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AIR CONDITIONER FOR VEHICLE

CROSS REFERENCE TO RELATED
APPI ICA'I'IONS

1'his application is a 1.1 8 National Phase Application
under 35 U.S.C. 371 of International Application No. PCT/
)F2012,'(X)7837 filed on l)ec. 7, 2012 and published in
lapanese as WO/2013/084502 Al on Jun. 13. 2013 This
application is based on Japanese Patent Applications No.
2011-270129 liled on Dcc. 9, 2011. The disclosures of afl of
the above applications arc incorporated herein by refi:rcncc.

FIELD OF THE INVENTION

llic present dmclosure rclalcs to a velucle air conditioner
fiir coolin air to be blown into a vehicle interinr in a vapor
compression refrigeration cycle

BACKOROUNDART

Patent l)ocument I conventionally disckises a vehicle air
conditioner including an evaporator of a refrigeration cycle,
serving as a heat exchanger for cooling air to be blown Into
an interior of a vehicle. The vehicle air conditioner Is
adapted lo suppress thc gcncrauon ol bad odor lbom thc mr
dl lhc ct Bpiirator.

lite reason lbr generation of such bad odor is that matcnal
causin the bad odor is attached to an outer surface of the
evaporator tvhen the air is cooled down to the detv-point
temperature or less and condensed by the evaporator. The
bad odor of the air is known to become stronger especially
ivhen the outer surface of the evaporator with the matenal
causmg lhc bad odor m dncxi or gets wet.

litt: i i:hiclc Bu'ondihonci discloscx! hi PBlcnl Dociuucnl
I controls a refrigerant discharge capacity of a compressor
of the refrigeration cycle such that a refrigerant evaporation
tempemsture at the evapomstor is higher or lower only by a
predetermined temperature than the dew-point temperature
ofthe air flowing into the evaporator. Thus, the outer surface
ol'hc evaporator can bc prevcntcd from bcui rcpcatedly
dncd and getting wc( to thereby suppress the generation of
the bad odor front the air

PRIOR ART LIST

Patent l)ocument

Patent l)ncument I WO/00/0783(i

SUMMARY OF INVENTION

For example. when delmmidifying and heating the vehicle
interior using the vehicle air conditioner disclosed in Patent
Document I „ the refrigemsnt evaporation temperature at the
cvaporaior can bc sel lower than thc dcw -point lcmpcra! urc
of lhe air flow uig Into thc evaporator, mid the mr coolcxl by
the et aporator can bc hcatcd to a dcsircd temperature by a
heater, such as a heater core

'Ihe im entors of the present application. Ixiv ever, have
found througihstudies that a refri erant evaporation tem-
perature at the evapomtor cannot often be set lower than the
dew-point temperature of(he air flowuig mto lhc evaporator.
For example, ui thc vchiclc air conduioner, lhe refn ermu
evaporation lmnpcralure ol Ihc cvaporalor has a lower limn
temperature ffnr exmnple. I" (' set so as to prevent the frost
formation of the evaporator When the dew-point tmnpera-

66,838 B2

tUrc Is dccrcBscd duc lo d ilccrt:Bsc ui Icuipcrdhuc of Bu

tlowing into the evaporator. the refrigerant evapomstion
temperature at the evaporator cannot be lower than the
dew-point teinperature of the air flowing into the evaporator

When dehumidifying and heating the vehicle interior
using the vehicle air conditioner disclosed in Patent Docu-
meul l. lhc air is often healed by Ihc healer aflcr being lust
cooled by thc evaporator. In tlus case, lhc refngeration cycle
nught be operated to waste the energy of the vehicle air

lo cmtditioner
In viev of the foregoing matters. It is an object of the

present disclosure to suppress waste of the energy in a
vehicle air conditioner in which air to be blown into a
vcluclc uucnor is cooled by using a vapor compression
rcfngcrdlion cycle.

According to a first aspect of the present disckisure, a
vehicle air conditioner cools air to be blown into a vehicle
interior by using a refrineration cycle with an evapomstor fiir
evaporating refri erant. The vehicle air conditioner includes

Io a refrigerant flow-rate control portion controlling a flow rate
of thc rcfngcranl flowing into thc evaporator, a dcw-pouu
tcnlpciiihnc. ilctcction portion dclcctuig d ih:w-pouu Icnl-
perature of air flowing into the evapomstor. and a determi-
nation portinn detemiininn whether the dew-point tempem-
ture detected by the dew-point tempemsture detection portion
is equal to or less than a predetermined reference threshold.
In the velucle air conditioner. the refrigerant flow-rate con-
trol portion reduces the flow rate of thc refngcrant flowuig
into thc cviipoi'ii(0m wht:n lht: dch:nuuidlion polhou dcu:I-

so nunes that the dew-point temperature detected by the dew-
point temperature detection portinn is equal to or less than
the predeterinined reference tlueshnld.

Tluls. when the dew-point temperature of the air flowin
into the evaporator is equal to or less than the predetermined

)I reference llueshold, lhc flow rate ol'rcfrigcranl flowing into
the evaporator can bc dccrcascd so as lo suppress an
unncccssary heal cxclrdnge bc(ween the air and lhe refrig-
emsnt at the evaporator even when the air cannot be dehu-
nudified by the evaporator Therefiire. the energy consumed

do in the vehicle air conditioner can be effectively prevented
from bein ~sated. The term "decrease" of the flow rate of
rcfngcrdnt as used ui the present thsclosurc includes seuuig
of thc flow rate of rcfhgcranl to zero.

Accordulg Io B second dspt cl ol lhc pri scut dist losUIO, lhc
vehicle air conditioner may further include an evaporator
temperature determination portinn determining a target
refrigerant-evaporation temperature at the evapomstor. In tlfis
case. the predetermined reference threshold is the target
relhigcrant-cvaporauon lmnpcrature detcnnined by the

O evaporator tcmpcralurc dclcmunalion portion.
Thus, ui a case where the rcfrigcranl cvaporahon tem-

perature in the evaporator cannot be lower than the detv-
point temperature of the air tlotvin mto the evaporator, the
flov rate of the refri erant flowing into the evaporator can

ss be decreased. thereby eflectively suppressing the unneces-
sary heal exchange bclw ccn the mr and Ihc rcfrigcrmu ui thc
cviiporalol.

In a third aspect of lhc present disclosure, the evaporator
temperature determination portion may deterntme the target

io refrigerant-evaporation teniperature based on at least a
physical quantity in correhstion to a dehumidification load of
the vehicle interior.

In llus case, thc target relrigcranl-cvaporahon Icmpcralure
of the evaporator is determined according lo thc dchumuli-

ss licdtion load of Ihc veluclc inu rior. so Ihal lhe air blown into
the vehicle interior can be appropriately dehumidified at the
evaporator I'he tenn "dehumidihcation load" as used herein
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nicails lhc an&i&UBI ol hcBI rcqUU&x! fhr lhc cvBporB&ol of thc
refrigeration cycle to generate in order to set the humid&ty of
the vehicle interior to a desired one or to prevent the windov
fogging

When the outside air temperature is decreased, for
example. the tempemture of a front lvindowpane of the
&chicle is decrcascd, thereby easily causulg thc window
logghig. In orilcr to proven& fllc wuulow loggnlg, I! Is
necessary to decrease the refrigennnt evaporation tmnpera-
ture of the evaporator In other words, when the outside air
temperature is decreased, in order to prevent the v indow
fovvinv, it is necessary In increase the amount of heat
genemted by the evapomtor. thus increasing a dehumid&fi-
cdtion load.

11&us, in a fourth aspect of lhc present d&sclosure, thc
evaporator temperature determination portion may deter-
mine the target refrigerant-evaponntion temperature such
that the target refrigemnnt-evaponntion temperature &s

decreased in accordance with a decrease of outside air
tempemture The tern& "outside air temperature** as used in
thc presmll disclosure may mean onc exiunple of Ihc '*phys&-

cdl qumlnties u& correlat&on lo thc dchum&d&licauon load of
the vehicle interior"

1'he vehicle interior is likely to have a higher lnunidity
due to the intluence of passenger's breath or s&veat. When
the ratio of the amount of the inside air to the onrside air
introduced into the evapomtor is increased. in order ro obtain
the desired amount of dchumid&lice&&on from lhe mr at thc
cvaporaior, il &s ncccssary lo decrcasc Ihe rcfn aran& evapo-
ration temperature of the evaporator. In other words, when
the ratio of the introduced amount of the inside air to the
outside air into the evaporator is increased. the amount of
heat generated by the evapomtor needs to be increased to
obtain the desired humidity of the vel»cle interior. which
leads to an ulcrcasc &n dehumiihlicat&on load.

11&us. in a lifth aspect of the prcscnt d&sclosure, the
evaporator Icmperaturc dctermulanon port&on may dcter-
nline the target refrigerant-evaporation temperature such
that the target refrigerant-evaporation temperature &s

decreased according to an increase in ratio of introduction of
inside air to outside a&r introduced into the evaporaror. The
term "rauo of introduct&on of ulsidc a&r to outs&dc mr" may
bc onc cxmnple of thc "phys&cal quamilics ul correlal&on lo
d dchunudification load of fllc vchich: ullcnor

When Ihe target refrigerant-evaporation temperature is set
to a level lo&ver than 0" (:, frost for&nation (frost) is likely
to be fomled on the surface of the evaporator. The frost
formation might often inte&Supt the heat exchan e between
thc ref&&golda& Bnd lhc &lit Bl lhc cvapolalor.

For cxmnple, ul a s&xth aspect of thc present d&sclosure,
thc evaporator Icmperdturc detcrnunation port&on may dcter-
nline the target refngerant-evaporation temperature to be
equal to or more than 0" (

»&Itematively. accordin to a seventh aspect of the present
disclosure. the reference threshold may be a predetenn&ned
flxcx) thrcsholil.

Accord&ng Io Bn cighlh Bspc'cl ol lhc prcscnl d&sch&sure,

Ihe rclngeralion cycle may include a bypass paswlgc fluough
which the refrigerant flows while bypassing the evaporator,
and a refrigerant circuit switching portion switching
between a refngerant circuit for circulating the refrigemnt to
an evaporator side and another refrigerant circuit for c&rcu-

laung thc refrigerant to a bypass passage s&dc. Whml the
dew-point Iempcruture detected by Ihc dev;-po&nt lempera-
turc dclcct&on poruon &s delcnnincd by lhc dc&emu&la&ion

portion to be equal to or less than a predetermined reference
threshold, the refngerant flow-mate control portion may

control Bn opeldtion of lhc 1cfilgcrdnt clrcU&l s&wilchulg

portion so as to alklw the refrigerant to flow to the bypass
PBSSagC

In a nullh aspect ol'he present ihsclosurc. Ihc rcl)&gcrd-
tion cycle further includes a con&pressor for compressing
and discharging the refrigerant. In this case, when the
dew-point temperature detected by the dew-point tempera-
ture detection portion is detemlined by the detemlination
portion to be equal to or less than the predetemlined refer-

Ui mice tlucshold, thc refngcranl flow-rate control portion may
rcducc lhc refrigerant discluirgc capac&ty of Ihe compressor.

In a tenth aspect of Ihe present disclosure, the vehicle air
conditioner may further include a heater heating a&r having
cooled and dehlunidified by the evaporator.

In this case. the air delnuuidified and cooled by the
evaporator can be heated by the heater so as to peril&rm the
dchumid&lieut&on heating operation ol'hc vchiclc ulterior.

BRIEF DESCRIPTION OF DRAWINCig
IO

FICi 1 is an cnl&re conliguralion ihagrlm& showulg a
rel)igcrant circu&t m d cooling operat&on mode and ul a
dehumidification heatin operation mode of a refngeration
cycle according to a tirst embodiment of the present disclo-
sure

FICi 2 is an entire conti uration diagram showing a
refrigennt circuit in a heating operation mode nf the reibig-
cranon cycle in the lirst cmbodunent.

FICi 3 is a flow charl show ulg thc flow of a contml process
&c perforn&ed by ml air conditioning controller in the first

embodiment.
ill(i 4 is a flo&vchart showin the flow of a part of the

control process performed by the air conditioning controller
in the first embodiment.

&i FICi 5 &s a control characteristic ihagrnm delining Ihc
relationship bc&ween an oulsulc mr Iempcrnture and a target
relrigcrant-cvaporanon tempera lure ul Ihc lira& embodimcnl.

l&I(iS. 8(a) mid (&()&) are explanatory d&agrams for explain-
ing the possibility of dehun&idification of air in an interior

do evaporator.
FICi 7 is a Mollier chart showin the state of refrigemnt

in thc coolhlg Upcldlion Ovule of Ihc I'Lfrigiul&t&on cvclc hl
thc 01st cnlbodnncnl.

FICi 8 is another Moll&cr chart show&ng thc stale of
refrigerant in a normal heating operat&on nlode of the
refrigeration cycle in the first embodiment

FICi. 9 is another Mollier chart shov in the state of
refri erant in a first dehumidification heating mode of the
rel)igcration cycle ul Ihc lirsi embod&ment.

o FICi 10 &s mlolher Mollier chart show&ng thc stale of
rel)igcrant in a second dehunudilicdt&on hcnt&ng mode of Ihc
refrigeration cycle in the first en&bodiment

l&I(i Ii is another Moliier chart showing the state of
refrigennt in a tlfird dehumidification heating mode of the

&1 refrigention cycle in the first embodiment
FICi 12 &s another Mollier chart show&ng the slate of

rcfngcrdnt &n a fourth dchumidilicauon hcaung mode of thc
rcfngcrdlion cycle ul lhc lira& embodiment

ill(i 13 is an entire contiguration diagran& of a vehicle air
ic conditioner according to a second emlx&din&ent of the pres-

ent disclosure.
FICi. 14 is a flolvchart showing the flow of a part of the

control pmccss pcrfol&ncd by ml mr comb&&onu&g controller
according to a th&rd embodiment of thc prcscn«hsclosurc.

Si FICiS. 15(a) and 15)I&) arc d&agrams showing control
characteristic diagrams defining the relet&unship between an
outside air temperature and a target refrigerant-evaporation
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tempcraturc. aud also defining thc relationship between a

tar et air outlet temperature and a target refrigerant-evapo-
ration temperauirc according to other embodunents.

DESCRIPTION OF EMBODIMENTS

In the following. preferred embodiments of the present
disclosure vvill be described with reference to the accompa-
nying dmtwin s. The same or equivalent parts in the embodi-
ments below arc uidicdtcd by thc siunc relhrcnce Characters
tluoughout the figures.

First Embodiment

A Iirst prcfctrcxf muboduuent of Ihc present disclosure
will be described with reference to IJI(ig I to 12. In tlus
embodiment. a vehicle air conditioner I of the present
disclosure is applied to an electric car that obtains a driving
force for travelin from an electric motor for tmveling

The vehicle air conditioner I includes a vapor compres-
sion refrigeration cycle fhcrciimller sunply rclhrrcd to as a
'*rcfugcrdtion cycle" ) 10 for cooling or heating air to be
blown into a vehicle intenor, an interior air conditioning unit
30. and an air conditioning controller 411, as main compo-
nents

The refrigeration cycle 10 can perform switchin between
a refrigerant circuit in a cooling operation mode for cooling
the i chicle intcnor by cooling thc air or in a dclunmdificd-
tion healing opcraUou mode I'or hcatm and dchumnlifying
the vehicle interior as shown in the entire contiguration
diagram of I'Ifi I, and another refrigentnt circuit in a
heating operation ntode for heating the vehicle interior by
heating the air as shown in the entire confi uration diagram
of FIG. 2.

lite refrigcrauou cycle 10 of tlus embodiment employs a
nomial fluorocarbon refngerant as ihe rcfngemnt, imd fornw
a subcritical rcfngcration cycle in wluch lugh-pressure side
refrigerant pressure does not exceed the critical pressure of
the refrigerant Refrigentting machine oil fiir allowing the
refrigerant to circulate through a compressor 11 is mixed
into the refrigerant as v ill be described later. and a part of
IIIC ICfllgciatlllg JJJBCllltlC Oil CJICUIBICS tliloilgli thC CyClC

together with thc rcfngcrant.
llic compressor 11 mnoug thc components of tlm refng-

eration cycle 10 is positioned within a bonnet of the vehicle,
and is to suck. compress. and dischar e the refrigerant in the
refrigeration cycle 10 The compressor 11 is an electric
compressor ivhich drives a fixed displacement compression
mcchmusm having B lixed discharge capacity by usc of an
clcctnc motor. Specifically, various types 01 compression
Ilicchdlllstlis, silclt Bs B scroll tvpc coluprcssioll JuocilBnistu,
a VBJJC Conlpl'Cssiotl illeChatliSlll. Ol' BJllUJB, pistoil Colll-
pression ntechanisni, can be employed as the compression
mechanism of the compressor 11.

The electric motor has its operation fnumber of revolu-
uom) controlled by being supplmd with power from an
invcrtcr 51 included in a motor dnving portion. Tlm mtcrter
51 controls tlm supply ol power fmm a ba11ery 52 Ior thc
electric motor in response to a contnil signal fmm the air
conditionin controller 40 1'he number of revolutions of the
electric motor is controlled by the inverter 51 to thereby
change a refngerant dischar e capacity of the compressor
11. linis. in this cmbodunent, the uivertcr 51 series as
dischatgc cilpacltv challgillg itic'diis for tile colllplcssor 11

lite discharge port side of the compressor 11 is coupled
to Bll inlet side of an intenor condenser 12. 'I'he interior
condenser 12 is disposed in a casing, 31 of the intenor air

conditioning unit 30 to bc dcscrtbcxf later. Thc interior
coildeilser 12 is a heater tiIr heating tile air llaving passed
through an interior evaporator 17 to be descnbed later by
dissipating heat from the refrigerant fhigh-pressure refrig;
emtnt) discharged from the compressor 11.

The outlet side of the interior condenser 12 is coupled to
an inlet sale ol'a first expansion valve 13. Thc first cxpmtsion
valve 13 is an clcctnc venable tluoulc mechanism wluch
includes a valve body bavin variable throttle opening

ia degrees, and an electric actuator constnicted of a stepping
nxitor for changing the throttle opening degree of the valve
body.

The first expansion valve 13 of this embodiment is
COJJSttlJCJCd Of B Vdl table tllrotllC IJICCltaillslll liavlllg B IUllV

I OpCllillg flIJICJJOIJ Of fUlly'pCIllllg a rcfrlgcIdilt pasSdgC d1

the fully-opened throttle opening degree That is, the first
expansion valve 13 can be controlled not to exhibit the effect
of decompressing the refriaerant. 'I'he first expansion valve
13 has its operation controlled by a control si nal output

Jo from the air conditioning controller 40.
Thc rcfrigcrant outlet side of'hc Iirst expansion valve 13

is coupled to thc rcfugcrani inlet side ol au exterior heat
exchanger 14 lhe exterior heat exchanger 14 is made to
exchange heat between the refrigerant flowing there through
and outside air blown from a blower fan 15 'I'he exterior
heat exchan er 14 serves as an evaporator for evaporating
the refrigerant to exlfibit a heat absorption efl'ect in the
hCiltlllg OpCldtloll IliodC. Jllul illSO dS a IJCdt Iildiatol fol
dissipatuig heat Ibom Jhc rcfrigcrant ui thc cooluig operation

Jo mode, as will be described later.
'I'he refrigerant outlet side of the extenor heat exchanger

14 is coupled to the refrigentnt inlet side of a second
expansion valve 16. The second expansion valve 16 is an
electnc variable tluottle mechanism which includes a valve

Ji body having vanablc tluuttlc opemng degrccs, aud an clec-
tnc acuiator constructed of a stepping motor for changuig
the tluottle openuig degree of tlu: valve body.

I'he second expansion valve 16 of this embodmient is
cmtstnicted of a I ariable throttle mechanisnt having a full

do opening function of fully opening a refri emtnt passa e at
the fully-opened throttle opening. and a fully closing func-
tion of fully closutg thc refrigerant passage at thc fully-
closcd throulc operung. Tlrdt is, thc second expansion valve
16 can also bc controlled not to cxlubit the clli:ct of
decompressing the refrigermit. like the hrst expansion valve
13 the second expansion valve 16 liat its operation con-
trolled by a control signal output from the air conditionin
controller 40.

Thc rcfrigcrant outlet side of the second cxpmision valve
o 16 is coupled to thc refugcrant inlet side ol thc interior

evaporator 17. Thc uitcnor ei apordtor 17 is disposed on the
upstream side of air floiv of the interior condenser 12 ivithin
the casing 31 of the interior air conditionmg unit 30 1'he
interior evaporator 17 is an evaporator for cooling and

Ss dehumidifying the air before passing through the interior
condenser 12 by evaporating flie refngcrant passing duough
thc evaporator to exhibit ihe heat absorption eflcct ui thc
Coolillg Opcrdtioii luodc illid iii JIIC dCIJUJIlldlfiCdtioii hCdtlltg
openttion mode

io 'I'he refrigerant outlet side of the interior evaporator 17 is
coupled to a refrigerant inlet side of an accumulator 18. The
acciumdator 18 is a as-liquid separator that separates the
relbigcrant flowing thermn into liquid and gas phases to stoic
thercui thc exccssivc relrigermit witlun Ihc cycle. A vapor-

si pltasc refrigerant outlet of the accumulator 18 is coupled to
a suction port side of the compressor ll 'llius. the accu-
nnilator 18 serves to suppress the suction of the liquid-phase
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refrigerant into thc compressor 11 Io Ihcrcby prevent thc
liquid compression at the compressor 11.

11&e relbigcrant outlet sale of the cx(enor heat excluingcr
(4 is coupled to a bypass passage 19 for allowing the
refrigerant flowing from thc cxtcnor hea( cxcfrsn er 14 to bc
uided to the refngerant inlet of the accumulator 18 wlule

bypassing the second expansion valve 16 and the interior
evaporator 17.

The bypass passage 19 is provided with a bypass passage
opeiung/closutg valve 20 Ibr opciung and closut tim bypass
passage 19. The bypass passage opening/closing valve 20 Is

sn clectromagnctic valve for opcnut and closmg Ihe bypass
passaae (9. and has its operation controlled by a contml
signal output from Ihc air conditioning controller 40.

When the bypass passage opening/closing valve 20 is
opened and the second expansion valve 16 is closed. the
refrigerant flowing from the exterior heat exchanger 14

flows into the accumulator 18 via the bypass passage 19. In
contrast. when the bypass passage opcmng/closm valve 20
is closed and the second expansion valve 16 is opened, the
relrigcran( flowing from Ihe exterior heal cxchan er 14
floivs into the intenor evaporator 17 via the second expan-
sion val&c 16. Thus, thc bypass passu c opmnng/closing
valve 20 and the second expansion valve 16 of this embodi-
ment scrvc as a rcfngcrmi( circui( switclmtg portion tor
switching between a refrigemnt circuit for flowing the
refrigerant to the Interior evaporator side, and another refri-
emnt circuit for flowing the refrigerant to the b)q&ass passage
stile.

11&c utterior mr conditioning unit 30 will bc descnbed
below. The intenor air conditioning unit 30 is disposed
inside s gauge bourd (imtrumcnt panel) at the lhrcfront of a

vehicle compartment 1he air conditio&ting portion 30
accommodates ui Ihc casing 31 fornun mt outer envelope,
a bio&ver 32. the above-mentioned interior condenser 12. the
interior evaporator 17„and the like.

'lite casing 31 forms an air passage fi&r a tlow of the air.
The casing 31 is formed of resin (for example. polypropyl-
cnc) having some dcgrcc of clast&city, and excellent stren Ih.
An inside/outside air switch 33 for switching between the air
(ms&dc mr) in thc vcluclc uitenor and thc outs&dc air is
disposed on the most upstream sale of thc air flow ut thc
c'isi&1g 31

'lite inside/outside air switch 33 has an inside air intro-
duction port fi&r introducing inside air into the casing 31. and
an outside air Introduction port for introducing, outside air
into thc casing 31. An uisidc/outside air swnching door is
post(tone&i insulc thc uisidc/outs&dc air switch 33 to con(imi-
ously adlust thc opcnuig areas ol thc insula air inlroduclion
port and the outside air intmduction port to thereby change
the ratio of the introduced amount of the inside air to the
outside air.

On the downstream side of air flow of the inside/outside
mr switch 33, the blower 32 is provided for blowutg mr
introiluced 1 is thc inside/outside air switch 33 toward thc
&chicle utterior. Tlm blower 32 is an electric blower that
drives a centrifiigal multi-blade fan (Sirocco fan) 12i& bv an
electric motor 32b 1he blower 32 has the number of
revolutions (i.e.. air blowing volume) controlled by a control
signal (control voltage) output from the air conditioning
controller 40 Io bc dcscribixl later. The blower 32 serves as
blowing means for blowing air to thc vehicle mterior.

11&e intcnor evaporator 17 and Ihe mtcnor condenser 12
are disposed on the downstream side of the air tlow of the
blower 32 in that order with respect to the flow of the air In

other &vords, Ihc uttcuor evaporator 17 is disposed on thc
upstream side in the floiv direction of the air with respect to
the interior condenser 12.

A cool air bypass passage 35 is pmvided m the casing 31
for allowing the air having passed through the interior
evaporator 17 to flow i&bile bypassing the interior condenser
12. An mr mix door 34 is disposed ou thc downstream sale
of the air tlow ut the interior evaporator 17 and on Ihe
upstream side of the air flow in the interior condenser (2

Io 1'he air mix door 34 adjusts the ratio of the volume of the air
passing thmugh the interior condenser (2 to that of the air
passing throu h the cool air bypass passage 35 among the air
having passed tfuougt the intenor evaporator 17 A mixing
space is provided on Ihe downstream side of thc air flow ui
thc interior condenser 12 and on thc dowmtrcam side of thc
air flow in the cool air bypass passage 35 so as to mix the
air passing through the interior condenser 12 with the air
passing thmugh the cool air bypass passage 35

Air outlets 37a to 37c for blowin the conditioned air
&o mixed and conditioned in the mixing space. Into the vehicle

iulcnor as a space Io bc condilioned are disposed on(bc musl
downstream side of thc air flow in tlm casing 31. Specifi-
cally, the air outlets include a face air outlet 37a for bloiving
the conditioned air toward the upper body of a passenger in
the vehicle conipartment, a ti&ot air outlet 37b for bloiving
the conditioned air to&sard the foot of the passenger, and a
defroster air outlet 37c fi&r bio&sing the conditioned air
toward thc inner sale ol' Ibont windowpane of thc vchmle.

Thus, thc air mix ik&or 34 adjusts thc ratio of flm volume
so of air passing through the interior condenser 12 to that of air

passing through the cool air bypass passage 35 to thereby
adlust the temperature of conditioned air ntixed in the
mixing space. thus controlling the temperature of the con-
ditioned air bloivn from each air outlet The air mix door 34

&1 is dnvcn by a servo motor (not shown) which is operated by
s coiitrol sigiiiil output Iriiitt Ilia aii'oiiilitioiiiitg coittiolli:1
40.

A face door 38a ti&r adjusting an opening area of the face
air outlet 37a is positioned on the upstream side of the air

so flov of the face air outlet 37a. A foot door 38b for adjusting
an openin area of the foot air outlet 37b is positioned on the
upstream side of thc air flow of the foot mr outlet 37b. A
dcfrostcr door 38c for adjusting an opening arcs of thc
dcfrostcr air outlet 37c is posiuoned on thc upstream side of
the air flow of the defroster air outlet 37c.

'I'he face door 3((i&. the foot door 38b, and the defroster
door 3Sc serve as an air outlet mode switching portion for
switchut among air outlet nu&des„and are driven via a link
mechaiusm or the life by a servo motor (not shown) whuse

O opera(ion is con(rolled by a control signai output from Ihe air
conditiotung controller 40 Io bc dcscribcd later.

Next, mt electric controller of this en&bodiment will be
described below. 'I'he air conditioning controller 40 includes
the well-knov:n microcomputer. including a CPU. a ROM,

&1 and a RAM, and a periphemsl circuit thereof The air con-
ditioning controller 40 pcrfomts venous kuids of computa-
tions and processing bass 8 on control programs stored in thc
ROM to control thc operations of venous control devices
connected to the outpm side

ro A group of various sensors 41 for control of air condi-
tioning Is coupled to the input side of the air conditionin
controller 40. The sensors include an Inside air sensor for
dc(imting an air temperature (inside mr Imnpcra(ure) Tr
inside of the vehicle,;m outs&dc air sensor for detecting an

ss air tempera(urc (outside air Icmpersturc) Tam oumide of Ihe
vehicle, a solar radiation sensor for detecting an amount of
solar radiation I's in the vehicle interior. and an evaporator



US 10,166,838 B2
10

Iempcraturc smisor for detecting a tcmperaturc of blown mr
(refrigemnt evaporation teniperature) from the interior
evaporator 17. I'he sensors also include a discharge tens-
perature sensor for detecting the temperature of refrigerant
discharged from the compressor 11. and o blown oir tem-
perature sensor for detecting the temperature of the air
blown into the vehicle in(crier.

The input side of thc mr condiuonuig controller 40 of tlus
embodimeiit is coupled to a teniperature and humidity
sensor 42 for detecting the dew-point temperature I'dev of
air flowing into the interior evaporator 17. 'I'he temperature
and humidity sensor 42 is constructed of a temperature
sensor and a humidity sensor iiir respectively detecting the
Iempcraturc and humidity of Ihe air flow mg uito the intcruor
evaporator 17.

An operation panel (not shoivn) is disposed near an
instrument hoard at the front of the vehicle compartment,
and coupled to the input side of the air conditioning con-
troller 40. Opemtion signals are input from various types of
operation switches pmvided on the operation panel. The
i orious opcrauon switches provnled on Ihc operation panel
include. specflically, an A/C switch (mr conditioner switch)
for setting the possibility of cooling the air in the interior air
conditioniim unit 30, and a tempemture setting switch fiir
set(inn a preset teniperature Tact of the vehicle interior.

The air conditionin controller 40 is integrally formed
ivith control portions for controllin the operations of vari-
ous control devices connected Io Ihe output side of Ihc
controller. Tire structure (software mid hardv,are) for con-
trolling the operation of each control device serves as the
control portion fiir controlling the operation of each contml
component.

For example. the stnicture for controlling the electric
motor of the compressor 11 and the inverter 51 serves os a
discharge capacity control portion. Thestructure lor con-
trolluig Ihc Iirst expansion valve 13 scrvcs as a lira( tiuottle
control portion Tlm structure for controlling tim second
expansion valve 16 and the bypass passage opening,'closing
valve 20 serves as a refrigerant circuit switching contml
portion. The structure of each of the discliarge capacity
control portion ond refrigemnt circuit switchin control
portion in the air conditioning controller 40 serves as a
refrigerant tlow-rate control portion 40d liir controlling thc
flow rate of refugermit flowing into the interior evaporator
17 'I'he structure for calculating the dew-point temperature
'I'deiv (dew-point temperature calculator) using a detection
signal from the temperature and humidity sensor 42 in the air
conditioning controller 40 serves as a dew-point temperature
detixuon portion 40b togcthcr with Ihe tmnperaturc and
hunudity sensor 42

Next. Ihe operation of the velucic air conditioner 1 with
the above armngement in this embodiment ivill be descubed
with reference to lil(iS 3 to 12 I'l(i 3 is a flov chart
showing the flow of a control process (moin routine) per-
founed by the air conditionin controller 40 in this embodi-
ilieil( lite colllrol proccas ls pclfomlixl ill a predelcltlllllcd
control cycle once the opcmtion switch of Ihc vehicle mr
conditioner 1 is Iumoxt on. Each control sto7i m the respm-
tive floivcharts serves as each of various functional compo-
nents included in the air conditioning controller 40.

In step S1, first. it is determined whether or not the vehicle
air conditioner is started up. When the vehicle air condi-
uoncr is dctcuutnoxt to be started up (if YES in step S1). the
operation procccds to step S2. When Ihc vehicle mr cond&-

uoncr is detennincd not to bc started up (if NO ui step Sl),
the operation skips the process in step 52, and pniceeds to
step S3

In sto)t S2, intttaliding processes (tntttalization processes).
including initiaiizin of various types of flags. a timer, and
lllltldl positlollillg ol Illa ribose vdrlous Ivpcs of clcctllc
actuators, are pertiirmed. and then the operation proceeds to
step S3.

In step S3, a signal indicative of an environmental state of
the vehicle used for air conditioning contml. and an opera-
tion signal of the opemtion panel sivitch are read in, and then
the operation proceeds to step S4. In step S3. detection

i it
signals fmm Ihc aboie-mentioned smisor group 41 ffir Ihe
air conditioning control and the temperature and humidity
sellout 42 ilic Ic'dd as Illc vclilclc ellviiullllleiltdl state sigltal.
And, mi operation mode selected based on the preset tem-
pcraturc Tact of the vclnclc interior set by the uiside air
temperature setting switch. and an On/Off state of theA/('v

itch are read as the operation sisal of the operation
panel.

Subsequently, in step S4, a target air outlet temperature
TAO of thc air blov'n into Ihc veluclc interior via varimis air
outlets 37a to 37c is calcuLated, and then the operation
proceeds to step S5. The target air outlet tmupcraturc TAO
of this embodiment is calculated using the preset tempem-
ture I'set of the vehicle interior, an inside air teniperature Tr
detected by the inside air sensor, an outside air temperature
Tam detected by the outside air sensor„and o solar radiation
amount Ts detected by the solar radiation sensor.

In sto)t S5, a blowing capacity (air blowuig volume) of thc
blower 32 is dctcrnunci( dnd then the opcrauon proceeds to

io step S6. Specifically, in step 55, a blower niotor voltage to
be applied to the electric motor and corresponding to the
volume of air from the bloiver 32 is determined ivith
reference to the control map (control chamcteristics) pre-
stored in the air conditionin contmller 40 based on the

ii target air outlet Iempcraturc TAO calcu)a(cd ui step S4.
More specifically, m this mnboduncnt, Ihc blower motor

voltage is sct to a lust laic) close Io the maximum ui an
ultra-low teinpemture range and an ultm-high temperature
mnge of the target air outlet temperature TAO, whereby the

do volmne of air from the blower 32 is controlled to be at about
the maxim(un level. As the target air outlet temperature TAO
is uicrcascd Irom thc ultra-low Icmperaturc rimgc Io an
intermediate Iempcraturc range. Ihe blower motor voltage is
dimrcascd with increasing target air outlet tcmperdturc TAO
to thereby decrease the volume of the air from the blower 32

As the target air outlet tempemture TAO is decreased from
the ultra-hi h temperature ran e to the intemiediate tem-
perature range. the blower motor volta e is decreased with
ilccicdsillg target all oiulcl lclllperaturc TAO Io thereby

o dimrcasc thc volume ol'r from thc blower 32. When Ihe
target air outlet Iempcraturc TAO caters a predetcrnuned
intermediate temperature range. the blower niotor voltage is
nunimixed to thereby mininiire the volume of air from the
blower 32.

ss Subsequently, in step S6. an air outlet mode is detemtined,
and then Ihc operation proceeds Io step S7. In step S6. thc
air outlet mode is dctenmncd based on thc target mr outlet
tcmperaturc TAO w ith rcli:rmice to thc control map (contmi
cltaracteristics) pre-stored in the air coiiditioning controller

ii! 40 In this embodiment. as the 'IAO is increased fmm the
low temperature range to the hiker tempemture range. the air
outlet mode is sivitched from a face mode to a bi-level mode
and a ffiot mode ui (liat order.

In step S7, an mr inlet mode. tlrdt is, thc switclung stoic
si of Ilm insnlcioutside air switch 33 w dctcrmincd. and then

the operation proceeds to step Sg In step 57, the air inlet
nxide is deterniined based on the target air outlet tempem-
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lure TAO w&th refi:rcncc to thc control map (control char-
acteristics) pre-stored in the air conditioning controller 40

In this embodiment. an outside air introduction mode I&l(S

fnr intrnducing air (outside air) outside of the vehicle
compartment is preferentially selected. For example. v ben
the target air outlet ten&pemsture TAO is in the ultra-lov
tcmpcralurc ran e or lhc hkc, thc uutside mr introducnon
uxxlc is sv;nchixl 10 Bu ulsulc/on&sale Bu hllroducfiou ulodc
R&l'i&r respect&vely intmducing the outside air and inside
air. m&d an inside a&r circulation mode l(IIC ti&r introducing
the inside a&r. in that order. 1he process in step S7 of tlus
enlbodiment can be re arded as a process for determining
the ratio of the &ntmduction amount of the inside nir to the
outs&dc a&r u&lo thc intenor evaporatur 17.

In step Sg, an opcrnt&on mode is dctcrmu&cxl based on thc
tar et air outlet tempemsture 1AO and an nperation signal
(on,'otf state) of the A/('witch. I'or example, when the
tar et air nut)et ten&perature I'AO is equal to Or less than a
predetermined temperature. and the A/C switch is rurned ou,
the operation proceeds to step S9. in wl»ch a control process
for Ihc cooling operation mode is pcrfom&cxi. 11&c control
process for thc cool&ng operation mode will be descnbcd
later

In contmst, when the heating opemtion nu&de is selected,
the operatinn proceeds to step Sit), in which a contml
process for the heating operation mode is performed. The
control process for the heating operation mode involves
dciernnning e&&her the dchumidflical&on hcalu&g operation
mode (heating opera&&on mode w&th Ihe dehunud&lice&ion
pmcess) ti&r dehumidifying the air by the interior evaporator
17. or the m&rmal heating operation n&ode (heatina operation
mode &vithout the delnuuidification process) &vitlx&ut per-
forming the dehumidification process of the nir by the
interior evaporator 17, and then performing, the control
process for lhc dctem»ncd operat&on mode. In d&e normal
healu&g Opcrat&on mode (hcanng opcmfion mode without the
dehumidflicat&on process) of this embodm&cnt. the bypass
passaae opening/closing valve 20 of the refrigeration cycle
10 is opened and the second expansion valve 16 is closed to
perform switching to a refrigerant circuit not allowing the
refrigerant to flov into the interior evapomtor 17.

11&c control process for delcnnunng e&ther d&e dclnnn&d&-

f&ctil&tui heath&g opcl'dt&ou nlodc or lhc no&nial i&BI&tug opcra-
uon mode v»thou& dchum&d&fying lhe air in step S10 w&ll bc
described below w&th reference to FI(i 4. I&I(i 4 &s a
flo&vchart shnw&ng the flow of a part (sub-routine) of the
control process performed by the nir conditioni»g conrroller
40 in this embodunent.

In step S100, lira&, thc dew-point tcmperaturc Tdcw of the
mr flow ing into the &nlenor evaporator 17 &s calculated using
a dclccuon s&gnal from thc temperature and hunudily sensor
42 read in step 53. that is. using the temperature and
lnunidity of the air flowing into the interior evaporator 17,
and then the opemtion proceeds to step S110.

In step S110, &t is deternuned whether or not the A/C
switch is turned on based on lhe upcraiion s&~rdl of thc
opcrai&on pam:I read &n step S3. As a rcsull, when Ihe A/C
switch is dctem»ncd to be tumed on (if YES in step S110),
the operation proceeds to step )120. in which a target
refrigerant-evaporation temperature 'l110 of the interior
evaporator 17 &s determined. and then the operation pro-
ceeds to step S130

When the outs&dc mr temperature Tam &s ducrcascd. B

w indow of thc veh&cle, such Bs a front window pane. &s likely
to be easily Ibg cd. In order to prcvcnt Ihc fi&gging of the
windo&v. it is necessar) to decrease the refrigemsnt evapora-
tion tempemture of the intenor evaporator 17. In this case,

thc amount of heal generated u& lhc &ntcnor evaporator 17 is
increased, which leads to an increase &n dehmnidification
load

'illus, in step 5120, the target refrigemsnt-evapomstion
temperature TEO in the heatin opemtion mode is deter-
m&ned v, ith reference to the contml map (control character-
istics) prc-stored in Ihc mr condition&ng controller 40 based
on lhc delcclion s&gnal (outs&de a&r tempcraturc) Ibom Ihe
outside air sensor read in step 53 Basically. in this embodi-

IB ment, the target refrigemnt evaporation tempemsture 'I'I IO is
determined tn be decreased w&th decreasing outside air
temperature. In this embodiment, the pmcess of step S120
perfom&ed by the air conditioning controller 40 serves as an
evaporator Icmpcrature dclcmutmlion port&on for dclcrmin-
ing thc target rcfn crdnl-evaporation temperature TEO.

l&I(i 5 is a contml characteristic diagran& defining the
relationship betv, een the outside air ten&perature Tan& and the
target refrigerant-evaporation temperature Tl!0 in this
embodiment. As shown in Fl(i. 5, in this embodnnent, when

10 the outside air temperature Tant is decreased to a predeter-
nuncd rclhre&mc outside mr lempcralurc or less, that is, from
the u&lcrmixhatc lempcralurc range lo thc low lcmpcralure
mange, the target refrigerant-evaporation temperature TEO is
determined to be decreased according to a decrease in
outside air temperature I'am When the outside air tempem-
ture Tam is in the ultra-low tenipemture mange, tn order to
prevent the frost fom&ation of the interior evnpomstor 17. the
targe& rcl'rigerant-i&aporauon lcmperaturc TEO &s detcr-
lluncd 10 bc thc Buna&null lcnlpcrato&'c 0, (I ( . hi Ibis

10 embndiment) v,hich is set at a frost formation tempemsture
(0" 0 ) nr mnre.

In contrast, in this embodiment, when the outside air
temperature Tam is higher than the reference outside air
temperature. the tar et refrigerant-evaporation temperature

ss TEO &s dctcrmu&ed to bc max&mum u& thc &ntcrtncxhatc
tell&pc&&tune &dngc. Whet& lhc oumuh: tlir lclllpcldliuc is
incrcascd from Ihe u&lenncdiate Imnperaturc range to Ihe
high temperature range. Ihe target refrigerant-evaporation
temperature TEO is determined to be decreased according to

dn an increase in outside air tenlpernture Tam. When selecting
the heating operation mode, the outside air temperature Tam
is low &n many cases. Basically, &n thc hcaung operat&on
mode. thc out sale a&r tempera lure Tam &n Ihc contml map of
FIO. 5 is reli:rrcd lo the range ol'he rcferencc outside air
temperature or less

Subsequently, in step S130, the possibil&ty of deln&midi-
ficntion of the air by the interior evaporator 17 &s determined
based on the dew-point tenlpernture Tdew calculated in step
S110 and the target rcfrigcranl-cvaporat&on lcmpcralure

0 TEO dclcrnuncd u& step S120. Spec&licdlly, in step S130, &I

is dclcrnuncd whclhcr Ihc dew-po&nl lcmpcralure Tdew &s

higher than the target refrigerant-evapomstion temperature
TIIO as a reference threshold In this en&bodiment, the
process in step S130 performed by the nir conditioning

s. controller 40 serves as a determination portion for deter-
m&ning &she&her or nol thc dcw-po&nt tcmpcralure Tdew of
thc air tlow&ng into Ihc interior evaporator 17 &s equal to or
less lh&ill thc rcfcrcucc thrcsholi!.

l&I(iS. 6(c) and 6(/&) are an explanatory diagram for
io explainmg the possibility of dehumid&ficat&on of air in the

interior evaporator 17. When the dew-point temperature
Tdew is lfigher than the target refrigerant-evaporation tem-
pcraturc TEO. Bs shown u& FIG. 6(a), thc air flowu&g into Ihe
inlcnor evaporator 17 &s dchunudilicd m&d cooled close lo

ss the uugct rel'rigcranl-cvaporauon temperature TEO wluch &s

not higher than the dew-point tempemsture 'I'dew. and then
heated to a desired temperantre by the interior condenser 12
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Rcfbrring to FICiS 6(c), 6(b), the refercncc character
'I'I i(AIR) means the ten&perature of air on an inlet ~ ide of the
interior evaporator 17

When the dew-point te&nperature 1dew is equal to or
lower than the tar et refri erant-evapomstion temperature
TEO. as shown in FICi. 6(b). the air flo&ving into the interior
evaporator 17 m cooled close lo lhe target refngcraul-
cvaporation tcmpcraturc TEO wluch is lngher than the
dew-point ten&perature 1 dew, and then heated to a des&red
temperature by the interior condenser (2. 'I hat is. when the
dew-point tempemsture 'I'dew is equal to or less than the
tar et refrigemsnt-evaporation temperature TEO. the air can-
not be deln&mid&fied by the interior evaporator 17. and &s

simply cooled by lhc uilerior evaporator 1'7. v,hich m& hl
waste Ihc energy of lhc vcluclc air conditioner 1.

'Iln&s, tvhen the de&v-point temperature 'Idetv is deter-
mined to be hi her than the target refrigerant-evaporation
ten&pemture 'Il(O in step S130 (if Yl!S in step 8130), the
operation proceeds to step S140. in &vhich the control
process for the dehumidification heating operation mode
(healing operanon mode with Ihe dehunud&(icat&on) &s per-
formcsI. Thc control process fi&r Ihe dehunudilication heat-
ing operation mode &vill be described in detail later

When the dew-point temperature I'dew is determined to
be equal to or less than the tar et refrigerant-evaporation
temperature TEO in step S130 (if NO in step S130). the
operation proceeds to step S150, in which the conrrol
process for Ihc normal hcaluig operation mode (healing
opcranon mode without thc dehum&d&licanon) &s pcrfbrmixk

When the A&('witch is determined to be turned oifm step
)110 (if NO &n step 8110). the operation proceeds to step
)150. in wh&ch the control process for the normal heating
operation niode not allow&ng the refrigerant to flow imo the
interior evapomstor 17 (heating operation mode without the
dehumidflicat&ou) &s pcrfomicd.

Relurmng to FIG. 3, after thc opcrauon mode is dcter-
nnncd ui snps S9 and SIU, thc opcmfion proceeds to step
Sl1. in which the control signal and control voltage are
output to venous contml devices connected to the output
side of the air conditioning controller 40 so as to obra&n the
control state determined in the above steps S5 to SIU.

As maul&oned above. thc main routmc shown in FIG. 3

involves readuig venous s&goals. calculating Ihe n&rgcl mr
outlet Imnpcralure TAO, dc&ann&nuig Ihe conlrol slates of
various control dev&ces, and outputting the control signal
and volta e to the respective control devices, in that order.

Next. the processes &n the respective operation modes
perfbrnted in steps S9. S140. and S150 will be described in
dC& a I I.

(A) Cooluig Opcrauou Mode
First. &hc coolu&g opcrat&on mode performed ui step S9

shotvn in l&I(i. 3 will be described below with reference to
i&ICi. 7. I&I(i 7 &s a Mollier chart shov;ing the state of
refrigerant in the cooling operation mode of the refrigerarion
cycle 10 in this embodiment.

In the cool&n opcrauon mode, Ihe a&r conditioning con-
troller 40 cklscs lhc bypBss passBgc &1pc&lnlg/closuig valve
20. while fully opm»ng llm lira& expansion valve 13. and
brinas the second expansion valve (6 into the throttle state
exhibiting a decompression efFect

Tlu&s, when the control s)g&ai and control voltage are
output to the respective control devices in step Sll of FICi.
3, thc refngcrauon cycle 10 perli&nns sw&tclmi to the
rel'rigcranl circu&l for flowu&g thc refngerant as uid&ca(ed by
thc tin ck arrow ol'ICi. 1. W&th thc above arrangement of the
refrigerant circu&t. the operating states of the respect&ve a&r

conditioning control devices of interest connected to the

output side of thc a&r condiiioning controller 40 are detcr-
nuned based on the target air outlet temperature I'AO
calculated in step S4 of FI(i 3 and the detection signal from
thc sc&!Bor gn&up 41

For example, the refrigerant discharge capacity of the
compressor 11. that is. the control sig&nal to be output to the
iuverlcr 51 for controlluig Ihc clcctnc motor of thc com-
pressor 11 arc dctcrnuncd ui tlm followuig way. F&rst, Ihe
target refrigerant-evaporation temperature 'I

I IO of the inte-
l o rior evaporator 17 is detern&ined based on the target air outlet

temperature 'I'AO with reference to the control map pre-
stored in the air conditioning contmller 40. The tar et
refrigemnt-evapomstion temperature TEO &s determined to
bc a predetermined tcmpcralurc (I'. in th&s embodiment)

I or n&olc wll&ch Is h&ght I th attic frost Iom&dl&on&in&pcrdlurc
(0" G ) in order to prevent the frost formation at the interior
evaporator 17

'I'hen, a refrigerant discharge capacity ofthe compressor
11 &s determined based on a deviation between the target

Io refri erant-evaporation temperature TEO and the reliigerant
evaporauon Imnpcrdlure of the u&tenor cvapomlor 17
dclimtcd by thc evaporator tcmperaturc sensor such that Ihe
evaporation temperature of the refrigerant fron& the interior
evaporator 17 appmaches the target refrigerant-evaporation
temperature I'I X) by a feedback control method

The control signal to be output to the second expansion
valve 16 is determined such that the super-cooling degree of
thc rcliigcrmil flow&ng uito the second expans&on valve 16
dpproacllcs » target super-cooling ticgtcc prcv&ouslv dcu:I-

&o nuned so as to bring a ('OP substantially closer to the
maxinn&m value. I'he control signal to be output to the servo
motor of the air n&ix door 34 is detern&med such that the air
m&x door 34 cioses an air passage of the interior condenser
12. and that the whole volume of air having passed throu/&

&s the u&tcrior evaporator 17 can pass tluough thc cool air
bypass passage 35.

Thus, as shown in thc Mollier chart shown u& FIG. 7, in
the refrigeration cycle I 0 in the coohng operation mode. the
high-pressure refrigemsnt discharged fmm the compressor I I

do (as indicated by a point "al*'n FICi. 7) flow s Into the interior
condenser 12. At this time, the air mix door 34 closes an air
prmsagc of Ihe &nlenor condenser 12, so &hat lhc refrigerant
mtlcring thc intcnor condm&ser 12 flows I'rom thc interior
condenser 12 without cxclrdngu&g heal w&th thc mr.

'I'he refrigerant flowing from the interior condenser 12
tlows into the first expm&sion valve 13 At this time, the first
expansion 1 alve 13 is fully opened, so that the reliigemsnt
flowing from the interior condenser 12 flows Into the exte-
rior heat cxclmngcr 14 w&thout being dccomprcssed by Ihe

o lirst expansion valve 13. Thc rcfn erant flowu&g &nto Ihe
exlcnor heal cxchangcr 14 d&ss&pales heal into Ihe outs&de air
blown from the blower fan 15 at the exterior heat exchanger
14 (front the point "al to a point "a2'n I&I(i. 7)

The refrigerant floiving from the exterior heat exchanger
&s 14 flov s into the second expansion valve 16, and is decom-

prcsscd and expanded by thc second cxpuns&on valve 16 mto
d low-prcssulcrcfl1gcrd&lt (Irotl& lltc ponll B2 lo a poult B3

iu FICi. 7). Thc lov -prcssure rcfngcrant decompressed by
the second expm&sion valve 16 flows into the interior evapo-

to motor 17, and absorbs heat from the air blown from the
blov er 32 to evaporate itself. Thus. the a&r is cooled (from
the point "a3" to a point "a4" in FICi. 7).

Thc rcfngcran& flowmg liom thc uitenor evaporator 17
flows into Ihc accumulator 18, and &s then scparalcd into

ss 1&qu&d and gas phases by thc accumulator 18. Thc gas-plmse
refrigerant separated into by the accumulator 18 is sucked
into the suction side of the compressor 11 (at a po&nt "a5" of
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FIG. 7) and compressed by thc compressor 11 again (from
the point "a5" to the pomt "al" of IT(i 7). I'he liquid-phase
refrigerant separated into by the accumulator 18 is stored in
the accumulator 18 as an excessive refrigerant not required
for the cycle to exlubit the refrigeration capacity.

The reason for a difl'erence between the point "a4" and the
pout(

"a5" in FIG. 7 is tlrat thc gas-phase refngcrant tlowing
tluough a rel'rigcrant pipe loading from Ihe accumulator 18
to the suction side of the compressor ll has a loss of
pressure 'Illus. in an ideal cycle. the point "a4" is desirably
identical to the point "a5". 'I'he same goes for the Mollier
chart below

As mentioned above. in the cooling operation mode. an
mr pasuigc ol'he uitenor condenser 12 is closcxl by the mr
mix door 34, so that thc mr cooled by thc interior evaporator
17 can be blown into the vehicle interior Tlnis, the cooling
of the vehicle interior can be achieved
(ll) Normal I leating Operation Mode (I lcating Operation
without Dehumidtfication)

Next. the normal heating opemstion mode performed in
slap S150 will bc descnbed below with rcli:rcncc Io FIG. 8.
FIG. 8 is a Mollmr chart showing thc stale ol refrigerant in
the normal heating opemstion mode of the refrigeration cycle
10 in this emlxidinient

In the nounal heating opemstion mode. the air condition-
ing controller 40 opens the bypass passage opening/closing
valve 20, ivhile bringin the first expansion valve 13 into the
tluoulc stale exhibiting a dccomprcssion eflixl. imd closes
the sixond expansion valve 16.

'lint~, ivhen the control signal and control voltage are
output to the respective control devices in step Sll of IICI.
3. the refriaemstion cycle 10 perforins switching to the
refrigerant circuit for flow ing the refrigerant as indicated by
the thick arrow of FICi. 2. With the above arran ement of the
relrigcranl circuit. Ihc operating slates of Ihe respccln e air
conditioning conlrol dcviccs conncclcx) to Ihe oulpul side of
thc air conditioning controller 40 are detcnnined based on
the target air outlet tempemsture 'I'AO calculated in step S4
of I'ICi 3 and the detection signal from the sensor group 41.

For example„ the refrigemsnt dischar e capacity of the
conipressor 11 ls determined in the following way. First. a
target condenser Imnpcralure TCO ol Ihc uilcnor condenser
12 is detcnnuied based on Ihc target air outlet lcmperalurc
TAO w ith rcli:rance to thc control map prc-stored in the mr
conditionin controller 40

'llien, the refrigemsnt discharge capacity of the compressor
11 is determined such that the temperature of air passing
through the interior condenser 12 approaches the target air
ouilcl Icmpcralure TAO usuig the feedback conlrol method
based on tlu: deviation bctwccn the uugct condenser tem-
perature TCO aud the detection value from thc discharge
temperature sensor

I'he control signal output to the first expansion valve 13

is deterniined such that the super-cooling degree of the
refrigerant flov,in into the first expansion valve 13
approaches a largel super-cooing degree previously deter-
mined so as to bnng a COP closer to thc maximum value

llic control signal output to thc servo motor ol'Ihe air mix
door 34 is determined such that the air mix door 34 closes
the cool air bypass passage 35. and that the whole volume
of air having passed tluough the interior evaporator 17 can
pass through the air passage of the interior condenser 12.

ilium ili llic llomiiil liciiliiig opclalloll illoilc ol flic rcfitg-
cralion cycle 10. thc high-pressure rcfrigcrmil discharged
from the compressor 11 (as uidica ted by a pomt '*b1" in FIG.
8) floivs into the interior condenser 12. 'I'he refrigerant
floivin into the intenor condenser 12 exchanges heat v ith

16
thc air blown lhom the blower 32 and passing through thc
interior evaporator 17 to thereby dissipate heat therefrom
(fmm the point "bl" to a point "b2'* in Iil(r 8) Ilnis, the air
is heated

The refrigerant floiving from the interior condenser 12
flows into the first expansion valve 13, and then decom-
prcsscd and cxpandcd by the lirst expansion valve 13 uito a
low-prcssure rclhigcr;ml (from Ilu: pouit "b2" to a point "b3"
in Iil(i 8). the Ioiv-pressure refri count decompressed by

lo the first expansion valve 13 flows into the exterior heat
exchanger 14, and absorbs heat from the outside air blown
from the blower fan 15 (from the point "b3'* to a point "b4"
in FICi 8). The refrigerant flowing from the exterior heat
cxchangcr 14 tlows into thc accumulator 18 via thc bypass
passage 19 to bc scparalcd into liquid and gas phases. Thc
gas-phase refrigerant separated into by the accumulator 18 is
sucked into the suction side of the compressor 11 (at a point
"b5" of I il(i 8) and compressed by the conipressor 11 again

As mentioned above, in the heating operation mode. the
nt heat contained in the high-pressure refrigerant discharged

from the compressor 11 is dissipated into the air ui Ihe
iulcnor condenser 12. so thai the heated air can be blown
into the vehicle interior 'I bus. the heating of the vehicle
interior can be perfiirmed. In the normal heating operation
nxide, the bypass passage opening/closing valve 20 is
opened and the second expansion valve 16 is completely
closed, which does not allow the refngerant to flow into the
interior evaporator 17. Thus. Ihc mr blown I'rom thc blower
32 flow s into Ihc uilenor condenser 12 w i thou l bcuig cooled

so by the interior evaporator 17.
((') l)ehuinidification I lasting Opemstion Mode (I leating,
Operation with l)ehumiditication)

Next. the dehumidification heating operation mode per-
formed in step S140 will be described belo~ with reference

is to FICiS 8 lo 11. In the dehumiddicatiou heatuig operation
mode, thc air condilionuig controller 40 cloaca thc bypass
passage openuig/closing vahe 20, while bruiging the lirsl
and second expansion valves 13 and 16 into the throttle
state, or fully opened state 'llius. the refngeration cycle 10

so perfomis switchin to the refngerant circuit in which the
refrigemnt flov, s as indicated by the thick arrow of FICi. I,
like in thc cooling operation mode. Iu Ihc dehumiihlication
hcauug operation mode, the cxlcnor heat exchanger 14 and
thc uitcrior evaporator 17 arc coiuicclcd ui sencs with
respect to the refrigemnt floiv

With the above arrangement of the refngerant circuit, the
air conditioning controller 40 determines the operatin state
of various air conditioning contml devices (control signal
output lo thc various air condiliomng control devices) cun-

o nixlcd to Ihc output side of ihe air coudiuoning controller 40
based on Ihc target air outlet Icmperaturc TAO and delcclion
sigaals froin the sensor group.

lior example, the refrigerant discharge capacity of the
compressor 11 is deteunined in the following way. Then. a

s. refrigemnt discharge capacity of the compressor 11 is deter-
mined based on a deviation bctw can the target evaporator
outlet tcmpcralurc TEO dclcnnincd in step S120 of FIG. 4
and Ihc refngcranl ci aporauon tempcralurc ol'hc interior
evaporator 17 detected by the evaporator teniperature sensor

ro such that the refrigermit evaporation temperature of the
interior etaporator 17 approaches the target reibigemsnt-
evaporation temperature TEO by a feedback control method.

Thc control signal output to tlm servo motor ol'he air mix
door 34 is delcnniimd such that thc mr mix door 34 cloaca

ss the cool air bypass passnge 35, and that the whole volume
of air having passed through the interior evaporator 17 can
pass thmugh the air passaae of the intenor condenser 12
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11&c lirst expans&on valve 13 and thc second expansion

valve 16 are changed according to the target air outlet
tcmpcralurc TAO wh&ch &s thc target lcmpcraturc of thc mr
blown into the vehicle interior. Specifically, the air condi-
uorung controller 40 u&crcascs a decrease u& pressure of thc
firs expansion valve 13, wh&le decreasing a decrease in
pressure of the second expansion valve 16 with increasing
tar et air outlet temperature 'IAO 'I'ln&s, in the delnimid&fi-

cation heating operat&on mode of this embodiment, the first
to I'ourlh dehum&d&liest&on hcaun modes are perlbrmed &n

fourth sta es.
(C-I) First Dehum&d&licauou Healing Mode

First. a first deln&midification heating mode will be
descubcd below us&ng FIC) 9. FIG. 9 is another Moll&cr
chart shoivin the state of refrigerant in the first delmnnd&-

fication heating mode of the refrigeration cycle 10 in tlus
calbod&n&en&;

In the first dehumidification heating mode. the first expm&-

sion vali c 13 &s complctcly opened, and the seco&xl expan-
sion valve 16 is brought Into the throttle state. Thus. the
cycle slruclure (refugcraut c&rcu&ls) hds lhc same refu erm&l

circuit as that in the cooling operation mode, but the air mix
door 34 hdly opens the air passage on the interior condenser
12 side, so that the state of the refrigerant circulating through
the cycle changes as indicated by the Mollier chart of FICi.
9.

llew&t is, as shown &0 FIG. 9, thc lugh-prcssure refugcrm&l
(as u&d&ca&ed by u po&nl "c1") disclmrgcxl from thc compres-
sor 11 flov 3 into the interior condenser 12 to exchange heat
with the air cooled and dehumidified by the interior evapo-
rator 17. thereby dissipating heat therefrom (from the point
"cl" to a point "c2** in FICi. 9). Thus, the air is heated

The refri emnt flowing from the interior condenser 12
flow s into the first cxpans&ou valve 13. Al llus lm&c, lhc lira&

cxpans&on 1 alve 13 &s fully opened. so llu&l lhe refu erm&l

flow &ng from thc intenor condenser 12 flows u&to the exte-
rior heat exchanger 14 without being, decompressed by the
firs expansion valve 13 11&e refrigerant thiv ing into the
exterior heat exchan er 14 dissipates heat at the exchanger
14 into the outside a&r blown fbom the blower fan 15 (fmm
the point **c2" to a point "c3** u& FIG. 9).

11&c rcfngerant flowing from lhe exlcuor heal cxclmnger
14 flows into thc second expansion valve 16, and is decom-
pressed and expanded by the second expansion valve 16 into
a low-pressure refrigenont (from the point "c3" to a point
"c4" in FICi. 9). The low-pressure refrigerant decompressed
by the second expansion valve 16 flows into the interior
evaporator 17, and absorbs heal from the mr blown from the
blower 32 lo evaporate itself (from lhe poinl "c4" lo a pou&l
'*c5" in FIC) 9) Thus, thc mr is dehunud&ficxi and coolcxk
'I'he refrigerant flowing from the interior evaporator 17 flows
fmm the accumulator I 0 to the suction side of the cmupres-
sor 11 (at a point "c6*'f FIG 9), and then is compressed
again by the compressor 11. like in the cooling operation
mode (from thc point "c6" to thc point "cl" m FIG. 9).

As mentioned above, &n thc first dehunnd&liest&on heating
mode. &hc air cooled m&d dehum&d&fiix! by the &ntcnor
evaporator 17 can be heated by the interior condenser 12 to
be blown into the velucle interior 'I'hus, the dehumidifica-
tion and heating of the veh&cle interior can be achieved.
(C-2) Second Deln&m&dification Heating Mode

Subsequently, a second dclnun&dflicauon hcaluig mode
will bc dcscribcd below usuig FIG. 10. FIG. 10 is another
Moll&cr chart show&ng thc state of rein crm&l in lhc second
delnunidification heating n&ode of the refrigenstion cycle I I)

in diis embodin&ent.

Thc second dehumidflical&on heating mode &s pcrforn&cxf
v hen the tar et air outlet temperature 1AO is higher than a
first reference temperature, and equal to or less than a second
reference temperature previously deternuned In the second
dehumidification heating nu&de, the first expansion valve 13
is brou ht into the tlirottle state, and the second expansion
valve I 6 &s disc bi ough& u&hi lhc thiuulc sidle wh&lc &I lhrolllc
opening dcgrcc of thc scwond expans&on valve 16 &s

increased as compared to tlml in the hrst dehumidification
&0 heatin mode finis. in the second dehumidification heating

nxide, the state of the refrigensnt circulating through the
cycle &s changed as indicated by the Mollier chart of FICi. 10.

That is. as shown in FICi. 10. the high-pressure refrigemsnt
(as &nd&ca&cd by a point *'41") d&schargcd from thc compres-
sor 11 tlows uuo lhc inierior condcnscr 12 lo cxchangc heal
v ith the air cooled and delnunid&fied by the intenor evapo-
ootor 17, thereby dissipalina heat therefron& (from the point
"dl" to a point "d2" in l&lfi. 10). Thus, the air is heated.

The refrigerant floiving from the interior condenser 12
io flows into the first expansion valve 13, and then decom-

prcsscd by the lira& cxp;msion valve 13 into au u&tenncdmie-
prcssure refrigerant (from ihe po&nt '*d2" lo a pou&t "d3** in
liifi l(l). Then. the interniediate-pressure refrigerant
decompressed by the firs expansion valve 13 flows into the
exterior heat exchanger 14, and dissipates heat into the
outs&de air blolvn fron& the bio&ver fan 15 (from the point
"IL3" to a point "d4'* in FIC). 10).

Thc rcfngcranl flow ing Irom thc exlcnor heal cxclmngcr
14 flows into the second cxp;msion vulva 16, and &s decom-

io pressed and expanded by lhe second expansion valve 16 into
a lov -pressure refrigensnt (from the point "d4" to a point
"d5" m lilfi. 10). 'I'he lov -pressure refrigerant decom-
pressed by the second expansion valve 16 flows into the
interior evaporator 17. and absorbs heat from the air blown

3& fron& lhc blowcl 32 to cidpoliltc imclf (fi'on& lhc pou&1 d5
to a point '*d6" u& FIG. 10). Tlnis, thc a&r &s dchumiddicd and
cooled. Then, the rcfngcrm&1 flowing from the interior
evaporator 17 tioivs fmm lhe accumulator lg to the suction
side of the compressor 11 (al a point "dT'f ITCi ltl), and

do then is compressed a ain by the compressor 11. Iil e in the
cooling operation mode (from the point "d7" to the point
"df*'n FIG. 10).

As mcntioncd aboic, m thc second dehumiihficat&on
hciuu&g n&odc. &hc a&r cook:il iuul dchum&d&lied by thc
interior evapoostor 17 can be heated by the interior con-
denser 12 to be blown into the vehicle intenor, like in the
first dehumidification heating n&ode. Thus. the dehumidifi-
cation and llcatin'f lhc vch&clc h&tcr&or c'iii bc 'Ich&cvcd.

Al llus t&me, u& lhc second dchum&dilicalion hcalu&g
o mode, the first expansion valve 13 &s &n thc throule slate, so

thai lhc lmnpcralure of the rel'rigcrunl flow&ng into lhe
exterior heat exchanger 14 can be decreased as compared to
in the first dehumidification heanng mode 'I hus. the amount
of heat dissipated from the refrigerant at the exterior heat

ss exchanger 14 can be reduced by decreasing a difference
bclwiwn thc outside air lempcraturc Tum aud thc &eu&pcm-

turc of rcfugcrdnl u& lhc cxlcnor heat cxchangcr 14.
As a result. thc amount of heat d&ss&pa&cd lbom thc

refrigerant in the interior condenser 12 can be increased,
io v hich can increase the temperature of the air blown from the

interior condenser 12 as compared to &n the first mode.
(G-3) Tlfird Deh&unidification Heating Mode

Sub scqucntly, a lh&rd dchunndilicut&on heat&ng mode w ill
bcdcscnbcdbclow us&ng FIG. 11 FIC) 11 &s another Mollmr

si chart showu&g the slate of rcfngcrant u& the tlurd dchumuli-
fication heating mode of lhe refrigeration cycle ltl in this
embodinient.
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11&c &turd dehum&d&liest&on heatu&g mode is performed

when the target air outlet temperature 'I'AO is higher than a
second reference ten&pemture. and equal to or less than a
third reference temperature previously determined In the
third dehumidificat&on heating mode. the first expansion
valve 13 is in the throttle state while a tluoule opening
degree of thc Iirst expans&on valve 13 &s decriuiscd as
compared to that in flm second dehumid&ticat&on hcalu&g
niode. and the second expansion valve 16 is in the tluottle
state in ivhich a throttle opening degree ot the second
expansion valve 16 is mcreased as compared to that in the
second deluunid&fication heating mode. Tluis, in the third
deln&midification heat&ng mode, the state of the refrigerant
c&rculaung tl&rou J& thc cycle &s changed as u&d&ca&ed by thc
Mother chart of FIG. 11.

'liat is. as shown in Iil(i 11, the high-pressure refrigerant
(as indicated by a point "el*'f I'l(i. 11) discharged fron& the
compressor 11 flows into the interior condenser 12 to
exchange heat v, ith the air cooled and dehimiidified by the
interior evaporator 17, thereby dissipating heat therefrom
(Ibom the po&nt '*ct" lo a po&nt '*c2" in FIG. 11). Thus. the
du &s hc&&lcd.

1be refrigemnt flowing from the interior condenser 12
flu&vs into the hrst expans&on valve 13, and is then decon&-

pressed by &he first expansion valve 13 into an intermediate-
pressure refrigemnt whose temperature is lower than the
outside air tempemture (from the point "e2" to a point "e3**

in FIG. 11). Then, thc &nlcnncd&atc-prcssure relhgcrm&l
dimompresscd by the tirst expansion valve 13 flow s into thc
exterior heat exchanger 14. and absorbs heat from the
outside air blown fron& the blower fan 15 (from the point
*'e3"

&o a point "e4'* in III(i. 11)
The refrigerant flowing from the exterior heat exchanger

14 tloivs into the second expansion valve 16. and is decom-
pressed and cxpaudcd by the second expansion valve 16 u&to

a low-pressure rcfngcrant (from &he pouu "e4" lo a pou&l
'*c5" in FICI 11). The low-prcssure rcfr&gcranl decompressed
by &he second expansion valve 16 flows into the interior
evaporator 17, and absorbs heat fro&n the air bloivn from the
bio&ver 32 to evaporate itself (from the point "e5** to a point
"e6" in F1&1 11). Thus. the air is deln&midified and cooled.
Thm&. the rcfngerant liow&ng fmm the imcnor evaporator 17
tlows from the accumulator 18 to lhe suet&on s&de of thc
compressor 11 (at a po&nt "e7" of FIG. 11), m&d then is
compressed again by the compressor I I, like in the cooling
operation mode (from the po&nt "e7" to the point "el" in
FIG. 11).

As mentioned above, in the third dehumidification heating
mode. 1&kc lhc lira& aud second dehumid&ticat&on heating
modes. thc air cooled and dcluunulilicd by lhc u&tenor
evaporator 17 can bc hcatcd by lhe mlerior condenser 12 to
be blown into the vehicle interior I'hus, the dehumidifica-
tion m&d heating of the vehicle interior can be achieved.

At this time. &n the third dehumiditication beati&ig mode,
the throttle operun de ree of the first expansion valve 13 &s

ilccrcdscd, sii lhdl lhc ex&or&or hcdi exchange& 14 cau sc&vc

ds dn absorber (evaporator). As a rcsull, lhc amount oi heal
d&ss&pated from thc rcfngerant in thc interior condenser 12
can be increased, which can increase the tempemture of the
air blown from the interior condenser 12 as compared to in
the second deluunidificat&on heating mode.
(C-4) Fourth Dehumidification Heating Mode

Subsequently, a Iburth dchumiibtical&on heating mode
will bc dcscribcd below usuig FIG. 12. FIG. 12 is another
Moll&cr chart showing Ihc stale of reffigeranl m thc fourth
delnunidification heating n&ode of the refrigemtion cycle 18
in diis embodin&ent.

Thc fourth dchumiditicdlion heating mode &s pcrforn&cxt
v hen the tar et air outlet temperature 1AO is higher than a
tlurd reference temperature. In &he fourth dehmnidification
heatmg niode, the tirst expansion valve 13 is in the throttle
state while a throttle opening degree of the first expansion
valve 13 is decreased as con&pared to that in the third
dchumid&lieut&on heal&ng mode. and thc second cxpm&s&on

valve 16 &s fully opened. Tluis, in the fourth dchunudilicd-
tion heating mode. the stare of the refrigemnt circuLsting

&n through the cycle is chan ed as indicated by the Mollier
chart of FI(i 12.

That is. as shown in FICi. 12. the high-pressure refrigemnt
(as ind&cated by a point "tl") discharged from the compres-
sor 11 tlows uuo lhc inierior condcnscr 12 lo cxchangc heal
with thc air cooled nnd dehumiddicd by thc &nlcuor cvapo-
mtor 17, thereby dissipa&ina heat therefron& (from the point
"fl" to a point "f2" in IIICi. 12). 'I'hus, the air is heated

'I'he refrigerant flowing from the interior condenser 12
flows into the first expansion valve 13. and is then decom-

Io pressed by the tirst expansion valve 13 Into a low-pressure
relbigcrant (from lhc pou&l "f2" to a pou&t "13" u& FIG. 12).
The low-pressure rcfngcranl dccomprcssed by thc tirsl
expansion valve 13 flows in&o the exterior heat exchanger
14, and absorbs heat fmm the outside air blown from the
blower fan 15 (from the point "f3" to a point "f4" in I'l(i
12)

The refrigerant tioiving from the exterior heat exchanger
14 flows u&lo lhc second cxpans&on valve 16. At this time.
thc second expansion I alve 16 is fully opened, so llrdt lhc

io refrigerant flowing fron& the exterior heat exchanger 14
tlows mto the exterior evaporator 17 without being decom-
pressed by the second expansion valve 16.

The low-pressure refrigerant flowing into the interior
evaporator 17 absorbs heat from the a&r blown tbom the

ii blower 32 lo evaporate &mell (from lhc pou&l '*f4" lo a pou&l
'*15'* in FIG. 12). Thus. the mr is dchum&diticd &md cooled.
The relbigcrant flowing Ibom lhc intcnor evaporator 17 liow s
from the accumulator 18 to the suction side of the compres-
sor (at a point "f6" of I 'ICi. 12), and then is compressed again

do by the compressor 11, like in the cooing operation mode
(from the point "f6" to the point "ft'* in FICi 12).

As mcntioncd aboi c, m thc fourth dehum&d&liest&on beat-
ing mode, like thc Iirsl to &turd dehum&d&iieet&on heatu&g
modes, thc a&r cooled m&d dchum&d&tied by lhc interior
evaporator 17 can be heated by the interior condm&ser 12 to
be blown into the vehicle intenor 'I'hus, the deln&midifica-
tion and heating of the vehicle interior can be achieved.

At th&s time, in the fourth dehumidificat&on heating mode,
the cxlcrior heat exchanger 14 can scrvc as a heat absorber

o (evaporator). like lhe tlnrd dchumulilicul&on heatu&g mode.
In thc liiurlh dehumiddicauon hcut&ng mode, a tluottle
opening degree of the first expansion valve 13 is decreased
to a smaller value than that in the third dehumidification
heat&n mode. so that the temperature of the refrigerant

s. Ilov ing into the exterior heat exchanger 14 can be decreased
as compared lo in lhc lhird dehunudilicul&on heat&ng mode.
Tin&s, a d&lferencc bclwccn lhc refngerm&t temperature and
thc oulsuic au Ieu&pc&alii&c u& lhc cxnx&or ical cxchdugc& 14
can be cata&ged to increase the an&ount of heat absorbed in

io the refrigerant by the exterior heat exchanger 14
As a result. the anuiunt of heat d&ssipated from the

refri erant in the interior condenser 12 can be increased,
w h&ch can u&crea ac &bc tempera lure o I &hc a&r blown from &he

iulcnor condcnscr 12 as compared to &n thc th&rd dchumuli-
Si liest&on heating mode.

I'hus, in the delnimidihcation heating operation mode, the
throttle opening degrees of the first expansion valve 13 and
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the sowond cxpunslon valve 16 are changed according to thc
tar et air outlet tempemoture TAO, so that the temperature of
thc air blown Into thc vcluclc ultcnor can bc adiusted ul a
wide I'iulgc Iroul B low-tculpcratulc longe to B high-tcul-
perature ranee

In Ibis embodiment described above. when the refrigerant
evaporation temperature of the interior evaporator 17 cannot
be set lower than the dew-point temperature Tdew of the air
flowing into the intenor evaporator 17 in perfonnillg the
hcatulg operation, theswitclung ls perfonncd to a relhgcrmlt
circuit for the uomlal heating operation mode that sets thc
flolv rate of the refrigerant into the interior evaporator 17 to
zero by allolving the refrigerant to flow toward the bypass
passage 19 side

When the air cannot be dehumidified by the interior
evaporator 17, the unnecessary heat exchange between the
mr and the refngcrant in the interior evaporator 17 can be
supprcsscd. Thus, lhc waste ol'he cncrgy at lhc veluclc mr
conditioner I can be effectively prevented

In this enlbodinlent, the target refrigerant-evaporation
temperature TEO of the intenor evaporator 17 is determined
according to the outside air temperature Tam wlfich ls a
physical quantity in correlation with a dehumidification load
of thc vcluclc intcnor. When thc refrigerant evaporation
tempcraturc at the intcnor evaporator 17 can bc set lower
flan the dew-point temperanire 'I'dew of the air flowing uito
the interior evaporator 17. the air to be blowil into the
vehicle interior can be appropriately dehmnidified by the
interior evaporator 17.

Second I imbodiment

A second embodiment of the present disclosure will be
described with reference to FIG. 13. As shown in the entire
conligurauon diagram of FIG. 13, thc stnictures of the
rei'rigcration cycle 10 and thc ultenur air conihtlomng unit
30 in this embodiment are changed as compared to those In
the first embodiment, which will be described below III(i.
13 shows an entire configuration diagram of the vehicle air
conditioner I in this embodiment.

First. the refrigeration cycle 10 of the second embodiment
wifl bc dcscribcd below. Thc rcfrigcratlon cyclo 10 of tius
mubodimcnt abohshcs thc usc of the ultcnor colxlenscr 12,
the first expansion valve 13, thc bvpass passage 19. and thc
bypass passage opening/closing valve 20 of the tirst embodi-
uleltt.

Specifically. in the refrigeration cycle 10 of this embodi-
ment, the discharge port side of the compressor 11 is coupled
to the ullct side of the cxtenor heat exchanger 14, while the
ouilct side of the extcnor lmdt cxclmngcr 14 is coupled lo the
inlet side Of the second cxpmlsion valve 16. Furlhcr, the
outlet side of the second expansion valve 16 is coupled to the
interior evaporator 17, while the outlet side of the interior
evaporator 17 is coupled to the suction side of the compres-
sor 11 via the accumulator 18.

Subsequently, thc intcnor air condiiioning umt 30 will bc
dcscubixi below. Iu the lntcnor air coudtttonmg unit 30 of
this embodiment. a heater core 62 is disposed v,lthin thc
casing 31 in place of the Interior condenser 12 of the hrst
embodiment. that is, on the dowitstream side of the air flov
of the intenor evapomotor 17.

The heater core 62 ls a heating device for heating air
having passed tluough the interior evaporator 17 by
cxchangulg heat bctwccn the air Imvulg passed tiuough the
interior ei apordtor 17 aud Bu cugulc coolaul fiir coiling Bu
engine /internal combustion engine) 61 serving, as an exter-
nal heat source 'I he heater core 62 is coupled to a coolant

circulation circuit 60 tluough which Ihc engine coolanl
clrculates. The heater core 62 is configured to allow the
engine coolant to tlow by an opcrauou of a coolant pump 63
pmvided in the coolant circulation circuit 6U.

Next, thc operation ol'he i chicle air conditioner I with
the above arrangement in this embodiment lvill be described
below In tlfis embodinlent, among control processes per-
formed by the air conditioning controller 4U, the control
processes for the respective operation modes performed in
step S9 of FIG. 3 and in steps S140 and S150 ol'IG. 4 are
difl'erent from those of the first embodiment. The control
process dssoclatcd with thc nulli routuu: ls thc saute Bs thdl
of the first embodiment, and thus the control processes tbr
the respcctlvc opcrauon modes diffbreut Ibom those of the
first embodiment will be descnbed below

First. the cooling operation mode of this embodiment will
be described belolv In Ihe cooling operation mode, the air
conditioning controller 40 determines the operating states of

lu thc respcctlvc air condiiiolung control devwcs colulccted to
the output side of the air conditioning controller 40 based on
the target air outlet tmnperaturc TAO and the delcctlon
signal froin the sensor group 41.

For exmnplc, thc control signai output to thc servo motor
of the air mix door 34 is determined such that the air mix
door 34 closes an air passage of the heater core 62, and that
the whole volume of air having passed thmugh the interior
evaporator 17 can pass tlu ough the cool air bypass passage
35 'Ihe refrigenont discharge capacity of the compressor ll

ii) and the control signal output to the second expansion valve
16 are dcternuncd in thc s;mle vlay as that ln thc cooiulg
operation mode of the first embodiment.

Thus, ul the rcibigcration cycle 10 in the cooing operation
mode, the high-pressure refriaerant discharged from the
compressor 11 flow s ulto thc cxtenor heat cxchimgcr 14. Thc
refrigerant flowing into the exterior heat exchanger 14

dissipates heat into the outside air blown from the blower fan
15 in the exterior heat exclmnger 14 'lite refrigerant flolving,

do from the exterior heat exchanger 14 flows into the second
expansion valve 16, and is decompressed and cxpmlded by
the second expansion valve 16 mto a low-pressure refriger-
dut.

Thc low-prcssure rcfngcrdnt dccomprcssoxf by thc siwond
expansion valve 16 flows into the interior evapomtor 17, and
absorbs heat from the air blolvn front the blow:er 32 to
evaporate itself. Thus, the oir is cooled. In the coolin
operation mode, the air passage of the heater core 62 is
closed by the air mix ikior 34. whereby thc air having passoxf

o tluough the intcnor el aporator 17 is blown into thc vehicle
iutcuor without bculg heated by the heater ccrc 62.

I'he refrigerant flowina fmm the Interior evaporator 17
flov s into the accumulator 18, and is then separated into
liquid and gas phases by the accunullator 18. The gas-phase

ss refrigemnt separated into by the accumulator 18 is sucked
into lhc suction sole of thc compressor 11 and compressod
by thc compressor 11 agdul.

As uicutloucxi dbovc, ul thc cilohug opcrdtlou ulodc. thc
air passage of the heater core 62 is closed by the air mix door

io 34, so that the air cooled by the interior evaporator 17 can
be blolvn into the velucie interior. Thus. the cooling of the
vehicle interior can be performed.

Subscqucntly, lhe normal hcatulg operation mode of tlus
embodiment will bc described below. Iu thc normal hcatulg

si operation mode. thc mr conditioiung controller 40 dcier-
nunes the openoting states of Ihe respective air conditioning
cmltrol devices connected Io the output side of the air
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conditioning controller 40 bascx( on the uirgct air outlet
tentpemture IAO and the detection sigimls fnim the sensor
gniup 41

I'or exantple, the refrigerant discharge capacity of the
compressor 11 is determined to be the minimum capacity,
that is. to stop the operation of the compressor 11. Thus. the
operation of the rclugcration cycle 10 is substantially
siopptxl. which reduces thc iunount of rcfugcrant flowing
into the interior evaporator 17 substantially to zero.

1'he control signal output to the servo motor of the air mix
door 34 is determined such that the air mix door 34 closes
the cool air bypass passage 35. and that the ivhole volume
of air having passed thmuJt the interior evaporator 17 can
pass Qmtugh the air passage of thc heater core 62. Thus. in
the nomial heating operation mode. thc air blov,n from thc
blower 32 flows into the heater core 62 and is heated by the
heater core 62 without being cooled by the interior evapo-
rator 17

As nlentioned above, in the nominl heatin operation
mode, the opemtion of the refrigeration cycle 10 is stopped,
and thc cool mr bypass passage 35 is closed by thc air nux
door 34, so thut the air blown from ihc blower 32 can be
heated to a desired temperature by the heater core 62 and
blown into the vehicle interior without being cooled by the
interior evaporator 17 'I'hus, the heating of the vehicle
interior can be performed.

Subsequently, the dehumidification heating operation
mode ol'his cmbodnueul will bc descubcd below. In thc
dcluuniddicatiou hwt(utg operation mode, lhc mr condition-
ing controller 40 determines the operating states of the
respective air coilditioning control devices connected to the
output side of the air conditioning controller 40 based on the
target air outlet tempemture TAO and the detection signals
front the sensor group 41

For example. Ihc control sigital output lo lhe second
expansion valve 16 is dclernuncd such Ihal Ihc supcr-
cooluig dcgrce ol'hc rclbigcranl flowuig into diesccond
expansion valve 16 approaches a tar et super-cooling degree
previously determined so as to bring a (:OP closer to
substantially the maxinulm value.

The control signal output to the servo motor of the air mix
door 34 is dctcrmincd such that Ihe air nux door 34 closes
(lie ctioi dii bvpdss ptissagc 35. diid llidt (lie wllolt: voliiittc
of air hating passed lluough thc uileuor cvaporalor 17 can
pass throuah the air passage of the heater core 62

'Ilnig in the refrigeration cycle 10 in the dehumidi(ication
heating operation mode. the hi h-pressure refrigerant dis-
charged from the compressor 11 flows into the exterior heat
exchanger 14. Thc rcfngerant flowuig into lhc exterior heal
exchanger 14 dissipates heal uilo thc oumxlc air blown from
thc blower fan 15 in thc cxtcnor heal exchanger 14 The
refrigerant flowing from the exterior heat exchanger 14
floivs into the second expansion valve 16, and is decont-
pressed and expanded by the second expansion valve 16 into
a low-pressure refri emnt.

llic low-prcssure rcfugcrani dccomprcssxxl by thc second
expansion valve 16 flow s into the uiierior evaporator 17, and
absorbs heal from thc mr blown from die blower 32 to
evaporate itself 'linis, the air is dehumidified and cooled In
the dehumidification heating operation mode, the cool air
bypass passage 35 is closed by the air mix door 34. ~ hereby
the air ltnving passed throu/I the interior evaporator 17
flow s into thc heater core 62 imd is hea(cd by ihe healer cure
62 to be blown into thc vcluclc uilenor.

lite refrigerant flowing Irom Ihe uileuor evaporator 17
floivs into the accuntulator lg, and is then separated into
liquid and gas phases by the accumulator I g. 'I'he aas-phase

rcfugcrdnt scpardlcd into by the accumulator 18 is sucl;cd
into the suction side of the compressor 11 and compressed
by ihc compressor 11 agmn.

As mentioned above, in the dehuniidi(ication heating,
operation mode, Ihc cool air bypass passage 35 is closed by
the air mix door 34. and the whole volume of air having
passed tlirough the interior evaporator 17 passes tluough the
air passage of the heater core 62, so that the air dehumidified
and cooled by the interior evaporator 17 can be heated by the

I it hcatcr core 62 to bc blown uilo the vclucle interior Thus, Ihc
dehumidification and heating of the vehicle interior can be
achieved.

In this embodiment described above, ivhen the refrigerant
t v iporanon Imnpcralure of the inlcnor cvaporator 17 cannot
be set lower than the dew-point temperature I'dew of the air
flov ing into the interior evapomtor 17 in the heatin opera-
tion, the normal heating operation mode is determined in
v hich the operation of the compressor 11 is stopped with the

zii flow rale of rcfugcrdnl mlo Ihc inlcnor cvapomtor 17 sel
substantially to zero.

Like thc Iirst embodiment. whmi the air cannot be dehu-
nudified by use of the interior evaporator 17, the unneces-
sary heat exchange bciw ccn the rel'ugcrunt aud llm air ui thc
interior evaporator 17 can be suppressed to effectively
reduce the waste of the cncrgy in thc vchiclc mr conditioner
I

In this embodiment, the refrigeration cycle 10 has a cycle
stnicture (acciumdator cycle) including the accumulator Ig

ui
by way of example. but the present disclosure is not limited
thcrcto. Alternatively. for example, a cycle structure (re-
ceiver cycle or sub-cool cycle) may be used which includes
d rccclvcr tiisposctl oii dii tin(it:I stile ol tiit t:xlcrior lit:dl

exchanger 14 for sepamting the refrigerant into vapor and
liquid phases without using thc accumulator Ig.

Third Embodiment

A third embodiment of the present disclosure wifl be
described with reference to lti(i. 14 lti(i 14 shows a

flowchart of the flow of a part of the control process
pcrfomicd by an air contliuomng controller 40 accorduig to
this embodiment.

In thc third mnbodunenl, thc control process Ibr dcier-
nuning the normal heating operation niode or the delnimidi-
fication heating operation mode in the heating operation
mode is changed vvith respect to the first embodiment. which
will bc dcscnbcd below by way of cxamplc In tlus embodi-

o ment, llm dcscuplion of ihe same or equal parts as those of
the Iirst and second mubotliments will bc onuucd or sim-
plified below

In this embodiment. as shoivn in ltl(i 14. the processes in
steps S120 and S130 of FI(i. 4 described in the first

s. embodiment will be changed to the pmcess in step S160.
Specifically, when thc A/C sw itch is dctem»ncd to be Iumcxi
ou in stop S110 (if yes ui step S110), thc operation proceeds
to step S160. in wluch il is dclennincd whether the dchu-
nudification of the air can be performed or not m the interior

to evaporator 17 based on the deiv-point temperature 1'dew
calculated in step S100 and a fixed threshold (reference
threshold) Th previously set to O', or more Specifically,
iu step S160, it is dcternnncd w hcthcr or not the dcw-pout(
tcmpcrature Tdew is higher iluui thc fixed tlucshold Th as

si the rcfcrcnce tlucshold. In this embodiment. thc pmccss in
step S 160 perfomted by the air conditioning controller 40
serves as a determination portion for determining whether or
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not the dcw-point tcmpcraturc Tdcw of thc mr fiowing uito
the interior evaporator 17 is equal to or less than the
Iciixcncc lhrcshokl.

'Ihe fixed threshold Th is set to a value that makes it
diilicull Io dehumidify thc air in thc mterior evaporator 17
based on an experiment or sinnihstioll JIie fixed threshold
Th isset to„ for example, a mininnun temperature tx (for
example. I" G ) of the target refrigerant-evaporation tens-
perature TEO defined to prevent the frost fomtarion of the
interior evaporator 17.

When the dew-point temperature Tdevv is determined to
bc higher than thc lixed fiucshold Th in slop S160 (if YES
in step S I 60), the operation proceeds to step SI 40, in which
thc control process for the dehumidilication healmg opera-
tion mode (heating openstion mode with the dehumidifica-
tion) is performed. The determination of the target refriger-
ant-evaporation temperature TJSO in step S 121) described in
the first embodiment is performed in the control process for
the dehunudi (ication hcaung operation mode.

Thus. when the dew-point temperature Tdew is deter-
nnncd lo bc equal Io or less than the lixed tlucshold Th ui
step 5160 (if NO in step SI60), the operation proceeds to
step S150, ui which thc control process lor thc nomial
bedbug operation niixlc (healing oper diion nlodc wilhou! thc
delnuuidiiication) is performed 'I'he basic contents of the
control processes for the dehumidification heating operation
mode and the normal heating operation mode are the same
as those of the first and second embodiment~, and thus the
description thereof v ill be omitted below.

Like this cmboduncnt described above, when the mr
cmuiot bc dchumidiiicd by llm interior evaporator 17 even
by use of the structure for determining the possibility of the
delnunidification of the air by the evaporator 17 based on the
predetermined fixed threshold I'h and the deiv-point tent-
perature Tdew of air fiov in into the evaporator 17. the
unnecessary heat exchange between the air and refrigerant in
the evaporator 17 can be supprcsscd tu efiimuvcly rcducc thc
waste oi'he energy in thc vcluclc air conditioner 1.

'Ihe present entbodintent performs a determination pro-
cess ivhich involves contparuig the dew-point temperature
'I'deiv ivith the predetermined fixed threshold 'Ih in step
S160, and tlnis can simplify the control process of the air
conditioning controller 40.

Other Iimbodiments

The preferred embodunents of the disclosure have been
descnbcd above. but thc dmclosure is not lumted thcrclo.
Thc disclosed embodiments can be appropnatcly modilicd
based on lhc know ledge nomially ow nevi by those skilled in
the art ivithout departing fn)m the scope of the accompanied
clainis as loim as those skilled in the art can easily replace
the embodiment without bein limited to the terms descnbed
in the claims. For example. the following various modifi-
canons cmi bc mmlc lo Ihc cmbodnucnls of tlm disclosure.

(I) In Ihe above rcspcclivc cmbodunenls, the delcnnum-
uon process OJ the target rcfngcranl-evdpomlion Icmpcra-
ture 'I'I IO of the interior evaporator 17 is performed in step
5120 of Iii(i 4 such that the tar et refrigerant-evaporation
tempemture TEO is decreased according to a decrease in
outside air tempemture Tam by way of example. However,
thc inveniion is not hmiled thcrclo. Altemalivcly, lhe target
rei'rigcranl-evaporauou temperature TEO may bc dcter-
niinixl bdscil on d accessary anlounl anil d liicnuBl load of mr
conditioning of the vehicle interior except for the outside air
temperature

26
For example, as shown in Ihc control characteristic dia-

gram of I'l(i 15(d), the target refri erant-evaporation tem-
perature TI SO may be determined according to the ratio of
the intmduced amount of the inside air to the outside air into
the interior evapomtor 17. in addition to the outside air
temperature Tam.

In tlus case. in step S120. when sehxuug as the suction
port mode, thc inside air circulation mode REC lmvuig Ihe
highest ratio of intmduction of the inside air to the outside

io air into the interior evaporator 17. the target refrigerant-
evaporation temperature I'I:0 is desirably determined to
become low as compared to when selecting the inside/
outside air introduction mode R/F or outside air introduction
mode FRS. Thc mode R/F or FRS has a lower ratio of
introduction of Ihc uisidc air lo Ihc outside air into thc
evaporator 17 than that in the inside air circulation mode
Rli(k

'illus, the target refrigerant-evaponation temperature 'IIIO
of the interior evaporator 17 is determined according to a

io dehumidification load of the vehicle interior. so that the air
into llm vehicle uitcnor cdn bc appropnately dehumiddied
by lhc inlcnor evaporator 17.

l)esirably, the target refri creat-evaporation temperature
TEO of the interior evapomtor 17 is determined according to
a dehuniidification load of the vehicle interior I Iowever, as
shown in the control characteristic diadem of FILI. 15(b), in
step S120, the tar et refrigerant-evaporation temperature
TEO may bc detcrmuied to bc decrcascd according to a
dimrcasc ut large( air oulJcl temperature TAO, which is a

Io physical quantity in correlation to an air conditionmg ther-
mal load of the vehicle interior.

In step SI20, a lower one of the target refrigerant-
evaporation temperature TEO calculated with relbrence to
the control characteristic din~am of FICi 15(a) and the

)i target rcfngcranl-evaporation lempcrauirc TEO calculaled
with refcrcncc lo thc control cluiractcnstic diagrmn of FIG.
15(b) may bc selcclcd as the target refngcraut-evaporation
temperature I'I IO. In this ivay. the target refrigerant-evapo-
mation tempensture 'I'I X) can be determined according to the

do dehumidification load and air conditioning thermal load of
the vehicle interior.

(2) In thc above respective embodunmils, in step Sg
shown ui FIG. 3, Ihc cooluig operation mode or thc heatuig
operation mode is detcnnined based on Ihe target air oullel
temperature 'I'AO mid the operation signal of the A/('witch
by way of example. but the present disclosure is not limited
thereto. For example, when the preset temperature Tact of
the vehicle interior is lower than the outside air temperature
Tiun, thc operation mode may bc dctctmtncx) Io be Ihe

O cooling operation mode. When the vcluclc interior preset
tcmpcralure Tscl is lughcr lluin Ihc oumidc air lcmpcralure
Tant, the operation mode may be determined to be the
heatin openstion mode

(3) In the above respective embodiments, in each of the
s. cooling operation mode. the normal heating opemtion mode,

and thc dchumiddicduon healuig operation mode. Ihc air
conditioning controller 40 operates lhc air nux door 34 lo
close cilhcr thc cool mr bypass passe e 35 or thc air passu c
of the interior condenser 12 or heater core 62, by way of

io exaniple. Iiov,ever, the operation of the air mix door 34 is
not lnnited thereto.

For example. the air mix door 34 may open both the cool
air bypass passage 35, and lhc air passage of the interior
condcnscr 12 or healer core 62. Tlu: Icmpcralure oI'mr blown

si into thc vchiclc inlcnor may bc conlrolhxl by adlustuig Ihe
matin of Jlov; rate of the air passin tlm)ugh the cool bypass
passage 35 to that of the air passin through the air passage
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of the ultcuor condenser 12 or heater core 62. Such control
of the tenlperature is effective at fine adjustment of the
tenlpemture of the air with ease

14) ln the above first enibodiment, during the delmnndi-
fication heating operation mode, the opemtion mode ls
slvitched from the first delnimiditication heating mode to the
fourth dclnunidilicduou lmdtulg mode ul singes w ilh ulcrcas-
ing in iargci air outlet tempcraiurc TAO, bul Ihc present
disclosure is not limited thereto I'or example, in the dehu-
nlidification heating opemstion mode, the operation nlode
nlay be continuously switched from the first dehumidifica-
tion heating mode to the fourth dehumidification heating
mode with increasin target air outlet temperature TAO.
Thai is. Ihc tluottlc opcmug dcgrec of thc tirst expansion
salve 13 may bc gradually dccrcascx) with increasul target
air outlet tenlperature ifiAO, so that the throttle opening
degree of the second expansion valve 16 may be gradually
increased.

(5) In the above second embodiment described above,
when the refri emnt evaporation temperature of the interior
evaporator 17 cannot bc sci lower tlmn Ihe dcw-pouu
tcmpcraiurc Tdew ol'hc air flowulg imo the mterior evapo-
rator 17. desirably, the operation of the compressor ll Is

stopped v ith the tloiv rate of the refrigerant into the interior
evaporator 17 set substantially to zero, but the disclosure is
not limited thereto. Alternatively, for example, w:hen the
refrigerant evaporation tempemsture of the interior evapom-
ior 17 ciuulot bc set lower than ihe dcw-poinl Icmpcraiurc
Tdcw ol'hc air tlow lug ulto the ultcnor evaporator 17, thc
refrigerant discharge capacity of the compressor I 1 nlay be
reduced to thereby decrease the flow rate of refrigerant uito
the interior evaporator 17

(6) ln the above respective embodiments, normal fluoro-
carbon refngerant is used as the retbigemsnt for the refrig-
eration cycle 10 by way of cxamplc, but thc refrigerant is not
limited io tlus kind. For example, a hydrocarbon refngcrani,
or carbon dioxulc may be used. Fuithcr, thc rcfngeraiion
cycle lt) may be formed as a supercritical refrigeration cycle
whose high-pressure side refrigerant pressure exceeds the
critical pressure of the refrigerant.

What is claimed ls:
1. A vcluclc air conditioner which cools mr to bc blown

inio a vcluclc intcnor by using a rcfrigcraiion cycle wilh an
evaporator evaporating rclbigerant, Ihc veluclc mr conCh-
tioner conlprising:

a refrigerant floiv-rate control portion controlling a flov
rate of the refrigerant flowing into the evaporator,

a dew-point temperature detection portion detecting a
dcw-point imnpcraiure of air flowing ulio tlm cvapo-
Idior,

ml evaporator tempcraturc detcnnindtion portion dcter-
minin a target refrigensnt-evaporation temperature
that is a target temperature of the evaponltor; and

a deteunination portion determining whether the dew-
point tempemture detected by the dew-point tempem-
turc dcicctiou portion is equal to or less than Ihc target
IClrlgCI'illlt-Cvaporatioll tclllpCIdtllIC, WhCICIII

Ihc relbigerant flow-ratecontrol ponion reduces Ihc flow
rate of the refrigerant flowing into the evaporator, when

ls

thc dcicmunaiion poruon dctennulcs ilrdt Ihc dew-
point temperature detected by the dew-point tempera-
ture detection poruon is equal io or less Ihan Ihc target
refrigerant-evaporation temperature,

fllC Cvapilliltol ICulpCIiuurC ih:tCmllllatloil pollioll dCICI-

mines the target refrigerant-evaporation temperature
based on at least B physical quantity ln correlation to a
dehumidification load of the vehicle interior, and

the el aporator temperature determination portion deter-
I il

lulllCS IhC IdrgCI lelllgCIdllt-cvaporatloil tculpCldtuIC 10

be lower in accordance with an increase in ratio of
introducuon of ulside air to outside air. Introduced mto
the evaporator

2 Tlm vclucle mr conditioner according io claim 1,
v herein the evaporator tempenlture determination portion
determines the target refrigerant-evapomtion temperature to
be lower as an outside air tenlperature decreases

3 The ielficle air conditioner according to claim 1,
wherein the evaporator tcmperaturc deicrminauon portion
determines the target refrigerant-evapomtion temperature to
bc cquB1 to ol Inure Ihiiil 0 C.

4 Tile vehicle air conditioner according to claim 1,

wherein ihc target relbigerant-ci aporution Iempcmturc is B

predetermined fixed tempenlture
5 Tlm vclucle mr conditioner according to claim 1,

v herein the refrigenltion cycle includes a bypass passage
throu h which refrigerant fkllvs while bypassing the evapo-
mltor, and a refrigermit circuit switching portion switching

I i) between a refrigerant circuit for circulating the refrigerant to
a side ol the evaporator and another rcl'ngcrdni circuit lbr
circulating the refri erant to a side of the bypass passage,

whcrcul when thc dcw-point tempcraturc detection por-
tion determines that the deiv-point tempenlture
detected by the determination portion is equal to or less
than the target refrigerant-evapomstion temperature. the
rcfngcrani flow-rate control portion controls ml opera-
tion ol'hc refngcrant circuit sw iichulg portion so as io
allow thc refrigerant to flow io thc side of the bypassdc
passage

6 the vehicle air conditioner according to claim 1,
wherein the refrigemtion cycle hirther includes a compres-
sor compressin and discharging the refrigerant.

whcrcin when thc dcienniruiuon portion dctermulcs Ihal
thc dcw-point tcmpcraiure detected by Ihc dew-pouu
tcmpcrature dciccuon portion m equal Io or less than
the tar et refrigerant-evaporation temperature, the
refrigerant flow-mte control portion reduces the refrig;
erant discharge capacity of the compressor.

7 The vehicle air conditioner according to clann 1. further
comprising

a hcatcr heating Bir coolml by thc evaporator
8 Tlm vclucle mr conditioner according to claim 1,

wherein while the dew-point temperature Is equal to or lessss
than the target refrigerant-evaporation temperature, the floiv
rate of the refrigerant flowing into the evaporator is set to
approxnnately zero.
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