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FIG. 13
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AIR-CONDITIONING APPARATUS FOR
VEHICLE

TECHNICAL FIELD

'Hie present invention relates to a heat pump type air
conditioning apparatus for a vclucle ihat is applmablc to an
mr conditioning apparatus of an electric vehicle, a hybud
vehicle or the like„and to a deibosting method of the
appamshts,

07,545 B2

Thc present invcnuon is made in light ol'hc problem, and
an object of the present invention is to provide an air
conditiotung apparatus for a vehicle which can prevent
power of a battery from being consumed to perfoun a
dcfrosting operation while a vclnclc is travelling, and can
cmitinuously perform a heating operation even though an
external heat exchanger is frosted.

Solution to Problem

BACKGROUNDART

In an air conditioning apparatus for a vel»cle which is
applicable to an electric vehicle, a hybrid vehicle or the like,
a heatin openstion cannot be perfiirmed by using combus-
uon exhaust heat such as mi cnguic coolmit. The mr cond&-
homng apparahis can usc exhaust heat foun B traction muIor
or a battery in replacement of an engine. but since the
amount of the exhaust heat is small. a heatiitg system cannot
operate v ith only the exhaust heat as a heat source. liven in
die hybrid vehicle, an engine is controlled not to Oui as nnich
as possible duc to fuel saving and thus, it is uumided that the
hybrid i chicle adopts a heat pump hcatuig svstcm usin a
refrigerant or an electnc heater heating system using a
coolant as a refngerant. Pov er is siytificantly consumed to
perform a heating opemstion and thus, it is desirable to adopt
the heat punip systeni that is a high ( Op heating, systeni (the
COP 01'thc clcctnc hcatcr I). However, when the heat pump
heatuig system operates at a low outside Icmpcraturc (for
example, -10" C.), there is a possibility that moisnire in air
condenses, fmst formation occurs in a heat exchanger dis-
posed on the outside of a cabin and thus, heating perfiir-
mance deteriorates

For example, when I'rost Ibuuauon occurs ui im cxtental
ht:dt CXChdllgC& Ior B iIOIIICSIIC Iiionl Bil'olldlliolu:I,
so-called reverse operation (a heating opemtion switched to
a cooling operation) is performed, and the external heat
exchanger is defrosted I lowever, when the heat pump
system for a vehicle is defrosted in the same v ay, it is
dsSUIUI:0 lb&It WECII B hcdtlllg OpCI&111011 Stops. 11 VISilBJ Iield
Caillxil bt: CIISUICd, &lid& ls, d SBICIV Stall&la&&1 Callllol bc luct.

In this point. PTL I disclo~es a circuit in which when the
external heat exchan er frosts in a low ambient air tempem-
ture ranae. the external heat exchanger and an internal heat
exchanger are disposed in parallel tvith each other. a part of
a hcahng gas discharged Ibom a compressor detours to the
cxtcrllai heat cxchallgcr (cvapoidtilr). Ihc rcfrlgcidli! Is
allowed to Jloiv into the internal heat exchan er as well and
thus, a heating operation is continuously perfomied together
with a defrostmg operation In this circuit. a refrigerant
heater compensates for deficient heat that cannot be
absorbed by thc cxtcnial heat cxcltangcr (Ihe evaporator)
dlld IEUS, ul:CCssaiy hcdtlllg pC11011ndllCC IS CUSIllcd.

CI1A'I'ION

I.ISI'atent

J.itensture

[PTL I j Japanese Unexamined Patent Application Publica-
tion No. 2010-236709

SIJMMAIIY OF INVEN'I'ION

Teclmical Problem

However. accor&hng to PTL I, suice wlnlc a vclncle Is
travelling, power charged ui a batiery is consumcxi to
perform the defrosting operation, the vehicle can travel a
shot'I diSIBIICC.

A heat pump type air conditioning appamtus for a vehicle
according 10 Ihc prcscnt invcnhon made ui light of thc
problems. The air conditioning apparatus for a vehicle
opera&ca while switclung dn opcrauou mode between a

I
cooling operation in which a refri erant dischmged fmin a
compressor is sublccs Io heal exchange In an cxtemal
cmidenser, and then is depressurized and supplied to an
internal evaporator and a heatin opemstion in which the
refrigerant discharged front the compressor Is subject to heat
exchange in an internal condenser, and then is depressurized
dlld SilppliCd 10 Bll CXIC&llai t:taporator.

In the air conditioning appamstus for a velucle. a refri-
crant heater is provnlcd between the internal evaporator and
a suction side of the compressor. The refrigemsnt heater is
provided in parallel with the external evapomstor. and heats
the refrigerant v,hich is auctioned into the compressor. The
air conditioning apparatus for a vehicle Includes a fros1
formation deIcunination unit that determines whether thc

io external evaporator is frosted
When the frost tbrmation determination unit determines

that the external evaporator is frosted during the heating,
operation, a supply of the refrigerant subject to the heat
exchan e in the internal condenser to the external evapomstor

Is is stoppixk and the rcfngcrdnt is supphcd lo Ihc rcfrigcranl
hcaIcr, is hcatcd and Ihen, is auctioned into Ihc compressur.

Ill thC dlr Colulitiontllg dppdldIUS lor B VCEICJC BCCO&dlllg

to the present invention. when the frost formation determi-
nation unit deteunines that the external evaporator is frosted,

do a supply of the refrigerant subject to the heat exchange in the
internal condenser to the external evapomtor is stopped, and
thc reliigcrant is supplied Io thc refngerant heater. Is hcatcxi
and then, is auctioned into the compressor Accorduigly. it is
possible to prevent power of a battery from bmng consuntcxi
to perform a defrosting operation while the vehicle is
travelling, and to contimiously perform the heating opera-
tion even thou h the external evapomtor is frosted.

The air conditioning apparatus for a vehicle according to
the prcscnt invention lurthcr includes a lira& Ihcmiostatic

0 expansion valve that is provided between thc uitemal cun-
dcnscr and the cxtemal evaporator, aud a second thermo-
static expansion valve that is provided between the internal
cmidenser and the refriaerant heater Opening angles of the
first and the second thermostatic expansion valves are con-

s. trolled in cuir)unction with an operation of the refrigemsnt
heater and thus, a liow path ol'he rcfmgcrant can bc
spccilicd. As such, v:hen thc Ihcmiostatic expmision valves
arc us&xi, it is possible 10 reduce cosm lor controlluig thc
cxpalisiofl v'lives

&o In the air conditioning apparatus for a vehicle according,
to the present invention. while the frost formation detemii-
nation unit determines that the external evapomstor is not
frosIcd. a heating opcrahon can bc pcrlonncd in a cycle in
which thc rcfugcrant ihsvhdrged from thc compressor dis-

ss Slpil&CS hcilt ill thC ililt:111dl Coluh:us&1, IS dCpICSSU11Z&X!,

absorbs heat in the external evaporator. and then is auctioned
into the compressor
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In conudsl, while thc I'rost formation dctenuuxition unit
determines that the external evaporator is frosted. an open-
tion cml bc performed in a cycle in wluch Ihc rcfu crmil
discharged from the compressor dissipates heat in the inter-
nal condenser, is dcprcssurizcd, absorbs heat ul thc internal
evaporator, is hcalcd in thc rcfrigcranl heater, and then is
suclionixl into Ihc compressor That is, wlulc it is delcrmuted
that the external evaporator is frosted, a dehumiditication
and heating operation is perfouned in a mode in which
inside air (air in a cabin) circulates in the system.

Alteutatively. the air conditioning apparatus for a vehicle
cmi pcrfomi a hcaung operation ui an ouisidc mr introduc-
tion mode in which Ihe refrigerant discluirgcd Jbom the
compressor dissipates heat in thc uilcrnal condenser. is
heated in the refngerant heater that is a heat source, and then
is suctioned into the compressor.

For example, an operation mode can be determined based
on whether there is an instruction from an occupant to
introduce outside air.

Iii fllc dii cotiditioillilg appaldliis ftir il vclticlc Bccordliig
lo Ihe present inventiou, while it is dclcmuncd Ihal thc
external evaporator is fmsted. in a state where the vehicle
stops and the occupant is not in the vehicle. while a battery
of the vehicle is being char ed or when the battery has spare
capacity. the internal evaporator is defrosted.

In the mr conditioiung apparatus liir a vehicle according
to Ihc presmtt invention, thc second Ihcrmoslalic cxpaiwion
salve includes a Jirst passage with a pressure reduction
nlechanism and a second passage without a pressure reduc-
tion mechanism A pipe passage is preferably configured in
such a ntatuter that the refngerant flowing out of the refri-
erant heater is auctioned into the compressor vin the second
passage.

Advantageous I iffects of Invention

The present invention provides the air conditioning appa-
ratus for a vehicle which can prevent thc power of thc
bailcry lrom bmug consumed lo perform Ihc defrosling
operation while a vehicle is travelling. aod can continuously
perform the heating operation even though the external heat
exchanger is frosted

BRIEF DESCRIPTION OF DRAWINGS

IICi I is a refrigerant circuit diagrain of a heat pump type
air conditioning apparatus for a vehicle accordiitg to an
embodiment of the present mvention.

FIG. 2 is a rei'ngcrant circuit diagram illustralmg a tlow
0 I d I i filgcraiil w licit d i ool iilg opcl d licit is pcl lotllicd b)'ite
heal pump type air condinoning apparatus for a vehicle llml
is illustrated in Iil(i. I

Fl(i 3 is a refrigerant circuit diagrain illustrating a tlow
of the refrigerant when a heating operation (before frost
formation occurs) is performed by the heat pump type air
conditioning apparatus for a vehicle Ihdt is illustrated ui FIG.
1.

FIG. 4 is a rci'ngerdnl circuit dmgram illustratm a liow
of the refri erant when a heating opemltion (after frost
formation occurs) is performed by the heat pump type air
conditioning apparatus for a vehicle that is illustrated in FICJ.

1.
FIG. 5 is a rei'ngcrant circuit diagram illustralmg a tlow

oi'he refrigerant when a heating opcmtion (a dclnunidiii-
cduon and hcaung before I'rost formauon occurs) is per-
formed by the heat pmnp type air conditioning apparatus fbr
a vehicle that is illustrated in 1'l(i. I

FICi 6 is a rcfngcrdnt circuit diagrmn ifluslrating a liow
of the refrigerant v:hen a defrosting operation is performed
by lite heal pump type air conditioning apparatus for d

vchiclc that is iflustratol in FIG. I
lil(i 7 is a block dia rani of a contml apparatus that

cmttrols the heat pump type air conditioning apparatus for a
vehicle that is illustrated in FICJ. 1.

FICi 8 is a flow chart illustrating an opemltion control of
the control apparatus that is iflustrated in FICi 7.

FICi 9 is a liow clrdrl illustratutg a cooling operation
control of thc control apparatus that illustrated in FIG. 7.

lil(i 10 is a flow chart illustrating a pan of a heating,
opemltion control of the control apparatus that is illustrated
in FICI. 7.

FICi. 11 is a Jloiv chart illustrating the rest of the heatin
operation control v:hich is not dlustmlted In FICi. 10.

FICi 12 is a tlov chart illustrating a dcfrosting operation
control oI'he control apparatus that illustrated in FIG. 7.

lil(i 13 is a floiv chart illustrating the rest of the heating
IO opemltion control ivhich is not illustrated in Iil(i 10.

DESCRIPTION OF EMBODIMENTS

First I imbodiment

Hereinafter. the present invention v ill be described in
detail based on a first embodintent illustrated in accompa-
nying FIGS. 1 to 12.

A lwdt pump type air conditioning apparatus 1 lbr a
lo vehicle illustrated in lil(i I includes a heating ventihltion

and air conditioning unit (I IVA(') unit 2 and an air-condi-
tionable heat pump cycle 3.
[Outline of HVAC Unit 2]

The HVAC unit 2 includes a blower 5 that introduces
ls inside air lbom a cabui or outside air to forcibly fccd the air

to a downstream side by su ilchuig m»aside and outside air
switclung damper 4,;md an internal evaporator 8. a tem-
perature regulation damper 10 and an internal condenser 9
which are disposed in the sequence listed front an upstream

do side to a downstream side of an air flow path 6 that extends
from the bloiver 5. The HVAC unit 2 is a unit that is mounted
inside an instnimenl panel on a lbonl side of thc cabin. Thc
HVAC unit 2 blov s the air. of wluch a tcmpcraturc is
rcgulatcd by the intcmal evaporator 8 aud the uilemal
condenser 9, into the cabin via any one of a defroster
blov ing port I I. a face blowing, port 12 and a foot bloiving,
port 13 which are opened toiiard the cabin, based on a
blov ing mode that is switched by blowing mode switchin
dampcrs 14, 15 mid 16 (a defroster damper 14, a f we dmnpcr

B 15 and a foot damper 16). mid air-conditions thc cabut io d

scl tcilipcitiuilc.
[I lest Pump (.'ycle 3)

An electric compressor 2(l that compresses a refrigerant;
an external condenser 21: a receiver 22: a first electromag-

l. netic valve 23: a first expansion valve 24; the internal
evaporator 8, and a chccl salve 25 arc conncctcd ui thc
sequence lislixl Io each other i is a rcfngcrmil pipe 26 and
thus, thc air-conditiondblc heat pump cycle 3 linus a closod
heat pump cycle (a refrigerant circuit) A refrigeratuig cycle

io 27 is the same as that of a current air conditioning apparatus
for a vehicle that is applied to an engine-driven vehicle.

In the heat pump cycle 3. the refri emting cycle 27 is
conftgurcsJ in such a nunincr that a discharge pipe (a dis-
charge circint) 26A from thc elcclnc compressor 20 is

ss connimtcd lo the utlemal condenser 9 mounted uiside Ihc
JIVA('nit 2 A three-way svitclung valve (switching
means) 28 is provided on an inlet refrigerant pipe 26B of the
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external condenser 21, tmd a first hcalmg circuit 29 is
connected to the receiver 22 via the three-way switching
salve 28 to introduce the rct'ngerant condensing in the
internal condenser 9 into the receiver 22

A sixond heuting circuit 34 is coiuiccled Io between an
outlet refrigerant pipe 26D of the receiver 22 and a suction
pipe 26E connected to the electric compressor 20. and a
second electromagnetic valve 30, a first thermostatic expan-
sion valve 31. an external evaporator 32, and a check valve
33 arc prox idcd in thc sequence listed ui Ihe simonit hcaluig
circuit 34. A refngerant heater 41 and a second thermostatic
expansion i alve 42 arc provided on thc suction pipe 26E in
the sequence listed from a side of the check valve 25 A
retrigcranl pipe 26F is provided bc(ween Ihe oullel rcfng-
erant pipe 26D and the suction pipe 26E. and the second
electromagnetic valve 30 and the second thermosratic
expansion valve 42 are pmvided on the refrigerant pipe 261(
For example, the refrigerant heater can be configured to have
dii iiisuldlixt clcclricdllv ticdnx! wite as a lied(trig clciticiil
shielded with a metal pipe. that is. the refrigerant hearer 41
cmi be configured Io have a so-called clcclric sheathed
heater An electric positive temperature coeflicient (Irl'C)
heater using a I'('lement can be used in the refrigerant
heater 41. the refrigerant heater 41 is provided benveen the
internal condenser 9 and a suction side of the electric
contpressor 20 to be in pamsllel with the external evaporator
32.

lhc lira( Ihcnnostalic expansion valve 31 mid lhe second
thermostatic expansion valve 42 include passages 3ln and
42u. respectively, ivith a pressure reduction inechanisni, and
passu es 316 and 42(i, respectively, without a pressure
reduction mecharusm. When tempemstures are detecred on
sides of the passages 316 and 426 without the pressure
rcxtuct ton mcchunism, opmiing angles ol Ihc prcssure rcduc-
uon mechanisnw ot'he passages 31a and 42a can be
adiuslcd. rcspectivcly.

Accordiimly, the electric compressor 20, the internal
condenser 9 mounted inside the I IVAAC unit 2, the tttree-way
switching valve 28. the first heating circuit 29. the receiver
22 and the second heating circuit 34 are connected in the
scqumicc listed lo each other via Ihc rein crmil pipe 26 and
linis. a closed heal pump cycle fa rct'ngeranl circuil) 35 arc
formtxt. Two electromagnetic valves may be combuied
together to form the three-way switching valve 28. irresptx-
tive of a specihc configumstion

In the heat pump cycle 3. the external evaporator 32 of a
heating heat pump cycle 35 ls mounted downstream of the
cxtcrnal condcnscr 21 of the rcfrigcralmg cycle 27 for
cooluig ui a vcnlilatiou passage tluough winch mi cxlenial
fan 36 ventilatcs outside mr, mid thc external evaporator 32
is parallel v ith the external condenser 21. and the external
fan 36 is shared in common therebetween. The embndiment
is configured to further Imve a radiator 37 that is mounted
upstream of the external evaporator 32 to cool down a
cooliiig iiicili Uiii ducts as a vi tiiclc ditvc itioliir, aii iiivcrnr
dnd a bauery. Thc cxtcrnal condenser 21, thc external
evaporator 32 und the radiator 37 may bc arbitrarily dis-
posed, but according to the disposition of the embodiment,
when snoiv falls or piles up deeply, the external condenser
21 and the msdiator 37 for a vehicle protect the exrerrml
evaporator 32 from snow, and attactunent of the snov onto
thc external evuporutor 32 cau bc reducix!. Accordingly. i( is
possible to ensure heat cxchangc pertiinnance of thc exter-
nal evaporator 32, und lo unprovc healing pcrfiimiance. II is
possible to prevent freezing of the external evaporator 32
caused by the attachment of the snow thereunto When the

radiator 37 lor a vetuclc ihssipalcs hcut, the external cvapo-
mstor 32 absorbs the heat, thereby impmving the heating,
perforniaiice

liurthemiore, as illustrated in I'I(i 1. the receiver 22 of the
embodiment is a check valve integrated receiver that has
check i elves 38 and 39 inte rally and respectively
asscmbhxl onto Iwo rcfngcrant inflow ports which are
respcctivcly connected to thc refrigerant pipe 26C from Ihe
external condenser 21 and the first heating circuit 29. An

ln internal heat exchanger 40 is provided between the outlet
refrigerant pipe 26D of the receiver 22 and the suction pipe
26E connected to the electric compressor 20 so that the
internal heat exchanger 40 exchanges heat between a high-
prcssurc liquid refrigerant flowing through the outlet rcfrig-
crant pipe 26D mid d low-prcssure gasixius refrigerant
tinning thmugh the suction pipe 26II to subcool the high-
pressure liquid refrigerant Since the internal heat exchanger
40 is provided. during cooling and heatmg operations, the
hi h-pressure liquid refrigerant exchanges heat with the

Io low-pressure gaseous refrigerant in the internal heat
exchanger 40. and thc lugh-pressure liquid rctbigcranl sub-
cools, thcrcby beuig able to increase thc amount of heal
absorption in the evaporators 8 and 32 Accordingly. it is
possible to increase cooling efficiency and heating efficiency
and thus, to improve air conditionmg performance of the air
conditioning apparatus I for a vehicle. In the present inven-
tion. since the internal heat exchanger 40 is not an essential
configuration clement. il is possible to onnl the uitemal heal
cxchangcr 40 and to simplify Ihc mr condilionuig apparatus

ic for a vehicle.
Subsequently, when the air conditioning apparatus fiir a

vehicle operates, a flow of the refrigerant will be described
v ith reference to FIOS. 2 to 6. In each of the dmswings, a
flow passage of the refrigerant during the opemstion is

is indicated by a bold lute.
[Cooling Operation]

During a cooluig operation, as illustrated ui FIG. 2, Ihe
refrigerant compressed in the electric conipressor 20 circu-
lates to the external condenser 21 via the dischar e pipe

do 26A. the internai condenser 9 and the three-way switching
valve 28, and the compressed refrigerant exchanges heat
wilh outside air vcnulaung via Ihc external fan 36 lo
condense uito a liquid. Thc liquid refngcrmit is uitroduccd
into llm rcceivcr 22 via Ihe refrigerant pipe 26C and Ihc
check valve 38 and is reserved for the monient, and then the
liquid refrigemsnt is guided to the first expansion valve 24 via
the outlet refrigerant pipe 26D. the internal heat exchanger
40 and the hrst electromagnetic valve 23, and then. the liquid
retbigcrant is depressurtdtxt into a gas-hquid dual phase in

o the Iirst expansion vatic 24 mid the gds-Equal dual refrig-
eraul is supplied to lhc uilcrnal evaporator 8. When Ihe
high-pressure liquid refrigerant flows through the internal
heat exchanger 40, the high-pressure liquid refrigerant
exchanges heat v,ith the low-pressure gaseous refrigemsnt

s. that evaporates in the internal evaporator 8 and tints, the
high-prcssure liquid refrigerant subcools.

In Ihe in(cruel cvaporaior 8. the rcfngcrant cxclrdngcs heal
with inside air or oulsnlc air sent from thc blower 5 to bc
transformed intn mi evaporative gas, the evaporative oas-

ic eous refrigerant is auctioned into the electric compressor 20
via the check valve 25, the refrigerant heater 41. the second
themiostatic expansion valve 42 and the internal heat
exchanger 40. and Ihe evaporative gaseous rcfrigcranl is
re-compressed. Al Ilus time. (hc rctbigcrunt heater 41 is in a

ss stop state (an OFF slate). Hcreinat'tcr, thc same cycle is
repeated. '[Iie refrigerating cycle 27 is the same as that of the
current air conditioning apparatus for a vehicle that is
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Based on a blowing mode ass itched by the blowing mode
swilchuig dampcrs 14, 15 and 16, IIte uiside air or the
outside air cooled down by the heat exchange with the
refrigerant in lhe internal evaporator 8 is blown into thc
cabin via any one of the defmster blowing port I I, the face
blowing port 12 and the foot blowing port 13 to serve to cool
the cabin

Herein, the pipe is provided in such a manner that the
refrigerant flowuig oul of thc rcfn cranl healer 41 is auc-
tioned into the electric compressor 20 via the second passage
420 without lhc prcssure reduction mcchdmam of thc second
thenltostatic expansion valve 42 and thus„a pipe passage
from the rcfngerant hcalcr 41 to Ihe electric compressor 20
can be used not only in the cooling operation but also a
heating operation and a defrosting opemtion. That is. as
described later, in ('ase H. even in the heating operation
(refer to FIG 5) or even in the defrosting operation (refer to
FIG. 6) aficr frost fonna(ion is detcctcd, fiie rcfn arm(I is
auctioned into the electnc compressor 20 via the passage
42b of Ihc second thcnnostalic expansion valve 42.

Iyuiring the coohog operation, ventilation air toward the
internal condenser 9 is shut otfby the teinperature regulation
damper 10. and cool air cooling down in the internal
evaporator 8 is blown into the cabin as it is. Accordin ly,
lvhile almost all of the refrigerant does not condense in the
inienml condmlser 9, llm refngerant circuldlcs lo lhc external
colldcnscr 2 I slid cxchdllgcs )ical with tile oillsnlc Blr nt thc
external condenser 21 to condense into a liquid In contrast,
while the refrigerating cycle 27 operate~. when the tempera-
ture regulation danlper 10 pmvided onto the inlet of the
internal condenser 9 is open to ventilate a part of the cool air
cooling down in the internal evaporator 8 toward the interrml
condenser 9 mid thus, the cool air is healed dgam, a reheating
Bnd dehumidilicauon operation can be pcrfomicd.
[Hcatulg Opcrauon (Before Frost Formauon Occurs)]

Iyuiring the heating opemstion, as illustrated in li i(i 3. (uitil
fmst formation occurs m the external evaporator 32, the
refrigerant compressed in the electric compressor 20 is
introduced into the internal condenser 9 vin the discharge
pipe 26A, and ui thc internal condenser 9, lhc compressed
refrigerant cxclrdngcs heal with uiside mr or oulsidc air smll
from lhc blower 5 to dissipate heal. Accordingly, based on
a blolving mode, the heated air is blown into the cabin via
any one of the defroster blowing port I I, the face blov ing
port 12 and the foot b)oiling port 13 to serve to heat the
cabin. Typically„ the heatin operation is performed in an
outside mr uitroduction mode lo prevent foggy windows.

Tile refrigerant, which condmises mlo a hquid by II(c heat
dissipdiion ui the in(cruel condenser 9, is gutdcsl lo the lira(
heating circuit 29 via the three-way switching valve 28. and
is intmduced into the receiver 22 via the check valve 39. 1 he
refrigerant reserved in the receiver 22 for the moment is
guided to the second heatmg circuit 34 via the outlet
refrigerant pipe 26D and the internal heat cxclmngcr 40, and
when ihe refngermit passes Ihrough thc passage 31a with thc
prcssure reduction mcclrdnism of lhe first thermostatic
expansion valve 31, via the second electrmnagnetic valve
31). (he refri erant is depressurized into a gas-liquid dual
phase and the gas-liquid dual phase refri erant is supplied to
the external evaporator 32 When the high-pressure liquid
refrigerant tlow s tluough thc internal heal cxcianger 40. the
lugh-pressure liquid refngcrant cxchangcs hwlt with the
low-prcssure gBSCOUS refl1gl'lull( Illa( Cvapoi'Bu:S ill lllC

external evaporator 32 and thus, the high-pressure liquid
refrigerant subcools.

Thc rcfngcranl supplied lo the cxtemal evaporator 32
exchanges heat with outside air ventilated by the external
fan 36 in the extenlal evaporator 32 to absorb heat from the
outside air and thus. the refri emsnt is transformed into an
evaporative gas. Thereafter, the evaporative gaseous refri-
emnt is auctioned into the electric compressor 20 via the first
themlostatic expansion 1 a) vs 31, thc check valve 33 and Ihc
inlcnml heat exchanger 40. and is rc-compressed. Herein-
after, the same cycle is repeated 1 he heat punip heating is

Ia performed by the heat punlp cycle 35 for heating
As such, the mininninl hearing circuits and equipment are

connected to each other as the following: the internal
condenser 9 that is connected to the discharge pipe (the
dischaigc circuit) 26A ol'hc rcfrigcraung cycle 27 Ihr
cooling: thc lirst healing circuit 29 that is provided bctwccn
the three-way slvitchina valve 28 provided on an inlet side
of the external condenser 21 and the receiver 22, and the
second heating circuit 34 in lvhich the first electromagnetic
valve 30. the first thermostatic expansion valve 31 and the

lo external evaporator 32 are provided benveen an outlet side
of thc rccciver 22 and thc suction side of thc clectnc
compressor 20. Accordingly. Ihc heat pump cycle 35 lor
heatin can be configured in such a manner that a part of the
circuits mid the equipment under the sante pressure condi-
tion ca(1 be used in comnion.
[Heatuig Operation (After Frost Formation Occurs)]

As described above. at a low ambient air temperature,
when llm heal absorption Irom Ihc outside air occurs in thc
cxlcrual evaporator 32, and lhc heating opcrauon is pcr-

io formed, there is a problem in (hat frost is fornled on a surface
of the external evaporator 32, heating capability deteriorates
as the frost fomlation progresses and finally, the heating is
not possible. In the embodiment, an opemtion to be per-
formed is selected from the fi&i)owing two cases. Details will

is bc dcscnbcd later, and when introducuon ol'utside air is
requested by an occup;ml, Case I is sclectcd for the hcalulg
operation, and when there is not such a rcqucst, Case ii is
selected for the heating operation.
(('ase I)

do In Case i. the refrigerant is heated by the refrigerant heater
41 in replacemeiu of the extenial evaporator 32.

In Case I, when frost fomuition in thc ex(emu) evaporator
32 is dctcc(cd, thc rcibigcrant hmlcr 41 opera(ca. As illus-
trated in FIG. 4. when lhc rcfngerant cvaporales and starts
superheat due to the refrigeran( heater 41. the passage 42a
v ithout the pressure reduction mechanism of the second
themlostatic expansion valve 42 is opened (ON). and the
refri erant flows into the refrigerant heater 41 via the
rclbigcran( pipe 26F. Accordingly, as illustrated in FIG. 4,

o the rclbigeran( dccrcdsmgly flows into thc external evapo-
rator 32, thc refngcranl is not ui a supcrhmlcd slate, and Ihc
passage 3111 v,ith the pressure reduction mechanism of the
first thermostatic expansion valve 31 is closed (Ol'I ) At this
stage. the first electromagnetic valve 23 is closed (OFF), and

ls the second electromagnetic valve 30 is open (ON).
Thc hca(ing operation is the Blanc m lhc heating operation

bcfiirc thc dcfrosling operation is pcrfonnixl by thc fact liat
thc rclbigeran( hcalcd by lhc refngcrant hcatcr 41 flows via
the internal heat exchanaer 40, then is conipressed by the

io electric compressor 20. (hen is introduced into the internal
condenser 9 via the discharge pipe 26A„and then in the
internal condenser 9, the conlpressed refrigerant exchanges
heal vs ilb outside air sent Irom Ibc blower 5 lo dissipate heaL

Thc rcfngcranl. v hwh condenses into a liqunl by the heal
ss dissipation in thc uitcrnal condenser 9, is introduced into Ihc

receiver 22 via the three-way switching valve 28 and the
check valve 39 I'he refriaerant reserved in the receiver 22
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for Ihc moment returns lo lhc second Ihcnnosla lie expansion
valve 42 via the outlet refngerant pipe 26( 3. the internal heat
exchanger 40 and the first electmmagnetic valve 30 I lere-
inafter, the same cycle is repeated. and the heat pump
heating is performed using the refrigerant heater 41.
(Case II)

In Case II, an mr introduction mode is sv,ilchml lo an
inside air circula non mode ui such a maiuicr that healing can
be performed by absorbing heat from high-temperature air in
the cabin, and the heating operation is pertormed

As illustrated in lq(i 5. similarly to the heating operation
(refer to FIO. 3) before frost formation occurs, first, the
refrigerant compressed by the electric compressor 20 ls
iniroduced into Ihc internal condenser 9 via Ihe ihschargc
pipe 26A, and ui thc internal condenser 9, thc compressed
refrigerant exchanges heat with inside air sent from the
blower 5 to dissipate heat Accordingly. based on a blov ing
mode. the heated air is blown into the cabin via any one of
the defroster blowin port 11, the face blowiilg port 12 and
the foot blowing port 13 to serve to heat the cabin.

Tlic refrigerant, which condmises mlo a hquid by Ihc heat
dissipaiion ui the in(cruel condenser 9, is gutdcsl lo the lira(
heating circuit 29 via the three-way switching valve 28 and
is intmduced into the receiver 22 via the check valve 39. 1 he
refrigerant reserved in the receiver 22 fiir the mommtt is
guided to the first expansion valve 24 via the outlet refri-
erant pipe 26D. the internal heat exchanger 40 and the hrst
clcclromagneuc valve 23, thc refngcrimt is depressunxed
into a gas-liquid dual phase, and Ihe gss-liquid dual phase
refrigerant is supplied to the internal evaporator 8 Vr'hen the
big)i-pressure liquid refrigerant floivs through the internal
heat exchanger 40, the high-pressure liquid refrigerant
exchanges heat with the low-pressure gaseous refrigerant
that evaporates ln the internal evaporator 8 and thus. the
lugh-pressure hquid rcfrigcranl subcools.

In Ihc internal evaporator 8, Ihc rclngeranl exclxingcs heal
w i lb msidc air smit from thc blower 5 lo be (mnsforntcd uito
an evaporative gas, the evaporative gaseous refrigerant is
suctioned into the electric compressor 20 via the check valve
25, the refrigerant heater 41. the second thermostatic expan-
sion valve 42 and the internal heat exchailger 40. and the
cvaporaiive gasixxis rcfngcranl is rc-compressed. Hcrcuial-
ler. thc same cycle is repeated. lite rein crmit absorbs heal
from the air (the inside mr) ui the uitcmal evaporator 8 and
thus. the air is cooled and dehumidified. As described above,
the cooled and delnunidified air is heated in the internal
condenser 9 mounted dou nstream of the intenial evaporator
8. and is blown into the cabin via any one of the defroster
blowing port 11, thc face blowing pon 12 and thc fiiot
blowing port 13 to serve lo heat the cabui.

As such. in Case II. since a dchumiddicauon mid heating
operation is perfornied by using the internal evaporator 8,
there is no concern of windows being fiigged
(Defrosting Operation]

As described above. when the heating operation is per-
formixl by an opcrauou ol'hc exlcmal evapomtor 32. even
though lbost formation in thc cxtcmal evaporator 32 is
detected. a dcfrosting operation is nol pcrformcd inuncdi-
ately, an operation mode is switched to the operation (the
heating operation using the outside air (refer lil&i 4)) of
Case or the opemstion (the dehumidification and heating
operation using the inside air (refer to FICI. 5)) of Case II,
and (hc heating opcrauou m contuiuously perforated as it is.
For this reason, wlulc lhc veluclc is traveling (is ui use). the
delrosl operation is not forcibly perfonued, and im occupmil
waits fiir the external evaporator 32 to be naturally defrosted
by Ihe outside air I lowever. when the ambient air tmnpera-

turc is continuously low. 11 is assumixl that thc cxlemal
evaporator 32 is not defrosted and frost is attached onto the
ex(cowl evaporator 32.

In a state where the vehicle stops (is parked) and an
occupant is nol in the vclucle. desirably, wlulc a battery of
the vehicle is being charged or the battery has spare capacity
after the battery is charged. the air conditioning apparatus I
opemstes to periiirm the defrosling operation As illustrated
in FICi. 6. a hot gaseous refrigerant compressed by the

I it elcctnc compressor 20 circulatcs to thc cxtemal condenser
21 via the discharge pipe 26A, the internal condenser 9 and
thc fln ce way sw itching vali e 28. thc ho I gaseous refrigerant
dissipates heat to outside air ventilating via the external fan
36 and tluis. thc dcfrostuig operation is pcrlbmicd. The
temperature of the omside air increases due to heat dissi-
pated from the hot gaseous refrigerant. and the u ami outside
air is blown to the external evaporator 32 disposed down-
stream of the external condenser 21 to melt fmst.

Thc rcfrigcranl condcnscd due lo thc heat dissipation in
the external condenser 21 reaches the first expansion valve
24 via the rclhgerant pipe 26C, thc rcceivcr 22. thc outlet
refrigerant pipe 26) 2 the internal heat exchanger 40 and the
first electmmagnetic valve 23. and the refngerant is depres-
surixed in the first expansion valve 24 and is supplied to the
internal evaporator 8. The gas-liquid dual phase refrigemsnt
supplied to the internal evaporator 8 absorbs heat from air
(thc inside air) in Ihc cabin wluch circulatcs via blower 5 to
evaporate, and is sucuoncd uilo the elcclnc compressor 20

io via the check valve 25, the refrigerant heater 4(, the second
thermostatic expansion valve 42 and the internal heat
exchanger 40. I fereinafter, when the refngerating cycle 27 is
repeated. frost of the external evapomstor 32 Is indirectly
melted by using heat dissipated from the hot aseous refri-

is cliiiit in thc cxlcmal condenser 21 and thus. thc cxtcmal
evaporator 32 can be defrosled.

For tlus reason, cvcn during the defrosting operation, u is
possible to defrost the external evaporator 32 without flos-
sin a high-pressure hot gaseous refngerant through the

so external evaporator 32 des)gled to a low pressure specif-
icatio. Since the defrosting operation is performed in a state
where an occupant is nol ui Ihe 3 chicle, it is possible to sel
a side ol thc HVAC umt 2 lo an optimum mode suitable for
dcfrosling and lo pcrfonn Ihc dcfrosting operation wilhoul
an air conditioning slate in the cabin or a blowing mode
beuig particularly taken into considemstion In the embodi-
ment, in a state where the inside and outside air switchin
damper 4 is set to the inside air circulation mode in such a
minuter that thc refrigerant absorbs heat from air of as lugh

o as possible a tcmpcrature ui the intcmal evaporator 8. and
lhc tciilper' uil c regula(toit dualpet I 0 1 s set Io (lie illaxiiiuiiil
cooling position (a IrIAX ( OOI, position) to reduce a heat
loss resulting from the hear dissipation in the internal
condenser 9. the defrosting operation is perfomied. Since it

s. is possible to perfoml the defrosting operation by efiectively
using a quantity of heat of thc hol gaseous rcfngcranl, thc
ex(cruel evaporator 32 can be defroslcd in a short time. In a
state whcrc Ihc veluclc slops and an occupant is nol ui thc
vehicle, the defrosting, opemslion is perfornied while or after

io a battery of the vehicle is charged. Accordingly. it is possible
to prevent the defrostin opemstion from afl'ecting a travel-
ling distance of the vehicle. It is possible to perform the
dcl'rusting operation wlule the bauery of thc veiucle is beuig
charged or when thc battery has spare capacity aficr Ihe

ss battery is charged. Accordingly. it is possible lo efiicicnily
and reliably defrost the external evaporator 32 ivithout
atfectmg the occupant
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Furthermore, evm& u& thc blowing mode. il'a Iho& mode is
selected to blow air from the foot blowing port 13, the air
blowing from the fool blowu&g por& 13 &s shor&-mrcu»ed lo
a suction port for inside air circulation which is open &n the
proximity ol'he foot blow&ng port 13 and fl&us, &t is d&flicult

to suction high-temperature air in the cabin into the air
conditioning appamltus for a vehicle. During the defrosting
operation, the blow&ng mode is selected from any one of a
defroster nlode. a face mode and a bi-level mode other rhan
thc foot mode. Accordu&gly, su&cc air of as lngh as pose&ble
a temperanire is suet&oned from the cabin due to inrerrml
c&rculauon, &1 is poss&blc to cfl'ccuvely delbost &hc external
evaporator 32 in a short time

When the heat pump hcaung operanon (&he hi xilu&g opera-
tion before the frost formation occurs) is parti&Oned by using
the external evaporator 32, and frost formation detecrion
nleans (means for determining whether a difference in
tempemlture between an external evapomltor refrigerant tem-
pera&urc sensor (TI) 58 and ml ambient mr tcmpcraturc
sensor (Tamb) 54/ which will be described later, is equal to
ol gled&cr flldn a sct vdlilc a) confious that thcrc ls uo u&orc
fmst formation, the defrosting operation finishes That &s,

since based on the fact that the fmst for&nation detection
nleans does not operate any more. it is confirmed that the
defrosting of the external evaporator 32 finishes. Snd it &s

possible to reliably defrost the external evaporaror 32 in
order fol rcs&ilual I&os& uo& lo ex&51.

[A&r Condi&inning Control Appara&us 50]
'lie operation n&odes described above are controlled by an

air conditionmg control apparatus 50 illustrated in liq(i 7.
'I'he air conditioning control apparatus 50 is connected to a
hi her level vehicle control appamltus 51 to be able to
receive related Information input from a side of the vehicle,
and ulcludcs a control panel 52. Based on dctccnon s&gnals
from various sensors to be dcscribcd below m&d mfiinnat&on
inpu& from &hc veh&clc con&rol appara&us 51 mid the control
panel 52. &he air conditioning control apparatus 50 controls
an openltion of the air condit&oning apparatus I for a vehicle.

The air conditioning control apparatus 50 receives detec-
tion signals input from the following sensors: an inside air
tempera&urc sensor (Tr) 53, an runbien& air lcmpcraturc
smlsor (Tamb) 54, a solar rad&ation sensor (Ts) 55, and a
I chicle speed sensor 56 winch are moun&ed al appropriate
positions on the vehicle, a frost sensor (FS) 57 mounted on
the internal evaporator 8 of the air conditioning apparatus I

for a vehicle& an external evaporator refri erant temperature
sensor (TI) 58 mounted on the external evaporator 32: a
lugh prcssure sensor (HP) 59 mounted on thc d&schargc p&pe

26A, and an internal condenser blowing tempera&ure sensor
(Tc) 60 mount&xi on thc internal condenser 9.

Based on detection s&gnals from various sensors descnbed
above and information input from the control panel 52 and
the vehicle control appamltus 51, the air conditionin conrrol
appamltus 50 performs necessary arithmetic calculation and
processes m&d Ihc 1&kc by usulg a prese& program lo control
dn ac&ud&or 61 Ibr thc blowu&g mode swi&clnng dmnpcrs 14,
15 dnd 16. an actuator 62 for thc insula and outside mr
switching damper 4. an actuator 63 for the temperature
regulation damper 10. a motor 64 tilr the blower 5. a n&otor
65 for the external fan 36, a motor 66 for rhe electric
compressor 20„an on/off switch 67 for the refbigerant heater
41. an elec&romagnct&c coil fiir &hc three-way sw&tchu&g

I alvc 28. an clectromngnctic coil 69 lor thc clectromagnctic
I alvcs 23 and 30 and thc 1&kc. Accordm ly, thc air cond&-
tionina control apparatus 50 serves to contml an operation of
the air conditioning apparatus I for a vehicle

[Opera&&on Control]
Here&nafter. operation control of the air conditioning

apparatus I I'or a vchiclc by tlu: n&r cond&tinning con&rol

apparatus 50 &vill be described with reference to flow charts
illustrated ul FIGS. 8 &o 12.

l&I(i 8 is a tioiv chart of a main control of the air
conditioning apparatus I for a vehicle. When the air condi-
tioning control apparatus 50 starts controllmg the air con-
ditioning apparatus I for a vehicle, first, the air conditioning
control apparatus 50 roads a scttu&g ol'he control panel 52
in step S101. and reads detected values from the sensors 53
to 60 of venous types u& sup S102. Based on thc se& values
and the detected valueg the air conditioning control appa-
ldtus cdlcula&ca a &arget blowing tcmpcrnture Ttar ul s&ep

SI(l 0 and a control process proceeds to step Sit)4. In step
S104. the air conditioning control apparatus 50 determines
whether an operation nlode is a dehunud&fication openltion
When the dehumidification operation is performed (Yes), the
control process procenls to s&c7& S105, and the air condi-
tioning control apparatus 50 enters a "coo)in operation
control" mode. When &hc delnmud&fication opera&&on &s no&

performed (No), the contml process pmceeds to step S 106,
and the air conditionin control apparatus 50 enters a
"heating openltion control" mode 'I'hereafter, in step S 107,
the air conditionin control appamtus 50 outputs the
detected values of the sensors 53 to 60 of venous types. and
thc con&rol process returns &o a s&ar&u&g po&nt

In step S105, when &hc air cond&t&oning control appara&us
lo 50 enters the "coolin operation control*'ode, the cooling,

openltion control is perfonl&ed as illustrated &n lil(i. 9
In the cooling operation control nlode. in step 201, first,

a flow path of the tluee-way a&&itching valve 28 is deter-
m&ned to connect a circuit through which the refbigemlnt

li flows to a sale of &hc external condenser 21. Subsequcnfly,
in s&c7& S202. Opening and closing ol'hc elec&romagnet&c
valves arc dc&emnncd. mid thc fire& clectromngnctic valve 23
is open (ON) and the second electromagnetic valve 30 is
closed (Gill&) Accordingly. the refrigerating cycle 27 tilr

do cooling is set.
Subsequently, the air conditioning control apparatus 50

dctcrnuncs thc followmg. Ihc ro&auonal frequency of thc
clcctnc compressor 20 u& step S203, a suction mode
sw&tchcd by thc &ns&de dnd ou&s&de a&r sw&tchu&g damper 4 in
step 5204: a blowing, mode switched by the blowing mode
switclnng da&npers 14. 15 and 16 in step 5205; an opening,
an le of the temperature regulation damper 10 in step S206;
a dnve voltage of the blower 5 in step S207: and a drive
voltage of the cx&ernal f m 36 &n s&cp S208. Thc motors and

o the acuiators 61 to 66 arc dr&vcn Accord&ngly, Ihc coolulg
opcrdtlou Is pc&fora&cd hl si&ch a uuuulcl tha& a &culpcld&iuc
in the cabin becomes a set temperature. 'thereafter, the
cm&trol process proceeds to ('I (the step SI07), and the
cooling operation is continuously performed.

ss In step S106 in FIG. 8. when the air conditioning control
apparau&s 50 cn&ers thc "hcdiing opcrauon control** mode.
thc heating operat&on control is pcrfolincdt as &llustratcd in
FIGS. 10 mid 11.

In the heating opemtion control mode, in step 3()l, first,
io a flow path of the three-ivay switching valve 28 is deter-

m&ned to connect a circuit through which the refbigemlnt
flows to a side of the first heating circuit 29 Subsequently,
in s&c7& S302. Opening and closing ol'hc elec&romagnet&c
valves are dctcmuncdf, dnd &hc elcctromagnct&c valve 23 &s

si closed and thc elccuomagnctic valve 30 &s open. Accord-
ingly, the heat punlp cycle 35 for heat&ng before frost
formation occurs is set. 'I'hereafter. the contnll process
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proceeds to step S303. In s(cp S303. Ihe a&r cond&t&oning
control apparatus 50 deternunes whether the external evapo-
rator 32 is frosted.

In step S303. it &s determined whether frost forniation
occurs based on v hether a difference between a detected
value TI of the external evaporator rethigerant temperature
sensor 58 and a detcc(cd value Tamb of thc amb&cnt mr
It:u&pi:&d(luc si:nsor 54 &s cqilal to ot g&i:dict Ih&ln Ihc sc( value
a (Tamb — 'I Iaa). When it is determined that the frost for-
n&ation occurs (Yes). the control process proceeds to step
S3()4. and ivhen it determined that the frost ti&rmation does
not occur (No), the control process proceeds to step S501
(refer to FI&1 11). Herein. when it is determined that the frost
fornuii&on docs no( occur, Ihe mr cond&t&omng con(rol appa-
raius 50 operates Ihc cx(emal evaporaIor 32 as an cvapora(or
to perfom& the heating operation (refer to FI(i. 3) by the heat
pump cycle 35 befi&re the fn&st fi&rmation occurs. In step
)501. an air intmduction mode determined to be the outside
air introduction mode by the inside and outside air switching
damper 4. and the control process proceeds to step S306

Aficr thc rcfngcrant hca(cr 41 &s set Io be OFF u& step
S502. the mr cond&uon&ng con(rol apparatus 50 determines
the ti&llowing, the mtational frequency of the electric coni-
pressor 20 &n step 8503: a bk&wing mode switched by the
blowing mode switching dampers 14. 15 and 16 in step
S504; an opening an le of the temperature regulation
dan&per 10 m step S505: a drive voltage of the blower 5 in
step S506; a dove vol(agc of the cx(emal fan 36 in step
S507, and the 1&ke. The motors m&d Ihe dctuators 61. and 63
to 66 are dnven Accordingly, the heating operation &s

performed in such a manner that a tempemture in the cabin
becomes a set tempemture I'hereafter, the control process
proceeds to Cf (the step S107). and the heating operation &s

continuously perfom&ed.
In con(ras(. in step S303, when &I &s dc(em&i&md that the

lrosl fonna(ion occurs, the con(mt process procetxls lo step
S304. In s(ep S304, &t &s dctemuncd &she(her vcluclc power
is ON or Ol&l( When the vehicle power is OI'I& (No), the
control process proceeds to step S401. and when the vehicle
power is ON (Yes). the control process proceeds to step
5305.

In step S305, &t &s detcnnu&cd whc(her there &s m& instruc-
uon Io selccI thc outs&dc a&r introduction mode. H'(herc &s no
instrucuon (u&strucuon k&r ou(sale a&r) to sclec( the ou(side
air introduction n&ode. an air introduction mode is deter-
mined to be the inside air circulation mode (Yes). Subse-
quently. in step S313. the first electromagnetic valve 23 &s

open (ON)„and the second electromagnetic valve 30 &s

closed (OFF).
Subsequently, thc control process proceeds to step S306.

In step S306. it &s detcnn&ned whc(her a d&fii:rcnce between
the target blowing temperature Ttar and a detected value 'I co
of the internal condenser bk&wing tempensture sensor 6(l &s

equal to or g&rester than a set value b (Ttnr-Tcoeb). or
&vhether a detected value Fs of the frost sensor 57 is equal
to or less than a set value c (Fsec). When n &s detcrmu&ed
thai Ttar—Tco b or Fsac (Ycs), the con(rol process proceeds
to step S307, and thc rel'ngcmnt hca(er 41 &s ON. Ifnot (No),
the contml process proceeds to step sk)08, and the refrigerant
heater 41 is OIT( As such. when it is determined that only
the heat pun&p heating is not sufi)cient, the rethigerant heater
41 compensates for heatin capability.

Subsequently, &n step S309, the air cond&uonmg control
apparalus 50 dc(crmincs Ihe followin: Ihc ro(a(ional fre-
quency of thc clectnc compressor 20 u& s(ep S309; a blowing
n&ode switched by the blowing mode switching dampers 14,
(5 mid 16 in step 83(0, an opening angle of the temperature

rcgulat&on dan&pcr 10 in s(ep S311; and a drive voltage of thc
blower 5 in step S312. The nn&tora and the actuators 61, 63,
64 m&d 66 arc dnven. Accordu&gly, thc hcaung opera(&on
after the external evaporator 32 fmsts is performed in such
a manner tha( a tcmpcraturc in the cabu& becomes a set
temperature Thereafter, the control pmcess pmceeds to (:I
(the step S107). and the heating operation &s continuously
perforn&ed.

In step S305, v:hen there is an instniction (the instruction
&i&

fi&r outside air) (o select Ihc outside a&r &ntroduct&on mode,
an air introduction mode is determined to be the outside air
in(roduc(ion mode (No). Subsequently, u& step S314 illus-
trated in Fl(i 13, the firs electromagttefic valve 23 is closed
(OFF) Bail Ihc second clcchon&agut 1&c vBlvt 30 &supt n
(ON).

Thereafter, in each of steps S315 to S321, the inside air
c&rculation mode is perti&rn&ed similarly to m steps )306 to
S312. Bnd the heatin operation is continuously perti&nned.

Fur(lmrmorc. u& step S304, when &I &s detcnnu&ed (hat
vehicle power is OFF (No), the contml process proceeds to
step S401. In step S401, &t &s detcnn&ned whcthcr a power
system (battery) of the vehicle is being charged or tvhether
the charging is completed In step S401, when it is deter-
nuned that the char in is in pro ress or is completed (Yes),
the a&r conditioning control apparatus 50 determines that the
vehicle &s in a stop state (in a parking state), an occupant is
not tn the vch&clc, tmd thc battery of the vchiclc &s bcu&g
charged or Ihc charging &s complettxl, thc control process

&o pmceeds to step S402. and the air conditioning control
apparatus 5(t performs a "defrosting operation control" in
v hich the external evaporator 32 is defmsted l)uring a
continuous operation after the frost fom&ation occurs. there
is a possibility that the external evapomstor 32 may be

&s na(urally dc(it&stet(. However, when thc vchiclc power &s

OFF after &I is dctcrnuncd tl&at Ihc frost fonna(&on occurs, Ihe
'*defros(ing opera(ion control" is ccrtau&ly pcrformcd.

I&i contnsst. &vhen the power systen& (the bette&y) of the
vehicle is not beino charged or &vhen the charging is not

do completed (No in step S401). the defmst&ng operation is
temporarily interrupt&.

As &llus(ra(td u& FIG. 12. in the '*dcfros(&ng operat&on
control" mode, &n s(ep S601. a (low path of thc tluce-way
sw&tclung valve 28 ts de(cnnincd to connect a circu&t

d- i&rough v'hich the refriaeram fiows to the side of the
external condenser 21. Subsequently, &n step 8602, opening,
and closing of the electro&na~efic valves are determined,
and the first electromagnetic valve 23 &s open and the second
electromagnet&c valve 30 is closed. Accordu&gly, thc refrig-

o cra1&ng cycle 27 lor a delros(u&g operauon &s set. Thcrcaf(cr,
the control process proceeds Io step S603. In step S603, &I &s

determined whether a ditference between the detected value
Tr of the inside air ten&perature sensor 53 and the detected
value Tamb of the ambient air temperature sensor 54 is equal

&s to or less than a set value d (Tr—Tamb d). or v hether the
dc(tmIcd value Fs of Ihc frosi sensor 57 &s cxtuai to or less
than Ihc sct valve c (Fs«c).

In stc7& S603. when the dctcmunation is Ycs, thc contml
pmcess proceeds to step 8604, and the refrigemnt heater 41

io is ON When the determination is No, the contml process
proceeds to step S605. and the refrigemsnt heater 41 is OFF.
As such, when it is determined that a tempemsture in the
cabu& is low, suffic&cnt heat catu&ot be cxpcc(cd to be
absorbed in Ihc u&ternal eiaporator 8. and thc quanuty of

ss hca1 is no( su(bc&cn( to perlom& Ihc dclrost&ng opera(ion. Ihe
refrigerant circulating to Ihe internal evaporator 8 can be
heated by the refrigerant heater 4(
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Subsequently, thc air coudiuonui control apparatus 50
deterniines the following the rotational frequency of the
electric compressor 20 in step 8606: a suction mode (the
inside air circulation mode) switched by the inside and
outside air sivitclung damper 4 in step S607: B blowing mode
sivitched by the bios in mode switching dampers 14. 15
and 16 In step S608, au opening angle (thc MAX COOL
position) ol'he tempcraturc regulation damper 10 ui step
S609; a drive voltage of the blower 3 in step S610: and a
drive voltage of the external fan 36 in step S611 ')lie ntotors
and the actuators 61 to 66 are driven Accordingly, wlule
heat dissipation in the internal condenser 9 is suppressed by
setting the temperature regulation damper 10 to the maxi-
mum cooling position (lhe ivLAX COOL position), thc
dcfrosluig opcrution in the uiside mr circulation mode is
performed.

In the embodiment, the defrosting operation is performed
in a state ivhere the blowing mode is set to any one of the
defroster mode, the face mode and the bi-level mode by the
blowing niode switching dampers 14. 15 and 16. When the
deirosluig opcrution is pcrlomicd in Ihe uisslc mr circulation
mode. Ibis prevents low-tcmpcralure mr blov,n uilo the
cabin front the foot blowing port 13 fnlm being short-
circuited to the suction pon for inside air circulation in the
pmximity of the foot blowing port 13.

As illustrated in FICi. 12, when the "deibosting operation
control" in steps S601 to S611 Iinishes, the control process
proceeds lo C2 (lhc stop S403), and it is dctcrnuncxl whether
frost formation occurs. Similarly to Ihc dclcmunal ion of thc
fmst formation in step S303, it is determined whether the
fmst formation occurs based on whether a difl'erence
betiveen the detected value Tl of the external evaporator
refrigerant temperature sensor 58 and the detected value
iamb of the ambient air temperature sensor 54 is equal to or
greater than thc set value B ((Tamb—TI a). When it is
delcrmuied thai the Irosl fomuition occurs (Ycs), lhc control
process proceeds lo slap S402. and Ihc '*dcfroslmg operation
control" is continuously performed When the determination
is No (the frost forniation does not occur), the contml
process proceeds to step S403. and the deibostiitg operation
finishes.
[Operation and Efli:ct]

ACCordiiig lo IIIC Bir Coildllioiliil dppBI'atua 1 for B VChIClC

of Ihc embodimcnn thc lollowing opcraliomil cflecls arc
acconiplished

At a loiv ambient air tempenlture, when it is deternuned
that the external evaporator 32 is frosted. the refrigerant
heater 41 operates. However. while the vehicle is travellin,
thc relrigeranl docs nol flow uilo Ihe

external

cvaporalur 32
to pcrionn the dcfrosling operation. Accordin ly, II is pos-
sible lo present the dcfrosung operation Ibom aflbctin a
travelling distance of the vehicle

At a loiv ambient air temperature, even though the exter-
nal evaporator 32 is frosted. a flow of the reibigernnt into the
second heating circuit 34 is shut ofl; and an opemtion mode
is switcicd lo either Ihc operation (Ihc hcaluig operation
using thc outside air (rcfcr lo FIG. 4)) of Case I or thc
operation (thc dehumidilication Bnd hcaung operation using
the inside air (refer to lii(i 3)) of ( ase II lior this reason,
even thouah the external evaporator 32 is frosted. the heat
punip heating opemltion is continuously performed Bs it is.
Accordingly. it is possible to prevent interruption of the
healuig opcranon or loss in power consumplion caused by
cdrryuig oul Ihc defrosling operation when Ihe healing
operation performed dunug thc Iravclling OI Ihc vehicle.

In lhe enibodiment. smce the thermostatic expansion
valves 31 and 42 are used. respectively„as an expansion

ls Rl!FIIRI:NCII SI(iN) I IS1

so

I air conditioning apparatus for a vehicle
2 HVA(. Blitt
3 heat pump cycle
8 uilcmal evaporator
9 uilcmal condenser
20 electric compressor
21 external condenser
23 first electromagnetic valve
24 first expansion valve
26 refrigerant pipe
26A disclargc pipe
26B thrimsway valve Inlet refngermit pipe
260 refrigerant pipe
26D receiver outlet refri erant pipe
26D refrigerant pipe
26E suction pipe
26F refri erant pipe
27 rcfngcrdling cycle
29 first heating circuit
30 second electromagnetic valve
31 first thermostatic expansion valve
32 external evaporator
34 second heatilig circuit
35 heat pump cycle
40 internal heal cxchangcr
41 IchlgCIdilt hCIRCI

42 second themiostatic expansion valve
50 air conditioning, control apparatus
Thc invention claimed is:
I A heat pump type air conditioning appar

vehicle in which an operation mode is switch
atua for a
ed for an

16
valve for tile cxtcnuil ci iiporiilor 32 dill Bii cxpailsioil valve
for the refrigerant heater 41, it is possible to reduce costs of
an expansion valve control appanltus conlpared to an elec-
tronic expansion valve In lhe present im ention. it is allowed
to use the electronic expansion valve or a shut-oif type
themiostatic expansion valve. Since it is easy for the valves
to open widely, It is efli:ciivc ui preventing thc rcfrigcranl
Iroill sliiglliiliilg ill IIIC VBli isu

I'he present invention is not limited to the embodiment,
io and can be appropriately modified insofar as the modifica-

tions do not depart from lhe spint of the present mvention
For exampie. in the embodiment. during the heat pump
heatin operation. even thougvt the external evapomltor 32 is
frosted, Ihc del'rosluig operation is not perl'onncd wlulc thc
vcluclc is travelling. However. Vs hmi the external evaporator
32 is natunllly defrosted ivhile lhe vehicle is tmvelling, the
heat pump heating operation usiim the external evaporator
32 may be restored.

The embodiment adopts tliree blowing mode switchin
Io dampers as the following: the defmster damper 14, the face

damper 15 Bnd thc foot diunpcr 16. However, the dclbosicr
damper 14 mid thc face damper 15 may be combined(
together into one damper. and the single combined damper
and the tilot damper 16 may be used Iiurthennore. in the
embodinient, the first electromagnetic valve 23 is provided
on an inlet side of the first expansion valve 24. However, the
first electroma netic valve 23 and the first expansion valve
24 may bc combined logcthcr into a single thcnnostalic
automatic expansion vali c Is ilh an clcctromagnclic opciung

lo aild closiilg valve inte rated.
liurthemiore, in the embodinient, the internal evaporator

and the internal condenser are independently provided, but
are allowed to be inte rated in the present invention.
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operanon bctw ixu u cooing operation ul which a relhgcrmll
discharged from a compressor is subject to heat exchange in
an external condenser. and then is deprexsurived and sup-
plied to an internal evaporator and a heating, openstlon in
which the refrigerant discharged from the compressor is
subject to heat exchan e in an internal condenser, and then
is depressunzed and supplmd to ml external evaporator, the
dppBI'Iuus conlprlsulg.

the external evaporator pmvided as a component ditferent
flout Ihc cxlcnlal condcnscn
d refngcraut hcalcr that Is provuled bctvt cen thc Inter-

nal evaporator and a suction side of the compressor
to be in parallel with the external evaporator, the
refriaerant heater heats the refrigerant tvhich is auc-
tioned mto the compressor: and

a conlrol apparutus tlrdt delcrmincs whether Ihc cxlenlal
evaporator is Irosled.

wherein the heat pump type air conditionin apparatus is
configured to perform a defrosting operation, when the
control apparatus determines tlmt the external evapo-
rator is fmsted during the heating operation. said
ilchosnng opcrdnun ulcludulg sloppulg a supplv ol thc
refrigerant sublixl lo thc heal cxchangc ul Ihe inlenlal
condenser to the external evaporator, supplying the
refrigerant discharged from the compressor to the
external condenser via the internal condenser, and then
supplying the refrigerant to the refrigerant heater via
lhc nllcrndl evaporator, hulling Ihc lcfllgcldnl Blxl lien,
suciioning thc hcalcxi refrigcrtml ullo Ihc compressor.

2. The uir conditioning apparatus for a vehicle according
to claim 1„ further comprismg:

a first thermostatic expansion valve that is provided
bettveen the internal condenser and the external evapo-
Idlor, Bnd

a second thennoslauc cxpmlsion valve lhal Is provided
between the internal condenser und the refrigerant
heater„

tvherein opening angles of the first and the second ther-
nlostatic expansion valves are contnllled in conjunction
0 ilh an Opcrution ol'he refrigeranl healer and thus, a
flow path of Ihe rclbigcranl is spccilicd.

3. The uir conditioning apparatus for a vehicle according
to claim 2„

wherein the second thermostatic expansion valve includes
a first passage with a pressure reduction mechanisnl
Bnd B stx'Ond ptissBgcw llhoul B prcssiu0 nxhlcllon
mecharusm, and

wherein the refri erant flowing out of the refrigerant
heater is auctioned into the compressor viu the second
passe e

4 The air conditioning apparatus for a vehicle according
10 cldun 2,

wherein while thc frost formation delcrminauon unit
determines that the external evaporator is not frosted
during the heatin operation,

a heating operation is performed in which the refrigerant
discharged from the compressor dissipates heat in the
internal condcnscr, Is dcprcssunzed, absorbs heal in thc
cxlenlal evaporator, mid then is sucfioncd ulto the
compressor„und

wherein tthile the frost formation determination unit
deternunes that the external evaporator is frosted dur-
ing the heating operation,

d dchunudlficanon taxi hcBnng opci'iltltul Is pclltulncd ul
an ulsidc air circulation mode ul wluch Ihc refngcrmll
dischar ed from the compressor dissipates heat in the
internal condenser, is depressurized. absorbs heat in the

inlcmal evaporator. is healed iu thc rcfrigcranl healer.
mid then Is auctioned ullo Ihc compressor, or

a heating operation is performed in an outside air intro-
duction mode in which the refngerant discharged from
the compressor dissipates heat in the internal con-
denser, is heated in the refrigerant heater that is a heat
source, and then is sucuuned ulto thc compressor.

5 The air conditioning apparatus for a vehicleaccordulg
to claim 1,

iil
wherein ~bile the control appamtus determines that the

external evaporator is not frosted during the heating,
Opel"ltnln,

a healing operation Is perlbrmed in which thc refrigeranl
discharged Ibom thc compressor dissipates heat ul Ihe
internal condenser, is depressurized„absorbs heat in the
externai evaporator, and then is auctioned into the
compressor, and

wherein while the control apparatus deternlines that the
cxlcrnal evaporator is frosted dunng thc heating operd-
non,

10 u deluunidification and heating opemtion is performed in
an mside air circulation mode in v hich the refrigemsnt
discharged from the compressor dissipates heat in the
internal condenser. is depressurized, absorbs heat in the
inlcmal evaporator. is healed iu thc rcfrigcranl healer.
mid then Is auctioned ullo Ihc compressor, or

a heating operation is performed in an outside air intro-
duction mode in which the refngerant discharged from
the compressor dissipates heat in the internal con-
denser, is heated in the refrigerant heater that is a heat
source, and then is sucuuned ulto thc compressor.

10
6 The air conditioning apparatus for a vehicleaccordulg

to claim 5. v:herein. in the heating operation in the outside
air Introduction mode. the refrigerant heated in the reibig-
erant heater is not supplied to either one of the external
evaporator and the external condenser

7 The air conditioning apparatus for a vehicleaccordulg
to claun 1, wherein Ihc refrigerant hcuter Includes ml clectnc
sheathed heater or an electric heater using a positive tem-
perature coeflicient element.

g 'I'he air conditioning appamtus for a vehicle according
du to claim I, further comprising an internal heat exchanger

thai is provnlcd bclw can Ihc sucnou sale of thc compressor
dnd iul outlet snic of a let'clt t:I, whcrcnl lhc htlclllal hcdl
exchm er exchanges heat between a refrigerant flowin
throu h the outlet side of the receiver and the refrigemsnt
tlowing through the suction side of the colnpressor.

9 'I'he air conditioning appamtus for a vehicle according
to china 1. whcrt',al lhc appaldlus is conllgurixi such lhtll lhc
relbigcrant does nol flow into thc ullcma1 evaporator mid Ihe
internal condenser successively during the heatin opera-
nt1n.

0 Ill. I he air conditioning apparatus for a vehicle according
to claim l.

whcrcul when il is detcrmuled tlrdt thc cxt cruel evaporator
is frosiid,

the heat pump type air conditioning uppurahls is confi-
ured to perform the defrosting operation of the external
evaporator in a state where the vehicle stops. and an
occupant is not in the vehicle. and while a battery of the
vchlch: Is bcalg chdrgt:il 01 when lhc bducrv has B spine
CBPBC1111

to 11. The air conditioning apparatus for u vehicle according
to clann 1. the heat pump type air conditioning apparatus is
cmlfigured to determine that the vehicle stops when the
vehicle electric power is Olilf


	Abstract
	Biblio
	Claims
	Descriptions
	Drawings

