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VEHICLE AIR CONDITIONING APPARATUS

RELATED APPLICATIONS

line dpphcatiou is a ihvisional ol U.S. patent application
Scr. No. 15/060,154 filed bfar. 3, 2016, v,luch claims
pnonty of Scr. No. 13/981,061 liled Jul. 22. 2013 whwh is
a U S. national stage ofapplication No P("I"..IP2012/050377
filed .Ian 11. 2012 winch claims priority of.Japanese Appli-
cation No. 2011-010674 filed on Jan. 21. 2011. Japanese
Application No. 2011-040131 filed on Feb. 25. 2011. and
Japanese Applicduon No.. 2011-040133 filed on Fcb. 25,
2011 the disclosure contents of all of whwh Bre hcrcby
iiicolpt11 dltxl by'cJbrcucc.

TECHNICAL FIELD

Till: prt:SCiit iiivt:lit toll ICJBICS Io B vt:lllCJC all 1:Olltlllloillllg
apparatus applicable to, for example, electric cars

2 it

BACKOROUNDART

('onventionally. this son of vehicle air conditioning appa-
ratus includes: a compressor driven by an engine as a power
source of a vehicle: a radiator pmvided outside the vehicle
interior; and a heat exchanger provided inside the vehicle
interior. With this vehicle air conditioniitg appamtus. a
cooluig operation m performed by. relcasuig Ihc heal from
Ihe rcfngcrant discharged Irom Ihe compressor in Ihe radia-
tor: absorbing the heat into the refrigerant in the heat so

exchanger: and supplying the air subjected to a heat
exchange with the refrigerant in the heat exchanger to the
vehicle interior In addition, cuch a conventional vehicle air
conditioning apparatus includes a heater core and perform a
healuig operation by. releasing Ihc exhaust lmdt from the Sc

cooluig water used to cool Ihc engine ui thc hmiter core, and
blowing Ihc air sublcctcd Io a heat exch m c with die cooling
water in the heater core to the vehicle interior Moreover,
such a corn entional vehicle air conditioning apparatus per-
forms a heating ond dehumidifying operation by; cooling the do

air to be supplied to the vehicle interior to o required
absolute Icmperuture in thc heat exchanger Jhr dchumiditi-
canon, heating thc cooled mid dcluunnldicd air in die heal
1:XClidllgCi Ii1 a tlCslrCtl tCillpCitiIUrc ill 111C liCS11Cr ColC. Blltl
blowing the heated air to the vehicle interior

'lite above-mentioned vehicle air conditioning apparatus
uses the exhaust heat from the engine as a heat source to heat
the air for a heating operation, or a heatiitg and dehurnidi-
Pyuig operanon. Generally, an electric car uses Bn electric
motor as a power source, aud it is diflicult to acquirc the o

exhaust heat that cau heat Ihe air to be supplwd to thc vehicle
interior by using the electric motor without an enguie.
'I'hereftsre. the above-mentioned vehicle air conditioniag
appamctus is not applicable to electric cars.

To address tlfis issue. o vehicle air conditioning apparatus s.
luis been known in the nrt. as applicable Io clomtrm cars Thc
1 t:liiCJC ilil Colltlltlolllilg BppBraIUS illCliltlCS B rClrlgCrdlll
circuit having mi eltxtnc compressor, Bn mdoor heal
exchanger and an outdoor heat exchanger: and an electric
heater, and perform a heating operation to heat the vehicle io
interior by using either or both the heat radiated from the
indoor heat exchan er by driving the compressor and the
heal radiated Irom thc heater (scc, for exmnple, Patent
Literature I)

Also, another vcluclc air condiuonuig apparatus has been sc
knotvn in the art, as applicable to electric cars 1'he vehicle
air conditionmg apparatus includes an electric compressor,

,661 B2

a heat mtxlium hmiung radiator Ihut relcascs Ihc heat Irom
refrigemnt to heat the heat medium; on air cnoling heat
exchanger that absorbs Ihe heal into Ilm relngcmnt Io cool
the air blowing to the vehicle interior side; an outdoor heat
cxchangcr that is provided outside thc vchiclc uitcnor and
that perlomis a heat cxchdngc between thc outdoor air and
tllC rCfltgCraiil 10 rCJCdsC lilt: llCdt fr'Olll 111C rCfllgCldllt Ol

absorb the heat into the refrigerant, a heat medium circuit
that allows the heat niedium heated in the heat medium
heating radiator to flow through: an oir heatin radiator that
releases the heat from the heat niedium flowing through the
hca1 medium circuit Io heal Ihc air blow uig to Ihc vehicle
iutcnor, and a heat medium hcatcr that heats the heat
mednim flowuig tluuuJt Ihc heat medium circuit by clectnc
power (see, tiir example, Patent I iterature 2) 1 his vehicle
air conditioning appamtus perfornis a heating operation by
releasing the heat from the refngerant discharged from the
compressor in the heat mediunt heating radiator; and absorb-
ing Ilm heat into Ihc rcfngcrmit after Ihc heat rclcasc in Ihc
outdoor heat cxchungcr. Moreover. this vehicle air condi-
tloiliilg iippiiraIUS pCifomlS d liCdtlllg Blltl tlC11Uillltlilvlllg
opemtion by releasing the heat front the refrigerant dis-
charged from the compressor m the heat medium heating,
radiator, and absorbing the heat into the refrigerant afler the
heat release in the air cooling heat exchanger and the
outdoor heat cxclmngcr. With Ibis vcluclc nir conditionuig
apparatus, Ihc heat medium heater can hcnt Ihc heat medium
t:ICCillBtlllg ill 111C 11Cdt mCdlUiii CirCU11.

With the vehicle air condi tioniim apparatus, if the heating
opemtittn is pertiirnied while the outdoor air temperature is
low, the evaporating tentperature of the refrigerant drops in
the outdoor heat exchanger, so that a frost is hl ely to be
formed on the outdoor heat exchanger. If a frost Is formed
ou thc outdoor heat exchanger. the outdoor hmt cxclmngcr
ciuuiot acquire rcxluircd quantity ol heat. Tlus causes a
decrease in the perfonnance of the heating opemtion

'I'o address this issue. a vehicle air conditioning apparatus
hos been knocvn in the art, which performs a defrost opera-
tion to remove a frost fomied on the outdoor heat exchanger
(see, for example, Patent Literature I).

('JTAJ JON J,JST

Patent Literature

PTLJ: Japanese Patent Application Laid-Open No. HEI7-
52636
Hl'1.2: .Iapanese Patent Application l,aid-Open No I il ilg-
197937

SUMMARY OF INVENTION

'I'echnical Probleni

With such a velucle air conditioning appamtuc applicable
to clcctric cars. Ihc clcclnc power lor dnving Ihc vcluclc is
used Io operate Ihc compressor and Ilm heater. Thcrcl'orc. if
thc air-conditioning lodtl is large, most of thc clcctnc power
for driving the vehicle is consunied to opemte the compres-
sor, and therefore the mileage of the vein c le is likely to dmp

It is therefore an object of the present invention to provide
a vehicle air conditioning appamstus that can extend the
nulcage of a vduclc by rcducuig the power comumption Io
opcratc thc compressor mid ihe lu:Uter.

In a case in which thc outtloor air tcmperaturc is low, Ihe
vehicle air conditioning apparatus applicable to electric cars
uses the heat medium heater to secure the required quantity
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of heal, because thc outdoor heal cxchangcr cannot acquirc
the sufficient quantity of heat. However, the heat medium
healer consumes a large ammuil of cleclric power, and
thcrcforc, if Ihc heat medium healer is operated for healulg
for a long time. nlost of the electric power tiir driving the
vehicle is consunled by the heat medium heater As a result,
the mileage of the vehicle is likely to drop.

It is therefore an object of the present invention to provide
a vehicle air conditionin apparatus that can prevent the
milcagc ol'he vchiclc from droppuig by rcducuig thc usc oft ii

the heat medium heater as lbr as possible.
When the vehicle air conditioning apparatus is apphed to

an electric car, the power consumption by perfornung a
defrost operation ls higher than a nomtal heating operation.
Therefore, if a defrost opemstion is perfomted ~bile the
vehicle is «inning, the electric power for driviiig the vehicle
is uss d by the del'rost operation, and lherefore the mileage of
thc 1 chicle drops. llicn, il'hc defrost opera«on is pcrformcd
while the battery polver for driviog the vehicle and for a
heating operation is insutTicient, the vehicle might become lo
impossible to nui before arriving at the destination because
the battery power ls consumed for the defrost opemtion.

It is therefore an object of the present invention to provide
vcluclc air conditioning apparatus tlial ran cxlcnd thc

milcagc of the vehicle by reducuig thc power consumption
to perform the defrost operation when the battery power
becomes insutTicient while the vehicle is I'ullillilg,

Sob«Ion lo Problc«1
11)

In order to achieve the above described objects. the
vehicle air conditiomng apparatus according to the present
invention includes a refrigerant circuit including an electric
compressor„an indoor heat exchanger and an outdoor heat
exchanger. the indoor heat exchanger being conti ured to is
relcasc ical by operating thc compressor, and an electric
IICI«CI CollllgllrCd to I'CICBSi: hcdl, Wilt:lclll B vi:lllCIC llllCI1or
cml be heated by at least one of the heat released from the
indoor heat exchanger and the heat released from the heater,
the vehicle air conditioning appamstus further including: a do

minimum power sharin ratio calculation part configured to
calmilalc a shanng rauo of opcralion belwecn lhc compres-
SOI alii Illi: ill:BICL thC Shal1llg Idllo Bllov,'lllg piiwi:I con-
sumpnon to be mug«used when required qu mt«y ofheating
fiir a heating operation is acquired; and a tirst control part
confi ured to control the compressor and the heater based on
a result of a calculation by the minimum pow:er sharing
calculation part.

llierclbrc, il w possible lo control lo operate the com-
pressor dnd thc healer at lhc sharing mfio llwl allows the o

power consumption to bc mimmizcd, and consequently lo
acquire the required quantity of heating with the mininlunl
polver consumption

In addition. in order to achieve the above descnbed
objects. the vehicle air conditioning appamnls according to ss
the prcscnt invention includes. a compressor configured to
ColllpliwS dill dlSClldrgC ri:fllgcldllb a hCBI BICdllllll hCB!Ing
radiator conligurcd to rclcasc heal from Ihc relhgcrmit and
heat the heat mediunl, an air cooling heat exchanger con-
fi ured to absorb the heat into the refrigensnt and to cool air io
blowing to a vehicle interior; an outdoor heat exchanger
provided outside the vehicle interior and configured to
relcasc thc heat from or absorb ihe heat into thc rcfn ermit
by perlomung a heal cxclrdngc bclwcen lhc rcfngerant and
ouidoor mr: a heal medium circuit conli ured lo allow the ss
heat medium heated by the heat medium heating radiator to
flolv throuah; an air heating radiator configured to release

heat from thc heal medium flow ing through the heat mednun
circuit and to heat the air blowing to the vehicle interior; and
a heat medium heater conhgured to be able to heat the heat
medium flolving througit the heat medium circuit by electric
power. wherein: a heating operation is performed by releas-
in the heat from the refrigerant dischar ed from the com-
pressor in the heat mmiium heating radiator and absorbuig
the heal uito Ihc relngcranl after lhc heat rclcasc in Ihe
outdoor heat exchanger: a heatin and dehumidifying open-
tion is performed by releasing the heat front the refrigerant
discharged front the compressor in the heat medium heating
radiator and absorbin the heat into the refrigemsnt afier the
heat release in the air cooling heat exchanger and the
outdoor heat cxffiiangcr: mid thc hcut medium heater can
heat llm heat medium flowing lluough thc heal mednun
circuit, the vehicle air conditioning apparatus further includ-
ing: a heat medium temperature estimating part configured
to estimate a temperature of the heat mediunl that is heated
by the heat medium heating msdiator and flows tluough the
heat medium circuit: an insufficient-quantity-of-heat calcu-
lation pari conligured lo calculate an insuflicicnt quantity ol
heat during one of the hcatuig opera«on and thc lmdtuig and
dehumidifying operation. based on a result of an estimation
by the heat medium tempenslure estimating part; and a heat
medium heater contml parr configured to control the heat
medium heater, based on the insuflicient quantity of heat
calculated by the insufficient-quantity-of-heat calculation
part.

Thcrcforc. il is possible lo operate lhc heal medium heater
according to the insutficient quantity of heat calculated by
the insufficient-quantity-of-heat calculation part. and conse-
quently to compensate tiir only the insutTicient heat release
in the heat medium heating radiator by opemstlng the heat
medium heater.

In tuldition. In order lo aclucve thc above dcscrtbcxI
oblccts, the vehicle mr conditioning apparatus according Io
the present uivenuon includes. a compressor conligured Io
cmnpress and discharge refrigerant, an mdoor heat
exchanger provided in a vehicle interior; and an outdoor heat
exchanger provided outside the vehicle interior. wherein the
vehicle interior is heated by releasin heat fmm the reibig-
crant discharged Ibom thc compressor in the uidoor heat
CSChtulgCI; Bllil BbSOIblllg IIIC hCBI lllto lhc ri:fl1gCl din ill lllC

outdoor heat cxchangcr. thc i chicle air comhtiomng appa-
nstus further including: a frost formation deternlination part
configured to determine whether or not a frost is formed i111

the outdoor heat exchanger: a defrost part configured to
perfomi a defrost operation to remove the frost formed on
the outdoor heat exchanger when the lbost fonnauon dcier-
nunation pari detcrmuies thai the frost is I'ormcd on Ihe
outdoor heat cxchangcr. a battery power detection part
cmlfigured to detect a power of a battery that supplies power
for dnving a vehicle and fiir performing a heating operation;
a defrost restriction part configured to restrict the defrost
part from perfomiing the defrost opemstlon when the power
of the battery dcleclcd by lhc battery power detection pari is
a prcdclcrnuncd lcvcl or lower: a charge dclcmunalion pari
configured to detcnnine whether or not thc battery is bcuig
charged; and a cancellation part configured to cancel the
restriction on the performing of the defrost operation by the
defmst restriction part when the char e determination part
detennuies that the battery is bein charged.

Thcrelore. thc delbost operation is not performed when
the power o I'he battery is a prixlctcrminixl level or lower bu I

is pcrlhrmed when Ihc battery is being charged. As a result,
when becoining insuflicient while the velucle is nulniog. the
power ot the battery is used for nuululg the vehicle.
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Advantageous Eflbct ol'hc Invcnlion

According lo thc present ulvcntion, Ihc qumuily ol heal
required tilr a heating operation can be obtained with the
minunum power consumption, and thcrcforc lt is possible to
reduce Ihe electric power consumed by the heating operation
or heating and dehumidifyin operation. As a result. It is
possible Io extend the mileage of the vehicle.

In addition. according to the present invention. only an
111

insuflicicnl quantity of heat release ul lhc heal mcdnlm
heating msdiator is compensated by operating the heat
medium healer. By this means, II is possible lo nuiumally
operate the heat medium heater to reduce the power con-
sumpuon for drivulg thc veluclc. As a result, u is possible to
prevent the nlileage of the vehicle from dropping

Moreover. according to the present invention. when the
battery pov er beconles msuflicient while the vehicle is
uuming. it is possible to effectively use the battery power in
order to drive thc vcluclc. Therefore, it is possible to extend
the mileage of the vehicle.

BRIEF DESCRIPTION OF DRAWINGS

Fl(i I is a schematic vielv showing a vehicle air condi-
tioning apparatus according to Embodiment I of the present
lllVCIItlon:

FIG. 2 is a block diagrmn showing a control systmn.
FIG. 3 is a schematic view showulg thc vehicle mr

conditionin apparatus performing a cooling operation and lc
a coolin and delnunidifying operation;

l1(i 4 is a schenlatic view showing the vehicle air
conditioning apparatus performing a heatiilg operation,

FIG. 5 is a schematic view showin the vehicle air
conditioning apparatus pcrklrmulg a lirsl hcalulg Imd dchu- ls
Inullfv'lllg opCIfltlon:

FIG. 6 is u schemauc mew showulg the vchiclc mr
conditioniim apparatus performing a second heating and
delnunidifying operation,

FIG, 7 is a schematic view showing the vehicle air su
conditioning apparatus perfomting u defrost operation,

FIG. 8 is a flow chart show ulg a process to control quantity
of hcaung:

FIG. 9 is u flowchart showulg a process to control
power-limited operation according to Embodiment 2 of the
present invention:

FIG. 10 is a schematic view showing the vehicle air
conditioning apparatus according to Embodiment 3 of the
pICSCIII till Clltloll.

FIG. 11 is a block dlagmm showing a control systmn, c

FIG. 12 is u schematic view showing the vclnclc mr
conditioniim apparatus performing the cooling operation
and the cooling and delnlmidifying operation;

FIG, 13 is a schematic view showing the vehicle air
conditioning apparatus perfomting the heating operation: 11

FIG. 14 is a schematic view showing tlm vchmlc mr
condiiioning appuralus performing lhc lirsl healing and
dcluunidifyulg opcrauon,

l1(i 15 is a schematic view showing the vehicle air
conditionin apparatus performing the second heating and fc
dehumidifying opemstion;

FIG. 16 is a schematic view showing the vehicle air
conditioning appuralus pcrfomling Ihc defrost operation.

FIG. 17 is a flow charl show ulg a process to control water
0:Inpclaullc, ss

Fl(i 18 is a flowchart showing a process to contml
quantity of heating:

FICi 19 is a tlov,chan showing a process to control a
water heater:

FICi 20 is a flowduirt showing a process to control
operation swllclung.

lli(i Zl is a flowchart sholving a process to control the
defrost operation;

FICi 22 is a flowchart showing a process to control
compensation for quantity of heating:

FICi 23 is a flowchart showing a process to control
quantity ol'catulg according to Embodnucul 4 ol'hc
present ulvmltion;

ill(i 24 is a flowchar sholvin a process to contml
quantity of heating according to limbodinlent 5 of the
present invention:

FICi. 25 is a flowchart showing a process to control
quantity of heating accordin to Embodunent 6 of the
prcscul invention;

FICi 26 ls a flowchart showing a process lo control Ihc
water heater according to limbodiment 7 of the present
IIIVefltlofu

FICi 27 is a flowchart showing a process to control the
water heater according to Embodiment 8 of the present
invention:

FICi 28 is a schcmauc 1iew showing thc vclucle air
conditioning apparatus according to Embodiment 9 of thc
Pl'CSCflt 1nvenlfufl;

ill(i 29 is a block diagmm showing a control systein:
FICi. 30 is a schematic viewshowin the vehicle air

conditioning apparatus perfomling the cooling operation
and the cooiing and dehumidifying opemstion;

FICi 31 is a schematic llew showing the velucic air
condillotung apparauis pcrlilnning thc healing operation:

lli(i 32 is a schenlatic vielv showing the vehicle air
cmlditioning apparatus performing the hrst heating and
dehumidifying operation:

FICi 33 is a schematic view showin the vehicle air
conditioning apparatus performing the second heating and
dclnunnlifying opcrauon.

FICi 34 is a schcmauc 1iew showing thc vclucle air
conditioning apparatus performing the defrost operation:

ill(i 35 is a tiolvchart sholving a process to control the
defrost operatioir,

FICi. 36 is a flowchart showing a process to control the
defmst operation according to Embodiment 10 of the present
ulvcnuoll;

FICi 37 ls a flowchart showing a process lo control Ihc
defrost operation according to I imbodiment I I of the present
IIIVefltlofu

lli(i 38 is a flowchart sholving a process to control the
defrost operation according to Embodiment 12 of the present
invention: and

FICi 39 is a flov'chart showing a process to control thc
defrost operation accordulg to Embodiment 13 ol'hc prcscnt
lnvcntlofl

DESCRIPTION OF EMBODIMENTS

FICi 1 lo FIG. 8 show Emboduncnt I ol'hc prcscnt
lnvcntlofl

'I'he vehicle air conditioning apparatus according to the
present invention is applicable to an electric car that is run
by electric polver and that is driven by the electric power of
a battery to bc used to run lhc electric car. As shown ul FIG.
1, tlus vcluclc air conditioning apparatus includes an air
condillotung unit 10 providcxt in Ihc vcluclc lnlenor, and a
refrigerant circuit Zfl and a water circuit 30 that are formed
across the vehicle interior and the outdoor
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11&c air condit&on&ng un&t 10 u&eludes m& mr flow passage
I I that allo&vs the air to be supplied to the vehicle interior to
pass through. An outdoor air inlet I la and an indoor air inlet
I I I& are prov&ded in the first end side of the air fkiv passage
11. The outdoor air inlet Ila is conligured to allow the
outdoor air to flov into the air flow passage 11, and the
indoor air u&lct Ilb m conligurcd to aflow the u&door air to
flow into thc a&r flow passage 11. Mcanwlule, a foot outlet
I I& . a vent outlet I I J and a defroster outlet I le are prov&ded
in the second end side of the air flow passage ll The foot &a

outlet I I & is configured to allow the air flowing through the
air flow passage 11 to blow to the feet of the passen ers in
the vehicle. The vent outlet 11&I is configured to allow the air
flowmg Qm&ugh thc a&r flow passage 11 to blow to thc upper
bod&cs ol the passcngcrs &n thc vcluclc. Thc dclbostcr outlc&
I le is configured to allow the air flowing tluough the air
floiv passage I I to blow to the interior surface of the front
windoiv.

An indoor fan 12 such as a sirocco fan configured to allov
the air to floiv tluough the air flow passage 11 from end to &o

cnd is provided &n thc lirst end sale of the mr flow passage
11. 11»s indoor I'an 12 &s driven by thc clectmc motor 12u.

Also, in the first end s&de of the air tlow passage ll, an
inlet sivitching dan&per 13 configured to open one of the
outdoor air mlet I ln and the indoor air inlet I I I& and to close
the other. This inlet sw&tching damper 13 is driven by the
electric motor 13a When the inlet switching, damper 13
cloaca thc indoor air u&lc& Ilb and opens the outdoor mr inlc&

Ila, thc mode &s swi&chcd to an mitdoor air supply mode &n

which the air flows from the outdoor air inlet I la into the air io
floiv passage II. Meanwhile, when the inlet switching
dmnper 13 closes the outdoor air inlet Iln and opens the
indoor air inlet Ilb„ the mode is switched to an indoor air
circuLation mode &n which the air flows Ibom the indoor air
inlet 116 u&to thc n&r flow passage 11. Mores&vcr, when the ii
inlet switching dnmpcr 13 &s placed bc&ween thc ou&door mr
inlet Ila and thc indoor air u&let 116 m&d thc outdoor mr inlet
lla m&d the indoor a&r inlet ill& open, the mode is sw&tched
to a two-ivay n&ode in which the air flov;s from both the
outdoor air inlet 11u and the mdoor air inlet 116 into the air to
flow passe e 11 accord&ng to the opening mtio of the outdoor
mr inlet Ila and the indoor air inlci Ilb.

Outlc& sv»&clung d&unpcrs 13b, 13r anil 134 conligurcd to
open m&d close the foot outlet Ilc, thc vm&t outlet Ild and thc
defmster outlet lie are provided in the foot outlet I le. the
vent outlet II&I and the defmster outlet I I e„respectively. in
the second side of the air flow passu e 11. These outlet
sivitching dampers 136, 13c and 13d are conf ured to move
togcthcr by a linkage and arc opcncxi and closcxl by the
clcmnc motor 13e. Herc. when the ouilet sw&tching dampcrs o

136. 13c and 13J open the foot outlet Ic, close thc beat
outlet I ld and slightly open the defroster outlet I le, n&ost of
the air floivi&m thmugh the air flow passage I I bio&vs out of
the foot outlet Ilc and the remaining air blows out of the
defroster outlet 11e. This mnde is referred to as "foot mode.** s.
Mcanw h&lc, when the ouflct sw i&chu&g dampcrs 13b. 13c and
138 close the lbot outlet 11c and thc dcfrostcr ouflct 11e, and
open thc vent outlet 11d, all thc a&r flow mg tluough the mr
floiv passage ll blows out of the vent outlet I I&I. 'I'his n&ode
is referred to as "vent mode." In addition„when the outlet ro
siv itching &Lan&pers 136, 13c and 13d open the foot outlet I le
and the vent outlet I 1d, and close the defroster outlet lie. the
mr flowu&g tl&rough thc a&r flow passage 11 blov, s out ol the
foot ouflet 11c and thc vent outlet Ild. Tlus mode &s refcrrcd
to as *'bi-lcvcl mode." Morcovcr, when fl&e outlet sw&tching si
dampeis 13I&. I3c and 13J close the ti&ot outlet I I c and the
vent outlet Ild. and open the defroster outlet lie. the air

flowu&g through the a&r flow passage 11 blows out ol thc
defroster outlet I le 'Ibis n&ode is referred to as "defroster
mode *'iurthermore, when the outlet switching dampers
13I&, 13c m&d 13d close the vent outlet I Id and open the foot
outlet 11c and the defroster outlet Ile, the air flowin
through the air flow passage 11 blov, s out of the foot outlet
Ilc and the dcfloster outlet 11e. Tlus mode &s rcfc&rivi &o as
'*defros&er-liiot mode." Herc, in thc b&-lcvcl mode. &he air
flov passage II. the foot outlet I li. the vent outlet lid. and
a heat exchm&ger and a mdiator which w&ll be described later,
are arranged m&d configured such that the temperature of the
a&r bloiving out of the foot outlet Ilc is higher than the
temperature of the air blowing out of the vent outlet Ild.

A heat exchanger 14 is provided &n tlm a&r flow passage 11

in thc downstrcim& of thc air flow lbom thc &ndoor fm& 12.
'I'he heat exchanger 14 is confi ured to cool and dehumidify
the air flov;ing through the air flow passage I l. In addition,
a radiator 15 is provided in the air flow passage I I in the
downstream of the air flow fron& the heat exchanger 14. The
radiator 15 is configured to heat the air flow ing through the
air flow passage 11. Thc heat cxclranger 14 &s a hca&

exchanger that is constituted by Iins and tubes and 0&at &s

cm&figured to perfiirm heat exchange be&ween the refrigerant
flov ing through the refriaerant circu&t 2U and the air floiving
through the air floiv passage I I Meanwlule, the radiator 15
is a heat exchanger that is constituted by fins and tubes and
that is conligured to perfi&rm heat exchange between the
wa&cr flow&ng through the wa&er c&rcu&t 30 and fl&c air
flowu&g tluough the mr flow circu&t 11

An air mix damper 16 is provided between the heat
exchanger 14 and the radiator 15 in the a&r flow passage 11

and is configured to contml the percentage of the air to be
heated. v,luch is fkiiving tl&rough the air flow pa~sage 11.
The a&r mix damper 16 is driven by the electric motor 16».
When thc air mix damper 16 &s d&sposcxt in the air flow

passage 11 in thc upstream of thc red&ator 15, thc percentage
of the a&r sublccted to a heat cxchangc &n thc rad&ator 15 &s

reduced. Meanwhile, ivhen the air mix damper 16 is moved
to a pos&tion other than the radiator 15 in the air flow passage
11. the percentage of the air sublected to a heat exchan e is
increased. In the air flow passage 11, when the air mix
damper 16 closes &he upstrcmn side of thc ra&fetor 15 and
opens thc port&on other than thc rad&ator 15, thc opc&ung
dcgrcc &s 0%, and, on the other hand. when thc air mix
damper 16 opens the upstream side of the radiator 13and
closes the portion other than the radiator 15, the opening,
de ree is 100%.

The refrigerant circuit 20 includes: the heat exchanger 14;
a compressor 21 conligurcd &o compress rely&gerant, a
wa&cr-rcfngcran& heal cxchangcr 22 conligurcd &o pcrfom& a
heat exchange between the rcfngerant and thc water flowu&g
through the v,ster circuit 3U: an outdoor heat exchanger 23
cm&figured to perform a heat exchange between the refrig-
erant and the outdoor air; an indoor heat exchanger 24
configured to perform a heat exchange betv een the relbig-
cran& flow &ng &n&o thc hcai cxchangcr 14 and thc refrigerant
flowu&g out of thc heal exclmngcr 14, a flui&mway valve 25
configured &o sw&tch &hc passage of thc rcfrigcran&, first &o

fourth solenoid valves Z6&& to 26d: hrst and second check
valves 27&i and 27hx and first and second expansion valves
Zga and Zgb configured to decompress the refri erant. These
components are connected to each other by a copper pipe or
an aluminum pipe. 11&c compressor 21 and thc outdoor hca&

exchanger 23 arc d&sposixl ou&s&dc tlm vch&cle &ntcnor. The
compressor 21 is dnvm& by &hc elec&wc motor 21a. The
outdoor heat exchm&ger 23 is provided with an outdoor fan
29 configured to perform heat exchange between the outdoor
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mr and the rcfrigcranl when the vehicle slops. The outdoor
fan 29 is driven by the electric motor 29a

'Io be more specific, one side of the water-refrigerant heat
exchanger 22 into which the refrigerant flows i ~ connected
to one side of the compressor 21 from which the refrigerant
is discharged to form the refrigerant flow passe e 20a. In
addition, ihe input side of lhc outdoor heal cxchan er 23 ullo
winch Ihc rcfrigcranl tlow s is connec led lo thc output side of
the water-refrigemcnt heat exchanger 22 fmm v hich the
refrigerant is discharged.therebytotihrmtherefrigerant tlow hn

passaae 2(lb. 'I'he refrigerant flow passage 20b is provided
tvith the three-tvay valve 25. The one cide of the tluee-way
valve 25 from which the refri erant is discharged and
another side from wluch thc rcfngeram is disclmrgcd arc
parallel lo one another and arc connected lo Ihe input side of I

the outdoor heat exchanger 23 into which the refrigerant
flotvs mhd thereby to form the refrigerant fini passages 20r
and 20d 'I'he refrigerant flow passage 204 is provided v ith
the first expansion valve 28a and the first check valve 27a
in the order from the upstream of the flow of the refrigerant. Ic
Thc uhput side of thc compressor 21 uhto winch die rcfng-
cranl is sucked aud thc part ol Ihe rein crmhl flow passage
204 benveen the three-way valve 25 and the tirst expansion
valve 28a are comlected in parallel to the output side of the
outdoor heat exchanger 23 from which the refrigerant hs

discharged„ thereby to form the refrigerant flow passage 20c
and 20f. The refrigerant flow passage 20c is provided v.ith
the Iirsl solenoid valve 26a. The refngerant flow passage 20j
is protidcd with thc second solenoid valve 26b mhd thc
second check valve 27b in the order fnhm the upstream of the hc

flotv of the refrigerant The input side of the interior heat
exchanger 24 into which high-pressure refrigerant flows is
connected to the part of the refrigerant flow passlge 20d
between the three-v ay valve 25 and the first expansion valve
28a. thcrcby to form thc refngerant flow passage 20g The hc

rei'rigcranl passage 208 is provided with thc tlurd solenoid
halve 26C. Thc input side ol thc heal cxclmn er 14 ullo
which the refrigerant flow hs connected to the output side of
the indoor heat exchanger 24 from which the high-pressure
refrigerant is discharged, thereby to provide the refrigerant do

flow passage 20h. The refrigemsnt flow passage 20b hs

provided with thc almond expansion valve 28b. The input
side ol'hc indoor heat cxclmngcr 24 into v,hich low-
prcssurc refrigerant flows is conncctcd lo die output side of
the heat exchanger 14 from which the refrigerant hs dis-
charged, thereby to form the refrigerant flow passage 2Ui.
The part of the refri emsnt flow passage 20c between the tirst
solenoid valve 26a and the input side of the compressor 21
into wluch the rcfrigcrmll is sucked is conneclcsl to the
output side of the uhdoor heat cxclmngcr 24 Irom wluch the o

low-prcssure rcfngcrant hs dhschtugcd, thereby lo provide
the refrigerant flow passage 20j 'lhe input side of the
outdoor heat exchanger 23 into which the refrigerant flows
is connected to the refrigerant f1inv passage 20a. thereby to
provide the refrigerant fiov pacsage 20k. The refrigerant 11

flow passage 20k hs provided with thc fourth solenoid valve
264.

lllc water circuit 30 uhcludes thc radiator 15. tlm watcr-
refrigerant heat exchanger 22. a pump 31 configured to
pump the water as heat medium and a water heater 32 such ic
as an electric heater configured to heat water by electric
power. These components are connected by a copper pipe or
an aluminum pipe. To be morc specific. Uhe mput side of the
water-rcfngcrant heat exchanger 22 mto winch water flows
is coruhectcd to output side of thc pump 31 fhom wluch the sc
water is discharged, thereby to form a water thhw passage
30a The input side of the water heater 32 into which the

water flows is conneclmi to ihe output side ol the watcr-
refrigerant beat exchanger 22 from which the w:ster is
discharged, thereby to from a tvater flow passage 30b 'the
input side of the radiator 15 into which the water flows is
connected to the output side of the water heater 32 from
v hich the v:ster is discharged. thereby to form a water flow
passage 30c. Thc uhpul side of Ihc pump 31 into wluch Ihe
water is sucked is connected lo Ihc output side ol lhc mdialor
15 from which the water flows. thereby to front a water flotv
passage 3Ud I'he pump 31 is driven by the electric motor
31a

The vehicie air conditionin appamtus also includes a
controller 40 that controls the temperature and the innnidity
of Ihc vehicle ulterior lo be Ihc preach lempcralurc and
huluidkly.

'I'he contmller 40 includes a GPU. a ROM and a RAM In
the contmller, upon receivin an input signal from a device
connected to the input side, the GPU reads the program
stored in the ROM according to the input signal, stores the
state detected by the input signal on the RAM and trancmits
dll othlpthl sigluhl lo d ilct ice coiliu:cled lo lhc othlpthl side.

As shown in FIG. 2, dn outdoor air tcmpcralurc sensor 41
cmhfigured tn detect temperanire 1mn outside the vehicle
interinr, an indoor air temperanire sensor 42 configured to
detect temperature 'Ir in the vehicle mterior: an intake
temperature sensor 43 configured to detect tempemcture Ti of
the air flowing into the air flow passage 11: a cooled air
tcmperaturc sensor 44 configured to detect tcmperaturc Te of
thc air havulg bema cooled in thc heat cxchangcr 14, a hedtid
air tenhpemcture sensor 45 configured to detect tempemcture
'I'c of the air having been heated in the radiator 15; an indoor
air humidity sensor 46 confiaured to detect humidity 'I11 in
the velucle interior; a refrigerant tempemsture sencor 47
configured to detect temperature Thex of the refrigerant after
lhc ical cxchallgc hhl lhc ituldoor hi at cxcliallgcl 23, all
iusolalion sensor 48 such as a photo sensor configured lo
dclimt amount of insolalhon Ts. a velocity semor 49 config-
ured to detect velocity V of the vehicle; an operation part 50
cmhfigured to set modes regarding to target setting tempem-
ture Tact and the switching of the opemstion, and a pressure
sensor 51 configured to detect pressure Pd in the high-
prcssurc sale ol'he relbhgermlt circuit 20 are connected to
thc input sale of Ihc controller 40.

As shown in FIG. 2. mh clcctrm motor 12a I'or dnving thc
indoor fan 12; an electric motor 13a for drivmg the inlet
switclnng dahnper 13; an electric motor 13e fihr driving the
outlet stvitching dampers 13b, 13c and 13d; an electric
motor 16a for driving the air nhix damper 16: an electric
tllolor 21ii for drivillg lhc coillprcssor 21, lhc lhrcciwav
valve 25, the lirst lo fourlh solenoid valves 26a, 26b, 26c and
26d, an clcclric motor 29a Ihr dnving tlm outdoor Ihn 29, an
electnc motor 3 la fnr driving the pump 31; the water heater
32: mhd a display part 52 such as a liquid crystal display
configured to display the indoor air temperature Tr or
information on such as an operation state are connected to
thc output side ol'hc controller 40.

Thc vchiclc air condhuohung apparatus havulg lhc abovc-
dcscribcd conliguration performs cooling operation, cooluhg
and delnunidifying operation, heating operation. first heat-
ing and delmmidifying operation, second heating and dehu-
midifying operation and defrost opemstion Now. each opera-
tion will be explained.

First, thc cooling operation will bc explained. In Ihe
relngcrant circuit 20. thc flow passd e ol flnec-way valve hs

sct lo thc rclhgerant flow passage 20c side, the second and
tlurd solenoid valves 26b and 26r open and the first and
fourth solenoid halves 26a and 264 are closed; and the
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compressor 21 m operated. Meanwlule, thc opcrauon of thc
pump 31 is stopped in the v ater circuit 30.

By tlus means, as shown ul FIG. 3, flle rcfn ermlt
discharged fmin the conlpressor 21 tlows through in tlus
order. Ihc refngcrau( flow passage 20a, Ihe wa&cr-relngcrml(
heat exchanger 22; water-refrigerant flow passages 20b and
20C: the outdoor heat exchanger 23, the refrigerant flov
passl es 2()f, 20d and 20g, the high-pressure side of the
internal heat exchan er Z4: the refri emlnt flow passage 20/i,

&11

thc hca& cxchaugcr 14, thc refngerant flow passage 20i, the
low-pressure side of the internal heat exchanger 24; and the
rcfrigeran& tlow passages 20j tmd 20e. aml &s sucked ulto thc
compressor 21. 'I he refrigerant flowing thmugh the refrig-
clrull circa&I 20 rcli uses Ihc hca& nl Ihc ouldoor hca&

exchanger 23 and absorbs the heat in the heat exchanger 14.

Since the pump 31 is stopped in the cooling operation. heat
is not released front refrigerant in the water-refrigerant heat
exchanger 22.

In Ibis case, &n Ihc a&r condiuonm uni& 10 durulg thc
cooling operation, the indoor fan 12 is operated to flov. the
mr tluough thc mr flow passage 11, and flle mr is sub&ected
to a heat exchan e with the refrigerant in the heat exchanger
14 and cooled 'lhe tenlperature of the cooled air is the target
air-blowing temperature ZAO of the air to blow out of the
outlets 11c. 11d and Ilc in order to set the tempemture of the
vehicle interior to target setting temperature Tser. Then. the
mr at Imnperaturc Tact blows to thc vcluclc ul&cnor.

Nexk thc cool&ng and dchumulifying operat&on will bc
explained In the refrigemnt circuit 20, like the cooling lo
operation, the flow passage of the three-way valve 25 is set
to the refriaerant flow passage 20C side: the second and third
solenoid valves 26b and 26c open and the first and fourth
solenoid valves 26u and Z6d are closed; and the compressor
21 &s opcratcxl. Iu thc water circu&t 30, Ihc pump 31 &s li
operatml.

By tlus means, as shown ul FIG. 3, flle rcfn ermlt
discharged front the conlpressor 21 flows through in the
same way as in the coolulg operation 'Ihe refrigerant
flowing through the refrigerant circuit 20 releases rhe heat in so
the &later-refngerant heat exchanger 22 and the outdoor heat
exchanger 23, and absorbs the hca& ul thc hca& exchanger 14.

In addition, thc mater d&schargcd from thc pump 31 tlows
tluough &n th&s order. thc water-rcfngerant heat cxclmnger
22. the ivater heater 32, and the radiator 15 as indicated by
the chain line of I'IG 3, and is sucked into the pump 31. 'I he
water flowing tluouJvt the water circuit 30 absorbs the heat
in the water-refngerant heat exchan er 22 and releases the
heal in the radiator 15

In this case, in Ihc a&r cond&tioning unit 10 durulg the c

coolulg mid dehum&d&I'yulg operation, Ihe uldoor Ibn 12 &s

operated to flow the air through the air flow passage I l. and
the air is subjected to a heat exchange with the refrigerant
lvhich absorbs the heat in the heat exchanger 14. and
therefbre is cooled and dehumidified. The air bavin been 11

dcluuniddicd &n thc heat exchanger 14 &s sub)cct to heal
exchange wi(h Ihc werc& which lclei&scs Ihc hiult hl thc
radiator 15, and Ihcrcforc heatixk As a rcsull, thc a&r at thc
tar et air-blowing tempemture 'I'AO blows to the vehicle
»r(c&lo&'. so

Next. the heatin operat&on will be explained. In the
refrigerant circuit 20„ the flow passage of the tiuee-way
1 alvc 25 is sct to thc rcfrigcran& flow passage 20d s&dc, the
Iirst solenoid valve 26a opens and (hesccond to fourth
solano&d valves 26b to 26d arc closed. and Ihc compressor si
21 is operated In the water circuit 30, the pump 31 &s

operated.

By tlus means, as shown in FIG. 4, thc refrigerant
discharged from the compressor 21 flows through this order
the refrigerant tloiv passage 20n: the water-refugerant heat
exchanger 22: the refrigermlt flow passages 20)1 and 20d; the
outdoor heat exchan er 23; and the refrigerant flov'assage
22c, and is sucked into the compressor 21 The refbigemnt
flowing tluough Ihc rcfugcrml& circu&t 20 relcascs the heat in
the wa(er-refngcrant heal cxchangcr 22 and absorbs thc hca&

in the outdoor heat exchanaer 23
Meanv bile, as shoivn in l&I(i. 4, the water discharged

from the pump 31 flows through in this order the water-
refrigemnt heat exchanger 22; the water heater 32: and the
radiator 15, and is sucked into the pump 31. The water
flowulg Iluough thc wa&er c&rcui& 30 absorbs thc heat in thc
wa(cr-rcfngcrant heat cxchmlgcr 22 and releases Ihe hca& in
the radiator 15

In this case, in the air conditioning unit 10, the indoor fan
12 is operated to flow the air thmugh the air flow passage I I,
and the lb&wing air is not subject to a heat exchange with the
refri erant in the heat exchanger 14. but is subjected to a
heat cxchangc» ilh Ihe w a(er in Ihc

red &a(or

15 and therefore
is hca&cd. As a resul&, Ihc air at Ihc target a&r-blowulg
temperature I'AO blows to the vehicle interior.

Next, the first heating and dehumidifying operation will
be explained In the refrigerant circuit 20, the flow passage
of the tluee-lvay valve 25 is set to the refrigerant flow
passage 20d side; the first and tifird solenoid valve~ 26u and
26c open and the almond and I'ourth solcuo&d valves 26b and
26d arc closed, and the compressor 21 is operated. Mcan-
v bile, the pump 31 is operated in the water circuit 30.

l3y this means, as shown in I'l(i 5, the refrigerant
discharged fmm the compressor 21 flows thnlugh in this
order: the refrigerant flow passage ZUC, the u ater-refbigerant
heat exchanger 22, and the refrigerant flov passa es 20b and
20d Par& of thc rcfngcrant flow&ng tlnough thc rcfrigcran&
flow passage 20d flows through ul tlus order. thc outduor
heat exclmngcr 23, and thc rcl'rigerant flow passage 20c, and
is sucked into the conlpressor 21 In addition, remaining
refrigerant flowing throu h the refrigerant tlow passage 20d
flov s through in this order; the refrigemnt flow passage 20g;
the hi h-pressure side of the interior heat exchanger 24; the
rcfngcrant flow passage 20b: the hca& cxchaugcr 14, thc
rcfngcrant tlow passage 20i, thc low-pressure s&dc ol'hc
iu(erior heat exchanger 24, mid the rely&gerant flow passages
20( and 20c, and is sucked into the compressor 21 'lhe
refrigerant flowing thmu h the refrigerant c&rcuit 20 releases
the heat in the v:ster-refrigerant heat exchanger 22 and
absorbs the heat in the heat exchanger 14 and the outdoor
heat cxclmngcr 23.

Meanwhile. as shown ul FIG. 5, thc water discharged)
from thc pump 31 flows tluough in tlus order. thc waier-
refrigerant heat exchanger 22; the water heater 32: aod the
mldiator 15. and is sucked into the punlp 31. 'I'he water
flov ing through the water circuit 30 absorbs the heat in the
water-refrigerant heat exchan er 22 and releases the heat
from thc rad&alor 15.

In tlus case. ul Ihc air conditioniug u&ut 10, the indoor fan
12 &s opera(cd to flow the a&r Iluough thc mr tlow passage 11.
and the flowing air is subjected to a heat exchange lvith the
refrigerant in the heat exchanger 14, and therefore is cooled
and dehumidified. Part of the air having been deluunidified
in the heat exchanger 14 is subjected to a heat exchange with
the lva(cr ul Ihc rad&a(or 15 and ln:a&cd. As a result, thc air
a( the target air-blow&ng temperature TAO blows into Ihe
vchiclc intcnor.

Next, the second heatin and dehunndifying operation
will be explained In the refrigerant circuit 20. the floiv
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passage of Ihc &luce-way valve 25 is sel lo thc refngcrmll
flow passe e side 20d: the third solenoid valve 26c opens
and the Iirst, second and fourth solenoid valves 26a. 26b and
26&( are closed; and the compressor 21 is operated. Mean-
wiulc. the pump 31 &s operates) &n thc water c&rcuit 30.

l3y this means. as shown in I'l(i 6„ the refrigerant
discharged from the compressor 21 flows through in tlus
order the refrmerant flow passage 2))a; the water-refrigerant
heat exchanger 22„ the refrigerant flow passu es 20b. 20d

Illand 20g; thc lugh-prcssure side of thc ultenor heat
exchanger 24: the refrigemsnt flow passage 20(i: the heat
exchanger 14: thc refngerant flow passage 20): &hc low-
pressure side of the interior heat exchanger 24: and the
rel'rigcrant flow passages 20j and 20c, and is sucked into the
compressor 21 1 he refrigerant flowing thnlugh the refrig-
erant circuit 20 releases the heat in the v:ster-refrigermlt heat
exchmlger 22 and absorbs the heat in the heat exchanger 14.

Meamvhile. as shov n in FI(i. 6. the water discharged
from thc pump 31 flows tluough in ilus order: &hc water-
refrigerant heat exchan er 22: the water heater 32: and the
radiator 15, and m sucked into thc pump 31. The water
flo&vin tl&rou h the water circuit 30 absorbs the heat in the
water-refriaerant heat exchanger 22 and releases the heat in
the radiator 15.

In this case. in the air conditioning unit 10. the indoor fan
12 is operated to flow the air through the air flow passage 11,
dnd ihe flowulg a&r &s sub)ac&cd to a heal exchange with thc
refrigerant in thc heat exchanger 14, and thcrefi&re &s cooled
and delnunidified in the same way as in the tirst heating and &c

delnuuidifying operation Parr of the air dehuntidifitfl in the
heat exchanaer 14 is subjected to a heat exchange w&th the
water in the msdiator 15. Cnd therefore heated. As a result, the
air at the tar et air-blov ing temperature TAO blows to the
&chicle interior. ls

Next. the defrost operation w&11 be explamciL In the
rel'rigcrant circu&t 20, thc flow passage of the tlucc-way
valve 25 is set to the refrigerant fini passage 2))d side, the
first and fourth soleno&d valves 26a and 26&I open and the
second and third solenoid valves 26d and 26r are closed: and do

the compressor 21 is opemsted Meanwhile. the pump 31 &s

opcratcsI in the water c&rcu&t 30.
By flus numns. as shown &n FIG. 7, part ol'he refngcrmlt

d&scluttgcd from thc compressor 21 flows tluough in tlus
order the refrmerant flow passage 2))a; the water-refrigerant
heat exchanger 22; the refrigemsnt flow passages 20b and
20d. and flows into the outdoor heat exchan er 23 In
addition„ the rema&ning refrigerant discharged from the
compressor 21 flows tluough the rel'rigerant flow passages
20a mid 20k and flows &nto thc outdoor heat exchmlgcr 23. c

Thc rel'rigcrant flow ulg out of thc outdoor heat exchan er 23
flo&vs thmuP the refrigemsnt flow passage 20c„and is sucked
into the compressor 21 The refrigerant flowing through the
refrigerant circuit 20 releases the heat in the radiator 15, and
at this time. absorbs the heat in the outdoor heat exchanger &3

23.
Meanwlulc, as shown &n FIG. 7, flle water d&scharged

from thc pump 31 flows tluough in ilus order: &hc water-
refrigerant heat exchanger 22, the &cater heater 32: and the
radiator 15, and is sucked into the pump 31 'I'he water ic
flowing through the v ater circuit 30 absorbs the heat &n the
water-refrigerant heat exchanger 22, and releases the heat in
thC rildid&OI 15.

In tins case. &n thc air conditioning u&u&10, thc uldoor fan
12 is operated to flow the a&r tluougt the mr flow passage 11. ss
'I'he flov ing a&r is not subjected to a heat exchange with the
refrigerant in the heat exchanger 14, but is subjected to a

heat cxchangc w&th lhc water whwh relcascs Ihc lmdt in thc
radiator 15, and therefore is heated and then blows to the
vchiclc intcnor.

While the automatic s&vitch of the operation part 50 is
turned on, the controller 40 perl'orms m& operauon su itclung
cmltrol process to switch among the cooling operation. the
cooling and delnunidi fying opemstion. the heating operation,
the first heating and deln&nlidifying opemst&on. the second
heat&n and delnunidi6 ing operation, and the defrost opera-
t&on, based on uldoor and outdoor cnv&rorunm&tal condit&ons,
such as temperature.

In each opcrauon switched by the operat&on switclung
cmltrol process. the controller 40 switches among the foot
mode, thc vent mode and &hc bi-level mode accordulg to the
target a&r-blowing temperan&re 'I'AO qo be more specific,
when the target air-blowing temperature TAO is high. for
exanlple, 40 degrees centigrade, the contmller 40 sets the
foot mode. Meanwhile. &shen the tang&et air-blowin tem-
pcraturc TAO is lovl for cx;mlplc, lower than 25 dcgrces
cent&blade, the controller sets the vent mode. Moreover,
when thc target air-blow&ng temperature TAO is the tem-
perature betv,een the temperature for the foot nlode and the
temperature for the vent mode, the controller 40 sets the
bi-level mode

The controller 40 s&vitches the mode of the outlets Ilr,
11d and Ile by using the outlet switching dampers 13b. 13c
dud 13&f, iuul controls fllt: opcuulg degree oi fllc alr ullx
damper 16 in order to set thc tempcraturc of thc air blowulg
out of the outlets I It, I ld. and I le to the target air-bloiving,
temperature I'AO

Moreover, in the heating operat&on or the heating and
dehumidifyin operation, the contmller 40 performs a quan-
tity-of-heating control process to control quantity of heat
relcasc Q hp of the rcfngcr;mt and quanuty of heat release
Q hlr of thc water hcatcr 32 in thc water-rcfngcrant heat
exchanger 22. &n order to set tlu: tcmperaturc oi'hc air
fiowing to the vellicle interior. Now, the operation ot the
em&troller 40 in this process will be explained w&th reference
to the flowchart shown in FIC). 8.

(Step Sl)
In step Sl, the CPU dctcmum:s whcthcr the operauon is

thc heat&ng operation or thc heat&ng aud dchunudii'yulg
operation. When dctermimng that thc operdt&on is onc oi thc
heatmg opemstion and the heatin and dehmnidifying opera-
tion, the (.'PU moves the step to step S2 Meanwhile,
determining that the opemstion is neither the heating opera-
tion nor the heating and dehmnidifyin operation, the CPU
ends thc quan&&ty-oiihcaung control process.

(Step S2)
Wlmn dctcrmunng that lhat tiu: opera&&on &s onc of the

heatin operation and the beati&m and dehum&difying open-
tion in the step S I, the ( PU calculates required quantity of
heat&n Qreq based on outdoor air temperature Tam. tem-
perature Te of the air bavin been cooled in the heat
exch&lugcl 14 (lu et&ac of thc hcatulg opcrd&lou, toulpcrdttuc
T& of thc air flowulg ulto thc air flow passage 11) mid thc
target a&r-blowing tcmpcraturc TAO.

(Step 53)
In step S3, thc Cpl I calcuhltcs a tu&Ill&Outa powcl'he&lug,

ratio, which is the sharing ratio betv, een the quant&ty of heat
release Q hp of the &Cater-refrigerant heat exchanger 22 and
the quantity ofheat relcasc Q htr of Ihc water heater 32&hat
allows thc power consiunption Io be m&mmixcs) when the
required quantity ol'hcaung Q rcq culculated &n thc step& 2
is outputted A method of calculating tins minunum power
sharin mstio trill be described later
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(Step S4)
In step S4. the CPU operates the compressor 21 and the

water heater 32 according to the minimum power sharing
ratio k calculated in the step S3. and ends the quantity-of-
heating control process In this case. the quantity of heat
release Q hp of the refrigemnt in the water-refri erant heat
cxciiiiiigci 22 diid tire qudiitilv oi lied( rclcdsc Q Iiti oi Iiic
w ster heater 32 are calculated based on die required quantity
of heating Q req and the minimum power sharing ratio k
(fiaksl). (Q hp kxQreq, Q htr (I —k)xQreq) I it

Now, die niethod of calculating the mininnun power
sharing ratio k in the step S3 will be explained.

A coefficient of perfonnance (hereinafter referred to as
COP) ichia:4 Io tiic iicdtiiig ciipiibiiity of'hc writer-rcfl1g-
crant heal exchanger 22 vanes according Io die mimbcr of I

rotations Nc of the compressor 21, the outdoor air tempera-
ture Tam and the target air-blowing temperature 'I'AO 'I he
( OP can be read fmm a table in which the COP is associated
with each of the number of rotations Nc of the compressor
21. the outdoor air tempemture Tam and the target air- zo

blowing tmupecdturc Tam Thc table ui wiuch Ihc COP is
associated with each itmn is obtained by, lbr exiunple,
experiments, simulations by a computer and so tiinh

1'he quantity of heat release Q hp of the water refrigerant
heat exchanger 22 constantly increases and decreases
according to the increase and decrease of the number of
rotations of the compressor 21.

Morcovcr, power consumpuon W htr of the water hwiter
32 constantly uicreases mid decreases according to thc
increase and decrease of the quantity of heat release Q htr. Ic
Meamvhile, power consuniption W hp of the water-refrig-
erant heat exchanger 22 is obtained by dividing, the quantity
of heat release Q hp by the ('OP (W hp=Q hp/COP).

Therefore. the minimum power sharing ratio k is the
siianng ratio between Ihe water-refn crmit heat cxcixingcr ii
22 and thc water hcatcr 32 when the total power consump-
non W total of the power consumption W hp and die power
consiunption W htr is mininiized on the conditioit Iltat the
total quantity of heat release Q total of the quantity of heat
release Q hp and the quantity of heat release Q htr satishes do

the quantity of heat release Q req.
llic iiiiiiiiiiuiii power sliariiig id(to k Callas Bccoidiii Io

the required quanuty of heating Q req, Ihc outdoor mr
Iempcraturc Tun and thc target air-biowing Icmpcraturc
'I'AO 'ilie minimum power sharing ratio k is deternuned
based on a table in which the miniinuin power sharing ratio
k is associated with each of the required quantity of hearing
Q req, the outdoor air tempemture Tam and rhe target
atr-blowing tcmperaturc TAO. Thc Iabic in winch thc muu-
iiiiiiii piiwcI siiBriiig rBIlo k is dssoclaiixi B i(11 cBcil itciii is
obtauttxf by. fiir example. cxpcriments. simulatioiw by a
compmer and so forth

As described alxive, with the vehicle air conditioniag
appamtus accordin to the present embodiment, when the
required quantity ofheating Q req is acquired. the minimum ss
power sharing ratio k bctwccn Ihc quantity of heal relcasc
Q hp oi'hc water-refngermit heat cxciiangcr 22 and thc
quantity of iu:dt rclcasc Q htr oi Ihe water heater 32 is
calculated. v hich allows the poiver consumption W total to
be minimized, and the compressor 21 and the water heater ic
32 are controlled according to the result of the caicularion.
By this means, the required output of the heating operation
cmi be obtauied with the nunimum power consumption, and
thcrcfore it is possible Io rcducc Ihe power consumption of
thc hcatuig operation or thc heatuig and dchunndifying si
operation. As a result, it is possible to extend the mileage of
the vehicie
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Flfi 9 shows Embodmient 2 of the prcscnt uivention.

I fere, the same components are assi ned the same reference
nunterals as in Iimbodimeiit I

'I'his vehicle air conditioning apparatus is configured to
perfomi power-limited operation to limit the supplied power
W total to the value equal to or lower than predetermined
limited power Wiim AC. when Ihc beu cry power to be uscdf

to dnvc Ihc vchiclc is equal Io or lower than a prcdctcrnuncdf
level.

l)uring the pov,er-liniited operation. the controller 40 of
tlus vehicle air conditionin apparatus performs a power-
limited operation control process that can provide the maxi-
mum quantity of heat release witifin the range of the limited
power Wiim AC. Now. thc operation of thc controller 40 in
this process will be expl Bused w ith rcferencc to thc flowchart
shown m Fl(i 9

(Step Sil)
In step S I I, the ('PU determines whether the operation is

the heating operation or the heating and dehumidifyin
operation. When determining that the operation is one of the
heating operation and thc healing and dchunudiiyuig opera-
tion, thc CPU moves thc step to step S12. On thc other hand,
when determining that the opemtion is neither the heating
opemtion nor the heating and dehumidifying operation, the
('PU ends this poiver-limited operation contnil process

(Step 12)
In step the SII, when detemiirung that the operation is

ouc of Ihc healing opcrauon;md the heating and dchunudi-
fying operation. the CPIJ calculates thc rcquircd quantity of
heatmg Q req based on the outdoor air tenipemture 'I'am, the
temperature Te of the air bavin been cooled in the heat
exchanger 14 (in case of the heating operation, the tempera-
ture Ti of the air flowing into the air flow passage 11) and the
target air-biowing temperature TAO in step S12.

(Step S13)
In step S13, the CPU calmilatcs the muiimum power

siianug ratio k, wluch is Ihc shanng ratio between Ihe
quantity of heat release Q hp of the water-refrigerant heat
exchanger 22 and the quantity of heat release Q htr that
allows the power consumption to be minimized when the
required quantity of heating Q req calculated in the step 2
is output ted. Thc method of calculating thc minunum power
shanug ratio is the same as ui tiu: step S3 oi'Emboihmcni 1.

(Step S14)
In step S14, the ('PU determines whether or not the

linuted-power operation is being performed When deter-
mining that the limited-povver operation is bein perfiinned,
the CPU moves the step to step S15. On the other hand,
when dctcnnining Ihal Ihc power-limited operation is not
pcrfiinned, thc CPU moves thc step to step S24

(Step 15)
When deterniinina that the limited-power operation is

bemg performed in the step S14. the ('PU, m step 15,
calculates required power W req for the operation at the
minimum power sharin mtio calculated in the step S13.

(Step S16)
In stcft S16. thc CPIJ detcrmuu s whether or not thc power

W rcq calcufalcxf ui Ihe step S15 is greater thim the limited
power Wlim A(.'. When determinin that the power W req
is greater than the liniited power Wlini A(', the ('PU moves
the step to step S17. On the other hand, when detemiinin
that the power W req is equal to or smaller than the limited
power Wiim AC, Ihc CPU moves thc step to Ihe step S24.

(Step S17)
Wimn dctcmuning that the required power W rcq is

greater than the limited poiver Wlini A('n the step 16, the
('PU calculates niaximmn quantity-of-heatmg sharing ratio
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k) which is thc sharuig ratio bclwimn Ihe power consump-
tion VV hp of the compressor 21 and the pnwer consumption
VV htr of the water heater 32 that allows the quantity of
heating to be maximized at the limited power Wlim AC.
The method of calculating this maximum quantity-of-heat-
in sharin ratio k'ill be described later.

(Step S18)
In slap S18. thc CPU operates thc compressor 21 aixl the

water heater 32 according to the maximum quantity-of-
heating sharin ratio k'alculated in the step S17. In tlus la
case. the power consumption W hp of the cnmpressor 21

and the power consumption W htr of the water heater 32 are
calculated based on the limited power Wlim AC and the
maxunum quautiiy-ollhcaung shanng ratio k'Oml'BI),
(W hp=k'xWlim AC, W htr=(1 —ld)xWlun AC). I

(Step S19)
In step S19, the ('PU calculates the air quantity of the

indoor fan 12 that can maintain the target air-blov ing
tempemsture TAO at the total quantity ofheat release Q total
of the quantity of heat release Q hp and the quantity of heat zo

relcasc Q htr. To bc more specilic, thc lollow ing equation Is
held by. the quantity of heating Q total, ddlbrcncc in
temperature 5 I'degree centio rade) benveen temperature 'I c
of the air having been heated in the radiator 15 and tenl-
perature I'e of the air befiire heing heated in the radiator 15
(temperature Te in the heatin and dehumidifying operation
and temperature Ti or Te In the heatiitg operation); specitlc
heal of the air Cp (1/kg 1(=W.sccskg.h), density p (kg/m3),
diid fliiw I'iltC G (III3/SCC) Ol fllC dii SiibjCCU:il IO II IICdl

exchange ivith the water in the radiator 15. Ill

0 ioi;U=AI cn I o

Therefore. when the quantity of heating Q total drops
during the power-limited operation, it is possible to maintain
thc Imnpcrature ddli:rcncc AT by decrcasmg lhe flow rate G is
ol'thc air. In thc step S19, the air quanuty ol lhe indoor fan
12 is calculated, which cdn mauilam the tcmperaturc ddlbr-
ence rkl in the above-descnbed equation.

(Step S20)
In step S20, the CPU operates the indoor fan 12 based on do

the air quantity calculated ln the step S19. In this case, when
the air quantity calculalcxt ui thc slap S19 is smaller than thc
Coilliolitibh: IIIIIIIIIIUIII Bli qUiiillilv, lllc Bir quaiilily'l tllC

indoor fmi 12 is mininuzed. On the other hand, whmi the mr
qumitity is rester than the value not during the power-
liniited operation, the air quantity is set to a value not during
the power-limited operation.

(Step S21)
In step S21. thc CPU sets thc mode ol'thc outlets to the

fool mode by thc outlet suitclung diunpcrs 136. 13c and 134. c

(Step S22)
In step S22. the ('PU determines that the npening. degree

of the air mix damper 16 is )0%.
(Step S23)
In step S23. the CPU displays tlmt the pow:er-limited ss

operation is being pcrlbnued on thc display part 52.
(Sicp 524)
When detennu»ng that Ihc power-hmilixl operation is nol

performed in the step 14, or when determining that the
required poiver is lower than the limited power in the step io
S16, the CPU, in step S24, operates the compressor 21 and
the water heater 32 according to the mininnun power sharing
ratio k calculated in thc stctt S3, and ends Ihe power-lnnitcd
operation control process. Herc, thc quanlily ol heal release
Q hp of Ihc refngerant in the water-rein eranl heal ss
exchmiger 22 and the quantity of heat release Q htr of the
water heater 32 is calculated based on the required quantity

of healing Qreq and Ihc nnninuun power sharing raliu k
(0 k I), (Q hp kx()req. () htr (I —k)xQreq)

Next, the method of calculating the niaxinlum quantity-
of heating sharing ratio k'n the step )17 will be explained

The maximum quantity-of-heating shanng ratio k's the
shanng ratio of the operation between the water-relbigerant
heat cxchangcr 22 dnd thc water heater 32 when thc total
quantity of heating Q total of tlu: qumitily of heatuig Q hp
of the water-refrigemnt heat exchan er 22 and the quantity
of heating Q htr of the ivater heater 32 is maximized on the
cmidition that the total poiver consumption of the power
consumption W hp of the compressor 21 and the power
consumption W htr of the water heater 32 is the limited
power Wlim AC.

TIIC IIIBXIIIIUIII SUBIitilv-Of-IICaliiig sllatliig Idlio k viiltCS
according tn the limited pov er Wlim A(L the outdoor air
temperature I'am, and the target air-blowing tempensture
'I'AO I he maxinuim quantity-of-heating sharing ratio k's
detennuied based on a table in wlflch the maximum quan-
tity-of-heating sharing ratio I's associated with each of the
limited power Wlun AC. the outdoor air lcmpcralure Tam
and thc tiugct air-blowing tcmpcraturc TAO. The table in
which the maxinuini quantity-of-heating sharing nstio k's
associated ivith each iteni is obtained by, for example,
expenments. simulations by a computer and so fiirth

As described above, ivith the vehicle air conditioning
apparatus according to the present embodiment. It is pos-
sible to acqinrc thc required output of the hcaung operation
Wifll tllC iliiiiiillUIII power COIISUillplioil, Bird lllCICforC IO

reduce the power consuniption ul the heating operation or
the heating and dehumidifyin operation in the same way as
in limbodiment I As a result. it is possible to extend the
mileage of the vehicle.

In addition. during the poiver-limited operation, the maxi-
mum quantity of hcatuig sluiring rauo I 'etwimu the power
consumption W hp of the compressor 21 and thc power
consumption W hlr ol'hc water lmdtcr 32 is calculated,
which allows the quantity of heat release Q total to be
maximized at the liniited pov er Wlinl A(L and the com-
pressor 21 and the water heater 32 are contmlled based on
the result of the calcuLation. By this means. it is possible to
achieve the illiixiillUIII qliBIilily'f hCBI ICh BSC Q total
witlun the range of the luuhcd power Wlun AC, and
thcrcfiirc to prcvcnl Ihc mivironmmil ol'hc vehicle uilcnor.
such as the temperature and the humidity from deterionsting,
dunng the pov,er-limited operation

Moreover, the air quantity of the indoor fan 12 is con-
trolled such that the temperature of the air blowing into the
vchiclc uilenor from thc indoor lbu 12 duung the power-
limited operation is lhc target air-blow uig lempcmture TAO
of the air blow uig uito thc I clucle intenor from thc induor
fan 12 not during the power-limited openstion By this
means, it is possible to prevent the air-blowing temperature
from chan in because the power-limited operation starts,
and the passen ers in the vehicle do not have an uncom-
fortable fi:cling bccausc of the chmigc In mr-blowuig Icm-
pcrdulIc.

In addition. when thc air quantity ol'hc indoor lbn 12
calculated in the step S19 is smaller than the controllable
nuninnun air qumitity, the air quantity of the indoor fan 12
is muiimized. On the other hand„when the air quantity is
greater than the air quantity not dunng the power-limited
operation, lhe air qu;muty ol Ihc indoor fnn 12 is set lo Ihe
value not dunng thc power-hmhcxl opcrauou By Ibis means,
il is possible lo set Ihe air quantity of thc indoor fan 12
within a predetermined range. and therefore to prevent
ineflicient operatinn and a failure of the indoor fan 12
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Morcovcr, the display part 52 displays that the powcr-
lintited operation is being performed on the display part 52.
l3y this means, it is possible to notify the passengers in
vehicle dmt the power-lin&&ted operation is being perfouned,
and therefi&re to prevent the passen ers from makii&g an
error of judgn&ent that a failure has occurred.

Herc. with thc prcscut cmboduuenb a contigurarion has
bema described where Ihc heat released Itom Ihe water-
refrigerant circuit 20 is absorbed in the water tlov ing
through the water circuit 3(l via the water-refrigerant heat Ic

exchmiger 22 Ilowever, heat medium subjected to a heat
exchange ivith refri erant is not limited to ivarer. but any
heat ntedium is applicable. which enables heat transfer. such
ds distill'cczc solid&oil cori(air&i&i ctliy'Icitcglvcol iiitr! so
forlli. I

In addition, with the present embodiment. a contiguration
has been described where the three-way valve 25 is used to
switch behveen the refrigerant flo&v passages 20ec and 20d
in the refrigerant circuit 20. It is by no mean~ limiting. Tv o
solenoid valves are applicable instead of the tiuee-way zo

salve, mtd Ihcrcforc it is possible Io switch bclwocn the
rel'rigcranr tlow passages 20c and 20d by opeiun and
closing these solenoid valves.

Moreover. with the present embodiment, a contiguration
has been described when the display part 52 displays that
the power-Innited opemstion is being performed. It is by no
means limiting, but another configuration is possible where
the voice of a speaker is used Io goofy that flte power 1 muted
operation is being pcrlbnued

Moreover, with the present embodiment, a contiguration ic
has been described where the water flowing through the
water circuit 30, ivhich is subjected to the heat exchange
with the refri emnt releasing the heat in the warer-refnger-
ant heat exchanger 22 of the rettigemsnt circuit 20. is heated
by thc water hcatcr 32. It is by no means luuihng For &s

cxrunple, Ihc veluclc air conditioning apparatus may nol
have the water circuit 30 but have dn mdoor radmtor. The
indoor radiator releases the heat of the refrigerant tlowing
through the refrigerant circuit 20 directly in the air tlow
passage 11„and the air flowin through the air flow passage do

11 ntay be directly heated by an electric heater. By tlus
means, it is possible to produce thc smue elfi:cr as in thc
prcscnl embodunmin Morcovcr. further anolher contigura-
uon is possible where the vcluclc air comlitionmg apparatus
includes an indoor radiator configured to release the heat of d

the refrigerant flowing through the refrigerant circuit 20
directly in the air flow passage 11; a heat medium circnit timt
allows the heat medium lmving heated by the electric heater
to flow dm&ugh is prov&desi scparatcly from tim refn ermit
cirmiit 20. the hcut of the heat mcdnun heatedby Ihc elccrric C

healer is rclcascd in thc air flow passu c 11. By tlus means,
it is possible to produce the same etfect as in the present
cillborlinlcilt;

With the present embodiment. the process including the
step S3 and the step S13 to calculate the mininmm power &s

slmnng ratio k corresponds to a mimnnim power slmring
I ittio cater&la(toil pa&I ol lite prese&it iiivciilir&it. 11&c iitiitiitiuiti
power sharing rauo k is the shanng ratio between thc
qumitity of heat release Q hp of the water-refrigerant heat
exchanger 22 and the quantity of heat release Q htr of the re
water heater 32 that allows the power consumption ro be
minimized when the required quantity of heating Q req Is
ourpuucd. In addition, with thc present cmboduuent, the
process uicludutg the step S17 Io calculate Ihc maximum
qumiury-of-hcuting sharing ratio k'orresponrls Io a maxi- Ss

nnint sharing ratio calculation parr of the present invention.
'I'he maximum quantity-of-heating sharing nstio k's the

shanug ratio bctwccn the power consumption W hp of thc
compressor Zl and the power consumption W htr of the
v ster heater 3Z that allo&vs rhe quantity of heating to be
maxinuzed at the limited pov er Wlint At'n addition, ivith
the present embodiment, the process including the step 19 to
calculate the air quantity of the indoor fan 12, which can
mrnntain Ihc target air-blowutg tcmperaturc TAO at thc total
quantrty ol'eat rclcasc Q total of thc quantity ol'eat
release Q hp and the quantity of heat release Q htr corre-
sponds to an air quantity calculation parr of the present
invention. Moreover, with the present embodiment, the
process including the step S23 to display that the power-
limited operation is being performed on the display part 52
corresponds Io an utforma lion part of the prcscnt uivenliun.

FIO 10 Io FIG. 22 show Emboduncnl 3 of the prcscnt
Invcntir&fi

As shown in I'l(i 10, this vehicle air conditionuig appa-
n&tus includes an air conditioning unit 10 provided in the
vehicle interior, and a refrigerant circuit 20 and a water
circuit 30 that are fi&Oned across the vehicle interior and the
outdoor.

Thc air conditioning unit 10 includes un air flow passage
11 that allows the air to be supplied to the vehicle interior to
pass through An outdoor air inlet I ia and an indoor air inlet
Itb are provided in the hrst end side of the air flow passage
11 The outdoor air inlet 11a is configured to allow the
outdoor air to flo&v into the air flow passage 11, and the
indoor mr inlet 11b is contigurcd to allow Ihe utdoor air to
flow into Ihc air flow paswigc 11. Meanwhile, a Ibot ouilet
I lr, a vent outlet I ld and a defroster outlet lie are provided
in the second end side of the air tlow passage I I 'I he foot
outlet I I r is configured to alloiv the air tloiving thmugh the
air flov passage 11 to blow to the feet of the passen ers in
the vehicle. The vent outlet Ild is conti ured to allow the air
flowing tluough thc mr flow passage 11 to blow Io thc upper
bodies of the passengers ut the vchiclc. Thc dcltoster outlet
Itc is coniigurcd Io allow thc air flowing tluough Ihe air
flov passage I I to bloiv to rhe interior surface of the front
w Inriow.

An indoor fan 12 such as a sirocco fan configured to allow
the air to flow throu h the air flow passage 11 from end to
citri Is piuvirlixl iii tlii: lira( cixl siih: of lite Bii flou paswi i:

11 Tlus indoor fan 12 is striven by the elec(wc motor 12a.
Also, in the lira( end side of thc air tlow passage 11, an

inlet switching damper 13 conhgured to open one of the
outdoor air inlet I is and the indoor air inlet I lb and to close
the other. This inlet switchin damper 13 is driven by the
electnc motor 13a. When the inlet sv itclung damper 13
closes thc indoor air inlet 11b and opem thc outdoor air uric(
Ita, Ihc mode is switched Io an outdoor air supply mode in
which thc air flow s from Ihe outdoor air inlet Ila into Ihe air
flov passage 11. Meanwhile. when the inlet switching
damper 13 closes the outdoor air mlet I la and opens the
indoor air inlet 11b, the mode is as&itched to an indoor air
circulation mode in which the air flov s from the Indoor air
inlet 11b into thc air flow passage 11. Morix&ver, when thc
inlet s&virclung damper 13 is placed between thc outdoor air
inlet Ila and thc indoor air inlet Ilb aud thc outdoor air uilet
I la and the indoor air inlet lib open, the mode is switched
to a two-way mode in ivhich the air flows from both the
outdoor air inlet 11a and the indoor air Inlet 11b into the air
flow passage 11 according to the operung ratio ofthe outdoor
air uilct 11a and the indoor air inlet 11b

Outlet switching dempcrs 13b. 13c aud 13d contigurcd Io

open and close Ihc foot outlet 11c, the vent outlet 11d and Ihe
defroster outlet I le are provided in the fi&ot outlet I I c. the
vent outlet I Id and the defroster outlet I ie, respectively. in
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the second side of thc air flow passage 11. These outlet
switching dampers 136. 13c and 134 are configured to move
togcthcr by a linkage and arc opcucxl and closcsi by the
electric mntor 13e I Jere. when the outlet switching dampers
13b. 13c and 13d open thc fool outlet Ic, close Ihc bmit
outlet I ld and slightly open the defroster outlet I le, ntost of
the air flowing through the air flow passage 11 blows out of
the foot outlet lie and the remaining air blov 1 out nf the
defroster outlet 11e. This mnde is referred to as "foot mode.**

I I l
Mcanwlnle, when thc outlet switclung diunpcrs 13b. 13c and
13d close the foot outlet 11c and the defroster outlet 11e. and
open Ihc vent outlet 11d, all thc air flow mg tiuough the mr
floiv passage 11 blows out of the vent outlet I I if. I'his ntode
is reibrred Io as "vmit mode." In addition, v;hcn tim outlet
switching danipers 13h, I 3c and 13J open the foot outlet I \ i
and the vent outlet Ild. and close the defroster outlet Ile. the
air flowing through the air flow passage I I blows out nf the
foot outlet Ilc and the vent outlet IId. This mode is referred
Io as **bi-Jcvcl mode." Moreover, when thc outlet switclung
dantpers 13fr. 13c nnd 13d close the foot outlet 11c and the
sent outlet IId, mid open thc defrosu:r outlet 11e. Ihc mr
floivina through the air flow passage 11 blows out of the
dcfrostcr outlet 11e Tlus mode is relerrcd to as '*dciboster
niode" I'urthermore. when the outlet switching dampers
136. 13c mid 13d close thc vent outlci IIrf and open the filot
outlet Ill and the defroster outlet lie. the air flov ing
tluough the nir flow passu e 11 blows out of the foot outlet
I li and the defroster outlet I le I'his mode is referred to as
"defroster-foot mode.** Here. in the bi-level mode. the air so

flow passage 11, Ihc foot outlet 11c, thc vent outlet Ild. and
a heat exchanger nnd a radiator which will be described later,
arc arranged aud conligurcd such that thc temperature of the
air blowing nut of the foot outlet I ii is higher than the
Iempcraturc of Ihc air blowuig out of Ihc vmit outie1 Ild.

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

in the downstream of the air flow from the indoor fnn 12.
'I'he heat exchanger 14 is configured to cool and dehunudify
the air flowmg tluuugh the air flow Passage 11. In addition, sn
a radiator 15 is provided in thc air flow passage 11 ui the
downstream of the air flow from the heat exchanger 14 The
raihator 15 is coniigured to heat thc air tlowuig tluough thc
mr flow passage 11. The heat cxclwnger 14 is a heal
exchanger that is constituted by fins and tubes and that is
confi ured to perfiirnt heat exchange between the refrigerant
flowing tluough the refugerant circuit 20 and the air flowing
through the air flow passage 11. Meamvhile. the radiator 15
is a heat cxcliauger that is constituted by Iins and tubes and
that is coniigurcd to perform heal exchange bctwcen the o

water flowing through the water circuit 30 mid the mr
floivin through the air flow circuit I I

An air niix damper 16 is provided between the heat
exchanger 14 and the msdtator 15 in the air flow passage 11

and is conti ured to control the percentage of the nir to be s.
hcatcd. wluch is flowing tluough Ihe air Jlov, passage 11.
Thc mr mix damper 16 is dnvcn by thc ehmtric motor 16a.
When thc air mix damper 16 is disposed ui the air liow
passu e 11 in the upstreant of the radiator 15, the percentage
of the air subJected to a heat exchange in the radiator 15 is io
reduced. Meanwhile, when the air mix damper 16 is moved
to n position other than the radiator 15 in the air flow passage
11. thc pcrcentagc oi'hc air sublectcd Io a heat exchange is
incrcascd. In the air flow passage 11, whmi thc air nux
damper 16 closes thc upstream side ol thc radiator 15 and ss
opens the portion other than the msdiator 15, the openittg
degree is 0%. and, on the other hand, when the air mix

damper 16 opens thc upstream side oi'hc radiator 15 and
closes the portinn other than the radiator 15, the opening
degree is 100%

'I'he refrigemutt circuit 2(l includes the heat exchanger 14;
a compressor ZI configured to compress refrigerant; a
v ater-refrigerant heat exchanger 22 configured to perform a
heat exchange between the rcfngerant and thc water flowuig
tluuugh Ihc water circuit 30: an outdoor heat exchanger 23
cmtfigured to perform a heat exchange between the refrig-
emsnt and the outdoor air; an indoor heat exchanger 24
cmtfigured to perform a heat exchange between the refrig-
erant flov,in into the heat exchanger 14 nnd the refrigemsnt
flov ing out of the heat exclmnger 14: a tltree-way valve 25
coniigurcd lo switch Ihc passage of thc rcfrigcrant, first Io
fourth solcnoul valves 26a to 26d, first aud second check
valves 27il and 2719 and first and second expansion valves
28a and 286 configured to decompress the refrigerant These
components are cnnnected to each other by a copper pipe or
an aluminum pipe. The compressor 21 and the outdoor heat
exchan er 23 are disposed outside the vehicle interior. The
compressor 21 is dnvmi by Ihc elcctuc motor 21a. The
outdoor heat cxchangcr 23 is provided with au outdoor fan
29 configured tn perform heat exchange between the outdoor
air and the refrigerant ivhen the vehicle stops 'I'he outdoor
fan 29 is driven by the electric mntor 29ir

To be more specific. one side of the v ater-refugerant heat
exchanger 22 into which the refrigerant flows is connected
to ouc side oI'hc compressor 21 from w hich thc refrigerant
is discharged Io Ibnn the refngcrmit tlow passage 20a. In
addition, the input side of the outdonr heat exchanger 23 into
v hich the refrigerant flows is connected to the output side of
the water-refrigerant heat exchanger 22 fmm which the
refri erant is discharged. thereby to form the refugerant flow
passage 200. The refrigemsnt flow passage 200 is provided
with Ihc Iluca-way i elve 25. The one side of Ihc Ihrcc-way
valve 25 Ibom which Ihc rcfngerant is disclrargcd and
another side from winch the refngcraut is dmchargcd are
parallel to one annther and are connected to the input side of
the outdoor heat exchanaer 23 into which the refrigerant
flov s and thereby to form the refrigerant flow passages 20c
and ZUd. The refrigerant flow passage 20d Is provided with
thc Iirst cxpmwion valve 28u and thc Iirst check valve 27a
iu Ihc order from Ihc upstream of thc flow oi'he rcfrigcranm
Thc input side oi'hc compressor 21 uito whmh thc refrig-
erant is sucked and the part of the refngerant tlov: passage
204 benveen the three-ivay valve 25 and the hrst expansion
valve 28a are connected in parallel to the output side of the
outdoor heat exchanger 23 from which the refrigemsnt is
discharged, thereby Io I'onn Ihe rcfrigcraut flow passage 20e
and 20/. Thc rcfrigermit liow passage 20e is provided wifli
the Iirst solcnoul vah c 26a. Thc refugcrant tlow passage 20f
is provided with the second solenoid valve 26fl and the
second check valve 27fr in the nrder fmm the upstream of the
flov of the refrigerant. The input side of the interior heat
exchanger Z4 into which high-pressure refugerant flows is
connimtcd Io thc part of the rcfrigcrant flow passage 204
bctw imn thc thrcc v'ay i elvc 25 and thc Iirst cxpmis ion valve
28n, thcrcby to form the refrigerant flow passage 208. Thc
refrigerant passage 208 is pmvided with the third solenoid
valve 26c. One side nf the heat exchanger 14 into w:hich the
refrigerant flov, s is connected to one side of the interior heat
exch m er 24 from which the high-pressure refrigerant flows
to provide thc reibigerant flow passage ZUJt. The rcfrigcrant
flow passage 208 is provided with Ihe second cxpmision
valve 28h. Tlic input side of the indoor heat cxchimgcr 24
into which low-pressure refrigerant flows is connected to the
output side of the heat exchan er 14 front ivhich the refrig-
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crant is d&schargixk thereby &o li&nn the rcfngcran& flow
passu e 20i. Zhe part of the refrigerant flow paw&age 20c
bet&veen the tirst solenoid valve 26a and the input side of the
compressor 21 into which the refrigerant is sucked is con-
nected to the output side of the indoor heat exchanger 24
fron& which the low-pressure refrigerant is discharged,
thcrcby &o prowdc the rel'ngcmnt (low passage 20). The
input s&de of thc outdoor heat exchanger 23 into whmh the
refrigerant flows is connected to the refrigerant flow passage
20a. thereby to prov&de the refrigerant flow passage 201 1 he &c

refrigerant flow passage 201 is provided with the ti&urth
solenoid valve 26d.

The &vater circuit 30 includes the radiator 15. the water-
rcfrigerant heat cxclranger 22. a pump 31 coniigured to
pump &hc water as heat me&hum and a water heater 32 as a
heat medium heater, such as an electric heater contigured to
heat water by electric power 'I hese components are con-
nected by a copper pipe or an alumimim pipe 'I'n be nmre
speci(ic, the input side of the water-refri erant heat
exchanger 22 into wh&ch water flows is connected to output &o

side of the pump 31 lkom wh&ch the water is d&schar cxk

thcrcby to fi&nn u wu&er flow passage 30a. Thc mpu& side of
the &cater heater 32 mto which the water flows is coiu&ected
to the output side of the water-refrigerant heat exchanger 22
fmm ivhich the water is discharged. thereby to from a water
flow passage 306 The input side of the radiator 15 into
&vhich the water flow s is connected to the output side of the
w ster hca&er 32 from w luch &hc w a&er is discharged, thereby
to form a water flow passage 30c. The input side of the pump
31 into ivhich the water is sucked is connected to the output &o

side of the mdiator 15 from which the water tlows, thereby
to from a water flow passage 30&). )1&e pump 3 I i ~ driven by
the electric motor 31a.

The vehicle air cond&tioning apparatus also includes a
controller 40 &hut controls the tcmperaturc and thc hunud&ty &i

ol ihe velucle &n&cnor to bc thc preset tcmpcraturc and
hound»v&

1he contmller 40 mcludes a ('VU, a ROM and a )&AM In
the contmller, upon receiving an input signal from a dev&ce
connected to the input side, the CPU reads the program so
stored in the ROM according to the input si nal, stores the
staie dc&co&cd by thc u&put s&gnal on thc RAM and &ransm&ts

an ou&pu& signal to a devmc co&u&cc&ed to thc output side.
As shown in FIG. 11, an clectnc motor 12n fi&r dnvm thc

indoor fan 12; an electric motor 13C for driving the inlet
switching damper 13: an electric motor 13C for driving the
outlet switching dampers 136, 13c and 13d: an electric
motor 16e for drivin the air mix damper 16: an electric
motor 21e lhr dnv&ng thc compressor 21, the tlucc-way
i alvc 25; the first to four&h solcno&d valves 26u. 266, 26c and o

263, an electric motor 29a R&r dnving thc ou&door Ibn 29, an
electric motor 31a for driving the pump 31; and the water
heater 32 are connected to the output side of the controller
40.

As shown in FIO. 11. Cn outdoor air temperature sensor 41
conligured to dc&cc& tmnpcra&urc Ttun ou&s&de thc veluclc
interior, an u&door mr tmnpcrature sensor 42 conf&gurnl to
dcicm& tcmperaturc Tr &n the vchiclc u&tenor, m& u&take
ten&pemture sensor 43 configured to detect temperature I'i of
the air flowing into the a&r flow passage ll& a cooled air io
tempemture sensor 44 configured to detect temperature Te of
the air having been cooled in the heat exchanger 14: a heated
mr &mnperaturc sensor 45 conligurcd to detect temperature
Tc of thc air hav&ng bccn heated u& thc rad&a&or 15, m& u&door
mr humidity sensor 46 conligurcd tu dc(ect lnunid&ty Th &n si
the vehicle interior; a refrigerant temperature sensor 47
confiaured to detect temperature I'hex of the refrigerant after

thc heat cxchangc &n thc outdoor hcut exchm&gcr 23, an
insolation sensor 46 such as a photo sensor configured to
detect amount of inso)ation Js: a velocity sensor 49 config;
ured to detect velocity tf of the vehicle, an operation part 50
configured to set modes regarding to tar et setting tempera-
ture Tact and the switclung of the opemtion: a pressure
sm&sor 51 conligurcd to dc&cut prcssure Pd in thc h& h-
prcssure side of thc rclkigcrant circu&t 20, and an outdoor air
h&unidity sensor 53 confiaured to detect ln&midity Rham
outside the vehicle interior are connected to the input side of
the controller 40.

The vehicle air conditioning apparatus having the above-
described configuration perfi&rms cooling opemtion. cooling
and dchumid&fy&ng operation, lmating opcrat&on. lira& heat-
ing and dehumulil'ying opcrauon, second hmung m&d dchu-
nudifying opemtion and defrost operation Now. each opera-
tion w&ll be explained

l&irst, the cooling operation &vill be expla&ned In the
refrigerant circuit ZO, the flow passage of tluee& way valve is
set to the refrigerant flow passage 20c side: the second and
tlurd solenoid valves 266 m&d 26c open and the lirst and
fi&ur&h solenoid vahca 26a and 26d arc closixl, and &he

cmnpressor 21 is operated Memnvhile, the operat&on of the
p&unp 31 is stopped in the ivater circuit 30

l3y this means, as shown in lfl(i 12. the refrigerant
discharged from the con&pressor 21 flows through in this
order: therefrigerant liow passage 20c„ the v ater refrigerant
heat cxchangcr 22, water-rcfngcrant flow passages 206 and
20c; the ou&door hant exchanger 23. thc refrigcrm&t flow
passages ZO/; 204 and 20g. the high-pressure side of the
internal heat exchanger 24; the refrigerant flow passage 20)&;

the heat exchanger 14: the refrigerant flow passage 20); the
low-pressure side of the internal heat exchanger 24; and the
refrigerant flov: passages 20j and 20C. Cnd is sucked into the
compressor 21. Thc rclkigcrant flow &ng through the refrig-
erant circu&t 20 releases the haut &n thc outdoor hca&

exchanger 23 m&d absorbs the heat &n thc lmat cxchangcr 14.
Since the p&unp 31 is stopped in the cooling operation. heat
is not released from refrigerant u& the water-refrigerant heat
exchanger 2Z.

In this case, in the air conditioning unit 10 during the
cooling opera&ion, the u&door fan 12 &s operated to flow thc
a&r tluough the a&r flow passage 11, and thc mr m subjected
to a heat cxchangc v ith thc rclhgcrant in thc heat cxclmngcr
14 and cooled. 'I he temperature of the cooled a&r is the target
a&r-blowing temperature I'AO of the air to blow out of the
outlets 11c. J id and 11C in order to set the temperature of the
vehicle mterior to tar et settin temperature Tact. Then, the
a&r a& 0:n&pc&anne Tact blows &0 thc vch&ck: u&n:&tor.

Next. thc coolu&g and dehunudil'yu&g operation will be
explau&cd. In &hc refrigerant circu&t 20. like the coolu&g
opemation. the floiv passu e of the three-ivay valve 23 is set
to the refrigerant floiv passage 20ec side: the second and
th&rd solenoid valves 26)& and 26i open and the firs and
fourth solenoid valves 26C and 26d are closed: and the
compressor 21 &s opcratcxJ. In thc water c&rcu&t 30, thc pump
31 is opcranxk

By tlus means, as shown in FIO. 3, thc refrigerant
discharged from the compressor 21 flows thn&ugh in the
san&e way as in the cooling operat&on the refrigerant
flowing through the refrigemnt circuit 20 releases the heat in
the v ater-refrigerant heat exchan er 22 and the outdoor heat
exchanger 23, and absorbs the heat &n the heat exchm&ger 14.

In addit&on, thc v ster d&schargcd from thc pump 31 flows
tluuugh in this order: the wa&er-refngcrant heat exchanger
22, the water heater 32: and the radiator 15 as indicated by
the chain line of FI(i 12, m&d &s sucked into the pump 31
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Thc water flowu&g tluough Ihe water circu&t 30 absorbs thc
heat in the water-refrigemont heat exchanger 22 and releases
the heat in the msdiator 15

At this t&me, in the air conditioning unit 10 during the
cooling and dehumidifyin operation, the indoor fan 12 &s

operated to flow the air throu@& the air flow passage 11. and
thc air is subicx&ed Io a heat cxclmngc w&th the refu ermu
which t&bso&'bs Ihc hcdl hi lhc hcdl exch&algc& 14. dail
therefore is cooled and dehumidified. 'I'he air having been
delnunidified in the heat exchanger 14 is subject to heat &o

exchm&ge ivith the lvater which releases the heat in the
radiator 15. and therefore heated. As a result. the air at the
tar et air-blow&ng tempemoture TAO blows to the vehicle
unct&or.

Nexk Ihc hcaung operat&on w&11 be explained. In thc
refrigerant circuit 20, the fiov: passage of the three-way
valve 25 is set to the refrigerant floiv passage 20d side, the
firrt solenoid valve 26o opens and the second to fmirth
solenoid valves 26b to 26d are closed: ond the compressor
21 is operated. In the v ater circuit 30, the pump 31 &s io
operotml.

By flus means, as shown in FIG. 13. Ihe refu ermu
discharged from the compressor 21 flows tluough this order
the refrigerant tlow passage 20o; the water-refrigerant heat
exchm&ger 22: the refrigemont tlow passages 20h and 20d, the
outdoor heat exchanger Z3: and the refrigemnt tlow passage
20e, ond is sucked into the compressor 21. The refrigerant
flow mg tluough thc rcfugcrmu circuu 20 releases Ihe heat &n

the water-rcfngerant heat cxchtmgcr 22 imd absorbs thc heal
in the outdoor heat exchanger 23 1(i

Meanv bile. as shown in lif(i. 13. the water discharged
fmm the pmnp 31 flows through in this order: the water-
refrigerant heat exchan er 22: the water heater 32: and the
radiator 15„and is sucked mto the pmnp 31. The water
flow&ng fluough Ihc water c&rcui& 30 absorbs Ihc heal u& the ls
water-rcfugcrant heat cxclrdngcr 22 and releases the heat &n

thc rtxhd Io& 1 5.
In this case. in the air conditioning unit 10, the indoor fan

12 is operated to flolv the air through the air flov passage I I,
and the flowing a&r is not subiect to a heat exchange with the do

refrigerant in the heat exchan er 14, but is subjected to a
hca& exclmngc with thc water u& thc rad&a(or 15 a&xl thercforc
is hca&cd. As a result, thc a&r a& thc large& mr-blowing
tempera&urc TAO blows to the veluclc in&euor.

Next. the first heating and dehumidifying operation w&ll

be explained. In the refrigerant circuit 20„ the flow passage
of the tluee-woy valve Z5 is set to the refrigermlt flov
passage 20d side: the first and third solenoid valves 26a and
26c open and thc second and fourth solano&d valves 26b and
26d arc closed, and the compressor 21 &s opera&CXL Mean- o

wlnle. the pump 31 &s opcratixl u& the water c&rcui& 30.
By this means, as shown in i&I(i 14, the refrigerant

discharged fmm the con&pressor 21 flows through in tlus
order: the refrigerant flow passage 20o: the water-refrigerant
heat exchanger 22& and the refrigerant flow passu es 20b and is
20d. Part ol'hc rcfngcrant flowu&g iluough die refugcrmlt
flow passage 20d tlows through &n Ilus order: thc outdoor
hca& exchanger 23, and thc refrigerant flow passage 20c, and
is sucked into the compressor 21 In addition, renlaining
refrigerant flowing through the refrigemont flow passage 20d io
flows tluough in this order: the refiigerant flow passage 20g,
the high-pressure s&de of the interior heat excha&&ger 24: the
rel'rigcran& flow passage 20h: Ihe hca& cxchangcr 14, the
rel'rigcran& tlow passage 20(, thc low-prcssure side of the
interior heat cxchaugcr 24, and the rcfrigcran& llov, passages ss
202 m&d 20e. and &s sucked into the co&npressor 21. The
refrigerant flowing through the refrigerant circuit 20 releases
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thc heat in the wa&er-rel'rigerant hca& exchm&gcr 22 and
absorbs the heat in the heat exchanger 14 and the outdoor
heat exchanger 23

Meamvhiie, as shown in I'IO. 14, the water discharged
from the pump 31 flows tluough in tins order: the water-
refri erant heat exchanger 22: the water heater 32: and the
radiator 15, and is sucked into the pump 31. Thc waier
flowing Iluough the wa&cr c&rcui& 30 absorbs thc hca& in Ihe
mater-refrigerant heat exchanger 22 and releases the heat
from the radiator 15.

At this time, in the air conditioning unit 10. the indoor fan
12 is operated to flolv the air throug&hthe air flov passa e 11,
and the flowin air is subjected to a heat exchange with the
rcfrigc&dut ul Ihc hca& cxchdugcr 14, aud the&clone Is coohx!
and dchunudilicd. Part ol'hc a&r has&ng bccu dchumidfliod
in the heat exchanger 14 is subjected to a heat exchange ivith
the water in the radiator 15 and heated As a result, the air
at the ta&get air-blowino temperature IAO blows into the
vehicle interior.

Next. the second heating and delunnidifying operation
w&11 bc cxphuned. In thc rcfngerant c&rcu&t 20, the fiow
passage ol Ihe three-wdy valve 25 m sc& Io thc rcfrigcran&
flov passage side 20d; the third solenoid valve 26c opens
and the first, second and fourth solenoid valves 26o. 266 and
26d are closed: and the compressor 21 is operated Mean-
while. the p&unp 31 is operated in the water circuit 30.

By this mean~, as slulwn in FIO. 15. the refrigemsnt
d&scha&gcd from Ihc compressor 21 tlows tluough u& tlus
order: the reliigcrmu flow passage 20o, the water-refrigerm&t
heat exchanger 22: the refrioerant flow passages 20b. 2(ld
and 20g; the high-pressure side of the interior heat
exchanger Z4; the refrigerant flow passage 20h: the heat
exchan er 14: the refrigerant fklw passa e 20i; the low-
pressure side of the interior heat exchanger 24: and the
reliigcrant flow passages 20j dnd 20c, and is sucked into Ihe
compressor 21. Thc rcliigcrant flow &ng through the refrig-
eraul circuu 20 relcuscs Ihc heal in Ihc water-rclr&gcranl hca&

exchanger 22 and absorbs the heat in the heat exchanger 14

Meanv bile, as shown in I'IO. 15, the water discharged
from the pump 31 flows through in this order: the water-
refrigemnt heat exchanger 22; the water heater 32: and the
rad&ator 15, and &s sucled into thc pump 31. Thc water
flowulg Iluough thc wa&er c&rcui& 30 absorbs thc heat in thc
water-rcfugcrant heat cxchm&gcr 22 and releases Ihe hca& in
the radiator 15

At this time, in the air conditionin unit 10. the indoor fan
12 is operated to flow the air through the air flow passage 11,
and the flowing air is subjected to a heat exchan e with the
relrigc&du( ul Ihc ical cxchtulgcr 14, taxi the&clou: is coolcx!
and dclnun&d&licxf in thc smnc way as &n thc first heatu&g and
dchumid&l'ying opcrauon. Perl of thc a&r dchunudilied u& Ihe
heat exchanger 14 is subjected to a heat exchange with the
water in the radiator 15, and therefore heated As a result, the
a&r ot the target air-blowing ten&pemture TAO blows to the
vehicle interior.

Next, thc defros& opera&ion w&11 bc explained. In thc
rcfugcrdnt c&rcuu 20. thc flow passage of thc tluce-way
valve 25 is sc& to thc refrigerant flow passage 20d side, thc
first and fourth solenoid valves 26&i and 26d open and the
second and third solenoid valves 26d and 26C are ckised; and
the compressor Z1 is operated. Meanwhile. the pump 31 is
operated in the &later circuit 30.

By Ilus means, as shown in FIG. 16, part ol'the rcfrigcran&
d&scha&ged I'rom Ihc compressor 21 tlows tluough u& tlus
order: Ihc rcliigcrm&I flow passage 20o, thc wa&cr-rcfrigcrmu
heat exchanger 22; the refrigemont flow passages 20b and 2(l,
and flows into the outdoor heat exchanger 23 ln addition,
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the rmnauting rcihigcrant disclmrgcd from flte compressor 21
floivs through the refrigerant floiv passages 20a and 20/ and
floivs into the outdoor heat exchanger 23 'I'he refrigerant
floivina out of the outdoor heat exchanger 23 tlows tlirough
the refrigemnt flov passage 20c. and is sucked into the
compressor 21. The refrigemnt flowing throu/~i the refrig-
erant circuit 20 rclcascs the heat ui the radiator 15, mtd at tlus
ume, absorbs thc heal in thc outdoor heat cxchan er 23

Meanwhile. as shown in lii(i. 16. the water discharged
fmm the pump 31 tlows thniugh in this order: the ivater- Ia

refrigerant heat exchanger 22, the ivater heater 32: and the
radiator 15, and is sucked into the pump 31. The water
flowing through the water circuit 30 absorbs the heat in the
water-reihigerant heat cxchangcr 22, and rclcascs lhc heat in
lite raditiloi 15. I

In this case. m the air conditioning unit 10, the indoor fan
12 is operated to flow the air thniugh the air flow passage I l.
'I'he flowing air is not subjected to a heat exchange with the
refrigerant in the heat exchanger 14, but is subjected to a
heat exchange ivith the water which releases the heat In the zo

radiator 15, and Ihercforc is healed and ihcn blows to the
i chicle interior.

While the autontatic switch of the operation part 50 is
turned on. the controller 40 performs an operation switching
control process to sivitch aluong the cooling, operation. the
cooling and dehumidifyin operation, the heating, operation,
the first heatin and dehumidifying operation. the second
hcatutg and dchumidifyuig operation, imd lhc defrost opcra-
uon, based on indoor and outdoor enviroruncntal conditions,
such as temperature ui

In each opemtion switched by the operation switching
control process, the controller 40 sivitches among the font
mode, the vent mode and the bi-level mode accordin to the
target air-blowing tempemture TAO. To be more specihc,
when the target air-blowing temperature TAO is ln h. for si
cxtunple, 40 dcgrccs cmitigradc, the controller 40 acts the
fool mode. Mcanwlule, when the target mr-blowing tem-
perature 'IAO is low, for example, lower than 25 degrees
centigrade, the controller sets the vent mode. Moreover,
ivhen the target air-blowing temperature TAO is the tern- sc
perature between the tempemture for the Iiiot mode and the
lempcralurc for thc vent mode. Ihc controller 40 sets thc
bi-lei cl mode.

llic coitliollcr 40 switciics lite itiodc iil lite oiillcls llc,
I lr/ and I le by using the outlet switching dainpers 13/x 13i
and 13r/. and controls the opening degree of the air mix
damper 16 in order to set the temperature of the air biov. ing
out of the outlets 11c, 114, and 11c to the target air-biov.ing
tcmpcralurc TAO.

In addition. dunng thc healuig operation or Ihc healing O

and dehunudii'yuig operattoiu the controller 40 performs a
water temperature control pmcess to control the temperature
of the v ster flowiilg thniugh the ivater circuit 30 to be the
temperature that reahzes the quantity of heatin for the
tar et air-bioiving temperature TAO. The operation of the s.
controller 40 I'or this process will bc cxplamcd with rcfcr-
mtcc to the flowchart shown in FIG. 17.

(Sicp S31)
In step S31, the CVU calculates the target air-blov ing

tenlpemture TAO and ntoves the step to step S32 The target ic
air-bioiving tempemture TAO is calculated based on the
preset temperature Tact, and environmental conditions such
as thc outdoor air tcmperaturc Timi. Ihc indoor mr lempera-
turc Tr. and an mnount of insolation Ts. Thecnvirorunmttal
conditions arc dctcclcd by Ihe outdoor mr temperature Si
sensor 41, the indoor air temperature sensor 42, the insola-
tion sensor 44 and so fiirth

(Step S32)
In step S32, the CPU calculate target water temperature

Tfi TW, which is the tcmpcralurc of the water to bc flowcxI
into the radiator 15 to realize the quantity of heating to make
thc lcmpcralure of the air blowing from thc outlets 11c. 114
and I le the target air-blowing tentperature TAO, and moves
the step to step S33. The target ivater temperature TCI TW
is calculated based on the target air-blowing tempemture
TAO calculated in the step S31, the temperature Te of the air
having bccn cooled ut the hc;lt cxclltiitgcr 14 (iii iuisc of flic
heating operation, the temperature Ti of the air flowing into
thc air tlow passage 11).;md tcmperaturc cllicicncy ratio risw

of the air to the water ('I'(i 'I'W (1AO—'I'e)/(ibw+Te)
(Step S33)
In step S33, the ( VU calculates temperature 1co of the

refrigemnt having released the heat in the v ater-refrigerant
heat exchanger 22, and nloves the step to step )34. 1'he

temperature Tco is calcuhated based on pressure Pd of the
rcfngcrant circuit 20 ut lhc lugh-prcssure sale, heat cfll-
clency rI& of the water to the refrigerant In the water-
rcihigcrant heat cxchangcr 22 (Tco=FuncToo(pd,rfik), where
Iiunc'I'co is a function to calculate the teniperature Tco)

(Step 834)
In step S34, the ('VU calculates estimated water tempem-

ture TWhp of the water in the ivater circuit 30 having heated
by the water-refrigerant heat exchan er 22, and moves the
step lo step S35. 11ie cslmiatcd water lcmpcralure TW'hp is
calmilatcd based on the temperature Tco of the refrigerant
having released the heat in the water-refrigerant heat
exchanger 22, the tempemture efliciency allowing for the
tlow rate (iiv of the water floiving through the water circuit
30 (TWhp=GSw(Tcoxiii((iiv)). ivhere CiSw is a function to
calculate the estimated water temperature Whp, allowing for
the rcsponsc lag of the Imnperalurc oi Ihc water flowuig
tluuugh thc water circuit).

(Step S35)
In step S35, the (:VU calculates estimated pressure Vs of

the conipressor 21 in the inlet side, and moves the step to
step S36. The estimated pressure Ps of the compressor 21 in
the inlet side is calculated based on the outdoor air tem-
pcraturc Tam. Ihc number OI'rotations Nc oi'thc compressor
21 and Ihc prcssure Pd OI'he refngcrmit circuit 20 in thc
high-prcssure sale (Ps=FuncPs(Tmn, Nc, Pd), where FuncPs
is a function to calculate the estimated pressure Vs

(Step 836)
In the step S36. the CPU performs a quantity-of-heatin

control process to control the quantity ofheating of the water
flowing tluough thc waier circuit 30, based on thc csltnralcxI
water lcmperaturc TWhp acquired ui thc step S4 and Ihc
estimated prcssure Ps acquired in thc step S35, imd ends Ihc
water temperature control pmcess 'I'his quantity-of-heating
cmttrol process ivill be explained later with reference to I'l(i
18.

Now, the quantity-of-heating control process will be
cxplaincd with reii:rcncc Io FIG. 18.

(Step S41)
In step S41, Ihc CPU dclcmtincs whcflmr or not thc

estiniated pressure Vs of the conlpressor 21 in the inlet side
is predetermined pressure Vl or hi her When determining,
that the estimated pressure Ps is the predetermined pressure
Pl or higher. the ('PU moves the step to step S45. On the
other hand, when dclcrnuning that the csumatcd prcssure Ps
is lower than the prcdclcrmincd prcssure Pl, the CPU moves
the stc7t to step S42. Herc. the prcdclcrmincd pressure P1 is
set to, for example, 1013.25 hpa as the standard pressure in
order to prevent the compressor 21 fmm being damaged.
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(Sicp S42)
When the estimated pressure Ps is lower than the prede-

tcnnined prcssure P1 in thc stcq& S41, thc CPU. in thc stcq&

)42, controls the nunlber of rotations Nc of the compressor
21 Io nulkc the est&uratixI pressure Ps al least Ihe predetcr-
nlined pressure Pl or higher. and moves the step to step S43.

(step S43)
In the step 543, the ('PU determines whether the munber

of rotations of the compressor 21 is predetermined number
111ol'rotations N1 or lower. When detcnuuiing that the number

of rotations Nc is the predetermined number of rotarions Nl
or lower, thc CPU moves thc step &o step& S44. On thc other
hand, ivhen determining that the number of rotations Nc is
Iugher than Ihc prcdcternunixi number OI'otatioln NI. tbc
( PU moves the step to step 545.

(Step S44)
When determining that the number of rotations Nc is the

predetermined number of rotations Nl or lower in the step
S43, &he CPU, In thc stcq& 44. stops &he compressor 21 from nl
driving„and moves the step to step the S45.

(Step S45)
When determining that the estimated pressure Ps is the

prcdcternnncd prcssure Pl or higher ul thc step S41, eben
detemlinin that the nun&her of mtations Nc i ~ higher than
thc prcdetennincd number of rotations N1 in the step S43,
or when the compressor 21 is stopped from driving in the
step S44. the CPU performs a water heater control process
to control the operation of the water heater 32, and ends the
quantity-of-heating contml process. This water heater con- n)

trol process will bc cxpla&nixI with refi:rance to FIG. 19.
Now„ the ivater heater control process will be expinuted.
(Step S51)
In step S51. the ('PU determines whether or not numerical

&slue (TCi TW—TWhp) obtained by subtracung thc cstl-
nlated ivater tempemsture TWhp from the target water tenl-
perature TCI TW is predetermined value T1 or ifigber, When
the munerical value (1(i TW— 'I'Whp) is the predeternuned
value T1 or higher„ the CPU moves the step to srep S52. On ao
thc other hand. when thc numcncal value (TG TW—TWhp)
is lower than the predetermined value Tl. the CPU moves
the step to stcq& S55.

(Step S52)
When the numcncal value (TG TW —TWhp) is thc prc-

deternlined value Tl or higher in the step S51, the CPU. in
the step S52. calculates tar et quantity-of-hear generarion
'I'G Qhrr that the water heater 32 should apply to the water
in the water circuit 30„and moves the step to step S53. The
target quanuty-of-heat gcncrauon TG Qh&r is an output
value of the proportional control, which is calcuLsted based
on &bc target water tmnpcrature TG TW thc cstunatu! water
tempemsture TWhp, the specific heat Cpw of the water. the
w ster density pw, and Ihc flow rate Gw of the water flowing

s.
through the ivater heater 32. 'I'he flolv rate (ilv of the water
cml bc estuna&cd blued on the current value to dove the
pa&up 31.

(Step S53)
In the step 553, the ('PU calcuLstes the target power

TG Whtr that corresponds to the target quality-of heat
gcncrauon TG Qhtr in the water heater 32, and moves thc
step to the step S54. The target power TCI Whtris calcuLated
based on tlm &argct quantity-ollheat cncrauon TG Qhtr
calculated in thc step S52 mid heat gcncration efficimlcy ss
ill'F hrr of the water heater 32 ('I'(i Whtr 'l&i Qhtrx(U
ill'F hrr)).

(Step S54)
In the step 554, the ( PU operates the water heater 32 at

the target polver I Ci Vl'htr calculated in the step 553, and
ends the water heater control pmcess

(Step S55)
When the numerical value (TG TW—TWhp) is lower than

the prcdctcrnuncd value T1 in thc step S51, thc CPU stops
the water hcatcr 32 in step 55, and cods the water healer
contl111 pl'ocess

In addition. during rhe first heating and dehmnidifying
opemstion and during the second heating and dehmnidifying
operation, the controller 40 performs an opemstion switching
control process to switch the operation to the cooling and
ilchunudlfv'ulg when the rill conditioning apparatus hicks hl
dclnunuhfying capabili&y. This opcrauou swi&clung contml
pmcess will be explained ivith reference to III(i 21)

(Step 561)
In step S61, the CPU determines whether the operation is

the first heating and dehumidifying operation or the second
beating and dehumidifying. When determining that the
opera&loll Is onc ol Ibe first hi a&big and debunndllvulg
operation and the second heating and dchumidifyulg opera-
tion, the ('PU moves the step to step 562. On the other hand,
when determining that the operation is neither the first
heatin and dehumidifying operation nor the sec&md heating
and delnunidifying operation„ the CPU moves the operation
to step S66.

When thc opcrauon is onc of thc Iirs& hcaung and dehu-
midifying operation and the second heating rmd dchunudi-
fying operation In the step S61. the ('PU, in the step S62,
calculates the required quantity of delnunidification based
on the indoor air temperature 'Ir and the outdoor humidity
Rh. and moves the step to step S63.

(Step S63)
In thc step S63, thc CPU calculates thc dehumidifyulg

capability rn thc Iirst hcaung and dehumidifying operation
and thc second hcaung and dehumldifyuig opcrauon, and
nxlves the step to step S64.

(Step 564)
In the step S64, the ('PU determines whether or not the

dehumidifying capability calculated in the step S63 is the
rcquircd quantity of dchunndiiicatlon calculated in thc step
S62 or higher. When dcternnning tlrat the dchunudil'yulg
capabihty rs thc rcxlu&rcd quan&ity of dehumxlilication or
higher, the CPU moves rhe step to step )66. On the other
hand, when determining thar the delnunidi fying capability is
lower than the required quantity of dehumidification. the
CPU moves the step to step S65.

(Step S65)
Wlmn detcrminulg the& the dehumuhl'yuig capability is

not the rcqulrixl quanti&y ofdchumldilicutlon or higher in Ihe
step S64, the ('PU, in the step 565, switches one of the first
heatin and dehumidifyin operation and the second heating
and delnlmidifying operation to the cooling and dehumidi-
fying operation. and nloves the step to step S66.

(Step S66)
When dctcrnuning &bat Ihc operutlon is neither thc Iirsl

hcauug and dC&unndifying opera&ion nor &he second heatulg
and delnunidifying operation in the step S61. or when the
openstion is switched to the cooling and dehumidifying,
operation in the step S65, the CPU„ in the step S66, periilnns
the above-described quantity-of-heating control process
shovvu in FIG. 18, mid mlds thc operation switching control
process.

In addition, thc conuollcr 40 detcnnines whether or not a
frost is tbrmed on the outdoor heat exchanger 23, and
performs a defmst operation control process when a foist is
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foruuxi on the ou(door heat exchanger 23. Nov,. the defros(
operation control process v ill be explained with reference to
FIG. 21.

(Step S71)
In step S71, thc CPU calculates ou(door mr dcw poin(

temperature 'I'dew based on the outdoor air temperature 'I'anl

detected by the outdoor air temperature sensor 41 and
outdoor humidity Rham detected by the outdoor hunlidity
sensor 53.

(Step S72)
In step S72, the CPU determines whether or not the

(cnlpcliiniu: 11&cx of fllc u:Irlgcldnl flowulg oiit ol thc
outdoor heat exchanger 23, which is detected by the refrig-
cran( (mupera(urc sensor 47, is lower Ihan (he outdoor mr
deiv point temperature 1 dew: When deteunining that the
temperature Thex of the refri emlnt is lower than the outdoor
air deiv point tempenlture 'I'dew. the ('PU moves the step to
step S73. On the other hand, when determinilig that the
(ampere(urc Thcx ol'hc refrigerant is no( lower (hml thc I(i

outdoor air dew point temperature Tdew, the CPII ends the
delbos( opera(ion control process.

(Step S73)
In the step S73, when detcrnuning tha( the outdoor mr

dew point temperature 'I'dew is klwer tlmn the temperature
Thcx of the rcfrigcran(, (hc CPU perfomw the abovc-
described defrost operation for a predetermined penod of
time, and ends the defmst operation control process.

Next. &vhen the heat exchanger 15 does not release
sufiicient heat in the defmst opemltion, the CPU performs a 1(i

hi d( leicusc conlpcnsd(lon con(rol pl&&cess (0 con&pease(c lor
a lack in the quantity of heat release. Now, the heat release
compensation control process w&11 bc explained wlfl& refer-
ence to lii(i. 22

(Sicp S81)
In step S81, the ('PI.I determines whether or not the

operation is the defrost operation. When detemlining that the
operation is the defrost operation. the ('PU moves the step
to step S82. On the other hand, when determining that the do
operation &s not the defrost operat&on, (hc CPU moves the
step to step S88

(Sicp S82)
When de(cnnuuug that thc opcrauon is fl&e defrost opera-

tion in the step 881, the ('PU deter&nines v;hether or not the
elapsed period of tinle after the openltion is switched to the
defrost operation falls w&tlfln a predetermined period of time
in the step S82. When determining that the elapsed period of
ume af(cr Ihc opcrat&on m su i(chad to thc dclbost operauon
fails witlun thc prcdctcrnuncxI period of time. thc CPU o

nloi cs (hc su:p (0 s(cp S85.
(Step S83)
When determining that the elapsed period of time afler the

operation is switched to the deihost operation falls within the
present penod of time in the step S82, the CPU, in the step ss
S83, stores thc quantity of hca( reicasc Qhp htrof thc
water-relh&gerant heat cxchaugcr 22 jus( bcforc thc operation
is su uchcd to (he dclbost opcrauon on thc RAM, and moves
the step to step S84 (the quantity ofheat release stored in the
RAM is represented as "Qhp htr Inem*'). so

(Step S84)
In the step S84. the CPU stores the target quantity-of-heat

gencrauon TCI Qhtr of thc water hea(cr 32 just belbrc the
opera(ion is sw&(chcd to (he dcfros( opcra1&on on (he RAM,
and moves (hc opcrauou (o s(cp S85 ((he quanuty ol hca( si
release stored in the RAM is represented as "I'(i Qhtr
oleo& )

(Step S85)
When determining that the elapsed period of time after the

openltion is sv,itched to the defrost operation does not fall
v ithin the predetermined period of tinle in the step S82. or
v hen detemlining that the target quantity-of-heat generation
TCi Qhtrof the v:ster heater 32 is stored on the RAM in the
step S84, thc CPU, m thc s(cp S85, calculates dccrcascxI
quantity of heat rclcasc Qhp dcc ol'hc wa(cr-rcfrigcran(
heat exchanger 22, and nloves the step to step )86. The
decreased quantity of heat release Qhp dec is calculated by
subtracting the current quantity of heat release Qhp htr of
the water-refrigerant heat exchanger 22 from the quantity of
heat release Qhp htr mem of the water-refrigerant heat
cxchangcr 22 lust bcfl&rc thc operat&on &s switched (o thc
defrost opcrat&on, which is stored &n thc s(cp S83
(Qhp dec Qhp htr mern —Qhp htr)

(Step 886)
In step 866, the (:PU calculates the target power T(i Whtr

of the v:ster heater 32, and moves the step to step S87. The
target power TCI Whtr is calculated based on the quantity of
heat rclcasc Qhp h(r mem stored on thc RAM in the s(c7&

S83, the dlxrcascd quanuty of heat relcasc Qhp dec calcu-
lated in the step S85. and the heat generation efficiency
I:I'll htr of the ivater heater 32 (T(i Whtr (Qhtr mein-
Qhp dec)x(I/IIIIII htr))

(Step S87)
In step S87, the CPU operates the water heater 32 at the

targe( power TG Whtr calculated &n thc stop S86, and ends
thc qumui(y ol heat release compcnsauou contmi process.

(Step 888)
When detemlinina that the operation is not the defmst

openltion in the step 881, the ('PU performs the quantity-
of-heating control process siulwn in FICi. 18 in step S88. and
ends the quantity-of-heating conlpensation control process.

As dcscnbixl above, (hc vch&clc mr cond&t&omug appara-
tus accordulg (o thc present cmbodimen( cstunatcs (hc
tcmpcra(urc of (hc wa(cr flowing (luough (he wa(er c&rcu&(

38, which has been heated in the water-refrigerant heat
exchanger 22: calculates the insuflicient quantity of heat
dunn the heating operation or dunng the heating and
dehumidifying operation, based on the estimated water
tcmpcraturc TWhp of thc wd(cr flowing through thc water
circa&1 30: anil con(Iols (hc wii(cr hca(cr 32 basix! Cn flu:
calm&lated insuflicicnt quan(i(y of lmdt TG Qh(r. By ilus
means, only the insuflicient quantity of heat release in the
v ster-refrigerant heat excha&mer 22 is compensated by
operating the &later heater 32. Therefore„ it is possible to
m&nim&ze the operation of the i( ater heater 32, and conse-
quently rcducc Ihc power colwumpt&on for dnving (hc
vchiclc. As a result &( &s possible (o prevent thc m&lcage of
(hc vehicle Iron& droppulg.

In addition, the operation of the compressor 21 is con-
trolled such that the estimated pressure Ps of the compressor
21 in the inlet side is at least the predetermined pressure Pl
or higher. By this means. it is possible to prevent the
prcssure ol'hc compressor 21 &n thc u&lc( side I'rom bculg
lower than the prcdc(crmmcd prcssure Pl. Thcrcforc, i( is
pose&blc to prcven( thc compressor 21 I'rom fa&hng.

In addition. &vhen the number of rotations Nc of the
compressor 21 is the predetermined number of rotations Nl,
the operation of the compressor 21 is stopped. By this
means, it is possible to prevent the inefficient operation due
to a dixrcasc in thc number of rotat&ons Nc of the compres-
sor 21.

In addit&on, thc targe( water (cmpcra(ure TG TW flowulg
through the water circuit 3(h 'I'he operation of the water
heater 32 is resunled ivhen the difl'erence benveen the
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calmilaled target tcmpcralure TG TW and the estimated
water teniperature 1 Whp of the water flossin through the
water circui I 30 is the predetermined value 'I'I or higher: and
the operation of the water heater 32 is stopped when the
difl'erence betv, een the calculated tar et temperature
TG TW and the estimated v ater temperature TWhp of the
water flowing through the water circuit 30 is lower than the
predetcrmuu:d value T1. By tlus means, v,hmi lhe water
floivin through the water circuit 30 has a predeternuned
quantity of heat. the operation of the water heater 32 is ln

stopped 'I'herefore, it is possible to prevent the unnecessary
operation of the water heater 32.

Moreover. the required quantity of dehumidiTicarion
based on thc tcmperaturc and the humidity of die veluclc
inierior, Ihc possible quantity of dcluunnlilicalion that can
be realized during the heating and dehuinidifying operatmn,
when the calculated possible quantity of delnunidificatinn is
loiver than the required quantity of dehumiditication. the
operation is switched from the heating and dehumidifying
operation to the cooling and dehumidifying operation, io
ahlioiigli tlic quiiiilily of liest Icli:asixl fioiii flii: wiilcr-
relrigcranl heat exchanger becomes uisuEicienl slue lo the
operation is switched fnmi the heating, and dehumidifying
operation to the coolmg and dehumidifying operation, the
insufficient quantity of heat is compensated by the water
heater 32. By this means, even if the required quantity of
delnimidification is beyond the delnunidifying capability of
the heating and dehumidifying opcranon, it is possible to
sccurc thc required quantity of dchunudilication and also to
keep the temperature 'lr of the vehicle interinr at the indoor ic
air tenipemture Tact 'llierefore, it is possible to maintain the
environment nf the vehicle interior in a good conditinn

Moreover, durin the defrost operation. the water heater
32 is operated to heat the v ater flowing tluough the water
cirtniil 30, and thcrclorc lo conluiue lo heal Ihc vehicle is
interior. By flus means, it w possible lo kimp lhc temperature
Tr m the vehicle uitcnor at the Icmpcralurc Teel during the
defrost operation. and therefore to maintain the em ironnient
of the vehicle interior in a good condition

When the temperature Thex of the refrigerant flow:ing out so
of the outdoor heat exchanger 23, which has been detected
by thc rcl'rigerant temperature sensor 47 is lower titan thc
outdoor air dew point tcmpcralure Tdcw, tlm delbost opcra-
non is pcrfiinncd By Ilus means. it is possible to reliably
perform the defrost operation when a condition in which a
fmst is formed nn the outdoor heat exchanger 23 occurs. and
therefore to prevent the outdoor heat exchanger 23 from
flu s t lit g.

FIG. 23 shows Embodiment 4 ol Ihe prcsmit invmition.
Here, ihe same components arc assigned lhc same reference O

numerals as in Embodimmit 3.
In the vehicle air conditioning apparatus according tn the

present embndiment, the controller 40 performs the quan-
tity-of-heating contml process shown by the tlowchart in
Fl(J. 23 ivith the same configuration as in Emlxidiment 3. i.

(Sicp S91)
In slap S91, thc CPU detcnuuies whether or not thc

cslimalixl pressure Ps of flm compressor 21 m Ihc mlct side
is predetermined pressure Vl or higher When determining
that the estimated pressure Vs is the predetermined pressure rc
Pl or higher, the CPU moves the step to step S93. On the
other hand„ ivhen determining that the estimated pressure Ps
is lower tluui thc predetcnnined prcssure P1, thc CPU moves
thc step lo step S92. Herc, hke the above-described ianbodi-
mcnl, the prcdclcrminixl prcssure P1 is sel lo, lor exiunple, ss
1013.25 h Va as the standard pressure in order to prevent the
compressor 21 front being damaged

(Step S92)
When deterniining that the estiniated pressure Ps is kiwer

than the predetermined pressure Pl in the step 591, the CVU,
in step S92, controls the mimber of rotations Nc of the
compressor Z1 such that the estimated pressure Ps is not
lower than predetemiined pressure PZ (PZ&P1) in the step
S92, and moves Ihc step to step S93.

(Step S93)
When determining tliat the estimated pressure Vs is the

predetermined pressure Vl or higher in the step )91, or when
cmitrolling the mun her of mtations Nc of the compressor 21

in the step S9Z, the CPU performs the is ater heater control
process in the same way as in the quantity-of-heating control
process in Embodiment 3. and mule thc qunntity-oliheatuig
control process.

As described above. with the vehicle air conditioning,
apparatus according to the present embodiment. the opera-
tion of the compressor 21 is controlled such that the esti-
mated pressure Ps of the compressor 21 in the inlet side is
at least the predetermined pressure Pl or higher By this
means, il is possible to prcvmit Ihc csttmalcsl prcssure Ps of
the compressor 21 in thc uilcl side from being lower than Ihe
predetermined pressure Vl, and therefore to prevent the
cmnpressor 21 from failing, like I:mbodiment 3

lil(i 24 shoivs limbodiment 5 of the present mvention
Here. the same components are assigned the same reference
numerals as in Embodiment 4.

In lhc veluclc air conilinomng apparatus according lo thc
present cmbodimcnl. ihe controller 40 pcrfonns Ihe quan-
tity-of-heating control process shown by the flow:chart in
lil(i. 24 v ith the same confi uration as in limbodiment 3

(Step 5101)
In step S101, the ('PU calculates number of rotations

LIM Nc of the compressor 21 such that the estimated
prcssure Ps of the compressor 21 in thc uilcl side is Ihe
prcdelcnninixl prcssure &, based ou thc outdoor air tem-
pcraturc Tam. and moves thc step to step S102.

(Step 5 102)
In the step 5102. the ( VU deterniines ivhether or not the

number of rotations LIM Nc of the compressor 21 is higher
than the predetermined number of rotations N2N1. When the
number of rotations LIM Nc is higher than thc predetcr-
mincd number of rotanons Nl, thc CPU moves thc step to
step S103. On thc other lumd. wlmu thc number of rotations
I.IM Nc is the predetermined munber of mtations Nl or
lower, the CVIJ moses the step tn step )104

(Step S103)
When detenninin that the number of mtations LIM Nc

is higher than Ihc predmcnnined number of rotations Nl in
the step S102. thc CPU. in tlm step S103. connols Ihe
number of rotations of thc compressor 21 to bc the number
of rotations I,IM Nc, and nioves the step to step f105

(Step 5 104)
When determining that the number of mtatlons LIM Nc

is the predetermined number of rotations Nl or lnv.er in the
step S102. thc CPU. ui step 104, stops thc opcranon of thc
compressor 21 and moses the step Io step S105.

(Slap S105)
When cnntmlling the nmnber of rotations of the com-

pressor 21 in the step S103, or ivlieil stoppiiig the opemstion
of the compressor 21 in the step S104. the CPU periiirms the
v ater heater control process in the same way as in the
quantity-of-heating control process in Embodiment 3, and
ends thc quantity-olihcanng control process.

As dcscnbcd aboic. with thc vchiclc air condilionuig
apparatus according to the present embodiment, the munber
of rotations I,IM Nc of the compressor 21 is calculated such
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thai thc cstunalcd pressure Ps of Ihe compressor 21 ui thc
inlet side is the predetermined pressure P2, and the operation
ol'Ihc compressor 21 is controlled such that the compressor
21 is operated at the calculated nuinber of rotations
LIM Nc. By tlus means, il is pussible to prevent thc
compressor 21 fmm failing because of a decrease in pressure
of the compressor 21 in the inlet side.

In addition. when the calcuLsted number of rotations
LMN Nc is the predetermined number of rotations N1 or

I itlower, the operation of the compressor 21 is slopped. By tlus
means, it is possible to prevent the inefficient operation due
lo a decrease in the number of rotations Nc ol'he compres-
sor 21.

FIG. 25 shows Embodiment 6 ol Ihe prcsmit invmition.
I Jere. the same components are assigned the same reference
numerals as in Embodiment 5.

In the vehicle air conditioning apparatus according to the
present embodiment„ the controller 40 perfomts the qumt-
my-of-healing control process shown by lhc flowcharl in zo

Fl(J. 25 ivith the same configuration as in Emlxidiment 3.
(Step S111)
In step Sill, the ('PU calculates number of rotations

LIM Nc of the compressor 21 such llml lhe estimated
pressure Ps of the compressor 21 in the inlet ~ ide is the
predetcrmuu:d prcssure P2, based on the outiloor mr tem-
perature 'lani. and moves the step to step S112

(Step S112)
In step S112, the ('PU controls the number of rotations of

the compressor 21 to be the number of rotations LIM Nc, I li

and moses the step to step S113.
(Step S113)
In step S113, tlm CPU performs the water heater control

pmcess in the same way as in the quantity-of-heating. contml
process according to Emboduncnl 3, and ends lhc quanniy-
of-heating control process.

As descnbed above, with the vehicle air conditioning
apparatus according to the present embodiment, the munber
of rotations LIM Nc of the compressor 21 is calculated such so
that lhe estunated prcssure Ps of thc compressor 21 ui the
inlet side is the predetemuned pressure PZ. and the operation
of ihe coilipri:ssor 21 ls i:oiltrollcil such liat lhe cotnprcssoi
21 is opcratcxl at thc calculated number oi'otations
I IM Nc l3y this means, it is possible to prevent the
compressor 21 from failing due to a decrease in pressure of
the compressor 21 in the inlet side, like Embodiment 3.

FIG. 26 shoivs Embodiment 7 of the present invention.
Here, ihe same components arc assigned lhc same reference
numerals as in Embodimmtt G. o

In Ihc 1 chicle air comhlionutg apparatus according lo the
present embodiment, the controller 40 pertorms the water
heater control process shown by the flowchart in I'l(i 26
ivith the same configuration as in Embodiment 3.

(Step S121) a.

In slap S121. thc CPU calculates lhe uugct qumttiiy-ol(
heal gcncralion TCJ Qhtr that thc water heater 32 should
apply lo Ihe water in the water circuit 30, mid moves Ihe step
to step S122 'I he target quantity-of-heat generation
'I'Ci Qhtr is an output value of proportional-plus-integral io
control, which is calculated based on the target water
tempemture TCI TW. the estimated water temperature
TWhp, thc speci lie heat Cpw of the water, lhc water density
pw, and lhc flow rate Gw of lhe water tlowmg tluough the
water heater 32 (TG Qhtr=(P GAINx(TG TW —TWhp)+ ss
I (IAINx(1(i TW — 'I Whp)+I Qhtrz)x( pwxpwx(iw.
where P (JAIN is a constant value as proportional gain,
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I GAIN is a constant value as intcgrul gain, and I Qhtrz is
the previous value of I Qhtr. I Qhtr I (JAINx('I'(i 1AV—

'I'Whp)+I Qhtrz)
(Step SI22)
In step S12Z, the ('PU calculates the target heat power

TCI Whtr that corresponds to the target quantity-of-heat
generation TCJ Qhlr of lhc water heater 32, and moves Ihe
step to step S123. The target power TG Whtr is calcuialcxI
based on the tar et quantity-of-heat generation I'(I Qhtr
calculated in the step 5121 and the heat generation efficiency
Ei'Ii htr of the water heater 32 ('I'(I Whtr 1(i Qhtrx(l/
EFF htr)).

(Step S123)
In step S123, Ihc CPU operates thc water heater 32 ai thc

target power TG Whtr calculated ut thc step S122, mid ends
the water heater contml pmcess.

As described above. with the vehicle air conditioning,
apparatus according to the present embodiment, it is pos-
sible to calculate the target quantity-of-heat generation
TCI Qhtr of the water heater 32 ln the same way as in
Embodiment 3.

FICJ 27 shows Embodiment S of thc prcsmit utvcntion.
I Jere, the seine components are assmned the same reference
munerals as in I lmbodiment 7

In the vehicle air conditioning, apparatus according to the
present embodiment, the controller 40 performs the water
heater control process shown by the flowchart in FICJ. 27
wilh lhc same configuranon as in Embodiment 3.

(Slap S131)
In step S131. the GPU determines whether or not the

nunterical value ('I'(I 1'Vr —1 Vr'hp) obtained by subtracting,
the estimated v,ster temperature 1 Whp front the tar et water
temperature TCJ TW is loiver than the predetermined value
T2. When the numerical value (TCI TW-TWhp) is lower
than the prcdctermincd value T2, thc CPU moves the step lo
step S132. On the other lrand, when thc numcncal value
(TCJ TW—TWTtp) is the prcdctcmuncxI value T2 or Iugtcr,
the ('PIJ moves the step to step S133

(Step 5132)
When determining that the numerical value (TCJ TW-

TWhp) is lower than the predetermined value TZ ln the step
S131. Ihc CPU, ut thc slop S132. calculates the target
quantity-of-heal gcneranon TCJ Qhtr that thc water hcatcr
32 should apply to the water in the water circuit 30, and
moves the step to step 5134 'the target quantity-of-heat
generation I'(I Qhtr is an output value of proportional-plus-
integral control. wluch is calcuLated based on the target
v ater temperature TCJ T)V. the estimated water temperature
TWhp, the speciiic hant Cpw of the water, llm water density
pw, and the flow rate Gw of the wuter flowing through Ihe
water hcalcr 32 (TG Qhtr=(P GAINx(TCJ TW—TWhp)+
I (JAINx(l(J FW —TVihp)+I Qhtrz)x('pwxpwx(3w,
where P (JAIN is a constant value as proponional gain;
I CrAIN is a constant value as intebrral gain: and I Qhtrz is
the previous value of I Qhtr. I Qhtr=l CIAINx(TCJ TW-
TWhp)+I Qhtrz).

(Step S133)
When dcternunutg thc numcncal value (TCJ TW—TWhp)

is the predeternlined value 'I 2 or higher in the step 5131. the
('PU sets the target quantity-of-heat eneration 'I'(i Qhtr to
maximum quantity of heating Q max ln the step S133.

(Step S134)
Wlmn calculating thc target quantity-of-heal gcncralion

TCJ Qhtr in the slop S132, or when dctcrmining thc target
quantity-of-heat gcncralion TG Qhtr in the step S133, Ihe
('PU, in step S134, calculates the target poiver I'(I Whtr that
corresponds to the target quantity-of-heat generation
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TG Qhtr of thc water heater 32. and moves Ihc step to step
)135 1 he target polver 'I'Ci Whtr is calculated lxlsed on the
tar et quantity-of-heat generation calculated in the step
) 132 and the heat generation efficiency I ill'tr of the water
heater 32 1TG Whtr=TCi Qhtrx(1/EFF htr)).

(Step S135)
In stcli S135, thc CPCI operates Ihe water heater 32 at the

target power TCI Whtr calcu)atixi ul Ihe step S134, imd ends
the lvater heater control pnlcess

As described alxlve, with the vehicle air conditioning Io

apparatus accordiilg to the present einbodiment, wheii the
numerical value (TG TW—TWhp) obtained by subtracring
the estimated water tempemture TWhp from the target water
Iempcraturc TG TW is flm prcdciernnnixl value T2 or
lnghcr water. Ihc target quantity-olthedl gencralion TG Qhtr
is set to the maximum quantity ofheating Q max to operate
the water heater 32 I3y this means, it is possible to operate
the lvater heater 32 at the maxinnun output just after the
heating operation or the heating and dehumidifying open-
tion is stated. Therefore, it is possible to rapidly heat the lo
i chicle interior to a comfortable temperature.

Herc. with thc prcscut cmboduuenh a conliguration has
been described where the heat released from the water-
refrigerant circuit 20 is absorbed in the water tlov ing
through the water circuit 30 via the water-refrigerant heat
exchanger 22 Hov ever, heat medium subjected to a heat
exchange ivith refri erant is not limited to lvarer. but any
bee(medium is apphcablc. which enables heat transfi r, such
ds du(ill'ccrc soliuion conIaulln c'flly'Icncglvcol linc! so
filrth 11)

In addition, with the present embodiment. a contiguration
has been described lvhere the compressor 21 is driven by the
electric nlotor 21a. However, it is by no means limiting A
compressor 21 may be driven by the power of an engine

Morcovcr. thc vehicle air conditiolung apparatus is apph- ls
cable not only to an clcctnc car or a hybucl car. but
dpphcdblc Iii other vchlclcs Bs long Bs Ihc vohlclc Blr
conditioniim apparatus can compensate tilr an insuiflcient
quantity of heating filr the heating or the heating and
deluimidifymg opemtion by electric power. do

In addition, v, ith the present embodiment. a configurarion
luis bccn descnbed where thc three-way valve 25 is used to
sw itch bctw cen thc rcfrigcrmlt flow passu cs 20c and 204 in
the refrigerant circuit 20. It is by no means lirmtulg Two
solenoid valves are applicable instead of the three-way
valve, and therefilre it is possible to switch betv een the
refrigerant flolw passages 20c Bnd 20d by opening and
closing these solenoid valves.

Morcovcr. with thc prcscut embodimenl, as Ihc Iempera-
turcof the water huvulg bimu heated in Ihe Baler refn ermlt o

heal cxchdngcr 22, thc cstuua (cd water temperature TWhp is
used, lvhich is calculated based on the temperature lco of
the refrigerant having released the heat in the water-refrig-
erant heat exchanger 22 and the temperature eificiency
allowing for the flow mote CiW flcnvillg throu/~i the water ls
circuit 30. However, another conligurstion is possible whcrc
Ihc Icnlpclatui'c ol thc waIcl havulg been hcalod hi thc
water-relrigerant heat exchanger 22 is aclually dctectcd and
the result of the detection is used.

llCi 20 to ill(i 35 show limbodiment 0 of the present co

invention.
The vehicle air conditlonmg apparatus according to the

preseni invmltion is apphcdblc Io an elcctnc car Iha! is run
by electric power and that is dnvcn by thc ehmtric power of
a bducry Io bc used to nin the electric cdr. As shown in FIG. Ss

20. this vehicle air conditionulg appanltus includes an air
conditioniim unit 10 pmvided in the vehicle interior. and a

rcfngcrdnt circuit 20 and a water circuit 30 tlrdt arc forntcxl
across the vehicle interior and the outdoor

'I'he air conditioning unit 10 includes an air flow passage
I I that allows the air to be supplied to the vehicle interior to
pass tlu ough. An outdoor air inlet 11a and an indoor air inlet
11b are provided in the first end side of the air flov'assage
11 Thc outdoor air inlet 11a is coniigurcd to allow Ihe
outdoor air Io flow ulto Iheair flow pussage 11, and Ihe
indoor air inlet I lb is configured to allow the indoor air to
flov into the air flow passe e 11 Meanwhile. a filot outlet
Iic, a vent outlet 114 and a defroster outlet I le me provided
in the second end side of the air flow passage 11. The Iilot
outlet IIC is confimired to allow the air flowing through the
air flow passage 11 Io blow Io tlu: li:ct of Ihc passcngcrs in
thc v clue 1c. Thc vent outlet 11J is coul igu red to allow thc air
tlowing through the air flolv passage I I to blow to the upper
bodies of the passengers in the vehicle 'I'he defroster outlet
I le is configured to alloiv the air flowing thnlugh the air
flow passe e 11 to blow to the interior surface of the front
v indow.

Au indoor Ihn 12 such as a sirocco fan conligurcd to allow
the air to flow through Ihc air flow passugc 11 from end Io
end is pmvided in the hrst end side of the air flow passage
11 'Ibis indoor fan 12 is driven by the electric motor 12a.

Also, in the first end side of the air flow passage I I, an
inlet switching damper 13 configured to open one of the
outdoor air inlet 11a and the indoor air inlet 11b and to close
thc other. llus ullct switching damper 13 is dnven by thc
clectnc motor 13a. Whml thc inlet switcluug diunpcr 13
closes the indoor air inlet I I b and opens the outdoor air inlet
I la, the mode is switched to an outdoor air supply mode in
v hich the air flov, s from the outdoor air inlet I I a into the air
flow passage 11. Meamvlfile. ivhen the inlet switchin
damper 13 closes the outdoor air inlet 11a and opens the
indoor air inlet 11b, the mode is switched to ml uldoor air
circulation mode ul which the air flow s Iyom thc indoor air
inlet 11b into the air ilow passage 11. Morimvcr, when Ihe
inlet switching damper 13 is placed between the outdoor air
inlet I la and the indoor air inlet I lb and the outdoor air inlet
11a and the indoor air inlet 11 0 open, the mode Is switched
to a two-way mode in winch the air flows from both the
outdoor air inlet 11 a;md the indoor air ullet Ilb into thc air
flow passage 11 according to Ihe opcruug ratio of the outdoor
air inlet 11a and thc incloor air inlet 11b.

Outlet switching danlpers 13b, 13c and 13J configured to
open and close the fiant outlet 11c, the vent outlet I I 4 and the
defmster outlet 11e are provided in the foot outlet IIC. the
vent outlet 1(d and the defroster outlet 11e, respectively. in
the second side of thc air flow passage 11 These outlet
switclung dampcrs 13b, 13c mid 13d urc configured to move
together by a finkagc dncl are opcncd and closed by Ihe
electnc motor 13c. I lere, when the outlet switching dampers
13b, 13c and 13d open the foot outlet IC, close the bent
outlet If/ and slightly open the defroster outlet Ile, most of
the air flowing tiuougt the air flow passage 11 blows out of
thc filot outlet 11c dnd Ihc rcmainiug air blows out of thc
dcfrostcr outlet 11c. Tins mode is referred to as '*ibol mode."
Me mw lulc, when Ihe outlet su i(chin dampers 13b. 13c and
13J close the tilot outlet I lc and the defroster outlet I le, and
open the vent outlet I I J. all the air tlolving through the air
flow passage 11 blows out of the vent outlet 11d. This mode
is referred to as 'vent mode." In addition, when the outlet
switclung dampcrs 13b. 13c mid 13d open the foot outlet Ilc
and Ihc vent outlet 11 8, and close thc del'roster outlet 11e, Ihe
air flowing tluough the air flow passage 11 blows out of Ihe
foot outlet IIC and the vent outlet I 1d 'I his mode is referred
to as "bi-level mode" Moreover. when the outlet switching
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d;mipers 13b, 13c and 13d close thc Ihot ou(lct 11c and thc
vent omlet I(rf. and open the defroster outlet lie. the air
floivina through the air flow passage 11 blows out of the
defmster outlet lie 'I'his mode is referred to as "defroster
mode." Furthemtore. when the outlet switching dampers
13b. 13c and 13d close the vent outlet 11d and open the foot
ou(lc( Ilc and thc delroster outlet llc, tlm mr flowuig
tlirough thc;ur flow passage 11 blows out ol (he fiio( outlet
I li and the defroster outlet I le I'his mode is referred to as
"defroster-font mode" Ilere, in the bi-level mode. the air Io

floiv passage 11, the foot outlet I lis the vent outlet I lif. and
a heat exchanger Bnd a radiator which will be described later,
are arranged and configured such that the temperature of the
mr blowuig out of thc foot ou(lc( 11c is lugher than thc
tempera(urc of Ihc air blowuig ou( of thc vmit outlet Ild.

A heat exchanger 14 is provided in the air thiv passage I I

in the doivnstreant of the air flow fmin the indoor fan 12.
'I'he heat exchanger 14 is configured to cool and dehunudify
the air flowing tluough the air flow passu e 11. In addition,
a radiator 15 is provided in the air flow passage 11 in the Io
downsuetun of thc air flow Ibom the hca( cxcitan er 14 The
radia(or 15 is conligurcd to heat Ihe mr floii ing Iluougt the
air flow passage 11 lite heat exclmnger 14 is a heat
exchmiger that is constituted by fins and tubes and that is
confiaured to perforni heat exchange between the refrigerant
flowing through the refrigerant circuit 20 and the Bir flowing
tluough the air flow passage 11. Meanwhile. the radiator 15
is B heal excluingcr tha( is constitu(ed by liiw and (ubcs and
Iha( is conligured to pcrfomi hca( exchange between thc
water flowing through the w:ster circuit 30 and the air so

floivina through the air flow circuit I I

An air mix dmnper 16 is provided between the heat
exchanger 14 and the mad(a(or 15 in the air flow passage 11

and is configured to control the percentage of the Bir to be
healed. wluch m flowing through thc Bir flow passage 11. Is
Thc air nnx dnmpcr 16 is dnven by Ihe electric motor 16B.
When (hc air mix damper 16 is disposed ui thc air tlow
passaae 11 in the upstreani of the radiator 15, the percentage
of the air sub(ected to a heat exchange in the radiator 15 is
reduced. Meanwhile„when the air mix damper 16 is moved so
to a position other than the msdiator 15 in the air flow passage
11. Ihc perccn(a e ol Ihc atr sublcc(ed to a hca( cxclruigc is
increased. In thc air flow passage 11. when (hc air mix
ililillpCr 16 CIOBCB Illc tips(rCB(ll sldC iif (11C rBdliitoi 15 Bill
opens the portion other than the radiator 15, the opening
degree is (yVw and, on the other hand, v;hen the air mix
damper 16 opens the upstream side of the radiator 15 and
closes the po(sion other than the msdiator 15. Ihe opening
degree is 100/o.

The rcfngerant circui(20 includes. thc heat exchanger 14, o

a compressor 21 conligurcd Io compress relrigerant, a
water-refriaerant heat exchanger 22 configured to perform a
heat exchanae between the refrigerant and the ivater tlov ing
tlu ough the water circuit 30; an outdoor heat exchan er 23
configured to perfomt a heat exchange be(ween the refri - s.
clall( Bird (11C Ou(door Bll-t Bll illdiior 11CBI CXClulllgC( 24
conligured Io pcrlhnu a heat cxcltan c bc(ween Ihe refng-
cran( flowing in(o hea( cxcltangcr 14 mid Ihc refngcrmi(
floivina out of the heat exchanger 14: a three-ivay valve 25
confi ured to switch the passage of the refrigerant; Iirst to io
fourth solenoid valves 26a to 26d; first and second check
valves 27a and 27b: and first Bnd second expansion valves
28a and 28b configured to dimomprcss the rcfrigeran(. These
components arc connected to each o(her by a copper pipe or
an aluminum pipe. The compressor 21 and Ihc outdoor hca( ss
exchmiger 23 are disposed outside the vehicle interior. The
compressor 21 is driven by the electric motor 2la The

outdoor heat exchanger 23 is provided with an outdoor fan
29 em(figure to perform heat exchan e between the outdoor
air and the refrigerant when the vehicle stops 'I'he outdoor
fan 29 is driven by the electric motor 29C

To be more specific. one side of the w ater-refrigerant heat
exchm er 22 into which the refrigerant flows is connected
to onc side of thc compressor 21 from which the rcfrigcran(
is discharged Io form thc refrigerant flow passage 20a. In
addition, the input side ofthe outdoor heat exchanger 23 into
which the refrigerant floivs is connected to the output side of
the water-refrigerant heat exchanger 22 fmm w:hich the
refrigemnt is discharged, thereby to form the refrigerant flow
passage Zfib. The refri erant flow passage 20b is provided
with Ihc (luce way i Blvc 25. The onc side of Ihc (luce way
valve 25 fiom whiclt thc rcfngerant is disclrargcd and
amither side from which the refrigemsnt is discharged are
parallel to one another and are connected to the input side of
the outdoor heat exchan er 23 into which the refrigerant
flows Bnd thereby to form the refri emsnt flow passages 20c
and 20d. The refrigerant flow passage 20d is provided with
the lirst expansion valve 28u and thc first check valve 27a
in Ilm order from Ihc upstrc;mi ol'he flow ol'hc refrigeranm
The mput side of the contpressor 21 into which the refrig-
emsnt is sucked and the part of the refrigerant flow passage
20J benveen the three-way valve 25 and the first expansion
valve Zga are connected in parallel to the output side of the
outdoor heat exchan er 23 from which the refrigemsnt is
discharged. thcrcby to form the refngcrant flow passage 20e
and 20f. The rel'rigcrmi( flow passage 20e is provided with
the first solenoid valve Z6ir 'I'he refrigerant flow passage 20f
is provided v,ith the second solenoid valve 26b and the
second check valve 27b in the order fmm the upstream of the
flow of the refrigerant. The input side of the interior heat
exchan er 24 into which high-pressure refrigerant flows is
conniwtcd Io Ihc part ol Ihe refngcran( flow passage 20d
bc(w ion the three-way i elve 25 and thc lirst cxpmision valve
28a. thcrcby to I'orm thc rcfrigcran( flow passage 208. The
refrigerant passage 208 is provided with the third solenoid
valve 26c 'I'he input side of the heat exchanger 14 into
which the refrigerant lkisv is connected to the output side of
the indoor heat exchanger 24 from v, hich the hibrh-pressure
rcfngcrant is discharged. thcrcby to prowdc thc refrigermit
flow passage 20b. Thc rcl'rigerant flow passage 20b is
provided wi(h thc second expansion valve 28b. Thc input
side of the indoor heat exchanger 24 into which low-
pressure refrigerant flows is connected to the output side of
the heat exchanger 14 from which the refrigemsnt is dis-
charged. thereby to form the refri emsnt flow pa~sage 20i.
The part of thc rclbigcran( flow passage 20c be(ween Ihe lira(
solcnoxl valve 26ii and Ihc inpu( side ol'hc compressor 21
in(o vvluch the rel'rigcran( is sucked m coiuiectcd Io Ihe
output side of the indoor heat exchanger 24 fmm which the
low-pressure refrigerant is discharged. thereby to pmvide
the refri erant flovv passage 207 The input side of the
outdoor heat exchanger 23 into i(hich the refrigerant flows
is conniwted to Ihc reliigcran( flow passage 20a, thcrcby to
provide Ihc refhgcran( flow passage 20k. Thc refrigerant
flow passage 20k is prox idcd with thc fourth solcnoul valve
26J.

'I'he v ster circuit 30 includes the radiator 15. the water-
refrigerant heat exchanger 22. a pump 31 confi ured to
pump the v:ster as heat medium and a water heater 32 such
as mi clectnc healer conligurcd Io heal wa(er by elec(nc
power. These componmits Bre connix (cd by a copper pipe or
an alununum pipe. To bc morc spec(lie. the input mde of Ihe
water-refrigemsnt heat exchanger 22 into ivhich water flows
is connected to output side of the pump 31 from which the



41

US 10,293,661 B2
42

water is d&schargcxt, thcrcby to fi&nn a water flov, passage
30a. The input side of the water heater 32 into which the
water flows is connected Io thc output side ol'lm watcr-
refrigerant heat exchanger 22 from which the v ster &s

d&scluugcd, thereby to from a water flow passage 30b Thc
input side of the radiator 15 into ivhich the water flows &s

connected to the output side of the water heater 32 fmm
which the water is discharged, thereby to filun a v ster flov
passage 30r The input side of the pump 31 into which the

& il
w dier &s sucked &s co&u&cc&est Io the output s&dc ol &he raduilor
15 from which the water flow s, thereby to tbom a water flov
passage 304. Thc pump 31 m duven by thc climtric motor
3 1 a.

11&e vchmlc a&r cond&uouing apparatus also mcludcs a

controller 40 that controls the temperan&re and the humidity
of the vehicle inteuor to be the preset temperature and
lnunidity.

The controller 40 includes a Cpli, a ROM and a RAM In
Ihe controller, upon rixmvu&g an input signal from a device
connected to the input side, the CPU reads the program
stored u& the ROM uccord&ng Io thc u&pu( signal, stores the
s&ate detected by the input s&gnal on the RAM and transmits
dn output signal to a devwc co&u&ected to Ihc oulpul side.

As shown in l&l(r 29. an outdoor air temperaturesensa&'1

contigurixl Io detect tmupcrature Tam outsxlc the vehicle
interior; an indoor air ten&perature sensor 42 contigured to
detect tenlpemture Tr in the vehicle interior; an intal e
temperature sensor 43 configured to detect temperature 'I'i of
the air floilin into the air flow passs e 11: a cooled air ul

tempera lure sensor 44 conligurcxt Io dc&act temperature Te of
the air having been cooled in the heat exchanger 14: a heated
mr Imnperaturc sensor 45 conligurcd to delcct temperature
'I'c of the air hav&ng been heated in the radiator 15; an indoor
mr hunudity sensor 46 configured Io detimt humid&ty Th &n

the vehicle interior; a refrigerant temperature sensor 47
configured to detect temperature Thex of the retbigemnt after
the heat exchange m the outdoor heat exchanger 23; an
insolation sensor 48 such as a photo sensor configured to do
detixt amount ol'&nsolauou Ts, a vcloc&ty sensor 49 conlig-
ured to detect velocity M of the vehicle; an operation par( 50
conligured Io sct modes rcgardu&g Io target saltu&g Icmpcra-
Iurc Tact and thesw&&clung of Ihc opcrauon. a prcssure
sensor 51 contigured to detect pressure Pd in the high-
pressure side of the refrigerant circuit 20: and an outdoor a&r

hunlidity sensor 53 contigured to detect humidity Rham
outside the vehicle intenor are connected to the input side of
Ihc connollcl'0.

As shown &n FI(i. 29, au clcctnc motor 12a fi&r duvmg the o

indoor Ibn 12; un elixtuc motor 13a for drivu&g the inlet
switching damper 13: an electric motor 13c tor driving the
outlet switching dampers 13b, 13& and 13&j: an electric
motor 16e for drivin the air mix damper 16: an electric
motor 21e for driving the compressor 21: the tluee-way &1

1 el vs 25: tlm lirst to fourth solenoid valves 26a. 26b, 26C and
264, an electuc motor 29a I'or duving ihe outdoor fan 29; an
clcctnc motor 31a for drivu&g thc pump 31; the water hmiter
32; and a nevi ation device 54 configured to measure the
present location of the veh&cle and to guide the mute to the io
destination are connected to the output side of the controller
40. The navigation device 54 is confi ured to be able to
acqu&rc Iraflic &nformat&ou, for example, v,bc&her or uot
traffic jmn occurs &n Ihe route to thc dcslu&anon.

Thc vchicic Blr could&onulg dppdl'&i&Us havhlg Ihc Bbovc- Ss

described configuration performs cooling operation. coolina
and delnunidifying operation, heating operation, first heat-

iug and dehumulil'ying opcrauon, second hmung m&d dchu-
nudifying opemstion and defrost operation Now. each opera-
tion w&ll be explained

l&irst, the cooling operation &vill be expla&ned In the
refrigerant circuit ZO, the flow passage of tllree-way valve is
set to the refrigerant flow passage 20c side: the second and
tlurd solenoid valves 26b m&d 26c open aud the lirst and
fi&urth solenoid vahca 26a and 26d arc closcdi, and Ihe
cmnpressor 21 is operated Memnvhile, the operat&on of the
piunp 31 is stopped in the ivater circuit 30

l3y this means, as shown in 11(i 30. the refrigerant
discharged from the conlpressor 21 flows through in this
order: the refrigerant (low passage 20a „ the v ater refrigerant
heat cxchangcr 22, water-rcfngcrant flow passages 20b and
20c; the outdoor heat exchanger 23. thc refrigcrm&t flow
passages ZO/; 20&( and 20g. the high-pressure side of the
internal heat exchanger 24; the refrigerant flow passage 20b;
the heat exchanger 14: the refrigerant flow passage 20i; the
low-pressure side of the internal heat exchanger 24; and the
refrigerant flov: passages 20j and 20e. Bnd is sucked into the
compressor 21. Thc rclbigcrant flow &ng through the refrig-
erant circu&t 20 releases the haut &n thc outdoor heat
exchanger 23 and absorbs the heat in the heat exchanger 14

Since the piunp 31 is stopped in the cooling operation. heat
is not released from refrigerant ul the water-refrigerant heat
exchanger 2Z.

In this case, in the air conditioning unit 10 during the
cooling operation, the u&door fan 12 &s operated Io flow thc
a&r tluough the a&r flow passage 11, and thc mr m subjected
to a heat exchange with the refugerant in the heat exchanger
14 and cooled. 'I he temperature of the cooled a&r is the target
a&r-blowing temperature I'AO of the air to blow out of the
outlets 11C. 11d and 11c in order to set the temperature of the
vehicle mterior to tar et settin temperature Tact. Then, the
dlr Bl Ion&pc&alt&le Tsc( bto&is lo thc vehicle uucilor.

Next. thc coolu&g dnd dehunudil'yu&g operation will be
explau&cd. In Ihc refrigerant circuu 20. like the coolu&g
opemstion. the flolv passu e of the three-ivay valve 23 is set
to the refrigerant flow passage 201 side; the second and third
soleno&d vaives Z6b and 26r open and the first and fourth
soleno&d valves 26a and 268 are closed: and the compressor
21 is opera&&uk In Ihc water circuit 30, Ihc pump 31 is
operated.

By this means, as shown in FIG. 30. Ihe refrigerant
discharged from the compressor 21 flows thn&ugh in the
sante way as in the cooling operat&on lie refrigerant
flowing through the refrigemsnt circuit 20 releases the heat in
the v ater-refrigerant heat exchan er 22 and the outdoor heat
exchanger 23, and absorbs the heat &n the heat exchm&ger 14.

In addit&on, thc v ster d&sclu&rgcd from thc pump 31 flows
tluuugh in this order: the water-refugcraut heat exchanger
22, the water heater 32: and &he radiator 15 as indicated by
the chain line of FI(i 30, m&d &s sucked into the pump 31
The water flowing through the water circu&t 30 absorbs the
heat in the water-refrigemsnt heat exchanger 22 and releases
thC hCdl ul fl&C lildldto& 15.

In tlus case, in thc air condit&on&ng un&t 10 duung thc
cooling m&d dehumid&fy&ng operat&on, the indoor f m 12 is
opemsted to flow the air throuah the air flow passage I l. and
the air is subjected to a heat exchange w&th the refrigerant
v hich absorbs the heat in the heat exchanger 14. and
therefore is cooled and dehumidified. The air bavin been
dchumid&tied in Ihc heal exchanger 14 is subject to heat
exchange with Ihc water wluch relcuscs Ihc heat u& Ihe
radiator 15, and therefore hca&cd. As a result, Ihc mr BI Ihe
target air-bio&sing temperan&re 1AO blows to the vehicle
ulterior
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Nexu thc hcaung operation will be explained. In thc

refrigerant circuit 20, the flov: passage of the three-way
valve 25 is set to the refrigerant flolv passage 20d side, the
firs solenoid valve 26a opens and the second to fmirth
solenoid valves 26b to 26d are closed: and the compressor
21 is operated. In the v ater circuit 30, the pump 31 is
opcmt txt.

By tlus means, as shown in FIG. 31, the rcfn crmlt
discharged from the compressor 21 flows tluough this order
the refrigerant tlow passage 20a; the water-refrigerant heat lo

exchmlger 22: the refrigemnt tlow passages 20b and 20d, the
outdoor heat exchanger Z3: and the refrigemnt flow passage
20e, and is sucked into the compressor 21. The refrigerant
flow mg tluough thc rcfngcrmlt circuit 20 releases thc heat in
the water-rcfngerant heat cxchtmgcr 22 imd absorbs thc heal
in the outdoor heat exchailger 23

Meanv bile. as shown in lif(i. 31. the water discharged
fmm the pmnp 31 flows through in this order: the water-
refrigerant heat exchan er 22: the water heater 32: and the
radiator 15„and is sucked mto the pmnp 31. The water lo
flow ing tluough thc water circuit 30 absorbs thc heat ui the
water-rcfngcrant hcut cxclrdngcr 22 and releases the heat in
the radiator 15.

In this case. in the air conditioning unit 10, the indoor fan
12 is operated to floiv the air through the air flov passage I I,
and the flowing air is not subiect to a heat exchange with the
refrigerant in the heat exchan er 14, but is subjected to a
heat exclmngc with thc water ui thc redid(or 15 alxl thcrcforc
is heated. As a result, thc air at thc large( mr-blowing
tenlpemture IAO blows to the vehicle interior so

Next. the first heating and dehumidifying operation will
be explained. In the refrigerant circuit 20„ the flow passage
of the tluee-way valve Z5 is set to the refrigermlt flov
passage 20d side: the first and third solenoid valves 26a and
26C open and thc second and fourth solenoid valves 26b and ls
26d arc closed, and the compressor 21 is opcratcxL Mean-
wlnlc. the pump 31 is opcratixl ul the water circuit 30.

13y this means, as shown in I'l(i 32, the refrigerant
discharged fmm the conlpressor 21 flows through in tlus
order: the refrigerant flow passage 20a: the water-refrigerant do

heat exchanger 221 and the refrigerant flow passu es 206 and
20d. Part ol'hc rcfngcrant flowuig iluough flle refngcrmlt
flow passage 20d tlows through ln tlus order: thc outdoor
heat exchanger 23, und thc refrigerant flow passage 20c, and
is sucked into the compressor 21 In addition, renlaining
refrigerant flowing through the refrigensnt flow passage 20d
flows through in this order: the refbigerant flow passage 20g,
the high-pressure side of the interior heat exchailger 24: the
ref'rigcrant flow passage 20b: the heat cxchangcr 14, the
ref'rigcrant tlow pussage 20(, thc low-prcssure side of the o

interior heat cxchangcr 24, and the rcfrigcrant llov, passages
202 mid 20e. and is sucked into the coinpressor 21. The
refrigerant flowing through the refrigerant circuit 20 releases
the heat in the eater-refrigerant heat exchanger 22 and
absorbs the heat in the heat exchanger 14 and the outdoor l.
hi:dt cxchiulgcr 23

Meanwlulc, as shown in FIG. 32, thc v;ster discharged
from thc pump 31 flows tluough in ilus order: thc water-
refrigerant heat exchanger 22: the lvater heater 32: and the
radiator 15, and is sucked into the pump 31 'I'he water ro
flowing through the v ater circuit 30 absorbs the heat in the
water-refrigerant heat exchanger 22 and releases the heat
Iroill lhc rdshatoi'5.

In tins case. in thc air conditioning uiut 10, thc uidoor fan
12 is operated to flow the air tluougt the mr flow passage 11, ss
and the flowing air is subjected to a heat exchange with the
refrigerant in the heat exchanger 14. and therefore is cooled

and dchunudiiicd. Part ol'hc air having bccn dchumidflicd
in the heat exchanger 14 is subjected to a heat exchange with
the lvatcr ui Ihc rudiator 15 and lu:died. As a result, thc air
at the tmget air-blowina temperature IAO blows into the
vcluclc ultcnor.

Next, the second heatin and dehuniidifying operation
v ill be explained. In the refngerant circuit 20. the flow
passage of the three-way valve 25 is set to the refrigerant
flov passage side 20d: the third solenoid valve 26c opens
and tlm first, second and fourth solenoid valves 26a. 26b and
26d are closed; and the compressor 21 is operated. Mean-
while. thc pump 31 is operated ul the water circuit 30.

13y this means, as shown in 11(i 33. the refrigerant
discharged I'rom Ihc compressor 21 tlows tluuugh ui tlus
order: the refrigermlt flolv passage 20ri, the water-refrigensnt
heat exchanger 2Z; the refrigerant flow passages 20b. 20d
and 20g; the high-pressure side of the interior heat
exchm er 24: the refrigerant flow passage 20b: the heat
cxchangcr 14: thc rcfngcrant tlow passage 201, thc low-
pressure side of the interior heat exchanger 24: and the
rclbigcrant flow passages 20j dnd 20c, and is sucked into Ihc
cmnpressor Zl. The refrigerant flowing through the refrig-
emsnt circuit 20 releases the heat in the water-refrigerant heat
exchanger 22 and absorbs the heat in the heat exchanger 14

Meamvlfile. as shoivn in FIG. 33. the water discharged
from the pump 31 flows through in this order: the water-
rcfngcrdnt heat exchanger 22: thc water hcatcr 32: and thc
radiator 15, and ls sucled into thc pump 31. Thc water
tlowing tlmtugh the lvater circuit 30 absorbs the heat in the
v ster-refrigerant heat exchaimer 22 and releases the heat in
the radiator 15

In this case. in the air conditioning unit 10, the indoor fan
12 is operated to flow the air through the air flow passage 11,
and thc flowing air is sublccted to a heat exchange with Ihc
ri:Irlgcldll( ul thc heal cxchiulgcr 14, iulil (herl:Ioli: is coolcx!
and dcfnuntdtftcxt in thc smnc way as in thc first heatuig and
dehumidifying operation Part of the air dehunlidified in the
heat exchanger 14 is subjected to a heat exchange with the
water in the radiator 15, and therefore heated. As a result, the
air at the target air-blowing tenipemture TAO blows to the
vcluclc ultcnor.

Next, thc defrost operation will bc explained. In thc
rcfngcrdnt circuit 20. thc flow passage of thc tlucc-way
valve 25 is set to the refrigerant flow passage 2tld side; the
first and fourth solenoid valves 26ri and 26d open and the
second and third solenoid valves 26d and 26c are closed: and
the compressor ZI is operated. Meanwhile. the pump 31 is
opera(cd ul thc water circuit 30.

By tlus means, us shown in FIG. 34, part ol'the rcfrigcrant
discharged I'rom Ihc compressor 21 tlows tluuugh ui tlus
order: the refrigerant flow passage 20a; the mater-refrigerant
heat exchanger 22; the refrigensnt flow passages 20b and 20,
and flows into the outdoor heat exchanger 23. In addition,
the remaining refri erant discharged from the compressor 21
flows tluough thc rcfngcrdnt flow passages 20a and 201 and
flows ulto thc outdoor heat cxchmlgcr 23. Thc refrigeranl
Ilowuig out of thc outdoor heat cxchangcr 23 flows flmlugh
the refrigerant flos passage 20c, and is sucked into the
compressor 21. I he refrigerant tlowing through the refrig;
emsnt circuit 20 releases the heat in the water-refrigerant heat
exchm er 22, and at this time. absorbs the heat in the
outdoor heat exclmngcr 23.

Meanwhile. Os shown in FIG. 34, thc water dischargcxf
from thc pump 31 flows tluough in tlus order. thc waier-
refrigerant heat exchanger 22, the water heater 32: and the
mdiator 15. and is sucked into the punlp 31. 'I'he water
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flowmg lluough thc water circuit 30 absorbs lhe heal ut thc
water-refri emnt heat exchanger 22, and releases the heat in
the mdiator 15

In this case. m the air conditioning unit 10, the indoor fan
12 is operated to flow the air throu~/& the air flow passu e 11.
The flowin air la not subjected to a heat excha&tge wirh the
rel'rigcranl in thc heat cxchangcr 14, bu& is sublected to a
heal exchmtgc w&lh llm water which releases lhc heal ut the
radiator 15, and therefore is heated and then blov s to the
vehicle interior. 1 I i

While the autontatic switch of the operation part 50 &s

nlrned on. the contmller 40 performs an operation switching
control process to switch among the cooling operation. the
coolutg and dehumt&hl'yutg opcrahon, dte heating operation,
lhe lira& beating and dchumid&fyutg operahon. the second
heating and dehunt&difying operation, and the defrost opera-
tion, based on indoor and outdoor enviromnental conditions,
such as temperature

In each operation switched by the opemtion switching
control process„ the controller 40 switches among the foot so

mode. the van& mode aud llm bi-level mode according to the
target a&r-blowing tmupcra&urc TAO. To bc morc spccilic,
whet& dse target air-blowing tentperature IAO i ~ high. for
example, 40 degrees centigrade, the contmller 40 sets the
foot mode Meanwhile, when the target air-blowing tent-
perature TAO is lov, for example, lower than 25 de rees
centigrade„ the contmller sets the vent mode. Moreover,
when lhe target atr-blowing tcmperaturc TAO &s the lmn-
pcra&ure between &hc tempcraturc Ii&r dte foot mode and thc
tenlpemture for the vent ntode. the controller 40 sets the lo
bi-level mode.

'Hte controller 40 switches the mode of the outlets llr,
11d and 11e by using the outlet switching dampers 33I&. 13c
and 13d. and controls the opening degree of the a&r mix
damper 16 tn order to set the temperature of thc mr blowutg si
oul ol'he outlets 11c, 11d, and 11e &o &hc large& mr-blowing
tcmpcra&urc TAO.

In addition. when the outdoor air temperature is low. for
example, in ivinter. the controller 40 deteunines v bather or
not a frost is formed on the outdoor heat exchan er 23. and so
performs a defrost operation control process to control the
umc of&he start ol'lhc dcl'rost operation, base&ion lhe duvtng
sta&e of the i chicle and the power of &hc baucry B to drive
the veluclc. Now, the operation of thc controller 40 m tlus
pmcess will be explained with reference to the tlowchart
shoivn in I'I(i 35

(Step 141)
In step S141. the CPU determines whether or not a frost

is formed on the outdoor heat cxchtm cr 23. When detcr-
nnmng llrat a frost &s fonncd on thc ou&door hw&t exchanger o

23. the CPU moves thc step &o step S142. On tlm other hmtd,
when determining that a frost &s not formed on the outdoor
heat exchanger 23. the ('PU ends the defrost operation
control process Here„a method of determini&tg whether or
not a frost is formed on the outdoor heat exchanger 23 will s.
bc cxplmncd. Ftrst, thc CPU calculates outdoor air dcw point
lempcralurc Tdcw. which is lhc dew poim temperature of thc
outdoor atr. based on lhc outdoor a&r lcmperalure Tmn
detected by the outdoor air temperature sensor 41 and the
outdoor humidity Rham detected by the outdoor huntidity io
sensor 53. Next. the CPU determines whether or not the
tempemture Thex of the refrigerant flowing out of the
outdoor heat cxclranger 23, which has bccn delectcxl by the
refrigerant tempcralurc sensor 47, is lower limn lhc outdoor
mr dew point tempcraturc Tdew. When dte temperature Thcx si
of the refrmerant is lower than the outdoor air dew point
temperature 'I'dew. the ('PU determines that a frost is formed
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ou thc outdoor heat exchanger 23. Tlus dctcrnunation of
v hether or not a fmst is formed on the outdoor heat
exchanger Z3 is performed re ardless of whether or not the
vehicle is n&nning.

(Step S142)
When determining that a frost is fomted on the outdoor

heat cxchangcr 23 m &he slap S141, thc CPU calcula&cs an
estimated tunounl of fresh Here, lhc estimated amount of
frost is calculated by detecting. for exantple, the outdoor air
temperature 'I'anl. the temperature I'hex and the pressure of
the refngerant after the heat exchange in the outdoor heat
exchanger Z3, the velocity V of the vehicle, and the dura-
tions of the temperature Tam and the tempemture Thex.

(Step S143)
In step& S143, the CPU delernuncs whether or nol thc

power of the battery i3 is a predeternt&ned level or loiver
When determining that the power of the battery I3 is a
predetermined le&el or lower, the ('PI.J moves the step to
step S145. On the other hand, when determinin that the
power of the battery B is not a predetermined level or lower,
the CPU moves &hc s&c7& to step S144.

(Step S144)
When determining that the power of the battery I3 is not

a predetermined level or lower in the step 8143, the CVU
determines whether or not the vehicle is not nutning because
the key is off in the step 144. When determining that the key
is offi the CPU moves the step to step S145. On the other
hand, delcmtirung that lhc kcy ts nol ofl, lhal &s, lhc vcluclc
is running, thc CPU moses the step &o step S147.

(Step 8145)
When determining that the power of the battery l3 is a

predetermined level or lov er in the step 143, or ivhen
determining that the vehicle is not nuuting because the key
is off the CPU determines whether or not the battery is bein
charged in step the S145. When dctcnn&ntng the& the bauery
B w bi:t&tg charge&1, lite CPU moves thc step &o step S146. On
the ollmr hand. when dclernnning thut the battery B &s nol
bemg char ed, the ( PU ends the defmst operation contml
pmcess.

(Step S146)
When detenninin that the battery B is being charged in

thc step S145, thc CPU de&cnn&nes whether or not thc
outdoor air tcmperaturc Tmn &s a prcde&cnnuted tcmperaturc
(c g. 0 degree centigrade) or lower. When detcnn&ning Qtat
the temperature 'I'anl is a predetermined temperature or
lower, the CVU moves the step to step 8151 On the other
hand„when determining that the outdoor air temperature
Tam is not a predetermined tempemture or lower. the CPU
moves lhc step &o step S150.

(Step S147)
Wlmn dclcrnuning that thc key &s ou, and therefore lhe

vehicle can mn in the step 8144, the ('VU determines
whether the estimated anlount of the fmst on the outdoor
heat exchanger 23 is a first predetermined level or higher in
step S147. When determining that the estimated amount of
thc Ibost is lhc Iirsl prcxlctcmuncd amount or lughcr, thc
CPU moves thc step to thc step S151. On thc other hmtd.
dclcrnuning lhal lhe cstmtated amount of lhe frost is nol thc
first predetermined level or higher, the ('PI.J ntoves the step
to step 8148

(Step S148)
When detemtinin that the estimated amount of the frost

is not thc first prude& crnuncd level or higher &n the step S147,
the CPU dclcmuncs whether or not thc average vcloc«y of
the veluclc for a predmcnnined pcuod ol'unc is a prede-
termined velocity (e g. 30 km per hour) or lower in the step
8148 When determining that the average velocity of the
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1 chicle is a prixlctcrmincd velocity or lower, the CPU moves
the step to the step S151. On the other hand, when deter-
nnmng thai thc average velocity of lhe veluclc is not a

predeterniined velocity or low:er, the ('VU moves the step to
step S149. Herc, thc CPU dclcmiincs whciher or not a traflic
jam has occurred on the road based on the average velocity
of the vehicle for a predetermined period of time. Whether
or not a traific jam has occurred in the road can be deter-
mined by acquirin traflic information by using the navlga-

I i i
(toit dcvlcc 54.

(Step S1491
When detcnuuung that Ihe average velocity of lhe veluclc

for a predeternimed penod of time is not a predeternuned
ielocily or lower in thc step S148. thc CPU determines
whether or not a traffic jam has occurred in the mute to the
destination based on the tmsflic information acquired by the
navigation device 54 When determining that a traflic janl
has occurred in the route to the destination. the ('PU ends the
defrost operation control process. On lhc other hand, when
determining that a traffic 1am has not occurred in the route
to the destuiation, lhe CPU moves the step lo the step S151.

(Step S 1 501
When determining that Ihc outdoor air tcmpcralurc Tmn is

not a predeterniined temperature or lower in the step 5146,
thc CPU dclcnnincs whether or nol thc cslimalcd amount of
the frost on the outdoor heat exchanger 23 i ~ a second
predetermined level or higher in the ctep S150. When
detemiinin that the estimated amount of the fmst is the
second predetermined level or hie/ter, the CPU moves the Sli

step to thc slap S151 Ou the other hand, when dctcmuning
that the estimated amount of the frost is not the second
predetcrmun:d lcvcl or higher, thc CPI I moves tlm stc71 to the
step S154.

(Sicp 51511
I'he ('VI.J performs the defrost operation in the step S151

on the following conditions: it is determined in the step S146
that the outdoor air teniperature Tam is a predeternuned
temperature or lower„ it ls determined in the step S147 that ac
thc cslimalixl amount ol Ihe Irosl is Ihe lirsl prcdclermincd
level or higher: lt is detemiined in the step S14B that the
average iclocily of Ihe vehicle is a predelcmuncd velocity
or lower: it is deterniined in the step 5149 that a traflic janl
has 1101 OCCUrrixl 111 (lie roun: lo lliC dcslii111111111, 111 il is
deterniined in the step S150 that the estinmted anxiunt of the
frost is the second predetermined level or higher.

(Step SI521
In step S152. the CPU determines whether or not a

prcdclernnncd pcnod of time has elapsed after thc defrost
operation starts in the step S151. When determining that a
predelcrmun:d penod of time has clapscd after lhe defrost
operation starts. the CPU moves the step to step S153 On
Ihe other lnuid, whmi dclenninuig thai a predelcrmuied

s.
period of time has not elapsed after the defmst operation
starts, the CPU ends thc dclbost operation control process.
I lere. a predetermined period of tiine having elapsed after
the defrost operation starts is set baced on the estimated
amount of frost, the velocity V of the vehicle, the outdoor
huntidity Rham„ the air quantity of the outdoor fan 29 and
so Ibrth.

(Step S1531
When delenniruug that a prcdctenmncd peuod ol'ime

has elapsed aller the defrost operation starts ui Ihe step S152, sc
the ('PU stops the defrost operation in the step S 153 and
ends the defrost operation control pmcess.

(Step S1541
When detemlining that the estimated amount of frost is

nol lhc second prcdclenmncd level or higher ui thc slcqt

5150, the (. VU operates the outdoor fail 29 in the step S154
(Step S1551
In step S155, the ( VU determines whether or not a

predetermined period of tinte has elapsed after the operation
of the outdoor fan 29 is started in the step )134 When
determining that a predetermined period of time hac elapsed
aflcr the operation ol'hc outdoor Ibu 29 is started. thc CPU
moves the step to step S156. On the other hand, when
dclcrnuning that a prcdclennined pcnod of time has not
elapsed after the operation of the outdoor fan 29 is started,
the CPU cods Ihc defrost operation control process. Here. a

predetermined time having elapsed after the opemtion of the
outdoor fan Z9 is started is set based on the estimated
amount of frost, the velocity V of the vehicle, the outdoor
humidity Rham, the air quantity of the outdoor fan 29 and
so foilh.

(Step S1561
Wlmn detcrminuig flnii a predetermined period ol'ime

has elapsed after the operation of the outdoor fan 29 is
started ui thc slc71 S155, the CPU stops lhc opcmtion of thc
outdoor fan 29 in the step S156 and ends the defmst
operation control procias.

As described above. with the vehicle air conditioning,
apparatus according to the present embodiment. In a cace in
which a frost is formed on the outdoor heat exchanger 23,
the defrost operation is not performed w hen the power of the
battery B is a predelcrmuied lei cl or lower, but lhc defrosl
operation is started when the battery B is being charged. By
tlus means. when the power of thc battery B becomes
insuificient v,bile the vehicle is running, it is possible to
cflicienlly usc Ihc power of thc baucry B as thc power to
drive the vehicle 'I'heretiire. it is possible to extend the
mileage of the vehicle.

In addition, in a case in which a frost is formed on the
outdoor heat exchanger 23. the defrost operation ic not
pcrfiinned when the power of the battery B is a prcdcier-
mined level or lower. but the outdoor fan Z9 is operated
when thc battery is being cliarged and thc outdoor air
tcmperaturc Tam is 0 dcgrcc ccntigradc or higher. By ilus
means it is possible to help the frost to nielt and also possible
to blow off the ivater resulting front the nielting of the fmst
by using the outdoor fan 29. Therefore. the defroct operation
v ith high power consumption is not required.

In addition, thc outdoor fan 29 is stoppixl aller a prede-
tcnmucd pcnod ol'umc has elapsed after thc operation of Ihe
outdoor lan 29 is started. By this mwtns, it is possible lo
prevent the outdoor fan 29 front being operated more than
necessary, and therefiire to prevent an increase in power
consumption.

Moreover, the amount of the frost formed on the outdoor
heat cxchangcr 23 is calculated, and then thc dcl'rosl opcm-
tion is pcrfonncd al lhc siarl tune Ihal is delcnnincd based
ou thc calculated amount ol lhc frost. By llus means, il is
possible to promptly perform the defrost operation when the
amount of the frost is large, and therefore to reliably prevent
a problem: for example. that the amount of the frost on the
outdoor heat exchanger 23 is too large to perform the defroct
operation.

In addition, when lhc iclocily ol'hc vcluclc is a prede-
tcnmucd lcvcl or lower, lhc defrost operation is pcrfonncd.
By this means, it is possible to perform the defrost operation
when the vffiiicle is running at a low velocity with Iov: power
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vehicle from significantly dropping due to the defrost opera-
1&on

In addition, the defrost operation is performed at the start
time that is deteunined based on the infounation acquired by
the navigation device 54 By this mean~, when the velucle is
IUI&iliiig Ill tl&C Vlclility'f thc ili'su&nation, Oi Wl&CU a IiiilfiC

jam has occurred on thc route to thc desunation, it is possible
to perform ihe defrost opemotion ivhen the vehicle is stopped
or when the velocity of the veiticle is a predetermined level Io

or lower. 1herefore, it is possible to prevent the defrost
operation from being performed when the vehicle is unuung
at o h)pvt velocity with high power consumption.

Morcovcr, thc defrost opcrauon is stopped aller a prcdc-
termincd pcnod of time has clapscd from thc defrost opera-
tion is started. I3y this nieans, it is possible to prevent the
defmst operation from bemg perfi&oned inore than neces-
sary, and therefore to prevent an increase in power con-
siinipiioii.

Furthermore„ the outdoor air dew point temperature Tdew, Io
AhiCII Is tl&C BCW politi toil&pi'IJIUIC Of 11&C i&Uldooi aii; Is
calculated. and, when thc tcmpcrature Thcx of the rclhger-
ant fiowing out of the outdoor heat exchanger 23 is lower
than ihe outdoor air dew point temperature 1'dew. it is
detemiined that a frost is fi&rmed on the outdoor heat
exchanger 23. By this mean~, the defrost operation Is
perfouned iihen the outdoor heat exchanger 23 is a sub-
jected to thc conditiom in which a frost is formed, and
therefore to reliably pre vmtt a frost I'rom being lhrmed On thc
outdoor heat exclmnger 23 311

l1(i 36 shows I:mbodiment 10 of the present invention.
I lere. the same components are assigned the same reference
nunierals as in Embodiment 9.

The controller 40 of this vehicle air conditioning appa-
ratus pcrlorms a defrost operation control process shown by &s

thc llowcluirt in FICJ 36. Thc dcfrust operation control
process is dillbrcnt betwimu Embodunent 9 and Embodi-
nient 10 in that I Inibodiment 9 has a preference to secure the
niileage of ihe vehicle, but I imbodimeot 10 has a preference
to reliably prevent a frost from being formed on the outdoor so
heat exchanger 23

(Sicp 5161)
In step S161, thc CPU dctennines whether or not a frost

is formed on thc outdoor heat exchanger 23. Wimn dcter-
minin that a frost is formed on the outdoor heat exchanger 3

23. the CPIJ moves the step to step 8162. On the other hand,
when determining that a frost is not formed on the omdoor
heat exchan er 23. the CPV ends the deibost operation
control process.

(Step S162) o

When dctcrminuig Ihat a frost is founixI on the outdoor
heat exchanger 23 in the step 8161. the CVU calculates an
estimated amount of fmst

(Step S163)
In step S163„ the CPV deteunines whether or not the»

cstimatrxl amount of thc frost of Ihe ouIdoor heat cxclmnger
23 is a lirst prcdctcrminixl level or lughcr. Whmi dctcmuning
Ihat thc cstimatcd amount of Ihe fros1 is Ihe lirs1 predeter-
mined level or higher, the CVU moves the step to step S171.
On ihe other hand, when deteunining that the estimated io
amount of the frost is not the first predetermined level or
hi her, the CPU moves the step to step S164.

(Step S164)
When determining that Ihc cstunaicd amount ol'Ihc frost

is not Ihc lirst prcdctem»ncd icvcl or luJtcrui Ihe slop S163, ss
the ('VU determines whether or oot the power of the battery
l3 is a predetermined level or lower in the step f164. When
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dctcrnuning that thc power of the battery B Is a predeter-
mined level or losver. the CPU moves the step to step S166.
On thc other hami, when detcnnuung that the power of Ihc
battery II is not a predeterniined level or lower. the ('VU
Illovcs thc step 10 step S165.

(Step 8 165)
When deteunining that the poiver of the battery B is not

a predetermined level or lower in the step 8164, the ('VU
deteunines ~bather or not the vehicle is not rooming because
the kcy Is oil'n the sto7& S165. When dctermuung dioi Ihc
key Is offi the CPU nu&ves the step to step S166. On the other
hand, when detcnniiung that the kcy is not olfi that Is, thc
vehicle is running, the ('VU moves the step to step S 168.

(Step S166)
When determining that the power of the battery l3 is a

predeteunined level or lower in the step S164. or when
determining that the vehicle is not running because the key
is offi the CPIJ detemtines whether or not the battery B is
being charged In thc step S166. When dctem»ning that thc
battery B is being charged. the CPU moves the step to step
S167 On thc other hand. when dctcrmiiung that tlm bouery
l3 is not being char ed, the ('PU ends the defrost opemotion
control process.

(Step 8 167)
Wlmn dctcunining that thc baucry B is being charged in

the step S 166, the ( VU deternimes whether or not outdoor
air temperature Tam is a predetermined temperature (e.. 0
degree centigrade) or lower in the step SI67 When deter-
mining that the temperature Tam is a predetermined tem-
pcraturc or lower, thc CPU moves thc step to step S171. On
the other hand. when detemiming that the outdoor air
tcmpcraturc Tam is not a prixlctcrmincd tcmperaturc or
lower, the Cpi) moses the step to step )170

(Step S147)
When determining that the key is not off in the step S 165,

the CPU deteunines whether or not the avemoge velocity of
the vehicle for a predetermined period of time is a prede-
teunined velocity or lower in step S168. When determining
tl&III tile avcragc vclociiv's a prcik:tcriiliiux! vclocit&'i
lower, the CPU moves the step to the step S171. On the other
hand, when Ihc avcragc velocity Is uot a prcdcternunod
velocity or lower. thc CPIJ moves thc sto7& to step S169.

(Step 8169)
When determining that the average velocity of the vehicle

for a predeteunined period of time Is not a predetermined
velocity or lower in the step S169, the CPU determines
whcllmr or not a Irallic jam has occurred ui Ihc roule to Ihc
destination based on Ihc irallic infonnauon acquired by Ihc
navigation dcvicc 54. When dctenniruug that a tmllic jam
has occurred in the route to the destination, the ('VU ends the
defrost operation control process. On the other hand, when
deteunining that a trafiic jam hos not occurred in the route
to the destination, the CPU moves the step to the step S171.

(Step S150)
When dcicrnuning tluii Ihe outdoor air tmupcraturc Tmn is

no1 a prcdclcmunixI Imnpcraiure or lower ui Ihc step S167.
the ('Pi) determines whether or not the estimated amount of
the frost on the outdoor heat exchanger 23 is a second
predeteunined level or higher in the step S170. When
deteunining that the estimated amount of the frost is the
second prixlctcmnncd lcvcl or higher, the CPU moves Ihc
step to thc step S171. On the other hand. when dctcnninuig
tha1 Ihc cstimatcd amount of the frost is not thc simond
predetermined level or higJ&er, the ('PU nioves the step to the
step SI74
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(Sicp 5171)
The CPU performs the defrost operation in the step S171

on lhe following conditions. (I is detcrmuied ui the step S167
that the outdoor air teniperature Tam is a predeternuned
tempera lure or low cr, (I is delcnnincd in lhc slap S163 lhal
the estimated amount of the frost is the first predeternuned
level or higher: It is detemiined in the step S168 that the
avera e velocity of the vehicle is a predetermined velocity
or lower: it is determined in the step S169 tlmt a tmflic jam

1(1
i(os i(01 occur((xi iii tlii: ion(i: lo llic di:slit(ill((1(i, (1( il is
determined in the step S170 that the ectimated amount of the
frost is Ilil: secor(i prix}i:li:is(i(i(cd Icvcl ilr liiglicr.

(Step S172)
In step S172, thc CPU dctermuics whether or not (I

predeterniined penod of time has elapsed afier the defrost
operation starts in the step S151. When determining that a
predetermined period of time has elapsed after the defrost
operation starts. the CPU moves the step to step S173 On
Ihe other louid, whmi dclenninuig Ihdl a predelcrmuied m
period of time has not elapsed af'ter the defrost operation
starts, thc CPU ends lhc dcl}osl opcrauon control process.

(Step 5173)
When delennuuug that a prcdelcnnuied penod of time

has elapsed after the defmst operation starts in the step 5172,
thc CPU stops thc dcl}ost opcrauon in thc slop S173 and
ends lhe defrost operation control pmcess.

(Step S174)
When determining that the estimated amount of frost is

not the second predetermined level or higher in the step so

S170. the CPU opcratcs the outdoor fan 29 m Ihe stc7( S174.
(Step S175)
In step S175, thc CPU dctermuics whether or not a

predeterniined period of tune has elapsed after the operation
of Ihe outdoor fan 29 m slartixl in thc slcp S174. When
detemiinin that a predetermined period of time has elapsed
after the operation of the outdoor fan 29 is started. the CPU
moves lhe step to step 8176 On the other hand. when
determining that a predetermined period of time hos not do
cldpscd after thc operation ol'he outdoor Fdn 29 is slartcxk
the CPU ends the defrost operation control process.

(Sicp 5176)
When delennuuug that a prcdelcnnuied penod of time

has elapsed after the operation of the outdoor fan 29 is
staned in the step 8174, the ('PU stops the operation of the
outdoor fan 29 in the step S176 and ends the defrost
operation control pmcess.

As desvnbed above, with thc vcluclc air conditioning
apparatus according lo Ihc prcscnl embodiment, m the same 0

way as in Embodiment 9, when the power of tlm battery B
becomes insufiicient while the vehicle is nuuung. it is
possible to efficiently use the power of battery as the power
to drive the vehicle. Therefore, it is poscible to extend the
mileage of the vehicle 11

FIG. 37 shows Embodiment ll of the present uivenlion.
Herc. Ihc same components arc assi uied Ihe same rcfermicc
numerals as in Embodiment 10.

'Hiis vehicle air conditioning appamtus is configured to be
able to set the start tune of the defrost operation. '}he (o
controller 40 perfomis a defrost operation control process
shown by the fiowchart in FIC}. 37.

(Step S181)
In step S181, thc CPU delcnnuics whether or not a frost

is formed on the outdoor heat exch(m cr 23. When deter- sc

niining thar a frost is formed on the outdoor heat exchanger
23. the ('PIJ moves the step to step 8182. On the other hand,
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when delcmiirung thol d l}osl is nol fornnxl on Ihc outdoor
heat exchanger 23. the ('PIJ ends the defrost openction
coiltn11 pl'occss

(Step 8182)
When determining that a frost is fomied on the outdoor

heat exchan er 23 in the step S181„ the CPU determines
whet}mr or nol Ihc vehicle is not running because thc key is
Oll'hen detcrminuig thai thc key is oil; the CPU moves Ihe
step to step 5183 On the other hand. when determining that
the key is not otf, the ('PU ends the defrost operation contml
pmcess.

(Step S183)
When determining that the key is ofi'n the step S182. the

CPU dctermincs whether or nol it is thc sct umc to stari thc
defrost opcrauon ui the step S183. Whmi dclcmiiiung that it
is the set tiine to start the defrost operation, the ('PU moves
the step to step 8184 On the other ha(Id. when deteniliiling,
that it is not the set time to start the defmst operation, the
CPU ends the defrost operation contml process.

(Step S184)
Wlmn dc( crnuning I}rat il is tlm scl time lo start Ihc dcliusl

Operation in Ihc step S183, lhe CPU performs thc dcliusl
openction in the step 5184.

(Step 8185)
In step S185, the ( PU determines whether or not a

predetermined period of time lans eLapsed after the defrost
operation is started in the step S184. When determining that
d pied(:Iciiiiiiicxl pc(iud ol ((itic i(as ckipscd (if(et llii: defi osl
operation is start(xi, thc CPU moves the slap lo step S186.
On the other hand, ivhen determining that a predetermined
period of time has nol elapsed after the defrost openction is
starred, the CPIJ ends the defrost operation contml process

(Step S186)
When detemiinin that a predetermined period of time

has elapsed after Ihc defrost operation m started in Ihe s(07(

S185, lhc CPU slops thc dcl}ost operation ui thc step S186
and ends thc defrost operation control process.

As described above. with the vehicle air conditioning
apparatus according to the present embodiment. the defrost
operation is performed at the set time. By this mesne, it is
possible to perform the defrost operation just before the
vcluclc starts 10 run. so ihot Ihere is uo nccd lo perform Ihc
defrost operation scvcrdl limes wlule the vcluclc does not
nui Therefore, it is possible 10 rcducc thc power consump-
tion fiir the defrost operation

lil(i 38 shows Embodiment }2 of the present invention
Here. the same components are assigned the same reference
numerals as in Embodiment 11

This value}a air conditioning apparatus is configured lo
stoic tlic 1((ties 10 stdrl 10 riiii (lie vcliiclc for (I picdcli:riiiiiiox!
period of time ol'hc pas( mid to bc able lo calcu}etc an
estinlated time 10 start to nui the vehicle based ion the stored
times. I he controller perfoniis a defmst operation contml
process shown by the f}ocvchart in FIC}. 38.

(Step S191)
In slap S191, the CPU detcnnuies whcthcr or not a frost

is form(xi on the oulikior heal exchanger 23. When deter-
mining (liat a fiosl is fonncd on the outdoor heat cxclmngcr
23, the CPIJ moves the step to step S192 On the other hand,
v hen determining that a frost is not formed on the outdoor
heat exchanger 23. the CPIJ ends the defrost operation
control process.

(Step S192)
Wlmn dctenninuig that d frost is lbnued on thc outdoor

heat exchanger 23 in thc slap S191, thc CPU dctermuics
whether or not the vehicle is not running because the key is
of}'hen determining that the key is ofi; the ('PU moves the
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step io step S193. On the other hmid, when detcrmuun thai
the key is not ofl; the CPU ends the defrost operarion conrrol
process.

(Step S193)
When detennu»ng tlrat thc kcy Is olf ui thc step S192. thc

('PU calculates the estimated time to start to nui the vehicle
based on the times to start to run the vehicle in a predeter-
mined period of tinie of the past in step 5193. I lere. the
estimated time to start to nin the vehicle is calculated based

I I I

on. for cxmnp1c, the average of the actual limes io start to run
the vehicle for a predeternuned period of time of the past

(Step 194)
In step S194. the ('VU calculates the start time of the

dciiiisi Iipcration basixl oil illc csiiillaicd iiillc to st Iri to riiil
the vehicle calculated in the step S193 I Jere, the start time
of the defrost operation is calculated by goiitg back the
period of time required for the defrost operation front the
time to start to run the vehicle.

(Sicp 5195) Io
In step S195. the CPU determines whether or not it is the

nme to start ihc defrost operation calculated m Ihe step
8194 When determining that it is the tiine to start the defrost
operation, tlu: CPU moves ihc stc72 io step S196. On thc
other hand. Ivhen deterntming that it is not the time to start
thc defrost operation, the CPU ends ihe defrost operation
control process

(Step S196)
When determining that it is the time to start the defrost

operation„tvhich is set in the step 195. the CPU performs the ii)

defrost operation In thestep S196.
(Step S197)
In step S197, thc CPU dctermuics whether or not a

predeterniined penod of time has elapsed afler the defrost
opcraiion is starlcxf in thc step S196. When detcrmuun thai
a predeterniined period of time has eLspsed after the defrost
operation is started„ the CPU moves the step to step S198.
On the other I)and. when determining tlmt a predeternuned
period of time has elapsed after the defrost operarion Is so
started. the CPU ends the dcfiosi operation control process.

(Step S198)
When deiennuung that a prcdeicnnuied penod of time

luis clapsixl after thc dclyost opcmiion is staned m the step
8197. the ('VU stops the defrost operation in the step S198
and ends the defrost operation control process

As descnbed above, with the vehicle air conditioning
apparatus according to the present embodiment. the defrost
operation Is stopped ai thc estimated umc io start Io run the
i chicle. By tlus means. it Is possible io perihnn thc defrost o

operation just bcforc ihc veluclc starts Io run, so tha! there
is no need to perforni tlte detrost opemstion several times
while the vehicle does not nui. 'Iherefore, it is possible to
reduce the power consumption for the defrosr opemtion.

FI(J. 39 is Embodiment I3 of the present invention. Here, s.
IIIC ssiIIC Coitlpoilciim aIC IlssigilCd IIIC wiillC IcfCICIICC

numerals as in Embodiment )2.
Tins veluclc air conditioning apparatus is configured to

deterniine ivhether or not a frost is formed on the outdoor
heat exchan er 23 and also determine whether or not to start ro
the defrost opemstion based on the outdoor air temperature
Tam. In addition, w hen determining that a fhost is formed oil
thc outdoor heat cxchangcr 23 but dciennimng noi Io start
thc defrost opcrauon, thc CPU stops ihc compressor 21 to
remove thc frost on the outdoor heat cxchangcr 23. In tlus ss
case. the controller 40 performs a defrost operation contml
pmcess shown by the flowchart in l1(i 39.

(Step S201)
In step S201. the CVIJ determines whether or not the

temperature I'hex of the refri erant flowing out of the
outdoor heat exchanger 23 is lower than the calculated
outdoor air devv point temperature Tdev . When detemtinin
that the temperature Thex of the refrigemsnt flowing out of
the outdoor heat cxduingcr 23 is lower than thc cafculatcxf
outdoor air dcw pouii tmnperature Tdcw, the CPU moves ihe
step to step S202 On the other hand. when determining that
the temperature Thex of the refrigemsnt flowing out of the
outdoor heat exchanger 23 is not lower than the calculated
outdoor air dew point temperanire Tdew, the CPU ends the
defrost operation control process.

(Step S202)
When deicmiiiung ihsi the imnpcrature Thcx ol'thc refrig-

erant flowing out of the outdoor heat exchanger 23 is kiwer
than the calcuLsted outdoor air dew point tenipemture 1'dew
in the step VZ01, the CVI.J determines whether or not the
temperature Thex of the refrigerant flowing out of the
outdoor heat exchanger 23 is a predetermined temperature
(e g. 0 dcgrce centigrade) or lower ui the step S202. When
dcicrnuning that thc iempcraturc Thcx of Ihc rcfrigcrani
flov ing out of the ontdoor heat exchanger 23 is a predeter-
nuned teniperature or loiver. the ( VU Inoves tlte step to step
S203 On the other hand, when determining that the tem-
perature Thex of the refrigerant flowing out of the outdoor
heat exchanger 23 is not a predetemiined temperature or
lower, the CPU ends thc defrost operation control process.

(Step S203)
When determining that that the teniperature Thex of the

refrigerant flossin out of the outdoor heat exchanger 23 is
a predetermined temperature or lower in the step 202, the
CPU determines vvhether or not the outdoor air temperature
Tam, vvhich is detected by the outdoor air tempemsture sensor
41, is a prcxlctcmnncd imnpcrsture (e.g 0 degree centigrade)
or lower ut thc step S203. When dctcnnirung tire( ihe
outdoor air icmpcrsiure Tam Is a prcdciennincd icmpcraiure
or lov er, the CVU moves the step to step S204 On the other
hand, v hen determining that the outdoor air teniperature
Tam is not a predetermined temperature or lower. the CPI J
moves the step to step S207.

(Step S204)
When deicrnuning tluii Ihe outdoor air tmnpcraiurc Tmn is

a predctcrmuied iempcraiurc (e.g. 0 dcgrcc centigrade) or
lower in the step S203, the CVIJ starts the defrost opemstion
in step SZ04

(Step SZ05)
In step S205, the ('PU determines whether or not a

prcdeicnninixl period of iimc has elapsed alter thc defrost
operation is started. When determining that a prcdctcrnuncxf
period of time has elapsed afier thc defrost opcrauon is
started, the (.'VU moves the step to step 8206 On the other
hand, when deterniinina that a predetermined penod of time
has not elapsed after the defrost opemst ton is started, the CPI J
ends the defrost operation control process.

(Step S206)
When dciemniung ihat a prcdciermincd period of time

has elapsed afier Ihc defrost operation Is started in thc stc72

8205, the CVIJ stops the defrost operation in the step S2()6
and ends the defrost opemtion control process

(Step SZ07)
When determining that the outdoor air tempemsture Tmn is

not a predetermined imnpcrsiure (e g. 0 degree centigrade)
or lower, thc CPU stops thc compressor 21 ui step S207.

(Step S208)
In step S206, the ( VU determines whether or not a

predetermined period of time has elapsed after the compres-
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sor 21 is stopped. Wlmn dctcrmimng that a predetcrmuted
period of time has elapsed after the coinpressor 21 is
stopped. the ('PU ntoves the step to step S209 On the other
hand. &vhen detenninmg that a predeterinined period of time
has not elapsed after the compressor 21 ic stopped, the CPU
ends the defrost operation control process. Here, a prede-
tcnnined penod of tune after thc compressor 21 is stopped
may bc Huingcd uccording to the velocity of thc vclucle

(Step S209)
When detenninmg that a predetermined period of time ia

has elapsed after the con&pressor 21 is stopped in the step
S208. the CPU resumes the operation of the compressor 21
in step 209„and ends the defrost operation control process.

As descnbcd ubovc, with the velucle air conditioning
apparatus according Io the present embodmicn1. the outdoor
air deiv point temperature Tdew is calculated Then. when
the tentperature 1 hex of the refrigerant flov ing out of the
outdoor hear exchanger 23 is lower than the outdoor air dev
point temperature Tdew and also lower than a predetermined
tempem&ture. it is determined that a frost is fomied on the Io
outdoor heat cxchangcr 23. By tlus means, thc defrost
operation is pcrfortncxt when thc outdoor hea1 exchanger 23
is subjected to the conditions in which a fmst is fornted on
the outdoor heat exchanger 23, and therefore to reliably
prevent a frost from bcmf formed on the outdoor heat
exchanger 23.

In addition, &&hen determining that a ibost is formed on the
outdoor heat exchungcr 23, thc CPU detcnuuics whether or
not to start the defrost opcrahon based on outdoor mr
tentpemture 'lant. and, when determining that the defrost io
operation is not perforn&ed. the ('PU stops the compressor
21 l3y this means, it is possible to remove the frost on the
outdoor heat exchan er 23 by stopping the compressor 21
when the outdoor air temperature Tam is higher than a
predetcrmuu:d tcmperaturc. Thcrcfurc, it is possible to &1

rcxlucc thc clu:rgv col&sump(toll. There ls Bll BdvBIIIBgc over
hot gaS ilCfli1SI ill (hilt Ihc ICIllpCrahllc drop Of IEC Blr
blowing to the vehicle intenor is low during the defrost
operation.

Here. with the embodunents, an exemplary configuration so
of the defrost opem&tion as shown in FIG. 34 has been
dcscubml whcrc part of thc rcfrigcrant discharged from thc
compressor 21 flow s utto the outdoor heat cxclwnger 23 to
tacit Ihc fiost oil tile outdool heat cxchBllgcr 23. Thc defrost
operation is not limited to his as long as it i ~ possible to
remove the frost on the ourdoor heat exchanger 23 Another
configuration is possible w here all the refri creat discharged
front the compressor 21 flows into the outdoor heat
exchanger 23 to melt the frost. In addihon, miother conligu-
ration is possible where tm clcctnc heater 23 is provided in o

thc outdoor lu:Bt exchanger 23 Io melt the lbost. Moreover,
further another configuration is possible where v hen a frost
is fornted on the outdoor heat exchanger 23. the operation is
switched to the second heating and dehumidifying operation
shown in FICi 33 to stop the refrigerant from flowing into &s

Ihe outdoor heat cxclrangcr 23, and the frost is meltrxi by
using thc outdoor lbu 29 and so lbrth.

In addition, thc defrost operation arcordutg to thc
embodiments is not only w:hen a frost is formed on the
outdoor heat exchanger 23 duruig the heating, operation, but io
also when a frost is formed on the outdoor heat exchanger
23 during the first and second heating and dehumidifying
OPCI"JIIOIIS.

In addition, with Embodiment 9 and Emboduuent 10, a
conligurahon has bixu dcscnbcd whcrc thc dctenuination to si
perform the defrost open&tion is based on the determination
ofwhether or not the power of the battery is a predeternuned

i6
lcvcl or lower. It is by no means luniting. Another contigu-
n&tion is possible ivhere the determination to perform the
defrost operation is based on. for example. the niileage of the
vehicle that is calculated based on the power of the battery,
or calculated by another method.

In addition. Vvith the embodiments, an exemplary con-
liguration has bran dcscubtxl w herc information inihcatuig
tha1. for example, Ihe vcluclc is nuuiutg in Ilm vicuuty of Ihe
destination, or a

traffic

ja has occurred in the nuining mute,
is acquired by the nevi ation device 54 It is by no means
linutmg as long as it is possible to determine that the
velocity of the vehicle is a predetem&ined level or lower.

Moreover, v:ith the embodiments, an exemplary configu-
ration has bccn described where the heat rclcascd from thc
rcfugcrant circuit 20 is absorbed in thc water flowuig
through the water circuit 30 throuah the water-refrigerant
heat exchanger 22 'I'he heat medium subjected to the heat
exchange with the refri erant is not liniited to the water

In addition. with the present embodiment. a configuration
has been described where the tluee-way valve 25 ic used to
switch bctwccn the rcfngcrant flow passages 20ec and 20d
iu thc refngcrant circuit 20. It is by uo means limihng. Two
solenoid valves are applicable instead of the three-way
valve, and therefore it is possible to switch between the
refrigerant floiv passages 20C and 20J by opening and
closing these solem&id valves.

Moreover, with the present embodiment. a configuration
has bccn dcscubcd whcrc the water flowutg tluough thc
water circuit 30, winch is subtcctcxl to thc heat cxcltan c
v ith the refrigerant releasin Ihe heat in the water-refriger-
ant heat exchanger 22 of the refrigerant circuit 20, is heated
by the water heater 32 It is by no means limiting I'or
example. the vehicle air conditioning appam&tus may not
have the Vvater circuit 30 but have an indoor radiator. The
indoor radiator rcleascs the heat of the rcfngerant flowuig
tluuugh the rclhgcrimt circuit 20 directly in thc air flow
passage 11, and thc air flowing through tlm Bir flow passage
ll nmy be directly heated by an electric heater By this
means, it is possible to produce the san&e etfect as in the
present embodiment. Moreover, further another configura-
tion is possible where the vehicle air conditioning apparatus
includes mi uidoor radiator conligurcd to rclcasc thc heat of
thc refrigerant flovong tluough the rclbigcrant circuu 20
directly ui the air flow passage 11, a heat medium circuit 01st
allows the heat medium having heated by the electric heater
to tlow through is provided separately front the refrigerant
circuit 20: the heat of the heat niedium heated by the electric
heater is released in the air flow passage 11. By this means,
i1 is possible Io produce Ihe same clflect as in thc present
embodiment.

With Embodiment 9. thc process including thc step S141
and so forth to deteunine whether or not a frost is formed on
the outdoor heat exchanger 23 corresponds to a frost ti&r-

mation determination part of the present invention. In addi-
tion. with Embodiment 9. the process including the step
S151 and so forth to pcrfonn thc dclbost opcmtion corrc-
spond to a defrost part of the present invention. With
Emboduncnt 9. Ihc process includutg the step S143 and so
forth to detect the power of the battery B corresponds to a
battery pc&ver detection part of the preseilt invention In
addition, with Embodiment 9. the process includmg the step
S143. S145 and so forth to determine that the power of the
battery B is a predetcnnined lcvcl or lower and to end Ihe
dclrost operation control process when it w dctcnnincd Ihat
the bauery B is not being chargcxl corresponds to a dcliust
opci ltlofl llinltiilg pais of tlie prcscllt lllvcittloi1 Morcovci;
with I imbodiment 9, the process including the step S145 and
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so forth io determine whether or noi file battery B is being
charged corresponds to a charge determination part of the
present invention. Moreover, with I iinbodiinent 9. the pro-
cess including the step S143, 8145. 8151 and so forth to
determine that the power of the battery B is a predetermined
level or lower and to perform the defrost opemtion when the
battery B is bein charged, corresponds los cancellation part
ol'lhc present uiventlon. Morcovcr, with Embodiment 9. the
pmcess including the step S146 and so forth to operate the
outdoor fan 29 without performing, the defrost operation IB

when the outdoor air tempenlture 'I'ain is a predeternuned
temperature or higher corresponds to a fan control part of the
present invention. Moreover. with Embodiment 9. the pro-
cess ulcludulg the stop S142 to calculate Ihc Iunount of thc
frost Ibnncd on thc outdoor heat exchanger 23 corresponds
to a frost calculation part of the present invention I'urther-
more. with I:mbodiment 9. the navigation device 54 corre-
sponds to a route setting part and a traffic infornlation
acquisition part of the present invention.

lo
ICl:I'EBEN('ll SI(INS I,IS'I

10 air conditioning unit; 14 heat exchanger; 15 raihator,
20 refrigerant circuit: 20a to 202 reibigerant flow pas-
sage: 21 compressor, 22 water-rei'rigerant heat
exchanger: 23 outdoor heat exchan cr: 25 tlucc-way
I alve; 26a to 26d first to fourth solenoid valve. 27a and
27II first and second check valve: 28a and 28II tirst and
second expansion valve; 30 water circuit; 32 water
heater: 40 controller, 41 outdoor air temperature sen- lo
sor: 42 indoor air temperature sensor: 43 inmke tem-
perature semor, 44 coohng air lcmperaturc sensor. 45
healed air lmnpcralure sensor: 46 uldoor air hunudily
sensor; 47 rcfngcranl tempcralurc sensor: 48 insole!ion
sensor; 49 velocity sensor; 50 operation part: 51 pres- is
sure sensor; 52 display part; 53 outdoor hunlidity
sensor; 54 navi ation device: and B battery

1bc invention claimed is:
I A vehicle air conditioning apparatus comprising
a compressor confi ured to compress and discharge do

refrigerant„
a heat medium heating radiator configured to release heat

flout lhc refllgcrant Bnd hcdl lhc hml nlcihiun,
an Bir cooling heal exchanger configured to absorb thc

heat into the refngerant and to cool air blolving to a
vehicle interior;

an outdoor heat exchanger provided outside the vehicle
interior and confi ured to release the heat fmm or
absorb the heat into the refrigerant by performing a heat
exchange between thc rcfrigcranl and outdoor air;

a heat mcdnun circuit configured lo allow lhc heal
mediunl heated by the heat medium heating radiator to
flov through;

an air heating radiator configured to release heat from the
heat nledium flowing throu h the heat medium circuitI'nd

to heat the air blowmg to the vehicle interior: and

is
a heat medium healer coniigured to bc able to heat thc

heat mcxhum flowmg tluough thc heat medium circuit
by electric power. wherein:

a heating operation is perfomled by releasing the heat
front the refrigerant discharaed from the compressor in
the heat nledilun heatilm radiator and absorbing the
heat into the refrigerant afier the heat release in the
outdoor heat exchanger„

a heatin and dehumidifying operation is performed by
releasing the heat from the refngerant discharged from
thc compressor Ul thc heal nnxt

turn

hcanag radiator and
absorbing lhc heat inio Ihc refugcrant sflcr Ihe heal
release in the air coolilm heat exchanger and the
outdoor heat exchanger; and

the heat medium heater can heat the heat medium flowing
throuah the heat medium circuit.

the vehicle air conditioning apparatus further comprising:
d heal nuxhUUI Icmpcrdlulc cstuntllnlg pall conilgulix!

tu estimate a lcmpcraiure ol'hc heat mcdnun that is
heated by the heat mediunl heating radiator and
flov;s thmugh the hear medium circuit:

an insufficient-quantity-of-heat calculation part confi-
ured to calculate an imufficient quantity of heat
during one of the heatin operation and the heatin
and dchumidl fyutg operation. based on B result of an
estimation by Ihc heal mcxlium tempcraturc csnmal-
ing part",

a heat medium heater control part conhgured to contml
the heat medium heater, based on the insutficient
quantity of heat calculated by the insufficlent-quan-
tity-of-heat calculation part.

a rcqulrcd dchunmhiicauon cdlculutlon part configured
lo calcuhiu: d Iixplncd iunoUUI ol dchUnndlilcdllon
based on a temperature and a humidity of the vehicle
lfltellui"I

a dehuinidifying, capability calculation part configured
to calculate a possible amount of dehlunidification
during the heating and dehumidifying operation:

mi upcranon swilclung part configured to switch Ihc
healing Bnd dehumidifying operation to a coolulg
and dehumidifyin operation to release the heat from
the refrigerant discharaed from the conlpressor in the
heat medium heating radiator and the outdoor heat
exchanger and to absorb the heat into the refrigemlnt
after the heat release in the air cooling heat
exchanger when Ihc dehumidifying capability calcu-
lated by the dclnimidlfying capabihty calculation
part is lower thml the required amount of delnimidi-
fication calculated by the required dehmnidification
calculation part: and

a compensation part contigured to compensate for an
insuflicient quantity of heat released from the air
healing radiator by switching from thc hcaun and
dehumidifying operation to the coohng and dehu-
nlidiiying operation by the operation switching part
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