5 that ventilates the outside air. The external evapomctor
21 and the cxtemal condenser 10 share thc cxtcrnal I'an 25.
In thc present emboihmmit. although thc cxtcrnal evaporator
21 is lnstallixl on thc liow nstrcam of thecxtcnial condenser
10, the opposite is possible

As shocvn in FI(ig 2A to 2(1 the receiver I I of the present
embodiment is a receiver 11 with check valves including
check vali as 28 and 29 integrafly incorpomcted into Ivvo

rcfngcrant inlets 26 and 27, rcspectivcly, Io wluch rcfn cr-
eat pipuig 15C lbom thc cxtemal condcnscr 10 and Ihe first
hcauug circuit 18 arc connected. The rccmvcr 11 with check
valves is a receiver I I with check valves embedded with a
dryer, the receiver 11 including: a cylindrical main body 30
v ith a bottom: a lid 31 welded to an operung of one end of
the main body 30; a refrigerant outflow pipe 32. in which
ouc cnd is coruicctccl Io the lid 31, and Ihc other end ls
extended near the bouom ace(ion of thc main body 30, and
a dryer 36 fomicd by lilling a desiccant 35 between a pmr of
up and down filters 33 and 34 installed at an upper section
in the niain body 30
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11&c lid 31 is provided with thc two relhgcr mt uilets 26

and 27. to v hich the refrigerant piping 15C and the hrst
heating circuit 18 are connected as described above, and a
refrigerant nutlet 37. to which the refrigerant outtlow pipe 32
is connected. Fitting sections 38. 39, and 40 for connecting
refrigerant piping are arran ed on the refrigeranr inlets 26,
27. mid thc refngerant outlet 37. respectively, and the
rei'rigcranl piping 15C. 15D. tmd thc Iirst hcaung circuit 18
are connected through the fitting sections 38„39, and 40 The
check valves 28 and 29 are incorporated intn the refrigerant
inlets 26 and 27 thmugh retaining rings and stoppers 41 and
42.

In the present embodiment. automatic thermal expansion
salves are used for thc first expansion valve 13 mid thc
second expansion valve 20, Bnd thc Iirsl solenonl valve 12
and the secnnd solenoid valve 19 are arranged on the inlet
sides, respectively I iowever, in place of the first solenoid
valve 12 and the first expansion valve 13 as well as the
second solenoid valve 19 and the second expansion valve
20. an electronic expansion valve may be installed for each.

According Io thc present mubodimenl. IIte following
cficcts dic dltaulcd.

IZniring cooling mode in the heat-pump automotive air
conditioner I, the refrigerant compressed by the electric
compressor 9 is circulated by the discharge piping (refrig-
erant piping) 15A to the external condenser 10 tlu ough the
internal condenser 8 and the tluee-wny switch valve 17 The
heal is exchanges( with Ihe oulsnle mr ventilated to thc
external fan 25, aud thc refngerant is condensed Io a liquid.
'I'he liquid refrigerant is intniduced to the receiver ll
through the refngerant piping 15('nd the check valve 28
and is teniporarily stored there The liquid refrigerant is
uided to the first expansion valve 13 throu h rhe refrigerant

piping 15D and the first solenoid valve 12 and is decom-
pressed to cuter u gas-liquid two-phase stale mid supplied to
thc internal evuporator 7.

Tile icfrlgcrdiil cvtipordlixl Io 11 gas Bflci hcBI cxchiiilgc
with the inside air or the outside air transferred from the
blower 4 in the internal evaporator 7 is introduced to the
electric conipressor 9 throu h the check valve 14 and
conipressed again. Hereafler, similar cycles are repented.
Thc cooling cycle is uot diflbrent m imy way from thc
cooluig cycle of an cxistuig automotive air conditioner used
in an ICEV system, and the cooling cycle can be sharrxL Thc
inside air or the outside air cooled by the heat exchange v ith
the refrigerant in the internal evapomstor 7 is blown ofl'tn the
vehicle interior and supplied for coolin the vehicle intenor.

In the cooling mode. the ventilation to the internal con-
denser 8 is shielded by thc door. tmd IItc cool mr cooled by
thc uilcrrui1 evaporator 7 is directly blown ofl lo Ihc vehicle
interior. Tliercforc, the rcfrigcranl is barely condensed ui the
internal cnndenser 8 and circuLsted to the external condenser
10 The heat is exchanged with the outside air in the external
condenser 10. and the refrigerant is condensed ro a liquid.

The door armsnged on the inlet of the internal condenser
8 cmi bc opcncd during Ihe drive m Ihe cooling cycle to
1 cnulale the cool air cooled by Ihe mlemal evaporator 7 to
the inlenml condenser 8, and thc cool mr can be rchealrxL As
a result. reheating delnimidification drive can be performed.

Meanv bile. in the heating mode, the refrigerant cnnt-
pressed by the electnc compressor 9 is introduced to the
internal condenser 8 by the discharge piping (refrigerant
piping) 15A. In the internal condenser 8, the heat is
exchanged with thc inside air or Ihe oulsnle mr transferred
from the blower 4, aud thc lmdt is relcasxxL ln tlus way, the
heated air is blown off to the vehicle interior and is supplied
for heatin the vehicle interior. I'he refrigemsnt condensed to

d liqtnd BIICr lllC llCBI 1CICtiSC IS giudCd to lllC (11St hCdliiig
circuit 18 by the three-way sivitch valve 17 and is introduced
to the receiver I I through the check valve 29 'I'he tempo-
manly stored refrigerant is guided to the second heating,
circuit 23 tlmoupt the refrigerant piping 15D and decom-
pressed while being passed tlwough the second solenoid
valve 19 and the second expansion valve 20 to enter d

gas-liquid two-phase slate. The refrigerant is supplied to Ihe
external evaporator 21.

In I'he heat of the refrigerant is exchanged with the outside
air ventilated by the external fan 25 in the external evapo-
rator 21, and the heat is absorbed from the outside air. The
refrigemnt is evaporated to a gas nnd introduced to the
clectnc compressor 9 Quough thc check valve 22. Thc
rcfngcrdnl is comprcsscd tigiilii. Hereafter, slilllliu cvclcs dic
repeated, and the heat pump cycle 24 for heating performs
heat pump heating.

In this way, mininial heating circuits and devices, such as
the internal condenser 8. the first heating circuit 18 betvveen

zo the tluee-way svvitch valve 17 armsn ed on the inlet side of
the exlcmal condenser 10 and thc rccciver 11, and Ihe
second heating circuit 23 provided with thc second expan-
sion valve 20 and the external evaporator 21 between the
outlet side of the receiver ll and the suction side of the
electnc compressor 9. are connected to the dischar e piping
(refrigerant piping) 15A of the refngerant cycle 16 for
cooling as a prototype. The circuit sections and devices with
thc same prcssure conditions can bc shared to form a heat
pump cycle fiir healing.

io 'I'heretiire, a low-cost. highly rehable heat-pump automo-
tive air conditioner I with excellent ease of mounting that
can be suitably applied to electnc vehicles and hybrid
vehicles can be provided just by shanng the circuit sections
and devices with substantially the same pressure conditions

is as those of Ihe cooling cycle of au existing milomotivc air
conditioner used in mi ICExy system and by adding minunal
healing circuits Bnd des iccs with diffi:rent pressure condi-
tions, without newly developing, circuits with specifications
that can endure both the coolin and heating modes

do The external evaporator 21 is installed in parallel with the
external condenser 10 in the air duct of the external fan 25
that venlilalcs lhc outside mr lo the exlcmal condcnscr 10.
Thc cxtcrnal fan 25 vcnlilalcs Ihc outside mr during hcaluig.
and llm heat pump healing is pcrfiinncd by heat absorption
from the outside air 'Hierefore, the external fan 25 can be
shared to reduce the number of components. 1 he configu-
ration of the heat-punip automotive air conditioner I can be
simplified and dov:nsized. and the cost can be reduced.

Thc rccciver 11 is a recco er with check valves, in wluch
o the check valves 28 and 29 dre integrally incorporated into

the rcl'rigerant inlets 26;md 27. In this w uy, thc check valves
28 and 29 incorporated into the refrigerant inlets 26 and 27
of the receiver ll cmi cm nff the refrigemsnt cycle 16 tiir
cooling or the heat pump cycle 24 for heating not used

is depending on the operating mode. Therefore, connection
components, such as a flangc, dre not ncccssary as compared
to B system uicluding Ihe receiver 11 and the check valves
28 nnd 29 indn idually arranged ui thc refngcrant circuit.
'I'he refrigermit circuit can be simplified, and the cost can be

io reduced. I'he receiver 11 includes the dryer 36 in the present
embodiment. Hovvever, the receiver 11 may not necessarily
include the dryer 36, and it is obvious that the dryer may not
bc included.

In lhc present cmbodimmii, Ihc first expansion valve 13
ss and thc second expansion valve 20 arc automatic thcnnal

expansion valves, and the first solenoid valve 12 and the
second solenoid salve 19 are arranged on the inlet sides
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This allows automatic control for nunntmning the dcgrim of
superheat at the evaporator outlet of the refrigerant evapo-
rated by the Internal evaporator 7 during cooling, and by the
external evaporator 21 dunng heatiog, I'herefiire, the control
system can be simphfied as compared to when electronic
expansion valves that require a refrigerant pressure detection
unit and a rcfrigcrant tcmpcrature dc)ection umt arc uscxJ.
Thc cost can bc rcduccd. and the rchability can bc improvcxJ.

1he refrmerant circuit not used depending on the operat-
ing mode can be closed by the first solenoid valve 12 and the in
second solenoid valve 19 arranged on the inlet sides of the
first expansion valve 13 and the second expansion valve 20.
Therefore. the circuit to be paused can be surely fully closed,
and stayuig of thc refngcrtmt and thc like can bc prevcntixh

However. iu thc present embodiment, regardless of thc
description above, the electronic expansion valve can
replace each of the hrst solenoid valve 12, the tirst expansion
valve 13. the second solenoid valve 19, and the second
expansion valve 20. In this way. the electronic expansion
valves arranged in the circuit to be paused can be idly zo

closed, and staying of thc rcl'ngerant in thc cxtcnwl evapo-
rator 21 pmiscd duruig cooluig or in thc internal evaporator
7 paused dunng heating can be prevented 1herefore. the
installment of the solenoid valves and the like for fully
closing the paused circuit can be omitted The refrigerant
circuit can be simplilied. and the cost can be reduced.

In the present embodiment, the check valves 22 and 14 are
IcspCCIIVClv'itrallgcil Oil tile BCCOIld IICatllig CIICilit 23 Bill
the rcfrigcrant pipuig 15E for connccuon bctv, cen the cxtcr-
nal evaporator 21 as ivell as the internal evaporator 7 and the so

suction side of the electric compressor 9. 'Iherefore, the
check valves 22 and 14 can cut off between the extental
evaporator 21 or the internal evaporator 7 paused depending
on the operating mode and the suction side of rhe electric
compressor 9 Thcrcforc, thc function of the pausuig exter- Is
nal evaporator 21 or thc internal evaporator 7 can be surely
tcnninatcd.

In the present embodiment. the mixiliary electric heater 6

for heatiim including a PJ'( heater and the like is installed
in the HVAC unit 2. Therefore. in a situation that the hearing so
perfonnance is insulfictent, such as when the ambient tem-
perature Is low, when hcaung is started, and when thc
window is frosted, thc auxiliary chmtnc heater 6 can bc
tcuipiiralllv'pcratcd at tile BBulc tittle Bs thc fixit-pillllp
heating mode to increase the flowoff air temperature to
supplement the Insufliciency in the heating perforntance.
Therefore, the maxunum required heating perfomtance can
be increased. The utilization rate of the auxiliary electric
heater 6 can bc rcduccd compared to the heatuig mode using
thc ehxtric lu:ster us a main heat source, imd ln Itiy cllicmut o

dnic is possible A rixluction in the vehicle drwe distance
due to an increase in the heatmg power consumption can be
suppressed

The present invention is not limited to the invenrion
according to the embodiment described above. and various s.
modilications can bc made as ncccssary without dc7tantng
from the scope of thc present invenuon. For example, thc
HVAC urut 2 may be an HVAC of an air nux systmn
inciudin an air ntix door fiir temperature regulation on the
downstream of the internal evaporator 7 'I he three-way io
svvitch valve 17 may be replaced by two solenoid valves or
by a four-vvay switch valve

In ihe nnboduncnt dcscrtbcxI above, thc lira) solenoid
I alvc 12 and thc sixond solenoid valve 19 are arraugu! on
thc uilct sides of thc Jirst expansion valve 13 mul the second ss
expansion valve 20 Ilowever, it is obvious that the hrst
solenoid valve 12 and the Jirst expansion valve 13 as well as

16
thc simond solenoid valve 19 and thc second expansion
valve 20 may be integrated automatic thermal expansion
valves with solcnoul open/close valves. The cxtcmai evapo-
rator 21 may bc disposed ui associauon with the heat
releasing radiator to allow absorbin heat dischar ed from
the vehicle drive motor. the inverter. the battery, and the like

Second Embodiment

An embodiment of the present invention will be described
with reference to Iil(IS 3 to 12.

FICi 3 shows a refrigerant circuit diagram of a heat-pump
automotive air conditioner according to an embodiment of
tile prcscltt lllvciltiou.

A heat-pump automotive mr conditioner 101 according to
the present embodiment includes an I IVA('utit (I Jesting,
Ventilation and Air Conditioniim Unit) 102 and a heat pump
cycle 103 capable of coolina and heating.

The HVAC unit 102 includes: a bloc er 105 that switches
and introduces one of the inside air from the vehicle interior
and thc outside air tlnough an uisidc/outside air switch duor
104 and that fccds the mr to thc downstream by pressure, an
mixiliary electric heater (for exmnple. P'I'('eater) it)7 tiir
heatin sequentially disposed fmm the upstream to the
downstreain in mi air duct 106 connected to the blow:er 103;
an internal evaporator 108; an internal condenser 109: and a
temperature regulation door 110. The HVAC unit 102 is
installed ut an untrumeni panel on the Iron) sale of thc
vcluclc and Is conligurcd to blow oil'ir temperaturc-
regulated by the auxiliary electric heater 107, the internal
evaporator lt)8, and the internal condenser 109 fnim one of
a plurality of blow off ports, such as a def flowof port 111,
a face blovvoff port 112. and a foot blow off port 113, that are
open tov:ard the vehicle interior, to the vehicle interior in
accordance with a blow olT mode switched by blow olT mode
switch doors 114, 115,;md 116, to ad)ust thc vehicle interior
to a preset tcmpcraturc.

I'he heat pump cycle lt)3 capable of cooling and heating
includes a refrigerant cycle (refrigerant circuit) 127 tiir
cooling of a closed cycle. to which an electric compressor
120 that compresses a refrigemsnt, an external condenser
121, a rcccivcr 122. a lirst solmioid valve 123, a first
expansion valve 124, the intcmal evaporator 108, and a
check valve 125 arc coiuicctcd in this order through refrig-
erant piping 126. The refrigerant cycle 127 for cooling is
sintilar to that ot an existing automotive air conditioner
applied to an ICEV system.

In the heat pump cycle 103, the internal condenser 109
installed ui thc HVAC urn) 102 is coruiectixl to disclmrge
piping (rcfngcrant pipuig) 126A I'rom the clectnc compres-
sor 120, in the rcfngcrant cycle 127 lhr cooluig as a

pmtotype A three-ivay sivitch valve (sivitching unit) 128 is
arranged on inlet pipina (refrigerant piping) 126)l of the
external condenser 121, and a hrst heating circuit 129 that
guides the refrigerant condensed by the internal condenser
109 to thc reccivcr 122 tlnough thc duce-way switch valve
128 is connectixl. A second heating circuit 134, on wluch a
second solenoid valve 130, a second expansion valve 131.
an external evaporator 132. and a check valve 133 are
sequentially arranged, is connected between outlet piping,
(refri erant piping) 126D of the receiver IZZ and intel e
pipin (refrigerant piping) 126E to the electric compressor
120

This can fiirm thc heat pump cycle (refngcrmit circuit)
135 fiir hcatuig of a closed cycle. to wluch thc clectnc
cmnpressor 120, the intenial condenser 109 installed in the
I IVA('nit 102, the three-way switch valve 128. the first
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hcatuig circuit 129, the rcccivcr 122. and thc secoixl heating
circuit 134 including the second solenoid valve 130, the
second expansion valve 131, thc extcmal evaporator 132,
and the check valve 133 are connected through the refrig-
erant pipuig 126 in this order. A combination ol'wo solenoid
valves niay replace the three-way sivitch valve 128

In the heat pump cycle 103. the external evaporator 132
constituting the heat pump cycle 135 for heating i ~ arranged
on the downstream in the air duct of the extental fan 136 that
ienulatcs the outside mr and ui parallel v;ith the cxtenml
condenser 121 constituting the refrigerant cycle 127 for
cooluig, mid thc cxtcroal fan 136 is shared. A radiator 137 is
further installed on the downstream of the external evapo-
rator 132 ui thc present cmbodimenk the radmtor 137
releasing heat of a heating medium (such as cooling water)
for cooling heating elements. such as an engine. a moror, an
inverter, and a battery, for driving the vehicle qiie external
evaporator 132 may be installed on the downsrream of the
radiator 137.

As shovvn in FIG. 3, the receiver 122 of rhe present
cmbodimcnt is u rixmvcr 122 with check valves including
check valves 138 and 139 integrally incorporated into two
refrigerant inlets, to which refngerant piping 126G from the
external condenser 121 and the first heating circuit 129 are
connected. An internal heat exchaitger 140 that exchanges
heat of a high-pressure liquid refrigerant distributed in the
outlet pipuig (refmgcrant piping) 126D and a low-prcssure
gas refngcrant dmtnbutixl ui thc uitakc pipuig (relhgcrmit
piping) 126l i to supercool the high-pressure liquid refnger-
ant is arraimed between the output piping (refrigerant pip-
ing) 126D of the receiver 122 and the intake piping (refrig-
erant pipin ) 126E to the electric compressor 120.

In the present embodiment, automatic thermal expansion
salves are used for the Iirst cxptmsion valve 124 and the
second expansion valve 131, and thc first solenoid vali c 123
and thc second solenoid valve 130 fur opemng imd closing
the refrigerant circuit are arranged on the inlet sides of the
valves, respectively I Iowever. an electmnic expailsion valve
vvith functions of opett/c)ose valves may replace each of the
first solenoid valve 123 and the first expansion valve 124 as
well as the second solenoid valve 130 and thc second
expansion valve 131

Flow s of the refmgcrant during thc dove ol'he heat-pump
automotive air conditioner lt)l will be described with ref-
erence to I'l(ig 4 to 7 In I'I(ig 4 to 7, refrigerant tlow paths
during the dnve are indicated by tlfick lines.
[Coofing Mode)

In thc cooling mode, thc rcfn creat compressed by the
c)ccxnc compressor 120 is circulated from thc discharge
piping (refngerant piping) 126A to fiie extcmal condenser
121 thmugh the internal condenser 109 and the tltree-way
switch valve 128 as shown in I'I(i 4. I'he heat is exchanged
vvith the outside air ventilated through the external fan 136,
and the refrigerant is condensed to a liquid. The liquid
refrigerant is uitroduccd to the receiver 122 through thc
refrigerant pipuig 126C and thc check valve 138 and is
temporarily stored. The liquid rclbigermu is guided to thc
firs expansion valve 124 thmugh the refrigemnt piping
126) ). the internal heat exchanger 140. aod the first solenoid
valve 123. The liquid refngerant is decompressed to enter a
as-liquid tivo-phase state and is supplied to the inrerrml

evaporator 108 Iu thc ihstnbution tluough fiie uitcrnal heat
exchanger 140, thc heat of thc hi h-pressure liquid rcfmg-
crant is cxclmuged with the low-prcssure gas refn ermit
evaporated by the internal evaporator 108, and the refnger-
ant is supercooled

Thc rclrigcrant ciaporau:d to u gas after thc heat
exchange with the inside air or the outside air transferred
from the blower 105 in the internal evaporator 108 is
introduced to the electric compressor 121) through the check
valve 125 and the internal heat exchanger 140 and is
compressed again. Hereafter. simdar cycles are repeated.
The cooluig cycle 127 is similar to the cooluig cycle of an
existuig automotive mr conditioner used in mi ICE% system,
and the cooling cycle can be shared. 'I'he inside air or the

ic outside air cooled by the heat exchange with the refrigerant
in the internal evaporator it)8 is blown off to the vehicle
interior from one of the def blowofi'ort 111, the face
blowoif port 112, and the foot bloisoff port 113 according to
thc blowofi'ode switcicd by thc blowolf mode switch
doors 114, 115, and 116 and is supplied for coohng thc
vehicle interior.

In the cooling mode, the ventilation to the internal con-
denser I t)9 is cut

off
b the temperature regulation door I I I),

and the cooi air cooled by the internal evaporator 108 is
so directly blown off to the vehicle interior. Therefore. the

rel)igcrant is barely condensed by thc uitcnial condenser
109 and is circulated to thc external condcmer 121. Thc heat
of the refrigerant is exchanged with the outside air by the
external condenser 121 and is condensed to a liquid Mean-
while, the temperature regulation door Ill) armnged on the
inlet of the internal condenser 109 is opened during the drive
in the cooiing cycle 127. and part of the cool air cooled by
thc uitemal evaporator 108 is vcnttlatcxt to the uitemal
CollilC11SCI 109 to Iclli at tllC alr. Ill tills Wtiyt rCllCatlllg

io dehuniidification drive can be perfiirnied
[I Ieating Mode (liefore lirost I'orniation)J

In the heating mode, before frost is formed on the external
evaporator 13Z. the refrigemnt compressed by the electric
compressor 120 is introduced to the internal condenser 109

si by the discharge piping (relhgerant pipuig) 126A as shown
iu FIG. 5. In thc intcmal condmiscr 109, thc heat is
CSCllilllgCd w itll tllC lllSldC till ol tile oiimidc alr it'tlllSfClrCd
from the blower 105, and the heat is released 'I'he heated air
is blown off to the vehicle interior from one of the def

so blowoif port 111. the face blowofi'ort 112, and the Iiiot
blowoif port 113 according to the blowofi'ode and is
supplied I'or heating the vclnclc intenor Nomuil heatuig
mode is pcrformixl in an outsulc air intake mode to prevent
window fogging.

'I'he refrigermit heat-released and condensed to a liquid by
the internal condenser 109 is guided to the first heating,
circuit IZ9 through the three-way switch valve 128 and
introduced to the receiver 122 through the check valve 139.
The tcmporanly stored relhigermit is guided to thc simond

c hcauug circuit 134 tluough the refrigerant piping 126D and
the internal heat cxchangcr 140 and decomprcsscd wlule
bemg passed through the second solenoid valve 130 and the
second expansion valve 131 to enter a gas-liquid two-phase
state. The refrigemnt is supplied to the external evapomtor

s. 132 In the distribution through the internal heat exchanger
140, thc heat of the lngh-prcssure liquid rcl)igerant is
cxchangcd with thc low-prcssure gas refngcrant evaporated
by thc cxtcrnal evaporator 132. and thc refmgcrant is super-
cooled.

io 'I'he heat of the refrigerant supplied to the external evapo-
rator 132 is exchan ed with the outside air ventilated by the
external fan 136 in the external evaporator 13Z. The heat is
absorbed Irom thc outsulc air. and thc rcfrigcraut is evapo-
rated to a gila. Tile rclrigcrililt is llltroduccd to tile clectllc

si compressor 120 tluough thc check valve 133 tmd thc uitcmal
heat exchanger 140 and is compressed again I lereafter,
siniilm cycles are repeated. and heat puniping heating is
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pcrformixl by the hwtt pump cycle 135 Ii&r heating. If thc
internal temperature does not sufficiently rise due to insuf-
ficiency in the heating perfonnance. the auxiliary electric
heater 6 can be energized to supplement the heating. perfor-
mance.

In tlfis way, minimal heating circuits and devices. such as
thc uilcutal condenser 109, thc Iirsl hcaluig circuit 129
between the tlucc-way switch valve 128 arranged on the
inlet side of the external condenser 121 and the receiver 122,
and the second heating circuit 134 provided with the hrst
solenoid valve 130. the second expansion valve 131, and the
external evapomctor 132 between the output side of the
receiver 122 and the suction side of the electric compressor
120. are connected Io thc d&schargc piping (refugcrmil
piping) 126A of thc rcfngcrant cycle 127 for coolmg as a

pmtotype. 1he circuit sections and devices with the same
pressure conditions can be shared to fi&nn the heat pump
cycle 135 for heatmg
[Heating Mode (after Frost Formation)]

If the external evaporator 132 is operated as an evaporator
to absorb lu:al from thc oumxle a&r to perfi&nn lhe healing
mode as dcscubcd above, I'rost may befi&nned on the
surface of the external evaporator 132 when the antbient
temperature ic low. 'I he heating perfi&rmance may be
reduced with progress in the frost fornmtion, and heatiag
may be impossible. Therefore, in the present embodiment,
the first solenoid valve 123 is opened, and the second
solcnoul t ahe 130 is closed as shown ui FIG. 6 when frost
fornuilion is detected Ihr the exlcmal evaporator 132. Thc
cycle is switched to the heat pump cycle fi&r heating 135
using the internal evaporator 108

In this case, the refrigerant compressed by the electric
compressor 120 is first introduced to the internal condenser
109 by the discharge piping (refrigerant piping) 126A as in
thc hcatuzg mode bcl'orc the I)oil Ii&nnation. In die intenml
condenser 109, thc heal w cxchim cd with the insole air or
with mixed air of utstdc aud out&ale mr translbrrcd from the
blower 105, and the heat is released. 'I'he heated air is bkcwn
off to the vehicle interior fmm one of the def blowotT port
111. the face blowofi'port 112, and the foot blowoff port 113
according to the bio&toff mode and is supplied for hearing
Ihe velucle intcuor. In tlus way, Ihe hw&tutg mode aller thc
frost is Ibmu:d ou the cxlcrnal evaporator 132 &s switched to
the dehumidilicauon heating mode ui winch the internal
evaporator 108 serves ac the evaporator 'I'herefi&re. there ic
no need to ivorry about the wmdo&v fogging„and tlnis, and
the mode is scc itched to the mside air circulation mode or the
inside air/outside air mixed mode in the drive to allov
healuig by Ihc heat absorpuon from Ihe uilcrnal mr al a high
ti:it&pi:i a nit c

11&e refugerant heat-rclcascd and condensed lo a liquid by
the internal condenser 109 is guided to the first heatiag
circuit 129 through the three-&vay switch valve 128 and
introduced to the receiver 122 through the check valve 139.
The temporarily stored refngerant is guided ro the tirst
cxpans&on valve 124 tluough thc rcfrigcrmil p&puig 126D,
the uilemal heal exchanger 140. and Ihe first solenoid valve
123 anil is dccomprcsscd to cuter a gas-liqu&d two-plmsc
state. 'I'he refrigerant ic supphed to the internal evaporator
108 In the distribution through the internal heat exchanger
140. the heat of the high-pressure liquid retbigeront ls
exchanged with the low-precsure gas refrigerant evopomted
by thc internal evaporator 108. imd thc refugerrmt is super-
cooled.

11&e rcibigerant heat-cxchangcd with Ihe uisxle air trans-
ferred from the bio&ver 105 and evaporated to a gas by the
internal evaporator 108 is introduced to the electric cont-

prcssor 120 tluuugh thc check valve 125 aud llm uilemal
heat exchanger 140 and is compressed again Iiereafter,
sintilar cycles are repeated 1 he air (inside air) cooled and
dehuniidified by the heat absorption by the refrigerant in the
internal evaporator 108 is heated by the internal condencer
109 lnstalied on the downstream of the internal evapomctor
108 as dcscribcd above. 11&e air is blown oIT to the vehmle
iulcuor from one of lhc dcf blowoIT port 111, thc face
flowof port 112, and the ti&ot blowoff port 113 and ic

lo supplied for heating the vehicle interior As described. after
the frost is founed on the external evaporator 132, the
dehumidification heating mode using the internal evaporator
108 as the evapomctor is performed.
[Delbosting Mode]

As dcscnbcd, lhe defrosluig mode is nol immcdialcly
perfornied even if the frost founation is detected for the
external evaporator 13Z ivhen the heating ntode is perforined
by operating the external evaporator 132 1he drive is
switched to the dehunliditication heating mode using the

Io internal ei aporator 108, and the heating mode is continued.
Therefore, nuutdatory dcfrosling is uot perl'ouncd when Ihe
vchiclc is ruruiuig (used), and natural dcl'rosting by Ihe
outside air ic waited Ilowever, the frost is expected to
remain attached without being defmsted if the lov: ambient
temperature continues

Therefore. cohen the velficle is terminated (parked), and
there is no passen er, or desirably, when there is enough
battery capac&ty during or ai'tcr cluirgc of the vchiclc bauery.
thc a&r condit&oner 101 is operated to pcrlhun thc defrostuig

io mode As shovni in FI(i 7. the defrosting mode is perforined
by circulating the hot as refrigerant compressed by the
electric compressor 120 to the external condenser 121

through the internal condenser 109 and the tliree-way switch
valve 128 by the discharge piping (refri emcnt piping) 126A

ic and rclcasing thc hwil to the outside a&r ventilated tluough
the external fan 136. The outs&dc air heated by thc heal
relcasc ffom thc hot gas rcihgerant becomes warm air and
ic blov n against the external evaporator 132 disposed on the
downstreain of the external condenser 121 to ntelt the fmst

co The refri erant heat-released and condensed by the exter-
nal condenser IZI reaches the first expansion valve 124
tluough Ihc rcfhgcranl pipuig 126C, thc race&ver 122, thc
rcfugcrant p&ping 126D, the internal heat exchanger 140.
and thc Iirsl solcnoul valve 123. Tlm refwgcrrmt &s decom-
pressed at the first expansion valve 124 and ic supplied to the
internal evaponctor 108. 'I'he gac-liquid two-phace refriger-
ant supplied to the internal evaporator 108 absorbs heat from
the internal air (inside air) circulated tltrough the blower 105
and w evaporated. Thc rcfugcranl is suck&xi ui lo Ihc clecluc

o compressor 120 tluough lhc check valve 125 rmd thc uitcmal
heat cxchangcr 140. Hereafter, the cooing cycle 127 is
repeated to use the heat of the hot gac refrigencnt released by
the external condenser 121 to indirectly melt the frost and
defrost the external evaporator 132.

&s Therefore. even in the defrosting mode, defrosting is
pose&blc without distubuling thc lugh-prcssure hol gas
rcfugcrant to the cxlemal et aporator 132 with low-pressure
spec&ticalions. 11&c dclbosting mode is pcrfomicd w&thou)
the passenger 'I herefore. the internal air conditioning state

ro or the biowotT niode does not specitically have to be taken
into account in the HMAC unit 102„and an optimal mode
conforming to the defrosting can be set for the drive. In the
prcscul cmbodimcnl. thc uisiile/outside mr switch door 104
is sct to thc inside air circulauon mode to allow thc uitcmal

sc evaporator 108 to absorb heal from air at as h&gh Icmpcralure
as possible, and the tmuperanire re ulation door 110 is set to
a maxinium cooling position (MA)( ('OOI, position) for the



21

US 9,884,536 B2
22

dcfrostuig mode to rixluce thc hcai loss caused by the heat
release by the mternal condenser 109.

As for the blolvoff n&ode, if the foot mode is selected to
blow ofi'the air fmm the foot

blowoff

por 113, the air blown
off from the foot blowoff port 113 may short circuit to a
suction port filr inside air circulation opened near the foot
blow olf pon 113, and thc suet&on of the inicmal mr at a high
tcmpcraturc may bc d&fficuli Thcrcl'orc, in file defrostulg
nlode. one of the def mode, the face mode, and the bilevel
nlode other than the foot mode is selected for the blowoif &c

nlode
As for the end of the defrosting mode. the heat-pump

heating mode (heat&ng mode before the frost formation)
using thc external evaporator 132 &s carried out. and thc
dcfrosluig mode is fin&&hex) at the conlimiat&on by a frost
formation un&t (determined by whether a temperature dif-
ference betv een an external evaporator refrigerant tempera-
ture sensor ('I'I) 158 and an ambient tempenlture sensor
(Tabnl) 154 is equal to or @eater than a predetermined value
a) that there is no frost founation. More specifically. the Io
complci&on of thc defrost&ng is conlimicd by the fact &liat the
lrost fonna&ion detect&on unit is not aclivaled. and the
external evaporator 132 can be surely defrosted v ithout
leaving the frost

1he drive described above is controlled thnlugh an air
conditioner contml apparatus (air-conditioner control appa-
ratus) 150 shown in FICi. 8. The air conditioner control
apparatus 150 &s coru&ected to a lugher control apparatus
(vclnclc control apparatus) 151 of the vehicle, and related
information can be input from the vehicle The air condi- &o

tioner control apparatus 15() includes a control panel 152
and is confi ured to control the drive of the automot&ve air
conditioner 101 based on detection signals from the follov-
in sensor ~&up and based on input information from the
lugher control apparatus 151 and the control pimcl 152. &i

11&c air cond&tioncr control apparatus 150 receives dc&ec-

tion s&goals Irom. au u&ternal Icmperalurc sensor (Tr) 153,
the ambient tenlperature sensor ('I'amb) 154, an insolation
sensor ('Is) 155, and a vehicle speed sensor 156 arranged at
proper locations of the vehicle; a frost sensor (FS) 157 so
installed on the internal evaporator 108 of the automotive air
cond&&&oner 101, thc cxtemal cvapomtor rein aran& tcm-
pcrature semor (T1) 158 u&su&llcx) on thc extcmal evaporator
132, a lngh-pressure sensor (HP) 159 man&lied on thc
discharge piping (refrigerant p&ping) 126A; an internal con-
denser flowof tenlperature sensor ('I'c) 160 installed on the
internal condenser 109, and the like.

Based on the detection signals from the censor group and
thc input infonnat&on from thc control pm&el 152 and the
lugher control apparatus 151 of the veluclc, the air cond&- o

tioncr control apparatus 150 cxccutes required computa-
tions, processes, and the like according to preset progranls.
'I'he air conditioner contml apparatus 15(l controls an actua-
tor (HVAC blowoff sv itch actuator) 161 for the blowofi'ode

switch doors 114. 115, and 116: an actuator (inside/ &1

outs&dc air sw&tch actuator) 162 li&r the uiside/outsnle a&r

switch door 104: an actuator (tcmpcralure regulalion actua-
tor) 163 lbr the tcmpcrature rcgulauon door 110, a motor
(blower motor) 164 for the blower It)5; a motor (external fan
motor) 165 filr the external fan 136; a motor (electric io
compressor motor) 166 for the electric compressor 120: an
on/off s&vitch (electric heater on/ofl'witch) 167 for the
auxiliary electric heater 107, an electromagnet&c co&1 (threc-
way &elva elcctromagnct&c co&l) 168 for the fiucc-way
switch valve 128, an clcctromagneuc coil (soliaio&d valve si
electronlagnetic coil) 169 for the solenoid valves 123 and
13th and the like 'I'he air conditioner control apparatus 15()

fuuct&ous to control lhe drne of Ihc automouvc mr condi-
tioner 101 as described above.

Thc control of thc drive ol'he automot&vc mr cond&tioner
IUI by the air conditioner contml apparatus 13)i will be
dcscribcd w&th refcrcncc to fiow charts shown in FIGS. 9 to
12

FICi. 9 is a main control fkl&v diagram of the automotive
a&r cond&tioner 101. When the control is started, the settings
of the control panel 152 is read in step SI. and detection
values arc read lkom thc various sensors 153 to 160 in stc7&

S2. Based on the set values and the detect&on values, a target
blowolf tempcraturc Ttar Is calculated u& step S3, and thc
pmcess moves to step 84. Whether there is dehumidification
dove &s dctcrnuncd herc. H YES, the process moves to stc7&

S5 to enter "cooling mode control" If NO, the process
moves to step S6 to enter "heating mode contml'11n step S7,
the detection values of the sensors are output, and the
process returns to the start point

When the process cnicrs thc '*cool&ng mode contml** in
step S5, the process nnlves to cooling mode control shown
iu FIG. 10. In the coolmg mode control, thc duct of the
three-way sv,itch valve 128 is determined &n step Sit), and
tile lhrcc wa)'in Itch vali c 128 Is coil&&i I tixl to a c&lc&1&t thai
supplies the refrigerant tolvard the external condenser 121

In step S11. thc open or close of the solenoxl valves &s

deternnned. I'he solenoid valve 123 is opened. and the
soleno&d & alve 130 is closed. In this way. the cooling cycle
127 is set.

In step S12. the number of rotations of the electric
compressor 120 is detcrmuied. In step S13, tlm suction mode
based on the s&v itch of the inside/outside a&r su itch door 104
is dctcmnncd. In step S14. thc blowoff'ode based on the
switch of the bio&vofi mode slvitch doors 114, 113. and 116

is dctermincd. In step S15. thc dcgrcc ol'pen&ng of thc
temperature regulation door I IU &s determined In step S 1 6,
the drive voltage of the blower 105 &s determined. In step
5 17, the drive voltage of the external fan 136 is determined
The motor and the actuators 161 to 166 are driven, and the
coollllg Il&odc Is pc&It&lmcd so tlrst thc 1&ltcrllill toll&pc&Stale

co&ncides with the preset temperature. The process moves to
S1 (step S7), and thc cooling mode cont&nues.

When the process miters the '*heat&ng mode control** in
step S6, the process moves to heat&ng mode control shown
in l&I(ig. I IA to 12 ln the heating mode contml, the duct of
the three-way switch valve 128 is determ&ned &n S20. Cnd the
three-way switch valve 128 is connected to a circuit that
supplms thc relk&germlt toward thc lirst hcaung c&rcuit 129.
In step S21, the open or close of thc solano&d valves &s

dctcrnuncil The solcno&d valve 123 &s closed, and the
solenoid valve 130 is opened. In this way, the heat pump
cycle 135 for heating, before the frost forn&ation is set, and
the process moves to step S22. In step S22„whether there is
frost fomtation on the external evaporator 132 is deter-
&Ill&&Cd.

Thc frost li&rmauon &s detcnnuled by whcthcr the ddli:r-
mlcc bctw ceo thc detect&on & slue T1 of thc cxtemal cvapo-
nltor refrigerant temperature sensor 158 and the detection
value 'I'amb of the ambient tenlperature sensor 154 is equal
to or greater than a set value a (TI-Tambea) If determined
YES (there is frost formation), the process moves to step
S23. If detcrnunixi NO (there &s uo frost I'onnat&on), the
process moves to step S24 (sec FIG. 11C). If it &s dctcrnuncx)
thai Iherc &s no ffost fonna&ion, the external evaporator 132
is operated as the e& aporator, and the heat pump cycle 135
for heating before the fmst formation performs the heating
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mode. In stop S24, the u&s&dc(outs&dc air switch door 104 is
determined to be the outs&de air intake mode. Cnd the process
Illo&CS 10 sli:p S25.

In step S25, whether the d&fference between the target
blow off'empera turc Ttar and thc detccuon value Tco of thc
internal condenser blowoff temperature sensor 160 is equal
to or smaller than a set value b (Ttar—Tco&b) is detenmned,
or ivhether the detection value I s of the frost sensor 157 &s

equal to or smaller than a set value c (Fsec) is detenn&ned.
I& IIl'detcnnuled YES, thc process moves Io step S26, and the

auxiliary electric heater 107 &s tunted on. If determined NO,
Ihe process moves to step S27, and Ihc aux&hary cleclric
heater 107 is turned off In this way, if it is detenninwt that
thc perfonnance & s &nsu ffic&ent I us l by Ihe hmi1uig by Iho heat
pump. the auxihary electric heater 107 supplements the
heating performance.

In step S28. the number of rotations of the electric
compressor 120 is determined. In step S29. the blowofi'ode

based On the sw &&eh of thc blow off mode sv &&eh doors
114, 115, and 116 is determined. In step S30. the degree of
ope&ung of the tempcraturc regulation door 110 &s detcr-
nlined In step 831, the drive voltage of the blower 105 &s

detemiined. In step 532. the dove voltage of the external fan
136 is deternlmed 'lite motor and the acnmtors 161 and 163
to 166 are driven. and the heating mode is perfomled so that
the internal temperature coincides with the preset tempem-
Iurc. Thc process moves to S1 (=step S7), and the heating
I&loll&: Coll&a&OCS.

On the other hand, if it is determined that there is frost io
fiirmation in step 822, and the process moves to step S23,
whether the vehicle power supply is ON is determined in
step S23. If NO. the process moves to step 33, and if YES,
the process moves to step S34. In step S34. Ihe inside/
outside mr switch door 104 w dctemuncd Io be tlm ms&dc mr &I

c&rmilation mode or the &ns&de a&riouts&dc mr nuxcd mode.
Thc process moves to step S35. and Ihe open or close of the
solenoid valve is determined. )1&e solenoid valve 123 &s

opened, and the solenoid valve 130 is ck&sed In this way, the
heat pump cycle 135 for dehumidification heating usi&ig the so
internal evapomstor 108 after frost formation is set. Even
though the lbost &s lhm&cd on the external evaporator 132,
Ihe healing mode &s cont&Cued.

When thc Opm& or close of thc solenoid valves &s deter-
mined in step S35, the process moves to step S36 In step
)36, ivhether the d&fference benveen the target blowotf
tempemture Ttar and the detection value Tco of the interrml
condenser blov,off temperature sensor 160 is equal to or
smaller tlmn thc sct value b (Ttar—Tcoub) &s dctcmuncd, or
who&her thc detection value Fs by Ihe frost sensor 157 &s 0

equal to or smaller than thc sct value c (Fs I:) &s dctcmuncxh
lf determined Yl'S, the pmcess moves to step S37, and the
mixiliary electric heater 107 is turned on. If determined NO,
the process moves to step S38, and the auxiliary electric
heater 107 is tumed off In this u ay, if it is determined that &s

Ihe perfonnance &s uisullic&cnt gist by Ihc hcatuig by Ihc heal
pump. Ihc auxil&ary clcctnc hcatcr 7 supplemmlls Ihc healing
pi:&fora&&ulcc.

In step S39. the number ot rotations ot the electric
compressor 120 is determined In step S4(t, the blowotf io
mode based on the sy itch of the blowoff mode switch doors
114, 115„and 116 is determined. In step S41, the degree of
ope&ung of the tempcraturc regulation door 110 &s detcr-
nnncd. In step S42, the dove voltage of thc blower 105 &s

dctcrmuied. Thc motor and thc actuators 161, 163. 164. and ss
166 are driven to perfi&rm the heating nuide after frost
formation on the external evaporator 132 so that the internal

tcmpcraturc co&ncides w&th Ihc prcscnt tempcraturc. Thc
pmcess moves to Sl ( step 87). and the heating mode
Ciultlf&IICS

If it is determined NO in step 823, that &s, if it is
determined that the velucle poiier supply is OFF. and the
process moves to step S33„ ivhether the vehicle power
supply (bat&cry) &s clmrged or Ihc charge &s complclcd &s

dctcrnuncd in step S33. If dctennincd YES, &t &s detcrnuned
that the vehicle is stopped (parked), there &s no passenger,
and the vehicle butte&y is charged or the charged is com-
pleted. 11&e process moves to step S43. and "defm sting mode
control" of the frost formed on the external evaporator 132
is carried out. Although the frost of the external evapomstor
132 may bc naturally delbostcil during cont&nuous drive aber
thc frost Ibm&anon, thc **dclbostuig mode control" &s always
perfornled when the vehicle pov er supply is Oil& after the
frost formation detemiination

In the "defrosting nlode control", the duct of the three-
y ay sw&tch valve 128 is determined &n step S44 as shown in
Flfi. 12. and the tluee-way switch valve 128 is connected to
a c&rcuit that suppl&cs thc rcfngerant toward the ex&cruel
condcnscr 121. In step S45, the open or close ol'lm solenoid
valves is deternlined. 'I'he solenoid valve 123 is opened, and
the solenoid valve 130 is closed. In this way. the cooling
cycle 127 is set, and the process moves to step 546. In step
S46„whether the difference between the detection value Tr
of the internal temperanire sensor 153 and the detection
value Tabm ol'thc amb&mlt temperature sensor 154 &s equal
to or smaller Limn a sct value d (Tr—Tamb d) &s dctcnnined.
or whether the detection value lis by the fmst sensor 57 is
equal to or smaller than the set value c (i&sac) is determined

If it is determined Yl IS in step S46. the process moves to
step S47. and the auxiliary electric heater 107 &s tumed on.
If it is determined NO, the process moves to step S48, and
the aux&hery clcctnc hcatcr 107 is turned olT. In Ilus way, if
il &s dclcrnuncd that Ihc inicmal Icmpcralure is low, thai
sufiic&cnt heat absorption by Ihc internal evaporator 108
cannot be expected. and that the heat necessary for defmst-
ing &s msutficient. the auxiliary electric heater 107 can heat
the internal air circulated to the internal evaporator 108.

In step S49. the number of rotat&ons of the electric
compressor 120 is detcrmuied. In step S50, Ilm suction mode
(a&stile ill& circ&&la&&on nloilc) bi&scil on thc swltcll ol Itic
ius&dciouts&dc air s&witch door 104 &s detcnn&ned. In stol&

S51, the blowoff mode based on the switch of the bk&wotT
mode sv itch doors 114, 115. and 116 is determined. In step
S52. the degree of opening (IvhkX COOL position) of the
temperature regulation door 110 is determined. In step S53,
the drive voltage of the blower 105 &s dctermu&cd. In stol&

S54, thc drive voltage Ol'he cxtemal fau 136 is dctcmiincd.
The motor and Ihe actuators 161 to 166 arc dnven, and Ihc
defrosting mode is performed in the inside air circuhstion
nxide while setting the tempensture regulation door 110 to
the maximum coolin position (iyLI&X COOL position) to
suppress the heat release by the internal condenser 109.

In the prcscnt cmbodmienn thc blowoff'ode switch
doors 114, 115, and 116 sct thc blowoff'mode Io one of thc
dcf mode, thc face moilc. and the b&lcvcl mode ui thc
defrostmg mode. 'I'his is to prevent the air at a loiv tem-
perature blown off fmm the foot blowotT pon 113 to the
vehicle interior from slnirt circuiting from a nearby suction
port for the inside air circulat&on in the defrosting mode
pcrfi&nncd in thc uitemal air c&rculut&on mode as de&cubed
above

Wlmn the "dcfrostulg mode control" ol'&cps S43 to S54
is finished, the process nloves to S2 ( step S55). and the
frost fornmtion determination is carried out As in the frost
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fornuiiion determination in step S22, whether thc dlfibrmicc
bet&veen the detection value 'I'I of the external evaporator
refrigerant Ientpemture sensor 138 and the detection value
'I'amb of the ambient tenlperature sensor 154 is equal to or
rester than the set value a (T1-Tambaa) is determined in

the frost formation determination. If determined YES (there
is Irosi formauon), Ihc process rcuirns io step S43, mid the
'*dcfrosiing mode control" contuiucs. If deicnmned NO
(there is no frost formation), the pmcess moves to step S56,
and the defrosting mode is finished Ill

According to the present embodiment, the ti&llov ing
efi'acts are attained.

According to the heat-pump automotive air conditioner
101 of Ihc prcsmit cmboduueui, miiumal heatm circuits and
dcviccs, such as Ihc internal condenser 109, Ihc Iirsl healing
circuit 1 29. and the second heating circuit 134 including the
second expansion valve 131 and the external evaporator
132. are connected to the conventionally known refrigerant
cycle for cooling includin the electric compressor 120. the
external condenser 121. the receiver 122, the first expansion lo
salve 124, and thc internal cvaporaior 108 arranged in the
HVAC unit 102. As a result, the refn orant circuits and the
devices lvith the same pressure conditions can be shared to
form the heat pump cycle 133 for heating

1beretiore. a low-cost, highly reliable„highly etlicient
heat-pump automotive air conditioner 101 with a reL&tively
simple configumtion and with excellent ense of mounting
thai can be suitubly applied to electric vcluclcs and hybnd
lchiclcs can bc provided just by slranng Ihe refngcrmli
circuits and devices with the same pressure conditions as )o
those of the cooling cycle of an existing automotive air
conditioner applied to an I( IIV system and by adding
minimal heating circuits and devices with ditfereni pressure
conditions, without newly developing refrigerant circuits
with specifications tlrat cau cndurc boih ihc coolmg and &i

hcillulg llloili:s.
El en if frost ls Ibnncd on ihe cxiemal evaporator 132

when the ambient tenipemture is low, the flow of the
refrigerant to the second heating circuit 134 can be cut

off
t

distribute the refrigerant tov ard the internal evaporator 108, so
and the switch to the dehumidification heating using the
inienml evaporator 108 is possible. Thcrclorc. when thc
frost is formed on ihe cxtcmal evaporator 132, the evapo-
rator c;m be switched io thc uitcrnal evaporator 108. and
efflcient heat-pump heating mode can be continued. 'Iliere-
fi&re, inierniption of the heating mode or loss of power
consumption by switching to the defrosting mode in the
heating mode during nnming can be eliminated.

Al'tcr the switch to Ihe dchumulilication healulg using the
internal evaporator 108, the dove ls based on thc msidc mr o

clrmilation mode or the inside air/outs&dc mr nuxcd mode.
As a result, in the dehumidification heating mode using the
internal evapomtor 108, the internal air or the mixed air of
the inside and outside air at a relatively hi h tempermue can
be used as a heat source to perform the heat-pump hearing»
mode. Thercforc, thc heating pcrlbrmmicc can be sulli-
clcntly scwurcd. When the ambient icmperaturc ls low& thc
hcatulg mode ls usually pcrlbnucd based on thc outside mr
intake mode to prevent windov: fogging Ilowever. the
delnuliiditicatlon heating using the internal evaporator 108 io
can prevent the window fo ging even based on the inside air
circuLation mode or the inside air/outside air mixed mode.

11&e external evaporator 132 ls disposed on the down-
stream ol'hc cxtcrnal condcnscr 121 and/or flle &chicle
radiator 137 ui the air duct ol'hc cxicrnal condenser cxtenml st
fan 136 'I'herefore, the external condenser 121 and/or the
vehicle mdiator 137 can block snov: during snowfall or can
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block deposited snow. anil the attachment of thc snow io thc
external evaporator 1 32 can be reduced 'I'herefore, the heat
exchange per fomlance in ihe external evaporator 132 can be
secured to iinpmve the heating perfonnance, and freexing by
the attactunent of sm&w to the external evaporator 132 can be
prevented. If there is heat released from the mdiator 137 for
vchiclc, the heat can be absorbcxt to improve the hcaiulg
pcrfi&nnancc.

I'he auxiliary electric hearer (PT('eater) 1 07 for heating
is installed on the upstream of the internal evaporator 1 08 in
the IIVA(.'nit 102, and if the mnount of absorbed heat is
insuflicient during heating, the auxihary electric heater 107
can be activated to absorb the heat to perform the heat pump
hcauug Thercforc, lf the mnount ol'bsorbcxt heat ui thc
internal evaporator 108 ls insufliclcnt. and ihc uiiemal
temperature does not rise sutficlently, the auxiliary electric
heater I 07 can be activated to absorb the heat to perform the
heat-pump heating nlode As a result, even if the heating,
perfomlance is insufficient &&hen the ambient temperature is
low, the heating perfonnance can be easily supplemented.
The auxiliary elccinc banter 107 can be similarly used as an
auxiliary heat source duruig itu: hcuting mode usuig Ihc
external evaporator 132.

In the present embodiment, ihe internal heat exchanger
140 for heat exchange benveen the low-pressure gas refrig-
erant sucked in to the electric compressor 120 and the
high-pressure liquid refrigerant fmm the receiver 122 is
arranged between ihe rcfngcrmlt piping 126C ol'hc elccinc
compressor 120 a&xi thc outlet piping (rcl'ngcrani pipuig)
126D of the receiver 122 'I'herefore, the intenlal heat
exchanger 140 can exchange the heat between the low-
pressure gas refrigerant and the high-pressure liquid refrig;
emnt both durin cooling and during heating to thereby
supercool the Iu+-pressure liquid refrigemnt to increase the
amount of absorbed heat by thc evaporators 108 imd 132. In
tlus way, thc cooling cfliciency and thc heating ctliclcncy
can bc improved, and thc coolulg and heating perfonnance
of the heat-pump automotive air conditioner 101 can be
iniproved

According to the present embodiment. if frost is formed
on the external evaporator 132 during the heat-pump heating
mode using Ihc cxicmal cl aporator 132, dcfrosilng is per-
formed when (herc is no passenger ul'ter thc tenn&nation of
thc vchiclc. Thc temperature regulation door 110 of thc
I IVA('nit 102 is set to the maximunl cooling position
(MAX (:(X)I position). and the inside/outside air switch
door 104 is set to the inside air circulation mode. The
automotive air conditioner 101 is opemted by the coolin
cycle, and Ihc» ami mr heated by the hoi gas distnbutcd io
the external condcnscr 121 is blown olf. Thcrclbrc. dcfmsi-
iug ls possible without supplyulg the high-pressure hot as
to the external evaporator 132 on winch the frost is formed
In this regard, nelv development of the refrigerant circuits
and devices with specifications that can endure the circula-
tion of refrigerants at high and lolv pressures is not neces-
sary.

In ilm dcfrosiing, ihe icmpcraiure regulation door 110 of
thc HVAC unit 102 is sci Io Ihc maximum cooling posit&un.
and the inside/outside air switch door 104 is set to the inside
air circulation mode 'I'he internal air is used as the heat
source. and the heat of the hot gas can be effectively used for
the defrostin while eliminating the heat release loss in the
iuicnml condcnscr 109. Therel'orc, dclbosting is possible in
a short time. Thc dclbostmg mode is pcrlbnued when Ihcrc
is no passcngcr after ihc Icmunaiion of Ilm veluclc and is
performed during or after ihe charge of the vehicle battery
As a result, the influence of the defrostmg mode on the drive
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distance of Ihc vchiclc can bc avoided, mid Ihc defrosling
mode can be performed when there is enough battery
capacity durin or after the charge of the vehicle battery.
'I'herefore, the external evaporator 132 can be efliciently and
surely defrosted without affecting the passenger in any v. ay.

In the defrosting mode, the blowofl'ode of the HVAC
unit 102 is set to one of thc dcl'mode, die face mode, and the
bilcvcl mode Therclbrc, in thc dcfmsluig mode pcrformcd
in the inside air circulation mode, the reduction in the
temperature by the heat absorption by the internal evapora- Ia

tor 108 and short circuiting of the air, which is blown otf
from the foot blow of port 113 to the vehicle interior, fmm
the suction port for the Inside air circulation near the foot
blow oil port 113 can be prcvcnted. As a result, Ihc Icmpcra-
lurc of Ihc mr sucked Irom Ihc vcluclc uucnor by Ihc inside
air circulation can be increased as nnich as possible. and the
external evaporator 132 can be elfectively defrosted in a
short rime.

If the internal temperature is low in the defrosting mode,
the auxiliary electric heater 107 is activated. Cnd the inrerrml Io
evaporator 108 absorbs thc heal lo unprovc lhe defrosluig
performance. Therefore, il'he uuernal lcmpcralurc is low in
the defmsting nlode perfouned in the inside air circulation
nlode. the inside air circulated by the auxiliary electric
heater 107 can be heated to allow the internal evaporator 108
to sufficiently absorb the heat. Therefore, eflicient defrosring
is possible m a short time even if the internal temperature Is
low. In Ihc defrosting, the number ol rotalions of Ihc electric
compressor 120 can bc uicreased tu supply lx&l gas at a
hillier temperature to the external condenser 121 to thereby sc
further reduce the defrosting time of the external evaporator
132

In the present embodiment, the heat-pmnp heatiitg mode
using the external evaporator 132 is carried out at the end of
thc dclbosting mode, aud Ihc dcl'roslm mode is Iiiushcd is
when lhc frost formation dc(ection uiul conlimw Iha! there
is no frost formation. Thcrcforc, Ihe heal-pump healing
nlode can be carried out to confirm the completion of the
defrosting ivhen the frost formation detection unit deter-
mines that there is no frost formation on the external sc
evaporator 132, that is, when the frost fomlarion detecrion
urn( is nol active(cd. As a result, thc extcmal evaporator 132
can be surely dcl'roared withmil leaving Ihc Ibost.

lhc present uiveulion m nol lnnilcd Io the inventions
accordin Io the embodiments, and various changes can be
made as necessary without departing fnim the scope of the
present invention. For example, in the embodimenrs, the
defrosting mode is not performed when the vehicle Is
running in Ilu: heal-pump hcaluig mode cvcn if lhe frost is
formed on Ihc exlcmal evaporator 132. Hovever. If(he frost o

formed when thc vclucle is runnuig is naturally defroslcxI,
the heat-pump heating mode using the external evaponstor
132 may be restored In the emlxidiments. the blowofl nlode
switch doors are in a tluee-door system including the def
door 114. the face door 115, and the foot door 116. Hosvever, s.
onc door may scrvc as thc dcl'oor 114 and the face door
115, and a two-door system uicluduig Ihe door and thc fi&ol

door 116 may also be used.
In the embodiments, the first solenoid valve 123 and the

second solemiid valve 130 are arranged on the inlet sides of ic
the first expansion valve 124 and the second expansion valve
131. Hosvever„ the first solenoid valve 123 and the Iirst
expansion valve 124 as well as Ihe second solenoid valve
130 and Ihc second expansion valve 131 may bc mte~atcxl
aulonuiiic thermal cxpmisiou valves with solenoid open/ ss
close valves In the embodiments. the internal heat
exchmiger 140 is included in the description I lou ever, the

REFERENCE SIGNS LIST

I heat-pump automotive air conditioner
2 HVAC unit
3 heat piunp cycle
6 mixiliary clectnc healer
7 internal evaporator
8 internal condcnscr
9 electric compressor
10 external condenser
11 recco er (receiver with check valves)
12 hrst solenoid valve
13 Iirst expansion valve (mitomatic therm

viilvc)
14 check valve
15 refngemnt piping
15A discharge circuit (refri erant piping)
16 refrigerant cycle for cooling
17 tluee-vvay switch valve (switching unit)
18 first heating circuit
19 second solenonl valve
20 second expansion valve (mitomatic ther

valve)
21 external evaporator
22 check valve
23 second heating circuit
24 heat pump cycle lhr hcatuig
25 external fan
26, 27 rcfrigcranl inlets
28, 29 check valves
101 heat-puinp automotive air conditioner
102 HVAC unit
103 heat pump cycle
104 uisidc,'oulsnlc uir switch door
107 auxiliary clcctnc hcatcr
108 uuemal evaporator
109 internal condenser
110 temperature regulation door
120 electric compressor
121 external condenser
122 receiver
124 lira( expansion vahe
126A discltargc circuit (rclhgerant piping)
126D outlet piping (refrigerant piping)
126li intake piping (refrigerant piping)
127 refri erant cycle for coolin
128 three-way svvitch valve (switching unit)
129 hrst heating circuit
131 sccoiid expansion valve
132 cxlemal evaporator
134 second heating circuit
135 heat pump cycle for heating
136 external fan
137 radiator
140 internal heat exchanger

al expansion

mal cxpmision

What is ciaimed is:
I A heat-pump automotive mr conditioner comprising.
a rcfrigcrant cycle Ibr cooling, to which an clectnc

coiliprcssoi; ail cxlcisial colidciisiu, a rccclvcl; a lira(
expmision valve, and an internal evaporator arranged in
mi I IVA('nit are connected in this order:

internal heat cxchangcr 140 is not essential in the prcscnt
invention, and the internal heat exchanger 140 may be
onlitted in the systenl to simphfy the conhguration or to
reduce the cost
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an inu:mal condcnscr connccled tu a &hscharge circuit of

Ihe electric compressor mid disposix! Un a downslremn
of the internal evaporator in the HI AC unit:

II CIICUII Swllclllilg 111111 Brldllg&'d &ill ail llllCt SulC lif thC

cxlcrnal condenser,
a lirsi heating circuit conligurcd lo connect lhc circuit

switching unit to the receiver; and
a second heating circuit connected an outlet of the

receiver to a suction side of the electric compressor and
provided v, ith a second expansion valve and an external I c

evaporator, whermn
Ihc C1CCIIU: Colllpl'LSSOI; lhc lilt&'nial Coll&lcllSCL thC Cl&CUII

SV:I IChlllg U lilt, lhc 111 Sl bed llllg Cl&C III I, 1hC I CCCIVCI, dllil
die second heatmg circuit having the second expansion
valve and the external evaporator are connected in tlus
order so as to be capable of forming a heat pump cycle
fi&r heating.

2. Tile heat-pump automotiveair conditioner accordulg to
Cldlln 1, whC&clli

Ihc cxlcrnal evaporator Is inslalled m an air &luc! Uf an 1&i

external fan for the extenlal condenser, in parallel v ith
tile cxtct'n;ll colldcllscf

3. Tbe heat-pump automotive air conditioner according to
clailn 1, wherein

Ihc llrsl cxpansiori vBlvc Blul lhc sccoild cxpallsllill valve
die BUlolntitlc lllC&lllal Cxpdllsl&111 VB1VCS, illxl B f1&St

solenoid vBlvc dlld B sccolld solcllold vBlvc Brc
arranged on inlet sides of the first expansion valve and
the second expansion valve, respectively

4 Thc heat-pump aulomotii c air condiuoner according to
claun 1, wherein

Ihe lirst expansion valve mid Ihc second expansion valve
are electronic expansion valves

5 Thc heat-pump aulomotii c air condiuoner according to
claim 1, wherein

check valves are arranged on the second heating circuit
and a refrigerant circuit for comlecting an external
evaporator as ivell as the internal evaporator with the
suction sale ol lbe clcctrm compressor

6 The heat-pump automotive air conditioner according to
claun 1, wherein

an mixihary clcclnc healer lhr heating is arranged in Ihe
HI&'AC unit.

7 Thc heat-pump aulomoui e air condiuoncr accordul Io
claim 1, further conlprisin

a hrst refrigerant pipe configured to guide refrigemsnt from
the external condenser to the receiver in the cooling
operation: and

a second refrigerant pipe conti ured to form the lirst
llixlllllg Cl&CUII.

whcrcin the lira& rcfugcranl pipe Is conniwted to thc
receiver thmugh a lirst refrigerant inlet of the receiver,
the second refrigerant pipe Is comlected to the receiver
throuah a second refrigemsnt inlet of the receiver. and
each of the first refrigerant inlet and the second refri-
erant iniet is provided ivith a check valve.


	Abstract
	Biblio
	Claims
	Descriptions
	Drawings

