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REFRIGERATION CYCLE DEVICE AND
PILOT ON-OFF VALVF.

('RO)S Rl&l&ligiiN( E I'0 Rl!I,AI I&I)

APPLICATIONS

This application is a U S National Phase Application
under 35 U.S.('71 of International Application No. P(71'/

JP2013/005166 filed on Sep. 2. 2013 nnd published in
Japanese as WO 2014/f64210 Al on Apr. 10, 2014. llus
application is based on and claims the benefit of priority
from Japanese Pa&cut Applmdtion No. 2012-221014 lilcd on
Oct. 3. 2012 I'he entire disclosures of all of the above
applmdt&ons arc u&corporatcd hcrcin by rcli:rcncc.

TECHNICAL FIELD

The present disclosure relates to a vapor compression type
refrigeration cycle device and a pilot on-otf valve that &s

applied to the vapor compression type refri eration cycle
dcv&cc.

BACKOROUNDART

Pa&en& Documen& I has ihscloscd a piio& on-ofl'alve
functioning, as a refrigerant circuit switching device that &s

dpphcd Io a vapor compression type rcfrigerat&on cycle
device and switches a refrigerant circuit. In the pilot on-oiT
valve of Patent Document I, refrigerant pressure in a pilot &o

space fa space to which refrigerant pressure biasing. a main
on-off valve in a valve closing direction is applied) &s

changed by the opemtion of a pilot valve, so that the main
on-ofi vt&ivc Is opcucil Bud closcik

II'he ma&n on-oiT valve &s opened when a prcssure
difference between refrigerant pressure on the upstreant side
of the niain on-otT valve and refrigerant pressure on the
downstream side of the main on-ofi'alve fhereinafier,
referred to as difi'erential pressure between the front and rear
sides of the main on-ofi'valve) is large in this kind of pilot do

on-ofl'alve, a refugerant flow s from a lugh-pressure sale of
thc cycle Io a low-prcssure side ol'he cycle at a burst For
this reason. a large amount of refrigerant passing noise &s

enemted
Accordingly„ the pilot on-ofl'valve of Patent Document I

reduces a refri emsnt passing noise by being, adapted to
gradually discharge a refrigerant. which is present in the
pflo& space, Iluough a capillary tube or Ihe like so 01st thc
ma &n on ofl'1 el vc & s gradually opcncd. &1 hcn 0&e mam on o IT

valve is opened o

PRIOR ART DOCUIYIENT

P,'&tc&11 DocunIc&1i

Patent l)ocuntent I .Iapanese Patent No 423S656

SUMIYLARY OF THE INVENTION

I lowever. according to the examination of the inventor of io
this application. since the main on-off valve is merely
adapted to be gradually opened in the pilot on-off valve of
Patent Documm&t I, occds&onally. a rcfrigcran& passing no&se

tha& is genera&cd when thc mau& on-olT valve starts Io be
opencxI ca&u&ot bc suflic&cntly reduced wlulc ibflbrcnual ss
pressure bet&veen the front and rear sides of the main on-oiT
valve is large.

,835 B2

A method, wluch suflic&cntly reduces a refugcrant passu&g
noise by opening the niain on-ofl'alve after reducing,
ditTerential pressure beuveen the front and rear s&des of the
main on-otT valve by lo&vering refrigensnt pressure on the
hi h-pressure side of the refrigeration cycle device. is con-
sidered u& this regard. However. if refngerant pressure on the
h&gh-prcssure sale is lowered u& Ilu: vapor compress&on type
reit&geld&&on cv'clc dcv&cc, &hen: is B conc&un thai rc'fr&gc&-

sting capacity cannot be exerted and energy for raising the
pressure of the refrigerant again may be required. In addi-
tion, if the refrigerant pressure on the high-pressure side is
lowered when a refrigerant present on the h&gh-pressure side
is used as a heat source to heat blown air and to heat an
a&r-condi&iotung targe& space. Ilu: tcmpcraturc ol blown-ou1
d&r Is lowcic'd. Foi Ih&s reason, cou&lort Bt Ihc uuu: ol hcdtu&g
may significantly deteriorate.

In consideration of the above-described points, it is a first
objective of the present disclosure to sufliciently reduce a
refri erant passing noise. which is generated when a pilot
on-off valve is opened, witiu&ut low enn refrigemsnt pressure
ou a lugh-prcssure s&de in a refugerat&on cycle dcv&ce
iucludu&g a pilo& on-OIT 1 alve.

l&urther, it is a second objective of the present d&sclosure
to sufliciently reduce a refrigerant passing noise. which is
generated when a pilot on-otT valve is opened, ivithout
lowering refrigerant pressure on a lugh-pressure side of a
refrigemtion cycie device in the pilot on-off valve applied to
thc rchlgc&'t&1&on cvclc ih:v&cc.

According to a lirst aspix& of the prcscnt d&sclosurc, a
refrigeration cycle device includes a compressor that com-
presses and discharges a refriaerant, a depressurizu&g device
that depressurixes a hiah-pressure refrigerant d&scharged
from the compressor. a bypass passa e connecting a portion
of a cycle, wiuch extends from a discharge port side of the
compressor to an u&lc& s&dc of thc depressor&z&ng device, and
a por&ion ol Ihc cyclo, wluch extends from au ouflct sale of
the depressor&z&ng de&&cc to a sucuon por& side of Ihe
cmnpressor. a pilot on-off valve that opens or closes the
b)I&ass passage, and a downstream open-close device that
opens or closes a refrigerant passa e through which a
refrigemnt fio&sing out of the pilot on-off valve passes. The
p&lot on-ofi'alve mcludes an u&flow por& &n&o &&inch a
rcfugcrdnt flows. m&d m& ou&flow port I'rom which a rcfrig-
cran& tlow s out. The p&lot on ofl'1 elve includes a main on uff
valve that opens the bypass passage when a pressure differ-
ence between a refrigerant pressure in the inflow port and
refrigerant pressure in the outfioiv po&t becomes lower than
or equal to a predetermined reference pressure difference,
dnd d p&lot vt&lve &hdl opens or cloaca B couuuun&canon
passage through &&lech thc ufllow port aud thc ou&fiow port
conn&tun&c&uc && uh cack other. When Ihc nlaul ou-CIT YBIvc

opens the bypass passage, the pilot valve opens the com-
nn&nication passage in a state &vhere the downstream open-
close device closes the refrigerant passage

According to this, since the pilot valve opens the com-
uuuucduon pt&ssagc &shen Ihc ulaul ou-ofl YBlvc opens fllc
bypass passage, a prcssure ddli:rm&ce bctwccn refrigerant
prcssure on Ihc inlet por& side and rcfngerant pressure on thc
outlet port side, that is. difl'erent&al pressure beta:een the
front and rear sides of the niain on-off valve can be reduced

Moreover, since the pilot valve opens the conununication
passage in a state &vhere a downstream open-close device
ck&ses flic Iclr&gcitul& passdge, thc rclr&gcraut pres&Bio on Ihc
outlet port sale can bc made to approach the pressure of a
h&gh-prcssure rclhgerant on Ihe inle& port sale.

As a result. a refrigemnt passing no&se. &vhich is generated
when the main on-otT valve opens the bypass passage can be
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suflicicntly reduced, by reducing ddli:rcntml prcssure
between the front and rear sides of the main on-off valve
withoui lowcnng rclrigcrmil prcssure on Ihc lugh-prcssure
side of the cycle.

Accordiim to a second aspect of the present disclosure, a
pilot on-ofl'alve is applied to a vapor coinpression type
refrigeration cycle device. The pilot on-off valve includes: a
body that includes an inflov port into which a high-pressure
refrigerant floivs„an outflow port Ibom which a refrigerant
from the inflow port flows mit, and a main passage uuling Iii

d rcfngcrmlt from thc inflow pon to ihc outflow port. a mmn
On-ofl'alve that opens the main passage when a pressure
difference between a refugerant pressure in the inflov port
and a refrigerant pressure in the outflow port becomes lower
than or equal to a predetermined reference pressure difier-
ence; and a pilot valve that opens or closes a conununication
passage tluough wluch the uiflow pon and thc outflow port
commumcate with each other. When thc pilot valve opens
the communication passage. the high-pressure refrigerant is
uided from the infloiv port to the outflow port tlirough the 10

coulrillilllcatlou passal'
According to this, since the pilot valve opens the com-

munication passage. 0 pressure difl'erence between refriger-
ant prcssure on the inlet port side and refrigerimt pressure on
Ihe outlet port side. that is, diflcrentidl pressure betwcmn thc
fmnt and rear sides of the main On-ofl'valve can be reduced.

In addition. Smce a high-pressure refrigerant present in the
inlet port side is guided to the outlet port side through the
communication passage. the refri erant pressure on the
outlet port side can approach the pressure of a high-pressure 10

rel'rigcrant on thc inflow port side.
As d result, a rcl'ngerdnt passuig noise, winch is gmleratcd

when the main on-off valve opens the main passage can be
sufficienfly reduced. by reducing differential pressure
betiveen the front and rear sides of the inain On-olf valve ls
lvithout lowering refngerant pressure on the high-pressure
side of the refri emotion cycle device.

In addition, in thc pilot ou-ofl'alve of thc second aspect,
the rcfngcration cycle device may include a downstrcmn
Open-close device that opens or closes a refrigerant passage 10

in which a refrigerant flowing out of the pilot on-otf valve
floivs, and the pilot valve may open the communication
passage while the downstream open-close device closes the
refrigerant passage According to this, the refrigerant pres-
sure on thc outlet port side can more reliably appro mh the
pressure of a lugh-prcssure rclbigcmni on thc micr port side.

BRIEF DESCRIPTION OF THE DRAWINCTS

FIG. I is a schemauc diagram showing a rcfn ermit 0

cllcutt ol a refllgcranou cy'clc device dccoldlllg 10 B first
embodiment of the present disclosure.

FI(i 2 is a scheniatic sectional view showing a state in
lvhich a nlain on-off valve of a pilot on-ofl'valve is closed,
according to the first embodiment. 11

FIG. 3 is a Mollicr diagram showuig a state of a refng-
crant ul a first dchumidilication hcaung mode (iirst mode) of
the rcfngcration cycle device according to the lirst cmbodi-
nlclrt.

lq(i 4 is a Mollier diagrmn shoiving a state of a refrig- 00

erant in a tirst dehumidification heating mode (second mode)
of the refrigemstion cycle device according to the first
cmbodimcnt.

FIG. 5 is a Mollier diagram showuig d state of a rcfwg-
crant in 0 lirst dchumidilicduon heaiing mode (tlurd mode) ss
of the refri eration cycle device according to the hrst
all lborbnlcut;

FICi 6 is a Mollier diagriun show uig a state of a refrig-
erant in a first dehumidification heating mode (fourth mode)
of thc refrigeration cycle device accorduig to thc lirst
embodiment.

FICi 7 is a Mollier diagriun show uig a state of a rcfrig-
emsnt in a second delnunidihcation heating mode of the
refri eration cycle device according to the first embodiment.

ill(i g is a schematic diagram showing a relationship
between a differential pressure and an operation mode of the
relbigcration cycle dcvicc according to thc lira( embodimcnn

FICi. 9 is a schematic sectional view shov in an operatin
state when a pilot vdh 0 ol'hc pilot ou-ofl'alve Is opened.
according to the first embodiment.

FICi 10 is a schematic sectional view showing a state in
v hich the main on-otf valve of the pilot on-Off valve is open,
according to the first embodiment.

lil(i 11 is a schematic sectional view showing an oper-
ating state when the pilot valve of the pilot on-olf valve is
closed, according to thc lirst cmboduncnt.

FICi IZ is a schematic sectional view showing a state in
WIIICh B Iualll ou-Ofi I IIIVC uf d pilot Oil-ofl VBIVC ls Closcil,
according to a second embodiment of the present disclosure

FICi 13 Is a schematic scctioiial view showing a state in
which the main on-off valve of the pilot on-0tf valve is open,
according to thc second cmbodimcnt.

ill(i 14 is a schematic sectional view showing a state in
which a main on-ofi'alve of a plot on-ofi'alve is closed,
according to a third embodiment of the present disclosure.

FICi. 15 is a schematic sectional view of a portion X of
FIG. 14 when thc main onofi'I elve of the pilot onolf valve
is closed. according to the third embodiment.

FICi 16 Is 0 schematic sectional wcw of the pot(ion X of
ill(i. 14 when the main on offvalve of the pilot onotf valve
is open, according to ihe Ihird mnboduncnt.

lil(i 17 is a schematic sectional vieiv showing a state in
v hich 0 main on-ofl'alve of a pilot on-ofi'alve is closed,
according to a fomth embodiment of the present disclosure

FICi IS is a schematic sectional view of a portion Y of
FIG. 17 when thc mnin on-ofl'I alve of the pilot on-olf valve
is closed. according to the fourth embodiment

FICi 19 is a schematic sccuonal view of flm pottton Y of
FIG. 17 when thc main onofi'I alve of the pilot on-olf valve
is opened, according to the fourth enllxldinient

ill(i 2tl is a schematic sectional view showing a state in
v hich 0 main on-ofl'alve of a pilot on-ofi'alve is closed,
according to a tifth embodiment of the present disclosure.

FICi 21 is a schematic sectional vww showuig mi oper-
aluig slate when 0 plot i abc ol Ihc pilot on-ofl valve is
opcnixl, according to the lifth embodiment

lil(i 22 is a schematic sectional vieiv showing a state in
which the main on-off valve of the pilot on-0tf valve is open,
according to the fifth enlbodinlent

FICi Z3 is a schematic sectional view showing a state in
which a maui onuli' alvc of a pilot ouofl'alve Is closed.
according to a sixth embodunmlt ol'hc prcscnt disclosure.

FICi 24 is a schcmauc scctioirdl view showing mi opcr-
,'ltlflg state whcll a pilot valve of tile pilot on-off vBlvc Is

opened, according to Ihe sixth embodiment
FICi. 25 is a schematic sectional view showing a state in

v hich the main on-off valve of the pilot on-ofl'alve is open,
according to thc sixth cmbodnnent.

FICi 26 is a schematic sectional view showing a state in
WIIICh B Iualll ou-Ofi I IIIVC uf d pilot Oil-ofl VBIVC ls Closcil,
according to a seventh emlxidinlent of the present disclo-
sure
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FIG. 27 is a schematic sccuonal view showuig 0 state in
vvhich the main on-off valve of the pilot on-off valve is open,
dccoldillg ol thc scvclltll clllbodilllclln

l1(i 20 is a schematic sectional view showing a state in
w'lllCh ii 1110111 Oil-Off Viilvc Ol B pllol 011-Off VBIVC IS CR1SIXL

according to au eighth embodiment of thc present disclo-
SUI C.

l1(i 29 is a schematic sectional view showing a state in
which a nmili on-off valve of a pilot 00-otf valve is opeii,
according to a ninth embodiment of the present disclosure.

1,%1)3ODIMI)NT) IIOR IIXPI GITA'I'ION OI''I II:
I Nsyl INTION

Hereinafter. multiple embodiments for implementin the
present invention will be described referring to drawings In
thc rcspcctivc nnbodimcnts, a part Ihdt corresponds Io a
matter desvnbed in a preceding cmbodimnit may be
assigtted the sante reference numeral, aod rediuidant expla-
nation tilr the part may be omitted When only a part of a 30

configumtion is described in an embodiment. another pre-
ceding embodiment may be applied to the other parts of the
configumtion The parts may be combined even if it is not
cxphcitly dcscnbcd that thc parts cml be combuied. Thc
nubodimcnts may bc partmlly combulcd cvcn il'I is not
explicitly descnbed that the embodiments can be combined,
pmvided there is no harm in the combination

First Embodiment
30

A first enlbodinlent of the present disclosure will be
described v ith reference to lil(ig. I to 11. In the present
embodiment. a refngeration cycle device 10 is applied to a
vehicle air conditionin system 1 for a hybrid vehicle tlmt
obtauis d drive Ibrcc for the travclui of a vcluclc Ibom botll ls
an cnginc (hat is an internal combustion niguic and an
Ch:ctllC 1110(or for tile IIBVClillg Ol d VChlChv TIIC IelllgCI'B-
tion cycle device 10 fiuictions to cool or heat air blov n into
the vehicle interior. which Is an air-conditioning target
space. in the vehicle air conditioniiig system 1. 30

In addition. the refri eration cycle device 10 is adalpted to
bc capable ol'eing switclmd to a rcfngcrant circuit lbr 0

cooluig mode that cool ~ the vcluclc uitenor by cooling
blown air, a rcfngcrant circuit lor a healing mode Ilmt heats
the vehicle iilterior by heating blown air, a retrigerant circuit
for a ficrt delnunidihcation heating inode that dehunndihes
and heats the vehicle interior by reheating blown air having
been dehumidified t)trough cooling. or a refri erant circuit
for a sixond dchumnlilicdtion healing mode Ihal is pcr-
lorlllcxl V:11CII thC ICillpCIBIUIC Ol OUISidC all IS Bt II VCD1 h1W

tcmpcraturc (Ibr example, O'. or less) or thc like and
delnunidifies and heats the vehicle interior with increasing
the heating capacity of blown air more than that of the hrst
delnimidification heating mode.

In FIG. 1. the flow of a refrigerant in the reibigerant circuit 11

for Ihe coolulg mode is indicated by a white arrow, Ihc fiow
Of d ICfrlgCI'till( ill Illc IC(llgcl till( CIICllit Ibl thC 11Ciillllg 11104C

is uidicated by a black arrow, the flow of a refflgcrant in thc
refrigerant circuit for the first delnimidification heating
mode is indicated by a diagonally hatched arrow, and the co

flow of a refngerant in the refrigerant circuit for the second
dehumidification heating mode is indicated by a shaded-
hatchcd arrow.

Further. Ihc refngcratiou cycle device 10 employs an HFC
based rcfrigcrant (spccilicdlly. RI 340) as the rcfn aran(, and ss
forms a vapor compression type subcritical refrigerating
cycle in which high-pressure side refrigerant pressure Pd

docs not cxccixl Ihc critical pressure of thc refrigerant. Thc
refrigeration cycle device 10 may employ an IIIIO based
refrigerant (for example. R1234yf) or the like I'urthermore,
refrigerant oil for lubricating a compressor I I is mixed ivith
the refrigerant, and a portion of the refrigerant oil circulates
in the cycle to ether with the refri emnt

Among components of the rcfngcration cycle device 10,
the compressor 11 is disposed in an cuguic room. sucks Ihc
refrigerant into the refrigeration cycle device (0, and com-
presses and discharges the refrigerant 'I be conipressor I I is
formed of an electric compressor that drives a fixed capacity
type compression mechanism having fixed disclmr e capac-
ity by an electric motor. The opemstion (rotational speed) of
thc clcctnc motor of thc compressor 11 is controlled by 0

control sigrml that is output from ml mr-coudiuomng contml
device to be described below

A refrigerant inlet side of an indoor condenser 12 is
connected to a discharge port of the compressor ll. 'Ihe
indoor condenser 12 is 0 heat exchanger for heating that is
disposed in a casing 31 ofan indoor air conditioning unit 30
to bc dcscnbcd below mid heats blown air by exchangulg
heat bctwccn a dischargnl refngermit (lugh-prcssure refrig-
emsnt) discharged from the compressor I I and the bklwn air
having passed thmugh an indoor evaporator 18 to be
described below

One refrigerant inffow-outlet of a first three-way joint
13a. v hich branches the flow of a refrigerant flowing out of
thc uldoor condnlser 12 at the tune ol'hc second dchunudi-
lication healing mode. is connected to a rclngccdnt oullel
side of the indoor condenser 12. 'I he three-ivay joint may be
formed by joining pipes having different diameters, and inay
be filrmed by fomling a plurality of refrigemsnt passages in
a metal block or a resin block. The basic stnictures of second
to fourth tluee-ivay joints 136 to 13d to be descnbed below
are also thc same as that of Ihc lira( Ihrim-way joint 130.

A lirst refngcrant passage 14a guiduig thc refrigerant,
which flows out ol'thc uidoor condenser 12, to a rcfrigcrant
inlet side of an outdoor heat exchanger 16 is connected to
another refrigerant infloiv-outlet of the first three-way joint
13a Further. a second refrigerant passage 146 guiding the
refrigemnt. v:hich ffovvs out of the indoor condenser 12. to
an inlet side of a second expansion valve 15b, wluch is
disposed on a third relbigerant passe c 140 to bc dcscribod
below. is connected Io thc other refngcrant inflow-outlet of
the first three-way joint 1ga

A first expansion valve 15a as an example of a depres-
surizing device, lvhich depressunzes the refrigerant fiowin
out of the indoor condenser 12 at the time of a heating mode,
the lirst and second dcluimiddicatiou lmdting modes, and Ihc
like. is disposed on thc lira( rclrigcraut passage 14a. The lira(

expansion valve 15a is a 1 enable throulc mcchaluam uiclud-
ing a valve body ofwhich a throttle opening is adapted to be
changeable and mi electric acnmtor that is formed of a
stepping motor chan ing the throttle opening of the valve
body.

In addition, the first expansion valve 15a is conligurnl as
a variable Illrottlc mcmhamsm having 0 full-opni fimction to
hlllCtloll dS d SllllplC IChlgCI'iilll passdgC Wlthoiu CSCI(lllg
much refrigerant depressurizing action by making its throttle
opening be fully open. 'I he operation of the first expansion
valve 15a is controlled by the control signal (control pulse)
that is output from the air-conditioning control device.

Thc rcliigcrmit uilct side ol'the outdoor heat cxchangcr 16
IS COIIIICC(cd IO Bll OUIICI SldC Of fllc fil'SB CxpiillSIOII VBIVC

15a Thc outdoor heat cxclumgcr 16 is disposed on thc front
side of a vehicle in the engine mom, and exchanges heat
between the refrigerant that flows in the outdoor heat
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exchanger and vcluclc outsule air (outside mr) that is blown
fmm a blower fan (not shown) The blower fan is an
electrical blower of which the mtational speed (blov ing
capacity) is controlled by a contnil voltage output front the
air-conditioning control device.

One refrigerant inflow-outlet of the second tluee-way
jouit 136 is connixtcd to a rely& crau& outlet side of the
outdoor heat exchanger 16. Tlm third rcfngcrant passage 14c
uidin the refri erant, which flows out of the outdoor heat

exchmiger 16, to a refrigemnt inlet side of the indoor Io

evaporator 18 is connected to another refrigerant iidhm-
outlet of the second three-v ay joint 136. Further. a fourth
refrigerant passage 14d guiding the refrigerant, which flows
out of Ihe outdoor heat exchanger 16, to a suction side of thc
compressor 11 tluough au accumulator 21 to be dcscnbed
belo&v is connected to the other refrigerant intlow-outlet of
the second three-way joint 136.

A check valve 17, which merely allows a refrigemnt to
flow to the indoor evaporator 18 from the second tluee-way
joint 136, the tlurd three-v ay joint 13C to which the above- io
mentioned second rcfngcrant passage 14b is coiuicctcd, and
thc second expansion valve 15b, winch dcpressunzes a
refrigerant flowing into the indoor evaporator lb. are dis-
posed in this order relative to the flow of a refrigerant on the
third refrigerant passage I4C

The basic stnicture of the second expansion valve 156 Is
the same as that of the first expansion valve 15u. Moreover,
the second expansion valve 15b of thc present embodunmit
is fomicd of a vanablc Ihroulc mechaiusm havuig not only
a full-open fiuiction that fully opens a refrigerant passage io
reaching the indoor evapomtor 18 from the outdoor heat
exchanger 16 when a thmttle opening, is made to be a full
opening. but also a fitll-closed function that filly closes the
refrigerant passage when a fltiotfle opening is flilly closed.

Accordingly, ui Ihc refngcration cycle device 10 of the I&

present embodunmit, a rcfrigcrant circuit cmi bc switched by
closing Ihc third rcfrigcrant passage 14C wlulc fully closuig
the second expansion valve 1 56 ln other words, the second
expansion valve 156 functions as a refrigerant circuit
switching device for switching a refrigerant circuit of a «t
refrigerant that circulates in the cycle.

llic uidoor evaporator 18 is a heat exchanger for cooling
that is dhspos&xt on tlm upstream side of Ihc mdoor condenser
12 ui thc flow ol'blown air ui Ihc casuig 31 ol'the mdoor mr
conditionin unit 3tl and cools blo&vn airby exchanging heat
bet&veen a refri erant, ivhich flows in the indoor evaporator,
and blown air. wluch does not yet pass through the indoor
condenser 12. and evapomting the refrigerant at the time of
tliC Coollllg iliodc slid &11C it&st arid scColld dCliillllldlllCalloll

heat uig modes to make Ihc rcfrigcrant exert a heat absorbing o

aC&l&ili.

An evaporating pressure regulating valve (t)Ptt) 19,
which maintains the refngerant evapomtion pressure of the
indoor evaporator 18 at a pressure equal to or higher than
reference refrigerant evaporation pressure tlmt is determined i.
in advmicc so that iyost is uot formed on ihe uidoor cvapo-
raior 18, is coruiectcd Io Ihc other rclngcrant outlot sale of
the uidoor evaporator 18.

'lite folloiving niechanical variable throttle mechanisni
and the like can be eniployed as this evaporating, pressure &o

re ulating valve 19. This mechanical variable tluottle
mechanism includes a valve body that adjusts the openin of
an uitemal refrigerant passage formed in Ihc mcchiuucal
i ariable Iluot tie mcchaiusm, and an clastic mcmbcr (spring)
that applies a load biasing thc valve body to a sale where the s&

internal refrigerant passage is closed. '1'he mechanical ven-
able throttle mechanism increases a valve opening v ith an

iucrcasc of a pressure difli:rmicc that m obtmned by sub-
tracting the outside air pressure (atmospheric pressure),
which is applied to Ihe clastic mcmbcr. from Ihc prcssure of
the refngemnt at the inlet side of the internal refrigemnt
pmsagc (Ihe relbigerant ci aporatiou prcssure in the indoor
evaporator).

When the flucntation of flow rate of a refrigerant circu-
lating m the cycle i& smail. Cr the hke, a fixed throttle
including an oritice, a capillary tube, and the like may be
employed instead ol ihe eiaporating prcssure rcgulatuig
valve 19. Further, the suction side of the compressor 11 is
conn&mtcd to an outlet side of thc evaporating pressure
regulating valve 19 thmuah the fourth three-way Ioint 134 to
which thc above-mcntioncd iburth rcl'ngcrant passage 14d
and the accuinulator 21 are connected

An on-ofl'alve 20. which opens or closes the fourth
refrigerant passage 144. is disposed on the fourth refrigerant
passage 14d that connects the second tluee&way joint 136
and thc fourth &luce&way joint 134. Tlm on-ofl'alve 20 is a

solenoid vaive of which the operation is controlled by the
control signal output from Ihc air-condiuomug control
device, and functions as the refrigemnt circuit switching
device together v,ith the second expansion valve 15ti

l'he accumulator 21 is a gas-liquid separator that sepa-
rates as and liquid in the refri emnt flowing into the
accunndator 21 and stores a surplus liquid-phase refrigemnt
of thc cycle. A suction pon side of the compressor 11 is
conn&ural Io a gas-pluisc relrigcrant outlet of Ihe accumu-
lator 21 Accordingly. since the suction of a liquid-phase
refrigerant into the compressor 11 is preveilted. the com-
pression of liquid in the compressor 11 can be prevented

Next. the second refrigerant passa e 146, which connects
the first tluee-way joint 13&& and the third three-way joint
13c, will bc described. Herc. whmi thc lira& expansion valve
15a is made to funcuon as an cx&unple ol'he depressor&au&8
dcvicc as descnbcd aboic. the lirst flucc-way jouit 13a
becomes a high-pres&ure side portion of a cycle reaching an
inlet side of the first expansion valve 15n from a dischar e
port side of the compressor 11 and the third t)tree-way joint
13c becomes a low-pressure side portion of a cycle that
reaches thc suction port side of tlu: compressor 11 from thc
outlet side ol'hc lirst expansion i alvc 15a. Accorduigly, thc
second rcl'rigcrant passage 146 may bc used as an example
of a bypas& passage that connects the high-pressure side
portion of the cycle to the loiv-pressure side portion of the
cycle.

ln addition. a pilot on-off valve 22, which opens or closes
the second relhgcrant passage 14b, is disposed on Ihc
second rcl'rigerant passngc 146. Thc pilot on-ofl'alve 22 is
an on-ofl'alve of wluch Ihc operation is con&roll&xi by a
cmitrol signal output front the air-conditioning contml
device, and functions as the refrigemnt circuit switching
device together &vith the second expansion valve 156 and the
on-ofl'aiie 20. Further, the above-mentioned second
expansion valve 156 luivuig a full-close 1'unction may bc
used as mi example ol a downstream opmi-close device Ihat
opens or cloaca Ihc relrigerant passe c ui wluch thc refrig-
erant flows out of the pilot on-otf valve 22

'1'he specific structure of the pilot on-off valve 22 will be
described with reference to FIO. 2. An upward arrow and a
down&vard arro&v of FIO, 2 indicate an upward direction and
a downward direction, respectively, whmi thc rcfngcration
cycle dcvicc 10 is mounted ui a vchiclc. Tlus is also apph&xt
to thc ffillowing drawings. Further. FIG. 2 shows a state in
which the pilot on-otf valve 22 closes the second refrigerant
passage 146 (the bypass passaae).
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lhc pilot on-ofl'alve 22 ol'hc present emboduncnt
includes the body 22U m which a main passage 220r in
which a refrigerant flows is formed, a main on-oifvalve 221
that opens or closes the second refrigerant passage 14b by
opening and closing the main passa e 220c. a pilot valve
222 that opens or closes an outlet-side conununication
passage 221d formed in Ihc mmn on-ofl'alve 221, a
solenoid 223 that displaces thc pilot valve 222, and the hke.

Firsk the body 22U includes an inflow pou 220a, an
outtlow port 22Ub, the nlain passage 220r, and the like that Ia

are formed in a metal block The inflow port 220a ls
connected to the first tluee-way joint 13a (the high-pressure
side of the cycle). and allows a high-pressure refrigemnt to
flow in. Thc outflow port 220b allows Ihe rclngemnt, which
luis flowed in from thc inflow por( 220a, Io flow out to thc
third three-way joint 13C (the loiv-pressure side of the
cycle) 'I'he main passage 220r guides the refrigensnt to the
outflow port 22Ub from the inflow parr 220rr

Moreover, a substantially cylindrical seat portion 220d,
which protrudes upv ard in a vertical direction. is formed at Io
a middle portion ol'hc maui passage 220C of Ihc body 220.
Furlhcr, Ihc main ou-ofl'alve 221 comes into cont mt with
an apex portion (an upper end portion in FI(i 2) of the seat
portion 220r( as shown in lrifi 2, so that the main passage
220r is closed

The main on-ofl'alve 221 includes a coiunutar portion
221a that extends in the vertical direction so as ro be coaxial
with the seat portion 220d, tm upper surface-side disc-
sliapcd por(iou 221b Ihat Is disposed) on dn upper surlacc
side of the columnar portion 22la and expands in a radial lo
direction. and a bottonl-side disc-shaped portion 22 I C that is
disposed on a bottom side and expands in the radial dirtx-
tion. Further, a resinous seal member 221s, which is dis-
posed on the bottom of the bottom-side disc-shaped portion
221C, lonns a contact por(iou flrdt comes mto conlacl wilh ls
thc apex portion ol'hc scat portion 220d.

Furthennorc, the upper surface-side disc-shaped portion
221b partitions and fornls a pilot space 220e together v ith
a pilot space forming member 224 that is disposed above the
main on-ofl'alve 221 A cylinder portion. which is posi- do

tioned on the outer penpheral side of the upper surface-side
disc-shaped poruou 221b, is fomlcd on the pilo( space
formmg member 224 Morcovcr, since a seal member. such
ds an O-ring, is disposed In a gap bctwrmn flle outer
periphenll side of the upper surface-side disc-shaped portion
22lb and the inner periphenll side of the cylinder portion,
refrigerant does not leak from the gap.

The pilot space ZZUC is a space to which refrigerant
pressure biasing the main on-olf valve 221 ul a valve closing
dirccuon is apphcd. When rclbigerant prcssure P2 at the o

outflow port 220b is lowered ul a sta(e ithcre refn ermit
pressure Pl of a high-pressme refrigerant at the inflow port
220a is applied to the pilot space 220e. a load in the valve
closing direction (a downward direction in FIO. 2) is applied
to the main on-ofi'alve 221 by a pressure difference ss
bctw owl thc refrigerant pressure PI at the ulflow port 220a
dnd thc refrigerant prcssure P2 at Ihe oufllow port 220b.
Accordulgly. Ihc maul on-ofl'alve 221 Is pressed against
the seat portion 220r1

In addition, a main on-oif valve spring 225, which is an ro
example of an elastic member applying a load biasing the
main on-ofi'alve 221 in a valve openin direction, is
disposed ul Ihc body 220. For tlus reason, when a prcssure
difli:rmlce betwccn the rcfngcran( pressure PI at Ihc nfllow
port 220a and Ihe rclbigerant prcssure P2 at thc ou(flow port ss
220b is reduced and a load applied to the main on-ofl valve
221 in the valve closing direction becomes smaller than a

load that is gcneratcd in the salve opm»ng dirccuon (an
upward direction in lrl(i. 2) by the main on-off valve spring,
225, the main on-off valve 221 is separated front the seat
portion ZZUII

That is, the main on-ofl'alve 221 of the present embodi-
ment is adapted so as to open the main passage 220c when
a prcssure difl'crmlcc betwcmn tlm rcfngcrant pressure PI of
a high-prcssure rclhgerant a( the inflow port 220a and Ihe
refrigerant pressure P2 at the outflow port 220b becomes
equal to or smaller tlmn a reference pressure diiference that
is determined by the load of the mam on-off valve spring
225 The pilot space forming member 224 is formed of a
member separate from the body 220 in the present embodi-
ment, but may bc Ibnncd uucgrally with thc body 220.

Furflmr, the ouflet-side commurucation passage 221d.
v hich allov;s the pilot space 220e to conlmunicate lvith the
outtlow port 22Ub of the nlain passe e 22Uc corresponding,
to the doivnstream side of the nlain on-OIT valve 221 in the
flow of a refri erant. is fornled at a central portion of the
main on-ofi'alve Z21. Furthermore„ inlet-side communica-
tion passages 221C. winch allow thc pilot space 220e Io
conumuucate wi(h Ihc inflow pon 220a of flm main passage
220r corresponding to the upstream side of the nlain on-otf
valve 221 in the floiv of a refriuerant, are ftlnned at the upper
surface-side disc-shaped portion 221b of the main on-otf
valve 221.

A plurality of inlet-side conununication passa es 221e are
follntxl, illltl thC toldl ICfllgCI'IIIII ptISsagC BICd Of IhC llllCI-
sale commuruca(ion passages 221e Is larger than thai ol thc
outlet-side conlmunication passage 221 J Moreover, pas-
sage closing pins 224a as an exanlple of a passage area-
reducing portion are fixed to the pilot space ftlrnlmg member
224 The passage area-reducing portion closes a part of the
inlet-side comnuuucation passages 221c when the main
ou-ofl'alve 221 opens Ihe main passage 220c, thereby
reducing Ihe total relblgermlt passu e arcs ol'hc ullct-sale
I:OlnlltlllllCII(lon pasmlgt:S 221C nlort: Illdll vvhCII IIIC Iuaill
on-off valve 2ZI closes the main passage 220C

I'he term "the refrigerant passage area of the inlet-side
conununication passe es 221e** means the minimum pas-
sage area of the inlet-side communication passage 221e
when onc inlet-sale comnninicat ion passage 221e is fonms 1

dlltl luCdllS (lie total ICfllgt:Idllt pasSagt: Brctl 01st is Ihc Slilll
of the minimum passage areas of thc rcspccuve inlet-side
communication passages 22 1 c when a plurality of inlet-side
communication passages 221e are fornled. I'his is also
applied to the refrigerant passage area of the outlet-side
conununication passage ZZId.

Furflmr. Ihc pilot valve 222, which opens or cloaca Ihe
outlet-side conunuiucauon passage 221d formed at thc cen-
tral por(ion of Ihc main onofl'alve 221 and is filrmcd in d

substantially columnar shape. is disposed in the pilot space
220e. (he pilot valve 222 is disposed coaxiafly with the
central axis of the main on-off valve 221„and is displaced to
a side. to lvlflch the pilot valve 222 is separated I'rom the
main on-ofl'alve 221, (thc upper side in FIG. 2) by an
clectromagnc(ic force (hat is gcncrutcdi when clecinc power
is supplied to thc solmxlid 223 disposed ou the outcr
peripheral side of the pilot valve 222 front the air-condi-
tioning contml device (Oiq) Accordingly. the pilot valve
222 opens the outlet-side conuuunication passu e 221d.

When the supply of electric power to the solenoid 223
from thc air-conditioning conuol dcvicc Is cut ofl'(OFF), Ihe
pilot valve 222 is displaced to tlu: main on-ofl'alve 221 by
the load of a pilot spring 222a. Accordingly, thc pilot valve
222 closes the outlet-side communication passage 22ld
1'hat is, in the pilot on-ofl'alve 22, the pilot valve 222
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displaces thc main ou-ofl'alve 221 by openmg and closing
the outlet-side communication passage 2214 to change
rel'rigcranl prcssure Pp ul thc pilot space 220e.

A load. Ivhich is caused by a pressure diiference between
the relbigermlt prcssure P1 at thc inflow port 220d and thc
refrigerant pressure P2 at the outflow port 220(I, is not
applied to the pilot valve 222 as apparent from FILI 2.
Accordingly. the pilot valve 222 can displace the main
on-ofi valve 221 v ith a load smaller than a load (electro-

111
magnetic force) that Is rcttuircd when Ihe pilot valve 222
directly displaces the main on-ofi'alve 221.

NexL the indoor air conditioning ulut 30 will bc
described 'l'he indoor air conditioning unit 30 is used to
blow air, of wluch the tcmperaturc lms been adjustu! by the
refrigeration cycle device 10, Into the vehicle interior, and is
disposed inside a dashboard (mstniment panel) positioned at
the forenlost portion in the vehicle interior Moroiver, the
indoor air conditioning unit 30 is formed so ns to receive a
blower 32, thc indoor evaporator 18, thc uldoor condenser
12, and the like in the casin 31 that fomls the outer shell of
thc indoor mr conditioning ulul 30.

1he casing 31 fornls an air passage fiir blown air that is
blown into the vehicle interior. and is made of a resin (fiir
example, polypmpylene) that has a certain degree of elas-
ticity and is also excellent in terms of strength. An inside-
outside air sv,itching device 33 as an inside-outside air
swllchulg di:vlcc lor swltchulg anil hllroduculg tnsuli: dlr
(vclnclc ulterior air) aud oulmde air (veluclc exlcnor air)
into the casing 31 is disposed on the farthest upstream side Io
in the flolv of blown air m the casing, 31

'tile inside-outside air switching device 33 continuously
changes the ratio between the air volume of inside air and
the air volume of outside air by continuously ndjustin the
arcs of an ulsldc air inlet porL wluch ullroduccs insulc air li
into thc casing 31, aud thc arcs of an oumidc mr-introduction
port, which introduces out sale air ullo lhc casing 31, with an
inside-outside air slvitching door 'file inside-outside air
switching door is driven by an electric actuator for the
inside-outside air switclfin door. and the operation of the do

electric actuator is controlled by a control si nnl that is
output from Ihc air-comhtlomng conlrol dcvicc.

A blower 32 as u blowulg device ibr blowulg air, which
is suckml tluuugh thc inside-outside air swttdun device 33,
into the vehicle interior is disposed on the downstream side
of the inside-outside air switching device 33 in the flow of
blown air. The blov er 32 is an electrical blolver that drives
a centrifu al nnllti-blade fan (sirocco fan) with nn electric
motor. and the rotutlonal spcixi (blowing rale) of Ihc blower
32 is controlled by a control volui c Ihdt Is output from the o

du-couditloulllg control ill:vlcc.
1he indoor evaporator 18, a heater core 34, and the indoor

condenser 12 are disposed In this order relative to the tlow
of blown air on the downstream side of the blower 32 in the
flow of blolvn air. in other words, the indoor evaporator 18 ls
is disposed on thc upstream side of Ihe heater core 34 alxl thc
indoor condenser 12 In the flow of blown mr.

11&c heater core 34 I ~ a heat exchanger for heanng that
heats blolvn air by exchanging heat between a coolant for an
engine, lvhich outputs a drive force for the traveling of a io
vehicle, and the blown air. The heater core 34 of the present
embodiment is disposed on the upstream side of the indoor
condenser 12 ul thc flow dlrccnon of blown mr. Further, a
cold air bypass passage 35, wluch allows blown air having
passed tluough thc indoor evaporator 18 to bypass the hcatcr si
core 34 and the mdoor condenser 12 and thiv to the
dolvnstream side, is formed in the casing 31

Au au-uux fool 36 iullnslulg thc rinlo ol lhc flow Idle ol
air, which passes thmugil the indonr condenser 12, to the
tlow rate of blnwn air, which has passed thmugh the indoor
evaporator 18, is disposed on the downstreanl side of the
indoor evaporator 18 and the upstream side of the heater
core 34 in the flov, of blolvn air.

Furflmnnorc. a mixulg space. wluch allows blown air
hcatcd by thc hcatcr core 34 dnd thc uldoor condcnscr 12 Io
be mixed with blolvn air passing, thmugh the cold air bypass
passage 35 without being heated by the heater core 34 and
the uldoor condenser 12, is formed on the downstream side
of the indoor condenser 12 in the flow of blown air, in
addition, an openin hole, tluougvt which the blown air
ullxcd ul lhc nltxhlg spiici: (illr-ciulilllloulug au) Is blown
into Ihe vehicle intcnor as an mr-conditlolung Lugct space.
is disposed on the farthest downstream portion of the casing,
31 in the tiolv of blown air.

Specifically, a face openina hole through which the air-
conditioning air is blown toward the upper body of an
occupant present in the vehicle intenor, a foot opening hole
tluough wluch the air-conditioning air ls blown toward fccl
of au occupant, and n dcfroslcr opmling hole tlu ough wluch
the air-conditinning air is blown toward the inner surface of
a windshield of a vehicle (afl of them are not shown) are
pmvided as this opening hole. The downstream sides of the
face opening hole, the foot openin hole. and the defroster
opening hole in the flow ofblown air are connected to a face
air ouflcl port, a loot air outlet port, and a dcfroslcr mr oullel
port (all of them are nol shown), which nrc provided in thc
vehicle mterior, through ducts that filrnl air passages, respec-
tively

Accordingly. since the air-mix donr 36 adjusts the ratio of
the flovv rate of air, which passes through the heater core 34
and the indoor condenser 12, to the flow mote of air. which
passes tluough thc cold air bypass passugc 35, the tempera-
ture of thc air-conditioning air mixixl ln thc mixing space is
adluslcd. As a result, Ihc Imuperalurc ol thc mr-condlllonulg
air. which is blolvn into the vehicle interior through each of
the air outlets, is adjusted.

That is. the air-mix door 36 fomls a temperature adjusting
device for adjusting the temperature of the air-conditioning
air that Is blown into thc vcluclc inteuor The air-mix door
36 ls dnvcn by an ehmuic actuator fiir duving the mr-mix
door, and lhe operation of lhe air-mix door 36 is controlled
by a control signal that is output fmm the air-conditioning,
control device

Further. a face door that adjusts the area of the face
opening hole. a foot door that adjusts the area of the foot
opening hole, and a dcfrostcr door that udlusts the arcs ol'Ihe
dcl'roster opcmng hole (all of them urc uot shown) are
disposed on Ihe upslreiun sides of Ihc face opelung hole. Ihe
foot opening hole, and the defroster opening hole in the flolv
of blnwn air, respectively.

The face door, the foot door, and the defroster door form
an air outlet mode switching device for switching an air
ouflcl mode, arc conneclml lo an elccluc acuialor, wluch
doves air outlet mode doors, lluough a link mechanism or
thc hkc, mid arc rotated while interlocking with oue mlothcr.
'I'he nperation of this electric actuator is also controlled by
a cnntml signal that is output from the air-conditioning,
control device.

Specificaliy. examples of the air outlet mode that is
swilchcd by Ihc air oullci mode swilclung dcvlcc ulclude. a
face mode that fully opmls Ihe face air outlet lo blow air from
the fixe air outlet toward the upper body ol'n occupant
present in the vehicle interior; a bi-level nlode that opens
both the face air nutlet and the foot air outlet to blow air
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toward the upper body and feet of an occupant present in thc
vehicle interiors a foot mode that fully opens the foot air
ouilcl and opens the dciyoster air oullel by a small Opening
to mainly blow air from the foot air outlet; and a foot-
dcfroslcr mode that opens the Ihot air outlet and IIte dciboster
air outlet by substantially the same opening to blov air front
both the foot air outlet and the defroster air outlet.

In addition, a defroster mode, ivhich fully opens the
defroster air outlet to blow air to the inner surface of a

i is
windshield of a vchiclc from thc dcfmsler mr outlet when an
occupant manually operates a blow-out mode switching
switch provided on an opcrauon panel, cmi be used.

Next. an electric controller of the present embodiment
w ill bc dcscubcd The air-condiuomng control device
includes a well-known microcomputer that includes a (:PU,
a ROM, a RAM, and the like. and a peripheral circuit
thereof I'urther. the air-conditioning control device controls
the operations of various air-conditioning control instni-
ments. such as thc compressor 11, ihe Iirsl expansion valve
15d, the second expansion valve 1511, the on-ofi'alve 20,
thc pilot on-oif valve 22, thc blower 32, mid IIte electric
actuators, connected to an output side of the air-conditioning
control device by performing various kinds of calculation
and pmcessin on the basis of an air-conditioning contml
program stored in the ROM

Furthermore, detection signals of an air-conditioning con-
trol scilsor groilps sUcli ds Bli iilsidc Bii sciisoi; Bii oiilsidc dif
smisor, a solar radiation sensor. a discharge lcmpcralurc
sensor, a discharge pressure sensor. an evaporator tempera- io
ture sensor. a bloivn air teniperature sensor„and an outdoor
heat exchan er temperature sensor, are input to an input side
of the air-conditionin control device. The inside air sensor
serves as an inside air-temperature detecting device for
felix'uiig the Icmperaturc Tr ui lhe vclucle uilcnor (the is
tcmpcralurc of inside air). Thc oulsnle air sensor scrvcs as an
outside air-tcmpcrature dctccting device for dclcxtui the
temperature 1am outside a vehicle (the temperature of
outside air). 'the solar radiation sensor serves as a solar
radiation detecting device for detecting the amount As of do

solar msdiation that is applied to the vel»cle interior The
disduirgc Imnpcrature sensor dctccts disclmrgcd relhgcrmil
Iempcralurc Td oi' rcfngerant tlml is ihscharged from thc
compressor 11. Thc discharge prcssure sensor dclcxts pres-
sure Pd of a refrigemsnt that is discharged from the coni-
pressor li (high-pressure side refrigerant pressure) 'the
evaporator tempemsture sensor detects refrigerant evapom-
tion teniperature (evaporator temperature) Tefin of the
indoor evaporator 18. Thc blown mr tcmpemture sensor
delixls blown air lcmpcralure TAV ofblown mr Ihat is blown O

into ihe 1 chicle intcnor from lhc nuxing space. The outdoor
heat exchancer temperature sensor detects temperature I's of
the omdoor heat exchanger 1fm

For example„ the pressure Pd of n dischnr ed refrigerant
of the present embodiment becomes the high-pressure side s.
refrigerant prcssure of a cycle. wluch rmiches the inlet side
of thc second expansion valve 15b from d rei'rigerant dis-
charge port oi Ihc compressor 11, in lhc cooluig model and
becomes the high-pressure side refrigerant pressure of a
cycle. v hich reaches the inlet side of the first expansion io
valve 15U from a refrigerant dischar e port of the compres-
sor 11. in the heating mode and the like. Further. the bloc n
mr tcmpcralurc sensor, which detects the blown air tempera-
ture TAV. is provided ui thc present cmbodunent, but a value
calculated on Ihc basm of thc evaporator temperature Tciin, ss
the discharged refrigerant temperature 'I'd. or the like niay be
employed as the bloivn air temperature 'I'AV

Furllmrmorc. Upcrauon signals output from varimis air-
conditioning operation switches, which are provided on the
opemstion panel disposed near the dashboard positioned at
the fmnt portion of the vehicle interior, are input to the input
side of the air-conditioning control device. Specifically,
examples of the various air-conditioning operation switches,
wliicli Brc pfovidcd oil llic opcralioti paiicl, iliclUdc: Bii

automatic switch Ihnt is used lo sct or cancel an automatic
cmitrol operation of the vehicle air conditioning system I; a
cooling switch (ArC sivitch) that is used to perform cooling
in the vehicle interior: an air volmne setting switch that is
used to mamially set the air volume of air that is blown from
the blov,er 32: a temperature setting switch as a tnr et
tctilpeliitiifc scltili device for scuiilg B Idrgcl lcilipcfdlilic
Tact in Ihc vehicle uitcnor, and a blow-out mode switclung
switch that is used to manually set the blow-out mode.

'I'he air-conditionin control device is formed integrally
v ith a contmi device that controls various air-conditioning
components connected to the output side of the air-condi-
tioning control device. However. a stnicture (hardwsme and
soflwarc), which controls ihe opcrauons of Ihc rcspixlive
air-condiliorung components. fornm a control device Ior
cmitrolling the operations of the respective air-conditioning
coinpiificilts.

lior example. in the present embodinient, a stnicture
(hardware and sofiware) for controlling the operation of the
compressor 11 forms a discharge capacity control device,
and a stnmlurc (hardware and sofiw arc) Ihr controlluig thc
operations of lhesixond expansion valve 15bs lhc on-ufi
valve 2(I, and the pilot on-oil'alve 22. which form the
refrigerant circuit switching devices, forms a refrigemsnt
circuit control device Of course, the discharge capacity
control device. the refrigemsnt circuit control device and the
like may be formed of air-conihtioning control devices that
are scqsaratc from Ihc air-condilionuig control device.

Next. thc operation oi'hc 1 chicle air conditioning system
1 of the prcscnl cmbodunenl bavin thc above-mcntionex)
stnicture v;ill be described As described above. the open-
tions of the cooling niode. the heating mode, and the first and
second deluunidification heating modes can be switched in
the vehicle air conditioning system I of the present embodi-
ment. Thc swilclung of these respective operation modes is
pcrfomicd by the excmilion of Ihc air-conditioning contml
program. Tlus mr-condniomng control progrmn is executed
v hen the automatic switch of the operation panel is turned
on (ON)

More specifically, the detection si nels of the above-
mentioned air-conditioning control sensor group and the
Operation signals oulpui from thc venous air-condilionuig
Operation switches arc read dunng a main routine of Ihe
air-condiliorung control program. Further, a talgct blowuig
temperature I'AO, ivhich is the tar et tempemstme of air
bhown mto the vehicle interior. is calculated from the fol-
lowin equation Fl on the basis of the values of the read
detection signals and the operation signals

Tio 1:sei Tsei— I& li-I ws Tws— Ks .Is+U

Tact dmiotcs a preset temperature ui the vcluclc interior that
is set by the temperature setting switch. 'Ir denotes the
temperature in the vehicle interior (the temperature of inside
air) that is detected by the inside air sensor. Tam denotes the
temperature of outside air that is detected by the outside air
smisor, and As dmiotcs solar radiation Ibal is dclccted by Ihe
solar radmlion sensor. Kset. Kr, Kam. and Ks denote control
gains, and C denotes d constant Ihr corrccuon

Moreover. when the cooling switch of the operation panel
is turned on and the target bloivin tenipemsture TAO is
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lower th in a pl'cdi li rnllncxl cooing Iifi leuco tcnlpi 1liliilc ix,
the operation of the cooling mode is perfbnned Ixurther,
when the cooling sivitch is turned on, the target blov ing
tenlpemture I'AO is equal to or higher than the cooling
reference temperature ix. and the ambient temperanire Tam
is higher than a dehumidification heating reference tempem-
turc f). Ihc operation ol lhc lirsl dcluunulilicalion healing
nxulc ls pcl lornlcd.

On the other hand, in a state where the cooling switch Is
turned on, when the target bloiving, temperature TAO ls Ia

equal to or higher than the cooling reference temperature ox
and when the outside air tempemsture Tam is equal to or
lower than the dehumidification heating reference tempem-
lurc jx. Ihe operation of Ihc second dehunuddicalion healing
mode is perlonned. Further, when Ihe coolulg su ilch Is nol
tumed on. the operation of the heating mode is perfornled.
'I'he opemtions of the respective operation modes will be
described
(a) Cooling Mode

In the cooling mode, the air-conditioning control device IC

cloaca thc on-ofl'alve 20 aud thc pilot on-off valve 22 and
nnikcs fllc Ihroulc opcnulg of lhc lilxi expansion vlilvc 15a
be a full opening to nlake the second expansion valve 15b be
in a throttle state in which a depressurixing action is exerted.

Accordingly, a vapor compression type refrigeration
cycle, which circulates a reibigerant in the order of the
conlpressor 11, the indoor condenser 12, (the first expansion
1 illvc 15a), lhc outdoor heal cxchangcl 16. (Ihc check valve
17). thc scxond expansion valve 15b, thc uldoor evaporator
18. the evaporating pressure regulating valve 19. the accu- lc
mulalor 21. and the conlpressor ll as shoivn by the wlute
arrow of ill(i. I, is fornled in the cooling mode Moreover,
the air-conditioning control device determines the operating
states of the various air-conditionin control instruments
(conuol signals to be output to tlm various conlrol ulstru- ls
ments) on Ihc basis ol'hc target blow m lcmperalure TAO,
thc dclcclion signals of thc air-condiuoning control sensor

mup, and the like based on the stnicture of this refrigerant
circuit.

For example„ the refrigemsnt dischar e capacity of the so
conlpressor 11. that is. a control signal to be output to the
clcctnc motor ol'hc compressor 11 is dclcrnuncd as
dcscnbtxl below. First, a target evaporator blowing tcmpcra-
lurc TEO of the uidoor evaporator 18 is determined on thc
basis of the target blowing temperature I'AO with reference
to a control map that is stored in the air-conditioning contml
device in advance.

Further. the control signal to be output to the electric
motor ol the compressor 11 is dctcnmncd by usin a
lixdback control method ou thc basis of a dcvianon between o

thc target evaporator blowuig lemperalurc TED and the
evaporator temperature le(in detected by the evapomstor
temperature sensor so that the evapomltor temperature Tefin
approaches the target evaporator blowing temperature TEO.

Furthermore, a control signal to be output to the second ls
expansion 1 alve 15b m dctcnntncxj so 01st lhe dcgrcc of
subcoolulg of a rcfngerant flowulg imo thc second expan-
sion salve 15b approaches a target degree of subcooling,
which is determined so that the coetficient of perfonnance
(COP) of the cycle has substantially the Inaximum value. Io

Moreover, a control signal to be output to the electric
actuator of the air-mix door 36 is determined so that the
mr-mix door 36 closes Ihe air passu c fomled on a side
whcrc the hcatcr core 34 aud thc uldoor condenser 12 are
disposed and all ol'thc blown air havulg passed tluuu h the ss
indoor evaporator 18 passes thmugh the cold air bypass
passaae 35

16
Furflmr, the control signals mid thc hkc that arc detcr-

nuned as described above are output to the various air-
conditioning control instnunents. After that, until the stop of
the operation of the vehicle air conditioning system is
required by the operation panel. a control routine, which
includes the readin of the above-mentioned detection si-
nals and the above-ment tonlxj operation sigoals, thc calcu-
lation of Ihc target blowulg tcmperaturc TAO, the dctcnni-
nation of the operating slates of the various air-conditioning
cmltrol mstruments, and the output of the contml voltages
and the control signals, is repeated every predetermined
control period. The repetition of this contml routine is also
perfomled in the same manner at the time of other operation
modes

Accordingly, a lugh-pressure rcl'ngeranl discharged I'rom
the conlpressor 11 flows into the indoor condenser 12 in the
refrigeration cycle device 10 at the time of the coolmg mode
Since the air-mix door 36 closes the air passage formed on
the side v:here the heater core 34 and the indoor condenser
12 are disposed at tlus time. the refrigerant flowing into the
indoor condenser 12 hardly exchanges heal bclwcen itself
and blown air and flow s oul of lhc Indoor condenser 12.

I'he refrigerant flowina out of the indoor condenser 12
flov s into tbe first expansion valve 15a through the first
refrigerant passage 1411 Since the first expansion valve 15a
is in a hdl-open state at this tinle, the refri emsnt fiowing out
of the indoor condenser 12 flows into the outdoor heat
cxchangcr 16 without being deprcssuna d by thc Iirst expan-
sion valve 15a. Further, thc rclbigerant flowuig into thc
outdoor heat exchan er 16 radiates heat to the outside air
that is blown from the blower fan at the outdoor heat
exchanger 16

Since the on-off valve 20 is closed. the refngerant flowin
out of the outdoor heat exchanger 16 flows into the third
relrigcrant passage 14C Ihrough Ihc second lluce-way joull
13b and is dc7trcssulizcd by thc second cxpamlon valve 15b
until beconung a low-pressure rcfngerant. Thc low-prcssure
refrigerant depressurixed by the second expansion valve 15b
flov s into the indoor evapommor 18 and evaporates by
absorbing heat from the air that is blown from the blower 32.
Accordin iy. the blown air is cooled.

Thc rcfrigcranl tlowulg oul of thc indoor evaporator 18
flows into the accumulator 21 tluough thc cvaporatulg
prcssure regulating i abc 19, and Is sc)iamtcd into a gas-
phase refrigemlnt and a liquid-phase refrigerant liurther, the
gas-phase refrigerant, which is sepamsted by the accumulator
21. Is sucked from the suction side of the compressor 11 and
is compressed by the compressor 11 again

Accordulgly, cooling in lhc veluclc interior by blowulg
air. which is cooled al lhe indoor evaporator 18, into Ihe
vchiclc intcnor in thc coolulg mode can bc aclueved.
(b) I lasting Mode

In the heating mode, the air-conditlomng contml device
opens the on-off valve 20, closes the pilot on-off valve 22,
and makes the first expansion valve 15a be in a tlu attic state,
tn which a dcplcssurlzhlg acfion ls cxcrtcd, lo alake fllc
second cxpalmion valve 15b bc in a I'ully closed stale.

Accordingly, a sapor comprcssiou type rcfngeration
cycle, which circulates a refrigerant in the order of the
compressor 11, the indoor condenser 12, the hrst expansion
valve 15a. the outdoor heat exchanger 16, (the on-ofl'alve
20). the accunniiator 21. and the compressor 11 as shown by
the black arrow of FIG. 1. is fortncxj ln lhc heatulg mode.
Morcovcr. Ihc air-condiuomng control dcvicc dctermulcs
the opcranng slates ol'hc ianous air-conditioning control
instnunents (control signals to be output to the various
cmltrol instnunents) on the basis of the target bloiving
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Iempcraturc TAO, the detection signals of Ihe smlsor ~oup,
and the like based on the structure of this refrigerant circuit.

I'or exanlple, the refrigerant discharge capacity of the
compressor I l. that is. a control sigttal tn be output tn the
electric nlotor of the compressor 11 is determined as
described below. First. a target condenser tempemture TCO
ol Ihc indoor condenser 12 is dctcrnuncxl on Ihc basis of the
target blowing tcmpcraturc TAO w nh refercncc to a control
nlap that is stored m the air-conditioning control device in
advance. I I l

Further. the control signal to be output to the electric
motor of the compressor 11 is determined by using a
feedback control method on the basis of a deviation between
the target condenser tcmperaturc TCO and Ihc discharged
refrigerant tcmpcrature Td detected by Ihe discharge tem-
perature sensor so that the discharged refrigerant tempera-
ture Td appmaches the target condenser temperature T(:O.

I'urthennore, a control signa) to be output to the hrst
expansion valve 15a is determined so that the de ree of
subcooiin of a refri emsnt flowing into the first expansion ln
Salve 15d approaches a target dc rcc of subcoolulg, which
is dmcnnined so that thc cocflicient ol perlbrmancc (COP)
of the cycle has substantially the inaxinnun value

Moreover. a contml signal to be output to the electric
acnl'ltoi't'he air-mix door 36 is deterinined so that the
air-mix door 36 closes the cold air bypass passage 35 nnd the
anlount of all the blown air having passed through the indoor
evaporator 18 passes through thc air passage fomlcd on a
side where thc heater core 34 and thc uxloor condenser 12
are disposed. I(i

Accordin ly, a high-pressme refrigemsnt discharged frnnl
the compressor I I flows into the indoor cnndenser 12 in the
refrigeration cycle device 10 at the time ofthe heating mode.
The refrigerant flowing into the indoor condenser 12 mdiates
heal by exchanging lmdt between i(sell mid air flat has been ls
blown from thc blower 32 and passed Iluough Ihc uldoor
evaporator 18. Accordingly, thc bloSsn arr is heated.

1he refrigerant flowing out of the indoor condenser 12
floivs into the first expansion valve 15a thnlugh the hrst
refrigerant passa e 14a, and is depressurized at the first dc

expansion valve 15a until becoming n low-pressure refri-
crant. Further, the low-prcssure refngermlt deprcssunzed by
the first expansion valve 15a flows into the outdoor heal
exchanger 16. mid absorbs heat I'rom the outsnle mr tlmt is
blown from the blower

Since the on-off valve 20 is opened and the second
expansion valve 15b is in the fully closed state. the refrig-
erant flowing out of the outdoor heat exchanger 16 flows into
thc acmimulator 21 tluough thc filurth rcfngerant passage
14J dnd is separated into a gas-phase refhgcrant and a o

liquid-pluisc refugcrant. Further. Ihe gds-phase refngcrant,
which is separated by the accunnllator 21, is sucked from the
suction side of the compressor I I and is coinpressed by the
conlpressor 11 again

Accordingly„ heatin in the vehicle interior by blowing ls
mr. winch is heated at Ihe indoor condenser 12, into thc
l chicle interior in thc heating mode cdn bc aclncved Of
course. blown air is also heated at Ihe heater core 34 during
the opemstion of the engine
(c) liirst l)ehumiditication I Ieating Mode sc

In the first dehumidification heating mode. the nir-condi-
tioning control device closes the on-off valve 20 and the
pilot on-ofl'alve 22 and makes both thc lirst expaiwion
Salve 15d and Ihe second cxpmlsion valve 15b be ul a
tllrottle state in which a dcprcssurizing action is exerted ss

Accordiiigl, a vapor compression type refrigeration
cycle, which circulates a refrlgemsnt in the order of the

compressor 11. the uldoor condenser 12, the first expansion
valve 15m the outdoor heat exchanger 16, the second
expansion valve 15b. the indoor evaporator 18, the cvapo-
mating pressure regulatina valve 19, the accumulator 21. and
thc compressor 11 as shown by Ihc ihdgonally hatched arrow
of FI(i I, is formed in the first dehunlidification heating
mode as in the cooling mode.

In nther words, in the hrst dehunlidification heatulg mode,
the refngeration cycle device is switched to a refrigerant
circuit that alloss s thc refrigerant flowuig out of thc induor
condenser 12 to fkliv in the order of the outdoor heat
cxchangcr 16 and thc indoor evaporator 18 ul scrics. More-
over, the air-cnnditioning control device determmes the
opera Iulg s I a I ca of thc venous control ins truman la conncct cx)

to the air-cnnditioning control device (control signals to be
output to the various control instnnnents) on the basis of the
target blowing tempemsture TAO the detection signals of the
sensor roup. and the like based on the structure of tlfis
rcfngcrdnt circuit.

For example, a control signai to be output to the electric
motor of thc compressor 11 is dctennincd in the same
manner as the cooling, mode. Iiurther, a control signal to be
oulpul to Ihc electric actuator ol thc air-mix door 36 is
determined so that the air-mix door 36 closes the cold air
bypass passage 35 and all ol'in: blown air having passes)
through the indoor evaporator 18 passes thnlugh the air
passage formed on a side where the heater core 34 and the
indoor cnndenser 12 are disposed

Furthermore. the air-conditioning control device changes
control signals, Ssluch dre Io be output Io Ihc first expansion
valve 15a and the second expansion valve 15b, according to
the target blowing temperature TAO. Spcciiicdlly. Ihe air-
conditioning control device reduces the throttle opening of
thc ftlst expansion i dli c 15il dllil lncrixisi:s lhc Ihroillc
opening of the second expansion valve Igb in association
v ith a rise in the target blowing temperature TAO that is the
target temperature of air blnivn into the vehicle interior
Accordin iy. the air-conditioning control device performs
fiiur modes, that is. lira( Io Iburth modes in thc lirst dehu-
midihcation heating mode.
(c — I) First 5 lode

Thc first mode is performed when Ihe target blowulg
temperature I'AO is equal tn or higher than the cooling,
reference temperature a and equal to or lower than a
predetermined first reference tenlpemture at the time of the
first delnunidification heating mode.

In Ihc lirst mode, Ihc air-conditioning control device
makes Ihc Iluottlc opmnng ol'hc lira( expansion valve 15a
bc in a full open state and makes the second expansion valve
15b be in a throttle state Accordingly, the cycle configum-
tion of the first mode is exactly the same as that of the
cooling mode. but the air-nlix door 36 mal es the air passage,
which is formed on a side where the heater core 34 and the
indoor condcnscr 12 arc disposed, bc in a I'ull-open stdie.
Thcrcioic, Ihc st'lu: ol a lclrlgciiult clrclllanng ul Ihi: cvclc
changes as shown m Ihe Mollier dnigriun of FI(i. 3.

'I'hat is, as shoivn in FI(i 3. the high-pressure refrigerant
(point el) discharged from the compressor 11 flows into the
indoor condenser 12 and radiates heat by exchanging heat
between itseif and blown air that has been cooled and
dehumidified by the indoor evaporator 18 (point a1 poult
a2 ul FICO 3). Accordulgly. Ihe bloSsn air m heated. The
relrigcrant flow lng out of Ihe indoor condenser 12 flow s into
the first expansinn valve 15a. Since the first expansion valve
15a is in a full-open state at this time. the refrigemsnt floiving
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out of Ihc indoor coudc&mer 12 flows u&lo the outdoor heal
exchanger 16 w&thout being depressurized by the first expan-
sion 1 a)vc 15u.

I'urther. the refngerant flowing into the outdoor heat
exchanger 16 rmliatcs heat by exch&m mg heat bc&ween
itself and outs&de air. which is blov:o fnlm the bio&ver fan, at
the outdoor heat exchanger 16 (point a2 point a3 in FICi.

3) Since Ihe on-off valve 20 is closed„ the refrigerant
flowing out of the outdoor heat exchanger 16 flows into the

I& 1

tlnrd rcfngcrant passage 14c tluou h thc second tlucc-way
joint 13b and is depressurized by the second expansion valve
15b until bccom&ng a low -pressure rcih&gcran& (point
a3 point a4 m I'ICi 3)

11&c low -pressure rely&gerant dcprcssunzml by flle second
expansion valve 15b flows into the indoor evaporator 18 and
evaporates by absorbing heat from the air that is blown from
the blower 32 (point a4 point a5 in FICI 3). Accordingly,
the blown air is cooled. Further, a refrigemnt flowing out of
flle i&thor refrigerant ulflow-outlet 20b of ihe uldoor evapo- lo
rator 18 flows to the evapomsting pressure reguLating valve
19. the dccumulutor 21, and thc sucuon s&dc of thc com-
pressor 11 and is compressed by the compressor I I agau& as
ul Ihe coi&hug nlodc

Accordi&mly, at the tin&a of the first mode, blown air,
winch luis been cooled &md dehunud&lied by the u&door
evaporator 18. can be heated in the indoor condenser 12 to
be blown into the vehicle Interior. Therefore. deinuuidifica-
tion heatin in the veh&cle interior can be achieved.
(c-2) Second Mode

11&c second mode m performed when Ihc target blowing
temperature TAO is hi her than the first reference tempem-
turc;md ixNal to or lower thm& a prcxlc&em&i&md second
reference tempemture at the time of the first delnimidifica-
uon hcaung mode. In thc second mode, thc mr-cond&t&oning
con&rol dev&ce makes the hrst expansion valve 15d be &n a
throttle state and increases the throttle opening of the second
expansion valve I5b fi&rther than at the time of the hrst
mode. Accordingly„ the state of a refri erant circuLstin in do
thc cycle chmlgcs &n thc second mode as slxlwn in the
Moflier disk&ran& of FICi. 4.

lou is, as shown &n FIG. 4, thc lugh-prcssure refngcrmlt
(pou&I bl) discharged from thc compressor 11 flows mto thc
indoor condenser 12 and radiates heat by exchanging heat
bet&veen itself and blown air that has been cooled and
dehumidified by the indoor evaporator 18 (point bl point
b2 in FICi. 4). Accordingly, the blown air is heated. The
rel'rigcran& flow u&g out of thc indoor condenser 12 flow s u&to

thc lira& expansion valve 15a. and &s dc3&rcssur&zcd until o

becoming an u&tcrmcdiatc-prcssure rcfngemnt (pou&I
b2 point b3 in lilfi 4)

Further. the internlediate-pressure refrigerant depressur-
ized at the first expansion valve 15o flolvs into the outdoor
heat exchanger 16 and rad&ates heat by exchangi&lg heat T.

bc&wow& i&scil'nd thc outsale air that &s blown lbom thc
blower fan (po&nt b3 point b4 in FIG. 4). The refngcrmlt
flowmg out of thc outdoor heat exchanger 16 is dcprcssur-
ized by the second expans&on valve 13 6 until bacon&ing a
lolv-pressure refngerant (point b4 point b5 in ITICI. 4) io

The loiv-pressure refrigerant depressurized by the second
expansion valve 15b flow s into the indoor evaporator 18 and
cvaporatcs by absorb&ng heat from the mr &lait &s blown from
thc blower 32 (po&nt b5 po&nt b6 u& FIG. 4). Accordingly,
thc blown a&r &s cooled. Further, a rel'rigerant flowm out of si
the other refri erant inflow-outlet 20b of the indoor evapo-
rator 18 flows to the evaporatmg pressure regulating valve

19, thc accumulator 21. and tlm suction side of the com-
pressor I I and is compressed by the compressor I I again as
in the cooling mode

Accordingly. at the tinle of the second mode, as in the first
mode. blown air, ivhich lms been cooled and delnunidified
by the indoor evaporator 18, can be heated with the indoor
condcnscr 12 Io bc blown into the vcluclc interior. There-
filrc, dcluunnlilicdtion heat&ng u& the vch&clc intenor can be
achieved.

In this case, the first expansion valve 15d is in a throttle
state in the second mode Accordingly, the tempensture of
the refrigerant flowing into the outdoor heat exchanger 16
can be lowered further than in the first mode. Therefore, the
du&cunt ol hc&ik which is I'&id&dred front lhc rcfllgcldut ol Ihc
outdoor heat exchanger 16. can bc rcduccd by rcducu&g s
difference between the temperature of the refrigerant of the
outdoor heat exchanger 16 and the ten&perature of outside
'ul

As a result. since the pressure of the refrigerant of the
indoor condenser 12 can be increased w&thout &ncreasin the
flow rate of a rclngcrant c&rculatu&g &n thc cycle morc than
thai of Ihc lira& mode, Ihc tcmpcraturc of a&r blown from Ihe
indoor condenser 12 can be ra&sed fi&rther than in the first
nxlde
(c-3) Third Mode

The tlurd mode is perfonued &vien the target blowing
temperature TAO is higher than the second reference tem-
pcraturc and cxtual to or lower than a prcdctcrmincd third
rcfcrcncc tcmpcra&urc a& the tune ol'he lira& dchunudilics-
tion heating mode In the third mode, the air-conditioning,
control device reduces the throttle openmg of the first
expans&on valve I 5a fiirther than at the t&me of the second
mode and increases the throttle operung of the second
expansion valve 15b in further than at the tune of the second
mode Accordingly, Ihc siatc of a rcfngcrant circulanng in
the cycle changes u& Ihc tlurd mode as shown ul thc Mollmr
du&gram of FIG. 5.

I'hat is. as shown in I'ICi 5. the high-pressure refrigerant
(po&nt c I) discharged from the compressor I I flow:s into the
indoor condenser 12 and radiates heat by exchan in heat
between itself and blown air that has been cooled and
dclnunul&lied by thc mdoor evaporator 18 (po&nt c1 pou&t
c2 in FIG. 5). Accordu&gly, the blown a&r &s hcatc&L Thc
rcfngcrdnt flow &ng out of thc indoor condcnscr 12 flow s mto
the first expansion valve 15&T, and is dep&essurized until
becoming an intenuedia&e-pressure refrigensnt (point
c2 point c3 in FICi. 5).

Further. the intenuediate-pressure refngerant depressur-
izcd by the first expnnsion valve 15a flows u&to the outduor
heat exchanger 16 a&xl absorbs lmdt from thc outs&de air that
is blown from thc blower fdn (po&nt c3 pou&I c4 u& FIG. 5).
The refrigerant flolvi out of the outdoor heat exchanger 16
is depressurized by the second expansion valve 15b until
becoming a low-pressure refrigemsnt (point c4 point c5 in
FICT. 5).

Thc low-prcssure refngcrmlt dcprcssunzcd by thc almond
cxpans&on valve 15b flow s into thc indoor evaporator 18 and
cvaporates by absorbu&g hest from thc a&r that &s blown I'rom
the blower 32 (point c5 point c6 in I&III 5) Accordingly,
the blown air is cooled. Fur&her. a refrigerant flowing out of
the other refrigerant inflow-outlet 20b of the indoor evapo-
rator 18 flolvs to the evaporating pressure regulating valve
19, Ihc accumulator 21. dnd the suet&ou s&dc of thc com-
pressor 11 and is compressed by Ihc compressor 11 agau& as
iu thc cooing ulodc.

Accordingly, at the time of the third mode, as in the tirst
and second modes. blown air. &vhich has been cooled and
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dcluuniddicd by thc indoor evaporator 18, can be heated
with the indoor condenser 12 to be blown into the vehicle
interior. I'herefilre, dehuniiditication heating in the vehicle
interior can be achieved

In tifis case. the throttle opening of the first expansion
valve 15a is reduced in the third mode, so that the outdoor
heal exchmigcr 16 is made to function Bs Bn evaporator.
Accorduigly, the Icmpcralure of air blown from thc uidoor
condenser 12 can be raised further than in the second niode.

As a result, since the density of a refrigerant sucked in lii

fmm the conipressor I I can be increased funher than ui the
second nu&de, the pressure of the refri erant of the indoor
condenser 12 can be increased without increasing the rota-
uonal spccd (rclrigcrnnt discharge capacily) ol Ihc compres-
sor 11. Accordingly, thc lcmpcralure of mr blown from thc
indoor condenser 12 fiirther than in the second nxlde can be
raised
(c-4) liourth Mode

The fourth mode is performed when the target blov.ing
tempemsture TAO is higher than the third reference tempem- 10

turc al the ting: of Ihe first dchumiddicauon heatm mode.
In Ihc Iilurlh mode, the Bir-condiuonmg control device
reduces the throttle opening of the first expansion valve I 50
further than in the third niode and inakes the second expan-
sion valve 15b be in a full-open state Accordingly, the state
of a refrigerant circulating in the cycle clianges in the fourth
mode as shown in the Mollier diagmm of FICrh 6.

Tlat is, as show n in FIG. 6, thc lugh-prcssure refngcrmil
(poult dl) discharged from thc compressor 11 flows mto thc
indoor condenser 12 and radiates heat by exchanging heat 10

bet&veen itself and blown air that has been cooled and
delnuiiiditied by the indoor evaporator 18 (point d I point
d2 in Flti. 6). Accordingly, the blown air is heated. The
refrigerant flowing out of the indoor condenser 12 flows into
thc Iirsl expansion vnlve 15a. Bnd is dcTtrcssurtzcd until ls
becoming a low-prcssure rclbigcmni (poult d2 poult d3 in
FIG. 6).

Further. the low-pressure refrigerant depressurized by the
first expansion valve l5a floivs into the outdoor heat
exchanger 16 and absorbs heat from the outside nir that is dn

bloivn front the blower fan (point d3 point d4 in FICI 6).
Thc rcfrigcranl flowing out of the outdoor heat exchlmgcr 16
flows uilo the indoor evaporator 18 lluough flie scmond
expansion valve 15b. In tlus case, flie second expansion
valve 15b is in a fiill-open state in the filunh mode Accord-
ingly, the refrigerant flowing out of the outdoor heat
exchanger 16 flows into the indoor evaporator 18 without
being depressurized by the second expansion valve 15b.

lite low-pressure rcfrigcranl flowui inlo Ihc uidoor
evaporator 18 evaporates by absorbing heat from Ihe mr lliat 0

is blown from thc blower 32 (poult d4 poult &15 in FICi 6).
Accordingly. the blown air is cooled. Iiurther. the refrigerant
floivin out of the indoor evapomstor 18 flows to the evapo-
rating pressure regulating valve 19. the accumulator 21, and
the suction side of the compressor 11 and is compressed by 11

the compressor 11 again as ui thc cooling mode.
Accordingly, Bl lhc time of Ihe fourth mode. Bs ui Ihc Iirsl

Io tlnrd modes. blown mr, which has been cooled and
delnuiiiditied by the indoor evaporator lg„can be heated
with the indoor condenser 12 to be blown into the vehicle &0

interior. Therefore. dehumidification heating in the vehicle
interior can be achieved.

Ill this Case, Ilia Oindoor h&dl CXCliBllgC& 16 ls niBdC 10

funcuon as an evaporator in the fourth mode as m lhe llurd
ilxidc Blid lite flirolflc opcllillg of lllc Iirsl cxpBnslon valve Ss

150 is reduced fiirther than in the third mode Accordiagly,
the refrigemsnt evaporation temperature of the outdoor heat

cxchangcr 16 can bc low crcd. Therefore, thc mnount ofhcah
v hich is absorbed by the refrigerant of the outdoor heat
exchanger 16, can be increased by increasing a difference
between the temperature of the refrigerant of the outdoor
heat exchan er 16 and the temperature of outside air further
than in the third mode.

As a result, since thc dmisity ol'he rcfngcranl sucked in
from Ihc compressor 11 can bc incrcas&xi further than ui Ihe
tlurd niode. the pressure of the refrigerant of the indoor
cmidenser 12 can be increased v ithout increasing the rota-
tional speed (refrigerant discharge capacity) of the compres-
sor 11. Accordingly, the temperature of air blown from the
indoor condenser 12 can be raised further titan in the third
mode

Thc tempcralurc ol'hc blow-out mr, which is blown mto
the velncle interior, can be adjusted over a wide mange from
a lov -temperature region to a high-tempemsture region by
clianging the tlirottle opmiings of the tirst and second
expansion vaives 15n and 15b according to the target
blov ing temperature TAO and making the outdoor heat
exchanger 16 funcuon as a r;ulialor or an evaporator in Ihe
Iirst dclnimidiiicauon hcatuig mode as dcscnb&xt above.
(d) Second Dehumidification I Ieating Mode

In the second delnimidification heating niode. the air-
cmiditioning control device opens the on-off valve 20 and
the pilot on-off valve 22 and makes both the first expansion
valve 15a and the second expansion valve 15b be in a
tluotflc state. In the second dchumidiiication heatuig mode.
thc pilot on-olf valve 22 Opens the sixond rcfrigcranl pas-
sage 14b that is a bypass passage, unlike the other opemstion
modes

Accordingly. a vapor compression type refrigemstion
cycle. lvhich circulates a refri emnt in the order of the
compressor 11. the indoor condenser 12, the first expansion
valve 15&1, the outdoor heal cxchangcr 16, (thc on-ofl'alve
20). thc accunuilator 21, and thc compressor 11 and circu-
latcs a rclhgcriml in the order Of the compressor 11, the
indoor condenser 12. (Ihe pilot on-oif valve 22), the second
expansion valve 15b. the indoor evaporator 18, the evapo-
rating pressure regulating valve 19„ the accumulator 21. and
the compressor 11 as shown by the shaded-hatched arrow of
FIG. I, is fomied in thc second dehumidiiication heatuig
mode

Ill othC& words, ill IhC BCCoild dChuiiiidliiCBI1011 hCdlilig
mode, the refrigeration cycle device is switched to a refrig;
erant circuit that allows the refrigemsnt fiowing out of the
indoor condenser 12 to flow in the order of the first expan-
sion valve 15n. the outdoor heat exchanger 16, and the
compressor 11 and to flow in the order of thc siwond
expansion valve 15b. the indoor evaporator 18, the evapo-
rating prcssure regulating valve 19, and thc compressor 11

in parallel Moreover, the air-conditioning control device
determines the operating states of the various control instni-
ments connected to the air-conditioning control device (con-
trol signals to be output to the various contml instruments)
on thc basis of the target blowing tcmperaturc TAO, thc
dclimlion signals ol Ihc sensor group, and lhc hkc based on
thc slruclurc Of Ibis rcfngcrmil circuit.

linr example. a control signal to be output to the electric
motnr of the compressor 11 is determined in the saine
manner as the coolin mode. Further. a contml si nal to be
output to the electric actuator of the air-mix door 36 is
dclcrnuncd so lhal Ihc mr-mix door 36 cloaca the cold air
bypass passage 35 and all oi'lu: blown air having pass&x(

tluough Ihc uidoor evaporator 18 passes tluough thc air
passage forined on a side where the heater core 34 and the
indoor cnndenser 12 are disposed
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Furthermore, control ~ ignals, wluch arc to be output lo thc

firrt expansion valve 15a and the second expansion valve
15k. are deternimed so that the throttle openings of the hrst
and second expansion valves 15a and 156 become a prede-
termined opening for the second dehumidification heating
mode. More specifically, the control signals are determined
so thai lhc amount ol'hc refrigerant depressunzcxl by the
lirst expansion vulva 15a is the sum of thc amoun! of Ihe
refrigerant depressunzed at the second expansion valve 15(3

and the amount of the refrigerant depressurized at the ic
evaporating pressure regulating valve 19

Accordingly„ in the refrigeration cycle device 10 at the
time ofthe second dehumidiiication heating mode. as shown
in the Moflier diagriun of FIG. 7, the lugh-pressure refng-
crani (point e1) discharged fmm the compressor 11 tlows
into ihe indoor condenser 12 and radiates heat by exchang-
ing heat benveen itself and blown air that has been cooled
and dehumidified by the indoor evaporator 18 (point
e1 point e2 in FICi. 7). Accordingly, the blown air is
heated. ic

Since flie pilot on-ofl'alve 22 is opened, the flow of the
rel'rigcranl flowing out ol'he uidoor condenser 12 is
branched at the first three-way joint 13ir A part of the
refrigerant branched at the first three-way joint )3ir flows
into the first refrigerant passage 14a, and is depressurized at
the first expansion valve 15a until becomiiig a low-pressure
refrigerant (point e2 point e3 in FICi. 7). The low-pressure
refrigerant dcpressunzcd by thc first expmision valve 15ir
flows into the outdoor lmdt exchanger 16 miil absorbs heal
fmm the outside air that is blown from the blower fan (point so

e3 point e4 in I'lti 7).
'lite other part of the refrigerant branched at the hrst

three-cvay joint 13a flows into the second expansion valve
150 through the pilot on-offvalve 22 and the third tluee-way
jouil 13c and is depressunzcd until bcconnng a low-prcssure is
rel'rigcranl (point c2 point e5 in FIG. '7). Further, the
low-prcssure refrigerant dcprcssunzcd by Ihc second expan-
sion valve 1512 flows into the indoor evaporator 18. and
evaporates by absorbing heat from the air that is blown front
the blower 32 (point e5 point e6 in FIG. 7). Accordin ly, do

the blown air is cooled
Morcovcr, thc rclhgcrant flow ing oui of the iniloor evapo-

rator 18 is dcprcssurizcx) by ihc cvaporanng pressure rcgu-
lanng saic 19 (pouii e6 pouil e4 ui FIG. 7). so that thc
pressure of the refrigemcnt flowing out of the indoor evapo-
rator 18 becomes the same as the pressure of the refrigerant
flowing out of the outdoor heat exchanger 16. The refnger-
ant flowing out of the evaporating precsure regulating valve
19 flows into thc fourth tlucc-way tourt 13d. miil loins the
rel'rigcranl flowuig out of thc miidoor heat exchanger 16. c

Furlhcr, lhc Ioining rcfngcrmii flows io ihe accumulator 21
and the suction side of the compressor 11, and i ~ compressed
by the compressor 11 again

Accordingly„at the time of the second dehumidiTication
heating mode. as in the iirst dehumidification heating mode, ss
blown air, wluch has bccn cooled and dchunudilied by thc
indoor as apordtor 18, cdu bc heated with lhc uxloor con-
dcnscr 12 and to blow ihe air uito thc vchmlc intcnor.
'I'herefore, dehumidification heating in the vehicle interior
can be achieved so

In this case, the refrigerant evaporation temperature of the
outdoor heat exchanger 16 can be lower than the refrigerant
evaporation tempcraturc ol'he indoor evaporator 18 in the
second dehumidilicduon heating mode. Accordmgly, the
amount of heat, which is absorbed by Ihe rcfngcranl of the sc
outdoor heat exchanger 16. can be increased by increasing
a difl'erence between the temperature of the refrigerant of the

outdoor heal exchanger 16 and thc tcmpcraiurc of outside air
further than in the first dehumidihcation heatin mode. As a
result, ihc heating capacity of blown air in thc induor
condenser 12 can be increased further than in the first
dclnunnlilication heating mode.

As described above, according to the vehicle air condi-
tioning system I of the present embodiment. appropriate air
conditioning in the vehicle interior can be achieved by
sv itchin the operations of the cooling mode. the heating
mode, Ihc lirsl dchumiddication heating mode, mid Ihe
second delnunidification heatin mode ln addition. the
tcmperaturc of air, v,hich is blown uito the vehicle uitcnor,
in the order of the heatin niode. the second dehumidifica-
tion heating mode, Uie first ilclnimidilication hcaung mode,
and the cooling mode as shov n in I'lti 8 in the refrigemction
cycle device 10 of the present embodiment can be lowered.

Accordingly, in order to mise the tempemcture of air,
v hich is blov:n into the velucle interior„ further than in the
first dclnunidrlica non healing mode, 1 t is ncccs sary to sw itch
the refrigeration cycle device to the refrigerant circuit for the
second dclumudilicauon hcaung mode from thc rcfrigcranl
circuit for the first dehuniidification heating niode More-
over, in order to lower the teniperature of air, which is blown
into the ve)ucie interior, funher than in the heating mode. it
is necessary to switch the refrigeration cycle device to the
refrigemnt circuit fi&r the second delnimidification heating
illoilC Iroiu thC rCf11gi:ldiil C11Ciiil foi'hC hCdliilg illoilix

That is, when Ihc rcfngcrauon cycle device 10 of thc
present embodinient is sivitched to the refrigerant circuit tiir
the second dehuniidification heatiim mode fnim the refrig;
erant circuit for the first delnuiiiditication heating mode. or
v hen the refrigeration cycle device 10 of the present
embodiment is sv,itched to the refrigerant circuit for the
second dclumudilicauon hcaung mode from thc rcfrigcranl
circuit for lhc healing mode. the air-conditioiung control
dcvicc opmis the pdol on-ofl valve 22.

I iere, according to the examination of a piessme differ-
ence benveen the refrigemnt pressure Pl at the inflow port
220a of the pilot on-off valve 22 and the refrigerant pressure
P2 at the outflow port 220(3. that is. difl'erential pressure
(P1-P2) between Ihc front and rear sides of thc main on-uff
valve 221, the diflcrcnual pressure (P1-P2) betwiwn thc
front and rear sides ol Ihc nuiin on-ofl valve 221 at Ihe lime
of the heating niode and ihe fourth mode of the first
dehuniidification heating mode is larger than that at the tiine
of the second deluuuidification heatin mode ac shown in
FICT. 8

Wlmn Ihc main on-olT valve 221 is opened ui a staie in
which the difli:rcntial prcssure (P1-P2) between thc front
and rear sides ol'hc mmn on-olT valve 221 is larger as
described above, a refrigerant flows to the low-pressure side
of the cycle from the high-pressure side of the cycle. ) sor this
reason. a large amount of refrigerant passing noice ic gen-
erated. Accordingly, when the main on-ofl'alve 221 of the
pilot on-olT valve 22 is opened ui thc present cmboduuenb
thc air-conditioning control device supplies elec Inc power lo
thc solcnoul 223 of Ihc pilot on ofl'valve 22 in a stale whcrc
the second expansion valve )5(2 that is an example of the
downctream open-close device is fully closed

When the air-conditioning contml device supphec electric
power to the soienoid 223 of the pilot on-off'alve 22, the
pilot valve 222 is atuacied by an electromagnetic lhrcc of
the solcnoxi 223 imd is separated from thc main on-OIT valve
221 as shown in FIG. 9. Accordingly. thc outlet-wde com-
nninication passage 221 d is opened, and a refrigemcnt pres-
ent at the infloiv port 22(la flows in the order of the inlet-side
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conuuunicatiou passages 221e. Ihe pilot space 220e. and thc
outlet-side conununication passage 221d as shown by the
tluck-lute arrow of FIG. 9.

I'urther. Ihe reffigemsnt pressure P2 at the outflow port
220b rises so as to bc equal Io thc rein cmnt pressure Pl at
the inflolv port 220rr and the refrigemsnt pressure Pp in the
pilot space 220e. so that the refrigerant pressure Pl at the
inflow port 220a becomes equal to the refrigerant pressure
P2 at the outflow port 2ZUb

111
When Ihc ddli:rcntuil pressure (Pl —P2) belwecn Ihe front

and rear sides of the main on-ofl'alve 221 is reduced due
Io tins lxpialixatlon ol'rcssure and a load appllcrl to thc
nlain on-off valve 221 in the valve closing direction ([the
difli:rmitial prcssure (Pl —P2) between thc front and rmir

I
sides of the nlain on-off valve 221)x[the area of the surface
of the mam on-off valve receiving pressure]) becomes
smaller than a load applied in the valve ckising direction that
is generated in the valve opening direction by the main
on-ofl valve sprulg 225, thc mam on-ofl'alve 221 is
separated from the seat portion 220d as sholvn in FIG. 10.
Accoriluigly, thc second rcfngcrani passage 14b (the bypass
passaae) is opened

Afler that. when the air-conditioning control device
changes the state of the secimd expansion valve 15b to the
tluottle state from the fully closed state by opening the
second expansion valve 15b, the operation of the second
dcluuniddicatlou heating mode is acluevix!. Sulce Ihe reihtg-
crant luiving boca dcpressurizcd by thc second expansion
valve 15b flows ill(a the indoor evaporator I (( in the second Io
deinuuidification heating mode, the refrigerant pressure P2
at the outtlow port 220b is lower than the refrigerant
pressure P2 at the outflow port 220b that is obtained v.ben
the second expansion valve 15b is in the fully closed state.

In this case, when the main on-ofl'alve 221 opens the ls
mam passage 220c in thc pilot on-ofl valve 22 of the present
cmbodimcnt m shown ul FIG. 10, a part ol Ihe uriel-side
comnnmication passages 221e are closed by the passage
closing pins 224a Accordingly, the total refrigerant passage
area of the inlet-side communication passages 221e is so
smaller than the refrigerant passage area of the outlet-side
conuuunicatiou passage 221d. Therefore, lhc refugcrmit
prcssure Pp ul thc pilot space 220c is hkely to approach thc
refrigerant prcssure P2 at the ouiflow port 220b and a
pressure ditTerence between the refrigerant pressure Pl at
the inflolv port 220a and the refrigerant pressure P2 at the
outfloiv port 220b increases. For this reason. a force, which
holds the main on-off valve 221 in the valve opening
ihrccniill, is apphixl.

Accordingly, al'ter thc mode of thc rcfugerauon cycle c

device is switched to thc second dchumidilicalion healing
nlode. the main on-off valve 221 does not close the main
passaae 220r even though the refrigerant pressure P2 at the
outflow port 220b is lov ered. Therefore. the main passage
220c in a state in which the main passage 220c is stably 1.

opcnixl can bc maintainixk
Further. when the second rclbigcrani passage 14b is closed

and the refugcratiou cycle dcvicc is switched to tim reihtg-
erant circuit for the other operation mode (the first dehu-
midification heating mode or the heating mode) from the rr!

refrigerant circuit for the second dehumidification heating
mode, the air-conditioning control device stops supplying
clccsuc power to the solenoid 223. When die air-condition-
ing control device slops supplyulg electric power to the
solenoid 223. thc pilot valve 222 is pressed Io thc main ss
on-ofl'valve 221 due to the load of the pilot spring 222a as
shoivll ln I l(i ll

26
Accordingly, Ihc outlet-mde commurucation passage 221d

is closed. so that the refrigerant pressure Pp in the pilot space
220c appmachcs Ihe rcfugcrant prcssure Pl at thc inflow
port 220a. That is, smce the rel'rigcrant prcssure Pp in Ihe
pilot space 220e beconles equal to the refugerant pressure
Pl at the infloiv port 220rr, a pressure ditTerence beuveen the
refrigemnt pressure Pl at the inflow port 220a and the
refrigemnt pressure P2 at the outflow port 220b increases. In
addition, the main on-off valve 221 receives the load of the
pilot spring 222a tluuugt Ihc pilot valve 222, so that thc
main on-olT valve 221 cloaca Ihc main passage 220c as
shown m Fl(i 2

In the refrigeration cycle device 10 of the present embodi-
ment, as described above, the pilot valve 2ZZ opens the
outlet-side communication passa e 221d when the main
on-off valve 221 of the pilot on-off'alve 22 opens the
second rel'rigcrant passage 14b Accordulgly, a prcssure
dllTcrmlcc between Ihc refrigerant prcssure Pl at thc inflow
port 220a of the pilot on-ott'alve 22 and the refrigerant
pressure P2 at the outtlolv port 220b can be reduced

In addition. while the second expansion valve 15b as an
example of the downstream open-close device closes a
refrigemnt passage provided on the downstream side of the
outflow port 220b of thc pilot on-ofl'alve 22. the pilot valve
222 opens the outlet-side commulucation passage 221d.
Accordmgly, the refrigerant pressure P2 at the outflow port
220b can approach the refrigemsnt pressure Pl of the high-
pressure refrigerant at the inflow port 220a.

Therefore. it is possible to reduce the differential pressure
(Pl —P2) between the front and rear sides of the main on-off
valve 221 without lowering rcl'u aran( prcssure on Ihe
high-prcssure side ol'hc cycle. As a result, a rcfrigcrant
passing noise, lvhich is generated lvhen the pilot

on-off
valv

22 opens the second refrigerant passage 14b, can be sutTi-

ciently reduced v, ithout lov ering the refrigerating capacity
of the refrigeration cycle device 10 and lowering the tem-
perature of air that is blown into the vehicle interior when
thc opcratron mode is suitcluxl.

Furtlmr, the total relblgerant passage area ol'hc inlet-side
communication passages 22le is larger than that of the
outlet-side communication passage 22 id in the pilot on-otT
valve 22 of the present embodiment Accordingly, when the
pilot valve 222 opens the outlet-side conmuuucation passage
221d (when the state of Fl(i. 2 is changed into the state of
FIG. 9), it is easy Io introduce tlu: high-prcssure refrigerant,
which rs present a( Ihc ulflow port 220a, into thc pilot space
220c

lror this reason, while the pilot valve 222 opens the
outlet-side comnumication passage 22 Id and the refrigerant
pressure Pl at the inflow port 220a becomes equal to the
refrigemnt pressure P2 at the out(kiss port 220b. the opening
of thc mrna passage 220c performed by thc main on-uff
valve 221, which is caused by thc low cong ol'Ihc refrigerant
pressure Pp in the pilot space 220e, is suppressed

In addition, since the passu e closing pins 224a as an
exanlple of the passage area-reducing portion reduce the
refrigerant passage area of the inlet-side conununication
passages 2Zle lvhen the main on-ofl'alve 221 opens the
minn passage 220c, Ihc rclhgerant prcssure Pp ul thc pilot
space 220e is likely Io bc lowered. Accordingly, Ihc on-olT
valve 221 in a state in which the on-off valve 221 is stably
opened can be maintained

Second Embodiment

An example in which the stuictures of the inlet-side
cmnnlunication passage 221e of the pilot on-otTvalve 22 and
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Ihe passage area-reducing portion of thc lirsl embodunmlt
arc clranged as shown ui FICiS. 12 and 13 will be descubcd
in the present embodiment. FICIS. 12 and 13 are views
corresponding to FICiS. 2 and 10 of the first embodiment,
respectively. and the sante portions as the portions ofthe hrst
embodiment or portions equivalent to the pottions ofthe hrst
cmbodimcnt arc dcnotcd by the slane rcfcrcncc mmierals.
This is also the same in the followulg drawulgs.

Specifically. a plurality of inlet-side communication pas-
sages 221e of the present embodiment are provided at the
upper surface-side disc-shaped portion 2216 of the main
on-ofl'alve 221, and are classified broadly into two kinds
of uilctcudc conmiurucauon pascages. that is. inner ullct-
side communicution passages 221e1 disposed on a side close
to 0 central axis of the main on-ofl'alve 221 and outer
inlet-side conmuinication passages 22102 disposed on a side
distant front the centnll axis.

In addition, the total refrigerant passage area of the
inlet-side communicauou passages 221CI and Ihe uilct-side
comnnmication passages 221e2 is larger than the refrigerant
passaae area of the outlet-side conununication passage 20

221d. Further. in the present embodiment. Ihe passage
closing pins 224a are not provided and the pilot space
founing nlember 224 is provided with a cylindrical annular
seal member 224(t.

As shown in FIG. 13, thc annular seal member 2246 is
formed so as to have a diameter that allows the anmilar seal
member 2246 to conte into contact with a portion, which is
positioned between an opening portion of the inner inlet-side
communication passage ZZISI and an openiilg portion of the
outer inlet-side communication passage ZZICZ. of an upper 10

surface of the upper surface-side disc-shaped portion 2216
ol'the main on-olf valve 221 when the mam on ofl'ali e 221
opens the main passage 2200.

Accordingly, when the main on-otf valve 221 opens the
nlain passe e 2200, the flow of a refrigerant flowing to the ii
pilot space 220e from the inflow port 220a through the outer
inlet-side communication passages 22102 is cut off. There-
fore, when thc muul on-ofl'alve 221 opens the main
passage 220c, thc total rcfngcrant passage arcs of thc
inlet-side communication passages 221e becomes snialler 00

than the refrigemsnt passage area of the outlet- ~ide conimu-
nication passe e 221d. ')liat is. the annular seal nieniber
224b may be used as an example of the passage area-
reducing pelt)on in the present embodiment.

lite other structures and opcrauons of Ihe vehicle mr si
conditioning system 1 and thc rcl'ugcration cycle dcvmc 10
are the sante as those of the first embodiment Accordiagly,
even though the structure of the pilot on-oif valve 22 is
changed as in the present embodiment, a refrigerant passiag
noise, which is generated v hen the pilot on-off valve 22 10

opens the second refngerant passage 146. can be sufliciently
rixluced without lowering rcliigcrmit pressure on Ihc high-
prcssurc side ol'hc rcfugcrauon cycle dcvwe 10 as in thc
firs enlbodinlent

In addition, since the annular seal inember 2246 is 11

employed as an example of the passage area-reducing por-
tion in the present embodiment, the main on-ofl valve 221
does not need to be ali ned about the axis in contrast Io the
slructurc that closes a part ol Ihc inlcl-side conununicalion
passages 2210 by passage closing pins or Ihe like. Accord- 00

ingly, assemblability and the like at the time of the produc-
tion of Ihe pilot on-off valve 22 can be iinpnived

Tlurd Embodiment
si

An example in which the stnictures of the inlet-side
comnnmication passage 22 le of the pilot on-otfvalve 22 and

thc passage area-rnlucing portion ol the lira( embodimcnl
are chan ed as shown in FIG. 14 will be described in the
prcscut cmbodimcnt. Specilically, in thc prcscnt embodi-
ment, valve bodies 221fi winch open and close uilct-sale
cmnnlunication passl es 221C3, are disposed in a part of the
inlet-side conununication passages 221e3. and the valve
bodies 221f may be used as an example of the passage
area-reducin portion.

When the main on-off valve 221 is displaced to the seat
portion 220d (thc lower side ui FIGS. 14 and 15) mxl closes
thc main passage 2200. thc valve body 221( opens thc
inlet-side comnninication passaae 22le3 by the load of a
spring 221 for a valve body disposed in the inlet-side
conununication passage 221e as shown in an enlarged
cross-sectional view of FIG. 15

On the other hand, when the main on-ofi'alve 221 is
displaced Io a side in wluch Ihc muul on-ofl'alve 221 is
scparatcd liom Ihc seal portion 220d (thc upper sale in
ill(ig. 14 and 16) and opens the main passage 22011 an end
portimi of the valve body 221fclose to the pilot space 2200
(the upper side in FIG. 16) comes into contact with the pilot
space founing member 224 as shown in an enlarged cross-
sectional view of FIG. 16. Accordingly. the displacement of
thc valve body 221/ is resuicted.

In addition. when thc main on-olf vulva 221 is pressed
against the valve body 221f of ivhich the displacement is
restricted, a part of the inlet-side conimunication passages
22103 are closed. Accordingly. when the main on-ofl'alve
221 opens the main passage 220i. the total reibigemunt
passage area of the inlet-side cotmnunication passages 2210
bioomcs smaller than Ihc rcl'rigcrunt passage area of Ihc
outlet-side communication passage 221d.

I'he other stmctures and operations of the vehicle air
cmiditioning system I and the refugeration cycle device 10
are the same as those of the first embodiment Accordingly,
even though the structure of the pilot on-off valve 22 is
changed as in the present einbodiment. a refrigerant passing
noise, wluch is gcncrated when thc pilot on-ofl'alve 22
opens thc second rcfngcrmit passage 14b, can bc sufliciently
reduced without lowering refrigerant pressure on the high-
pressure side of the refrigeration cycle device 10 as in the
first embodiment

In addition. since the valve bodies 221f disposed in the
inlet-side communication passages 221e are employed as an
cxilluplc of Ihc passage arcs-lcduclllg por(1011 ill Ihc picscill
embodiment, thc mrna on-olf valve 221 docs not need to be
aligaed about the axis as in the second embodinient Accord-
ingly, assemblability and the like at the time of the produc-
tion of the pilot on-off valve 22 can be impmved

Fourth Embodiment

Afl cxaulplc lil which tile structure of thc iillct-side
conununication passage 221e of the pilot on-ofl'alve 22 of
the first embodiment is changed as shown in FICi. 17 will be
dcscribcd in thc prcsmlt emboduucut. Spcciiically, in thc
present cmbodimcnt, a part of inlet-side commuiucation
passages 22104 is lbrmed on thc inner wall surlhcc ol'
cylinder portion, which is disposed on the outer periphenll
side of the upper surface-side disc-shaped portion 2216 of
the main on-off valve 221, of the pilot space fomlin
member 224.

Thc inlet-side conunumcation passages 22104, wluch are
fbrnuxl on the inner wall surface of Ulw cylinder portion,
allow thc inflow port 220a and thc pilot space 2200 to
cmnnlunicate with each other as shown in I'l(i I 0 when the
main on-otf valve 221 is displaced to the seat portion 220d
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f the lower side &n FIGS. 17 and 1gb On thc other hand, when
the main on-off valve 221 &s displaced to a side in which the
n&run on-ofl vBlvc 221 Is scpa&duxl lion& thc scil& pofl&on
2204 (the upper s&dc &n FIGS. 17 tmd 19k die uilet-side
comnnmicat&on passages 22le4 are closed by the outer
peripheral side of the upper surface-side disc-shaped portion
221b as shown in FICi. 19.

Accordingly„ the total refrigerant passu e Brea of the
inlet-side conununication passages 221e becomes larger
than thc refrigerant passage area of thc outlet-s&dc commu- ui

nication passage 221d when thc nuun on-off'alve 221
closes the ma&n passage 220c, and the total refrigerant
passu e area of the inlet-side communication passages 22 le
becomes smaller than the reibigemsnt passage area of the
outlet-side comnuui&cat&on passage 221d when rhe main Is

on-offvalve 221 opens the ma&n passage 2200. That is. &n the
present mubodunent, thc upper surlhcc-side d&sc-shaped
portion 221b of thc mrna ou-off'alve 221 &s used as an
example of the passage area-reducing portion

I'he other stn&ctures and operations of the vehicle air Io

conditioning system I and the refri eration cycle device 10
are the same as those of the first embodiment. Accordingly,
even tlu&ugh the structure of the pilot on-ofl'alve 22 &s

clrdnged as in thc prcscnt cmbod&ment, d refrigerant passing
no&sc. which &s gcncratcd when thc p&lot on-off'alve 22
opens the second refrigemsnt passage 14b, can be suflic&ently
reduced without lowering refrigerant pressure on the high-
pressure side of the refngeration cycle device 10 as in the
first embodiment.

In addition. since a part of the inlet-side conununication &o

passages 221e4 &s lhm&cd on thc pilot space fomun mem-
ber 224 and thc upper surface-s&dc d&sc-shaped poruon 221b
of the ma&n on-off valve 221 forins an example of the
passaae area-reducing portion in the present embodiment. it
is not necessary to foun specific inlet-side communication &s

passages 221e &n the ma&n on-ofl'alve 221. Moreover. the
main on-off valve 221 does not need to be afigied at the time
of assembly as &n thc second embodiment anti the like.
Accordu&gly. asscmblab&1&ty and Ihe 1&kc at thc time of thc
pmduction of the pilot on-off valve 22 can be improved do

drca of Ihc aller-salt: conuuun&cal&on pdssagcs 221e wlulc
the ma&n on-off valve 221 closes the main passage 220r.

On thc t&ther hBnd, when lht: nlrdn on-off vdlvc 221 Is

separated from thc scat portion 220d aud opens the main
passage 220r, the pilot space 220e and the outflow port 22()b
are made to con&municate with each other through a gap
between the bottom of the bottom-side disc-shaped portion
221r and the seal member 221s and a fl&rough-hole ii&rmed
at the seal member 221s as shoivn in FICi. 22. Accordingly,
thc total rely&gerant passnge arcs of thc outlet-sale commu-
n&cation passage 2214 bcxomcs larger than thc refrigerant
passage area of the inlet-side communication passages 22 1 e.

'I'hat Is, the seal member 22k& of the present embodiment
is used as an example of a passage area-increasing portion,
and allows the total refrigerant passage area of the outlet-
side comnnmication passage 221d to become larger than the
reit&gc&d&it passage d&c&I of thc 0th:I-sale conuuuu&canon
passages 221e by opcmng the sub-conunun&cdt&on passd cs
22(dl when the main on-off valve 22( opens the main
passage 22UC

Accordingly, &shen the main on-ofl'alve 221 opens the
main passage ZZOC in the pilot on ofl'alve 22 of the present
embodiment. the refrigemsnt pressure Pp in the pilot space
220e &s likely Io approach thc refrigerant prcssure P2 at thc
outflow por( 220b. As a result, after the mode of thc
refrigeration cycle device is sw&tched to the second dehu-
nudification heating mode, the main on-off valve 221 does
not close the main passage 220r even though the reibigemsnt
pressure P2 at the outik&iv port 220b is lowered Accord-
in ly. the main passage 220r can be stably opened.

Thc other structures mul opcrat&ons of thc vcluclc air
condit&otung system I;md Ihe refngcrauon cycle device 10
are the same as those of the first embodiment Accordingly,
even though the structure of the pilot on-oif valve 22 is
changed as in the present embodiment. a refrigerant passing
noise. &vhich is generated when the p&lot on-off valve 22
opens the second refrigemsnt passage 14b„can be suificiently
rcthlccd w&(hour lowe&u&g 0:i&ger&alt prcssure on thc h&gh-

prcssurc sulc t&f thc rcfisgcrrltliu& cy'clc tlcv&cc 10 Bs ul thc
first embodiment

Fiflh Embodiment Sixth Embod&ment

An cxamplc &n wh&ch thc structures of Ihc uric(-side
communication passage 22(e and the outlet-side comnnuu-
cation passage 22 id of the pilot on-0(T valve 22 of the hrst
embodiment are changed as shown in Fl(.iS. 20 to 22 will be
described in the present embodiment. FI(.IS. 20 to 22 are
t&cws correspondu&g to FICiS. 2. 9, mid 10 01'ie lirst
cmbodimcnt, respect&vely. 0

Spccilically. thc passage closing pins 224a of the lirst
embodiment and the inlet-side conununication passages
221e, ivhich are closed by the passage closing pins 224a,
aniong the plurality of Inlet-side conmiunication passages
221e are not provided in the present embodiment. Moreover,
in thc present embodiment, a plurality of sub-conumuucd-
uon passages 22141 arc added Io Ihe outlet side of thc
outlet-s&dc conunuuicdt&ou passage 221d.

When the main on-oifvalve 221 is pressed against the seat
portion 220d and closes the main passage 220r as shown in ro
FIGS. 20 and 21. the sub-comnn&nication passages 221d1
are closed by the seal member 221S that is disposed on the
bottom of tlm bottom-side disc-shaped port&on 2210. For tlus
reason. et en though thc p&lot valve 222 opens thc outlet-s&de
commumcauon passage 221d as shown in FIG. 21, thc total ss
refrigerant passage area of the outlet-side communication
passaae 22 id becon&es sn&aller than the refrigerant passage

An exiunplc ul wh&ch Ihe structure ol thc inlet-side
communication passage 22le of the pilot on-otTvalve 22 of
the first embodin&ent is changed as shoivn m I'l(ig 23 to 25
and a passage forming men&her 220f is provided as an
example of the passe e area-increas&ng portion changin the
relrigcran( passage are&I of the 00th:I-s&dc coiluuun&ca&&on

passage 221d will bc described &n thc prcscnt embodiment.
FIGS. 23 to 25 are Views corrcspond&ng to FICiS 2, 9, and
10 of the first embodiment, respect&vely

Specifically, the passu e closuig pms 224&t and the inlet-
side comnuuucation passages 221C closed by the passage
closing pins Z24a are not provided in the present embodi-
nlcnt ils ul Ihc liflh cnlbothnlt:nm Morcovcm thc pasul c
forming member 220f &s disposed &n thc mau& passage 220r.
wh&ch &s firmed ui Ihc body 220. on thc downstream side of
the niain on-oif valve 22( in the flow of a refugerant and on
the inner peripheral side of the seat portion 220d

The passage forming member 220f is formed in a sub-
stant&ally conical shape that is tapered toward the main
ou-ofl'alve 221. B&xl thc cenu dl ax&s of thc passage fonnu&g
member 220/ &s disposed coaxially w &th tlm central axes of
the scat poruon 2204 and thc ma&n on-olT valve 221. In
addition, a small-diameter communication hole 2205. which
extends in the direction of the central axis and alk&ws the
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intenial space of the outlet-side communication passage
2218 to cotmnunicate with the outfloiv port 2206, is formed
at the central poruou ol'hc passage fornung member 220f.

Further. thc passage lhnning member 220( is lixixl to the
body 22U so that a tapered end portion of the passage
formin meniber 22(lf is inserted into the outlet-side coni-
munication passage 221d as shown in FIGS. 23 and 24 when
the main on-off valve 221 is pressed against the seat portion
2208 and closes the main pa~sage 220c.

For tlu s reason. while t1m maui onoffvalve 221 closes thci ii

main passage 220r even though the pilot valve 222 opens thc
outlet-side communication passage 22ld as shown in )1().
24. the refrigerant passage area of the outlet-side conimu-
nication passe e 221d becomes the refri emnt passage area
of the sniall-diameter tximmunication hole 220g of the
passage forming member 220fand becomes smafler than the
rel'rigcrant passage arcs of thc inlet-side conununication
passiigiz 221ie

On the other hand, when the main on-off valve 221 is
separated fmm the seat portion 22()d and opens the main zo

passage 220c. the tapered end portion ofthe passu e fomting
member 220f is separated from the outlet-side conmtunica-
tion passa e 221d as sho~n in FIG. 25. Accordin ly. the
raft)gemut passage area of the outlet-side commuiucation
passage 221rf bccomcs larger than thc relhgcrmit passage
area of the inlet-side comniunication passages 22le

When the main on-off valve 221 opens the main passage
220c in the plot on-ofl'alve 22 of the present embodiment,
the refrigemnt pressure Pp in the pilot space 220e is likely
to approach the refrigerant pressure P2 at the outflow port io

220b by flic increase ol'hc refngerant passage arwi of the
outlet-side conununication passage 221d. Accordmgly, the
niain passage 22()i as in the fifth einbodiment can be stably
opened.

I'he other stnictures and operations of the vehicle air ii
conditioning system I and the refri eration cycle device 10
are the same as those of the firs embodiment. Accordingly,
even though thc structure ol'hc pilot on-ofl'alve 22 is
clranged as in thc prcscnt cmbodimcnt, a refrigerant passing
noise. which is generated when the pilot on-otf valve 22 xo

opens the second refrigemnt passage 14(x can be sufliciently
reduced without lowering refrigerant pressure on the high-
pressure side of the refhgeration cycle device 10 as in the
first embodiment.

Seventh I imbodiment

An example in v hich the centml axis of the pilot valve
222 is disposed coaxially with the central axis of the main
on-ofl'valse 221 and thc pilot valve 222 opeiw or closes the o

outlet-side commuiucation passage 221d fomicti ui thc mmn
oli-ofl'valve 221 has been described in the first embodiment,
but an example in ivhich the disposition of the pilot valve
222 and the like is chan ed as shown in FIGS. 26 and 27 will
be described in the present embodiment. FIGS. 26 and 27 are i.
i iews corrcsponduig to FIGS. 2 mid 10 of the lirst embodi-
ment, rcspcctively.

Morc specilically, ui the prcscnt embodiment. the pilot
valve 222. the solenoid 223, and the like are disposed on the
outside of a mn e (niovable range) in which the main onotf ro
valve 221 is displaced. Further. the pilot valve 222 opens or
closes the outlet-side communication passage ZZItf formed
in thc body 220. An outlet-side conununication passage is
not fonncxl in thc main on-olT valve 221 ol'lie present
cmbodimcnt. si

Further. when the main on-off valve 221 opens the main
passaae 22Uc as shown in lil(i 27, the inlet-side conunu-

nication passage 221e prox idcd at thc central portion of thc
main on-off vaive 221 is closed by a resinous seal member
lixed to thc pilot speci: fomiing member 224. Accorihngly,
the total refrigermit passage area of the inlet-side conunu-
nication passages 221e bixomes smaller than thc refrigerant
passage arcti ol tile outlet-slClc i:olllliluillciltloll paswl c
221r(. Thcrcforc, thc passage area-rcducuig portion is
formed of the resinous seal niember fixed to the pikit space
forming member 224 in the present embodiment

The other structures and operations of the vehicle air
conditioning system I and the refrigeration cycle device 10
are tlm same as those ol thc lirst cmboduncnt. Accorihngly,
even though thc structure of the pilot ou-ofl'alve 22 is
changed as in thc present embodiment, a rclhgcrant passuig
noise, which is generated when the pilot on-oiT valve 22
opens the second refrigermit passage 14h, can be sufficiently
reduced v, ithout lowering refrigerant pressure on the high-
pressure side of the refrigeration cycle device 10 as in the
first cmbodimenn

Morcovcr, since thc pilot ialvc 222 w disposed on thc
outsulc of a range, m which the main on-ofl'alve 221 is
displaced, in the present embodiment, a stroke of the pilot
valve 222 (a moving distance of the pilot valve w:hen the
pilot valve is displaced to a state where the pilot valve fully
opens the outlet-side coninnuiication passage ZZId from a
state where thc pilot vah c closes the outlet-sale conumuu-
catiou passage 221d) can bc set to bc smaller than a stroke
of thc maui on-olT vah c 221 (a moving distance ol thc main
on-off valve Z21 ivhen the main on-off valve 221 is dis-
placed to a state where the main on-off valve 221 fully opens
the main passage Z20c from a state where the main on-ofl'alve

221 closes the main passage 220c).
Accordingly, since the size of the pilot valve 222 and the

size of thc solenoid 223 that drives and displaccs the pilot
valve 222 can be reduced. it is possible to rcducc thc size of
the pilot on-oif vale 22 as a whole

Eighth Embodiment

'I'he passage closing pins 224ir of the hrst embodiment,
the inlet-side communication passages 22le. w:hich are
closed by the passage closing pins 224u, among the plurality
of inlet-side conununication passages 221c of the first
embodiment. and the like are not provided in a pilot on-off
valve 22 of thc present cmbodimcnt as shown in FIG. 20.
That is, thc pilot on-olT i alvc 22 of thc present cmboduucnt
is not provided ivith the passage area-reducing portion and
the passage area-increasing portion that have been described
in the above-mentioned emlxidinients

Even in the pilot on-ofl'alve 22 of the present embodi-
ment, the differential pressure (Pl-P2) beta een the front and
rear sales ol'hc maui on-ofl'alve 221 is uot uicrcascd
rclativcly at thc tune ol ihe second dchumidilication hcatuig
mode and the main passu e 22(Ii in a state. m which the
main passage 2ZUri is stably opened, can be maintained at the
time of the second delnunidihcation heating mode in a
refrigeration cycle device in which a load applied to the
main on-offvalve 221 in the valve clo sin direction does not
cxcimd a load that is generated in thc valve opening dircchon
by thc main on-ofl'alse spring 225 Accordingly, thc same
etTects as the first embodinient can be obtained

Ninth Embodiment

In a pilot on-off valse 22 ol thc presmit cmboduucnt, thc
seal stmcture of the main on-otT valve 221 of the eighth
embodinient is chmiged as shoivn in lil(i 29 Specifically, a
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lower ponion of the main on-olT valve 221 is lbrmed of a

cylindrical pottion. Bnd latemsl holes 221(t, which pass
tlirough Ihc outcr penplmral sale and thc inner penpheral
side of Ibis cyhndncnl portion. Brc provided.

Xyhen the main on-otT valve 221 is displaced tn the seat
portion 22nd (the lower side in I'I(i 29), the lateral holes
221b are covered with the seat portion 220tf. Accordingly,
the ntain passe e 220C is clnsed. On the other hand. when
the main on-off valve 221 Is displaced to the pilot valve 222
(Ihc upper side ui FIG. 29) and the lateral holes 221b arc ui

mot txi Io Ihc upper side of thc scat ponion 220tf, thc mflow
port 22(IO and the outflow port 22()b communicate ivith each
other through the lateral holes 22 lb I'.ven though the seal
stnicture of the main on-ofl'alve 221 is changed into tlus
seal stnicture. the same effects as the eighth embodiment can I 1

be obtained.

Other Iimbodiments

This disclosure is not limited to the above-mentioned 10

cmbodimcnts. and may have various modilicauons as
descnbcd below without departing Ibom the gist of tlus
disclosure lturther. means disclosed in the respective
embodiments may be appropnately combined if possible

(I) lixmnples in which the second expansion valve 15b
having a full-closed function is employed as the downstream
open-close device have been described in the above-men-
uoned embodiments. but thc downsiredm open-close device
is not hmited Ihcrcto. For example. Bn clectnc on-ofl'alve
(solenoid valve), which is connected to the second expan- so

sion valve 15b in series, may be used as the downstreani
open-close device

Further. an electnc three-way valve, which switches a
refrigerant circuit connecting the outflovv port 220b of the
pilot on-ofl valve 22 to Ihc inlet sale of Ihc second expaimion is
1 alvc 15b and a rcfrigcrant circuit conncctuig Ihc outlc! side
ol'hc check valve 17 to thc inlet sale of Ihc stmond
expansion valve 15b. may be empkiyed instead of the third
three-way joint 131, and the electric three-way valve may be
used as the downstream open-close device. 10

(2) Examples In v hich the refrigeration cycle device 10 tif
Ibis disclosure ts applied to Ihe velucle air conditioning
system I mounttxl on a hybrnl veluclc have btmn descnbed
ul lht: dbot c-iut:utlonctl 1:ulbothnlcnts. bt11 Iht: Bpphcinton of
this disclosure is not limited thereto I'or example. the
refrigeration cycle device ltl of this disclosure may be
applied to an air conditioner for a nomial vehicle that obtains
a drive force for the traveling of a velficle from nn intertml
combustion engine (engine), and may be apphctl to an mr
conditioner for an clcctnc mitomobilc (includmg a fuel cell 0

tehicle and thc hke) that obuiins d dnve lorce for the
travelin of a vehicle front an electric motor for traveling Of
course. the refrigeration cycle device 10 of this disclosure is
not limited to an air conditinner Iiir a vel»cle, nnd may be
applied to a stationary air-conditioner. Ss

(3) Examples in wluch thc heater core 34 is disposed as
dcvicc that heats blown air have been described in thc

it:spccnvc iibovt:-nit:utlonctl cnlbixhnlcnm. HowcvcL when
the refri emtion cycle device 10 is applied to a vehicle of
which the amount of heat generated from an engine is nnt to
suflicient or a vehicle, such as an electric automobile. not
provided tsith an engine. the heater core 34 may not be
provided. Morcovcr, an electric heater, wluch generates heat
with the supply of elcctnc power, may bc employed as an
auxiliary device for hcaung blown air. Ss

(4) I ixamples in which the air-conditioning, cnntrnl device
operates the air-mix door 36 at the tiine of each of the

operation modes, suCh as Ihc hcaung mode, Ihc cooluig
mode. the tirst dehumidification heating mode. Bnd the
second dehumnlilication heating mode so Bs to allow Ihe
air-nnx door 36 to close any one of the air passsge forined
on Ihc stile whcic tht: Intlooi coutlt:ust:1 12 (thc ht:dict cori:
34) is disposed mid the cold air bypass passage 35 have been
described in the respective above-mentioned embodiments,
but the opemstion of the air-mix door 36 is not limited
thereto

For cxiunple, thc nir-mix door 36 may be adapted to open
both the air passage formed on the side where the indoor
condenser 12 (thc heater core 34) is disposed Bnd thc cokl air
bypass passage 35. I'unher, it may be possible to adjust the
tculpciiinllc tll Bu; v;itch Is blown alki Ihc vt:hiclt: ultc1100

by adlusting a ratio betiveen the air volume of air passing,
throu h the air passage fomted on the side where the indoor
cmidenser 12 is disposed and the air volunie of air passing
through the cold air bypass passe e 35 'lliis teniperature
ad)ustment is efl'ective in terms of the fine adjustment of the
temperature of blown air.

(5) Examples in which the respective opemstion modes are
switched by Ihc cxccuuon of thc air-conditioning contml
program have bccn described in thc rcspcctivc above-men-
tioned embodiments, but the sivitching of the respective
openstion modes is not limited thereto I'or example. Opera-
tion mode settin switches used to set the respective opera-
tion modes are provided on the operation panel. and the
heating mode. the cooling mode. and the first and second
dehumidification heating modes may be switched accorduig
to opcidtion slgnills of Ihl: opcriltliul nlotlt: st:ttlng switches.

What is ciaimed is:
I A refri aration cycle device comprising:
a conlplcsstlr Ihdt coiuprcsst:s tutti ihschBigt:s a rcfrlgcl-

Bnl:
a Iirst expansion vdh e conligured to dcprcssunzc a hi h-

pressure refrigerant dischar ed fmm the compressor:
a bypass passage cotlnectin a pnrtion of a cycle, which

extends from a discharge port side of the compressor to
an inlet side of the tirst expansion valve. and a portion
Uf the cycle, wluch extends Ibom an outlet side of thc
llrst cxpdnston 1 Blvt: lo d sUctlon port stile of Iht:
conlprcssoi"I

a pilot on-otT valve that opens or closes the bypass
passage, the pilot on-otTvalve including an mflow port
into which a refrigerant flows, and an outflow port from
which a refrigerant flows out,

a sccontl cxpdllsion villvc conflgUI'ctl 10 opt:n or close a
rC&lgCl dnt piissdgC Iliroilgh WhiCh d I'Cfllgt:I'tait flUWnlg
otlt of Ihc pilot ou-olf 1 itive passes: tutti

a cnntroller configured to contml the pilot on-off valve
mid the second expansion valve to reduce a pressure
difl'erence between a refrigerant pressure In the inflow
port and a refrigemsnt pressure in the outflow port,
whcrcin

Ihc pilot tin-ofl villvc htcllltlcs B Blain on-ofl valve Ihd1

Opens or cloaca thc bypass passage. and a pilot valve
that npens or closes a comnninication passage through
which the inflow port and the outflow port communi-
cate with each other.

when the controller reduces the pressure difference, the
conttollci ts IUi ther ctnlllgUrctl 10 lncrtxist: fllc Ich1g-
crant pressure ui Ihc outflow port by controllui Ihe
pilot valve 10 open Ihe conununtcdtton passage and
cnntrolling the second expansion valve to close the
refrigerant passage, and
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thc nuiin on-ofl'alve ls configured lo open die bypass
passage when thc contmller reduces thc prcssure dif-
ference to a predetemlined reference pressure differ-
ence or less.

2 qhe refrigemstlon cycle device according to claim 1,
wherein

ihe pilot on-olT valve includes.
a body that uicludcs thc ulflow port into winch a high-

pressure refrigerant flows, the outflow port from which
a refrigerant from the inflow port flows out. and a main

I 1 l

passaae guiding a refrigerant froln the infloiv port to the
outflov porn

Ihc main on-ofl valve that opcm Ihe maul passage eben
the prcssure ddlbrencc betw inn lhe rei'rigerant prcssure
in the inflow putt and the refri creat pressure in the
outfloii port becomes lower than or equal to Ihe refer-
ence pressure difference:

the pilot valve that opens or closes the conuminication
passage tluou+ wlflch the inflow port and the outtlow
port conmlunlcalc with each oihcr, mul

when lhc pilot vulva opens the conunumcatlon passage
while tlu: second expansion valve cloaca lhc refugcrmll
passaae. the refrigerant pressure in the outthiw port ls
increased by the high-pressure refrigerant guided front
the inflov, port to the outflinv port tluough the com-
munication passage.

3. The rcfrigcrauou cycle device according lo clmm 2,
w hei cut

ihe pilot on-olT valve includes.
a pilot space forming member that defines a pilot space

into which a refrigemsnt is introduced to have a pressure
biasing the main on-off valve in a valve closing direc-
tion: and

an elastic member that applies a load biasin the main
on-ofl valve ul a valve opening dlrecuon.

thc conununication passage includes an inlet-side com-
nulnication passage through which the inflow port and
Ihe pilot space conlmunicate with each other. and an
outlet-side communication passage through which the
pilot space and the outflow port conmlunicate with each
other, and Jo

when thc pilot valve cloaca the ouilel-side conununica lion
piissJgc. Ihc high-prcssuic lcf Ilgwu'lant ls iluh:d final
the inflow port to the pilot space through the inlet-side
communication passage so that the main on-otT valve
closes the main passage.

36
4 Thc rcfrigerauon cycle dcvicc accorduig to claim 3.

wherein
a rcfngcranl passage arcs of Ihc inlet-side commuiucauon

passage is Lsr er than a refrigerant passage area of the
outlet-side comnnmlcatlon passage.

5 the refrigeration cycle device according to claim 3,
v hcrcul

the pilot on-off valve includes a passage area-reducing,
portion that reduces a refrigerant passage area of the
uriel-side conunulucauon passage when lbc mrna on-
olT valve opens the main passage.

6 Thc rcfrigerauon cycle dcvicc accorduig to claim 3.
wherein

the pilot on-ofl'alve includes a passage arcs-ulcreasulg
portion that increases a refrigerant passage area of the
outlet-side communication passage when the main on-
off valve opens Ihe main passage

7 the refrigeration cycle device according to claim 1,
wherein

when the pilot valve opens the communication passage
v bile the second expansion valve closes the refrigemsnt
passage. the conuollcr prevents thc pilot on-ofl'alve
from opening lhe bypass passage until thc pressure
ditTerence beconles less than or equal to the reference
pressure difference.

8 The refrigeration cycle device accordin to claim 1,
v hcrcul

the conununication passage includes an inlet-side com-
mutucauon passage tluough which thc uiflow port and
thc pilot space conununicatc with each other, and an
outlet-side comnnmication passage through w:hich the
pilot space and the oulflow port communicate with each
other, and

a cross-sectional area of the inlet-side communication
passage is larger than a cmss-sectional area of the
outlet-side comnnmlcatlon passage.

9 Thc rcfrigerauon cycle dcvicc accorduig to claim 1.
v herein

the pilot on-off valve is conti ured to increase a refrig;
erant pressure in the outflow port to be equal to a
refri erant pressure in the inflow port by the pilot valve
opening the communication passage while the second
cxpmlslon valve cloaca lhc rcfngcraul passage.
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