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[57] ABSTRACT

Arefrigeran( cycle sys(em includes a gas-liquid separaior for
scparatin gas-liquid rcfrigcrant into gas refrigerant and
liquid refri erant. The gas-liquid separator has a liquid-
suctinn pipe for intrnducing liqu&d refrigerant from the
gas-l&qu&d separa(or to a decompress&ng uni(, and a gas-
suction p&pe for introduc&ng gas refrigeran( from the gas-
liquid separator to a compressor Thc gas-suction pipe has a

suctinn hole for sucking liquid refrigerant therein, and the
suction hole is provided a( a pos&uon lower &han an open end
of the liquid-sucuon pipe. Because a height of a surlace of
liquid rcfrigcrant in thc gas-liquid separator is constantly
equal to or higher than the npen end of the liquid-suction
p&pe regardless of change &n a heaung load ol: the relngerant
cycle, liquid rcfrigcrant is constantly sucked into thc gas-
suction p&pe from (he suc(ion hole. Thus, I&qu«l relngerant
in which lubricating oil is dissolved can be constantly
introduced into Ihe compressor, thereby prevenung shor&age
of lubricating nil in the compressor On the other hand, in the
refrigerant cycle, an o&i-dischar nng mode is selecnvely set
at a starting time nf a heating mode sn that lubricating nil
staying in an evaporator is discharge&i. Therefore, lubricat-
ing oil is sufficiently returned to the compressor even when
the heating mode is sv itched from a cooling mode.

16 Claims, 12 Drawing Sheets

Printer& Err&miner~eery Bennett
Assi&(on( Evom/)ter~are Norman
Ar(orney, Agent, or Pir)i&~a(ness, Dickey a Pierce, PLC
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REFRIGERANT CYCLE SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application relates to and claims pnority from Japa-
nese Patent Applicanons No Hei. 9-326631 liled on Nov.
27, 1997, and No. Hei. 9-328998 liled on Nov. 28, 1997, the
contents of ivhich are hereby mcorporated by reference

BACKGROUND OF THE INVENTION

1. Field of thc Invention
Thc present invention rclatcs to a rcfri crant cycle system

having a g«s-intection function for inlecung gas refngeranl
from a gas-liquid separator to a compressor. The refngeranl
cvcle system is suitable for an air conditioning apparatus for I5

a vehicle such as a hybrid vehicle anil an electrical vehicle
2 Related Art
.IP-A-9-39SSO discloses a conventional refrigerant cycle

bavin a gas-injection function. In Ihc conventional rcfrtg- zc
orant cycle for an air conditioning apparatus of a vchiclc,
lubncaung oil is supphed lo lhe compressor so that a slidin ~

poruon of lhe compressor moves smoothly. Lubncating od
is dissolved in liquid refrigerant and circulates through the
refrigerant cycle along with liquid refrigerant In a gas
refrigerant area of the refngerant cycle, lubricating oil
circulatcs through thc rcfrigcrant cycle while being washcrl
away by gas rcfrigcrant along an inner ivall of a rcfngcrant
pipe. That is, dunng a heaung mode of the air comlrtiomn ~

apparatus, lubricalin ~ oil dissolved in 1«iu«1 refri aran( from
a gas-liquirl separator passes through a low-pressure expan-
sion valve, and floivs into an exterior heat exchanger along
with the refngerant flow 'I'he lubricating oil from the
exterior heat cxchangcr is rcturncd to thc compressor while
bein washed away by gas rcfrigcranl along thc inner wall 55
of lhe refrigerant pipe. During a coohng motle, lubncatin ~

oil eh«solved in liquid refrigerant from the gas-lirpud sepa-
rator passes throu h Ihe low-pressure expansion valve, aml
floivs into an mterior cooling heat exchanger along with the
refrigerant flow The lubricating oil from the interior cooling
heat exchanger is rcturncd to thc compressor while bein
washed away by gas rcfrigcrant along thc inner wall of the
refngeranl pipe.

However, when Ihe air conditioning apparatus rs used in
the heanng mode while outside air has an extremely low
temperature such as —20'', an evapnration temperature of
refrigerant in Ihe exterior heat exchanger becomes lower
than —30' due to decrease in the npening degree of the
low-prcssure expansion valve. As a result, viscosity of
lubricating oil in thc rcfrigcrant cycle bccomcs cxtrcmcly sc
high, resuhing in adhesion of lubricating oil «5 the mner wall
of the refngerant pipe That is, when lhe refngerant cycle is
used at the extremely low temperature of outside air, lubn-
cating oil hardly tlows from the exterior heat exchanger to
the compressor, resulting in shnrtage nf luliricating oil in the
compressor.

I'urlher, when a rotation speerl of the compressor is
electrically controlkd by an invcrmr and thc compressor is
driven at a low rotation spccrl, quantity of rcfrigcrant cir-
culating in the refngcrant cycle is dccrcascd. Thcrcforc, ac
lubncaung oil tends to slay inside units of the refngeranl
cvcle having a relauvely large capacity, such as the heal
exchangers. As a result, lubricating, oil returning to the
compressor becomes insufficient, thereby deterioratmg dura-
bility of thc compressor. 55

.IP-A-3-2(iBS5(i discloses a refrigerant cycle ivith a gas-
injection function, in ivhich not only gas refrigerant Iiut also

liquitl relngerant is inn odu cad from a gas-liqu «I separator to
a compressor through a gas-intecnon passage. Thereiore,
coolin performance of the compressor is improved, and a
tcmpcraturc of a compressor is prcvcntcrl from cxccssivcly
rasing. In thc refrigerant cycle, thc gas-liquid separator has
a gas-suction pipe connected lo Ihe gas-injection passage of
the compressor anil a hquid-sue«on pipe. A middle pipe
portion of Ihe gas-suction pipe is immersed in liquid-
refrigerant within the gas-liquid separator, while an open
enri nf the gas-suction pipe is positioned in gas refrigerant
within the gas-liquid separator. Further, thc middle pipe
portion of the gas-suction pipe immcrscd in thc liquid-
refrigeranl has a suction hole ior sucking liquid refngeranl.
Therefore, boih gas and liquid refrigeranl in the gas-liquid
separator can be introduced into the ntmpressor through the
gas-injection passage.

However, JP-A-3-260556 does nol disclose lhe relation-
ship between a position of the suction hole of the gas-suction
pipe and a position of an open end of the liquid-suction pipe
for introducing liquid refrigerant into a low-pressure expan-
sion valve, although thc suction hok of thc gas-suction pipe
and thc open cnd of thc liquid-suction pipe arc indicated at
substantially Ihe same height in an accompanying drawing.
A height of. a surface of liquid reingerant in lhe as-liquid
separator changes greatly «5 a heat load of the reingerant
cycle changes I'herefore, liquid refrigerant may not be
sucked into the gas-suction pipe from the suction hole.

I'his may also cause shortage of lubricating oil in the
compressor

On the other hand, each of JP-A-9-39550, JP-A-9-86149
anti U S Pat. No S,6(i9,231 rliscloses a refrigerant cycle of
an air conditioning apparatus for a vehicle such as an
c lect rical vehicle, having a heat-pump system. In each of thc
conventional refrigerant cycles, an evaporator for cooling air
and a condenser for heating air arc scparatcly disposed in thc
passenger compartment. Atr is cooled by the evaporator and
then healed by lhe conrlenser for dehumithiying and heating
air to be blown into the passenger compartment. I urther,
because the evaporator and the condenser are separately
rhsposcd, rapid evaporation of conrlcnscd water docs not
occur even ivhcn thc air conditioning apparatus switches
from a cooling mode to a heating mode. Howcvcr, when thc
air conditioning apparatus is operated in lhe cooling motle
iluring Ihe spnng or the fall, the compressor rotates at a low
rotatinn speed to suppress cooling perfnrmance nf the air
conditioning apparatus, because a cooling lnad for the
passenger compartment is rclativcly small during thc spring
or thc fall. As a result, liquid rcfrigcrant in which lubricating
oil is dissolved may stay in thc evaporator. Yghcn thc air
comhlioning apparatus rs switched i rom the cooling mode to
the healing mode, the refngerant of refrigerant cycle does
nnt flow into the evaporator I'herefore, liquid refrigerant
staying in the evaporator is hardly discharged from the
evaporator and continues to stay in the evaporator in the
heating mode. As a result, lubricating oil is insufhcicntly
returned to thc compri,ssor, and durability of thc compressor
is decreased.

SUMMARY OF THE INVENTION

In view of thc foregoing problems, it is a first object of thc
present invennon to provide a reingeranl cycle system
having a gas-mjeclion funcuon, in which liqu«l reingerant
is constantly introduced into a compressor regarrlless of a
heat load of the refrigerant cycle, so that luiiricating oil is
sufficicntly supplicrl to thc compressor

It is a second object of the present invention tn provide a
refrigerant cycle system for an air conditinning apparatus of



a vehicle, in which lubncaling oil is sullicienlly supplieil to
a compressor even when the air conditioning apparatus is
sivitchcrl from a cooling motte to a heating mode.

It is a third object of the present invention to provide a
refrigerant cycle system for an air cnnrlitioning apparatus of
a vehicle, in which lubricating oil staying in a cooling heat
exchanger is discharged while a suflicicnt heating pcrfor-
mancc for a passcngcr compartment is maintained.

According to thc prcscnt invention, a rcfrigcrant cycle
system having a gas-injection function includes a gas-liquirl io

separator and a compressor Thc gas-liquid separator has a
gas-sucnon pipe Ior introducing gas refngeranl in Ihe gas-
liquid separator into the compressor, and a liquid-suction
pipe for introducing liquirl refrigerant in the gas-liquid
separator into an exTansion valve. The gas-suction pipe has is
a suction hole for sucking liquid refrigerant in the gas-liquid
separator into the gas-suction pipe to bc introduced into the
compressor. Thc suction hole is provided in a middle pipe
portion of. the gas-sucuon pipe, immersed in Iiquiil
refngeranl, al a position lower than an open end of the ZO

liquid-suction pipe A height of a surface of liquid refngerant
within the as-liquid separator is maintained to be equal to
or higher than the open end of the liquid-suction pipe
re ardlcss of change in a heating load of thc rcfngcrant
cycle. Thcrcforc, hquid rcfrigcrant in which lubricating oil
ts dissolved is conslanfly sucked into the gas-sucuon pipe
from Ihe suction hole. Thus, lubncanng oil is sulliciently
supplied to the compressor, and durability of the compressor
is improved.

Further, lhe relngerant cycle system mcludes a control
unit for settmg a cooling mode, a heating mode and a
dehumidifying mode 'I'he cnntrnl unit has determming
means for dctcrmining v hcthcr or nol an oil-rlischar in
operation for discharging lubricating oil staying in a coolin
heat exchanger into thc compressor is necessary al a slartin
time of the heaung mode, oil-ihscharging operauon seuin ~

means for seuing the oil-discharging operation when the
determining means determmes that the oil-discharging
operation is necessary, anil heating mode setting means for
setting thc heating morlc after thc oil-discharging operation ao

is performed for a prcdctcrmincrl period when thc dctcrmin-
in means dctcrmincs that thc oil-discharging opcrauon is
necessary. Aciorihngly, when Ihe oil-discharging operation
scum ~ means sets the oil discharging operation, liquid
refrigerant inclurhng lubricating oil, staying in the cooling
heat exchanger, is discharged from the cooling heat
exchanger. Thus, lubricating oil is sutficicntly supplicrl to
the compressor even ivhcn thc air conditioning apparatus is
sivitchcrl from thc cooling mode to thc hcatin mode.
Further, in the oil-discharging mode, refngerant flows
through both the external heat exchanger anil the coohn ~

heat exchanger 'I'herefore, an amount of heat absorbed by
refrigerant tlowing through the cnoling heat exchanger is
suppressed, thereby preventing heating performance for the
passenger compartment from being dccrcascd al thc slartin
time of thc heating mode. Thus, lubricating oil slaying in the
cooling heat exchanger can be discharged, while a sutlicienl
healing performance for lhe passenger compartment is main-
tained in the air conditioning apparatus.

Preferably, the control unit sets ihe dehumidiTying mode
when Ihe determining means determines that the oil-
discharging operation is necessary 'I'herefore, the oil-
discharging operation is readily set

HRIEI'L'S('RIP'11ON Ol'I IL ORAWIN(IS

Additional oblects and advantages of the present inven-
tion ivill be more readily apparent frnm the following

ilelailed descnpuon of preferred embodiments when taken
together with the accompanying drawings, in which.

I IG I is a schematic diagram showing a ventilation
system and a refrigerant cycle of an air conditioning appa-
ratus for a vehicle according to a Iirsl prelerred embodiment
of Ihe present invenuon;

I IG 2 is a schematic sectional view shnwing a gas-liquid
separator of lhe refrigerant cycle according lo the Iirst
embodiment;

I IG 3 is a schematic sectional view shnwing a gas-liquid
separator of a refrigerant cycle according to a second pre-
Ierred embodiment of the present invenuon;

FIG. 4 is a schematic diagram shov ing a ventilation
system and a refrigerant cycle of an air conditioning appa-
rats for a vehicle according to a third preferred embndiment
of the present invention;

FIG. 5 is a front view showing a control panel I or the ur
conditioning apparatus of the third embodiment;

FIG. 6 is a graph showing Ihe relauonship between a
potation of a temperature control lever provided on the
control panel, and coolin, heating or dehumidifying mode
of the air conditioning apparatus accnrrling to the third
embodiment;

I IG 7 is a graph showing the relationship between a
target temperature of air bloivn from an interior cooling heat
exchanger and a position of thc tcmpcraturc control lcvcr, in
the cooling mode, according to thc thirrl cmbodimcnl;

FIG. 8 is a graph showing thc relationship bctwccn a
tar ct prcssure of rcfrigcrant rlischargcd from a compressor
of thc refrigerant cycle and a position of thc tcmpcraturc
conlrol lever, in the dehumuhfying mode, according to the
third embodiment,

FIG. 9 is a graph showing thc relationship bctwccn a
target pressure of refngerant discharged from the compres-
sor of Ihe refrigerant cycle and a posuion of lhe temperature
control lever, in the heating mode, accorrling to the third
embodiment;

FIG. 1U is a table showing each operation of a four-way
valve and electromagnetic valves in each mnde of cooling,
heating, dehumidifying and oil-discharging nf the air con-
rhtioning apparatus according to thc third cmbodimcnt;

I IG 11 is a tloiv chart showing a control prncess of the
refrigerant cycle according to the third emliodiment;

I IG 12 is a schematic diagram showing a ventilation
system and a refrigerant cycle of an air conditioning appa-
ratus for a vehicle according to a fourth prcfcrrcd embodi-
ment of thc present invention;

I IGS. 13A, 13H, 13C are schematic diagrams respec-
tively showing thc ventilation system and thc rcfrigcrant
cycle of thc air conditioning apparatus in a cooling mode, a
ilehumidifying mode, and a heaung mode, according lo the
Riurlh embodiment,

FIG. I4 is a flow chart shoiving a control process of thc
refrigerant cycle accorihng to the fourth embodiment;

FIG. 15 is a control map showing thc relationship bctwccn
an opening-dcgrcc pattern of an expansion valve of thc
refrigerant cycle, an outside air temperature (Tam) and an
air-amount level blown from a blower, according io the
fourth embodiment;

FIG. 16 ts a control map I or ntntrofting an opening degree
(EVH, EVC) of the expansion valve based on lhe opening
degree pattern of IrlG. 15, according to the fourth embodi-
ment; and

FIG. 17 is a control map for ntntrof ling an amount of
refrigerant flowing through the expansion valve, accnrrling
to the fourth embodiment.



DETAILED DESCRIPTION OF THE
VRL'I LRRL'D LMHODIML'N'I'S

Preferred embodiments of the present invention will be
described hcrcinaftcr with rcfcrcncc to thc accompanyin
drawings.

A lira& preferred embod&ment of lhe present invenuon will
be now described with reference to FIGS. I, 2. In the lira&

embodiment, an air condiuomng apparatus is applred to an
electric vehicle As shown in llG I, the air condit&oning
apparatus includes a ventilation system I and a refngerant
cycle 21. Thc ventilation system 1 is cncrally disposccl
inside a passcngcr compartment of thc vchiclc, and has an
air duct 2 which forms an a&r passage for leading air toward
the passenger compartment. The air duct 2 has inside a&r

inlets 3, 4 for introduc&ng &herein inside air (&.e., air inside
the passenger compartment) and an outside air inlet 5 for
introducing therein outs&de air (i e, air outside the passenger
compartment) at onc cnd side of the air duct 2. Thc air inlets
4, 5 arc opened and closccl by an insidcioutsidc air switchin
door 6.

A blower 7 for blowing air into thc passcngcr compart-
ment is disposed in thc air cluct 2 adjacent to thc air inlets
3—5. The blower 7 has a motor 7n and a centrifugal fan 7b
activated by the motor 7u. At Ihe other end side of the a&r

duct Z, there are formed a loot a&r outlet 8 throu h which a&r

is blmvn toward the foot portion of a passenger in the
passenger compartment, a face air nutlet 9 through which a&r

is blown tov ard thc upper portion of thc passcngcr, ancl a
defroster air outlet 10 through which air is blown toward an
inner surface of a w&mlsh&ekl of Ihe vehicle.

An interior cooling heat exchanger 11 constituting a part
of thc refrigerant cycle 21 is disposed within thc air duct 2
ai a downstream air stile of lhe blower 7. Dunng a coohn ~

mode or a dehum&difying mode of the air comlrt&omn ~

apparatus, the interior cooling, heat exchanger 11 operates as
an evaporator in which refrigerant absorbs heat fmm air m
the air duct 2 so that air is clehumidified and is cooled
During a heating mode of thc air conditionin apparatus,
refrigerant does not flow through thc interior cooling heat
exchanger 11.

Further, an interior heating heat exchanger 12 is disposccl
within thc air duct 2 at a clownstrcam air siclc of thc intemor
cooing heal exchanger 11. The &uter&or heaung heat
exchanger IZ aLso consulules a par& ol the refrigerant cycle
21 During the heating mode or the dehumidifying mode of
the air conditioning apparatus, the interior heating heat
exchanger 12 operates as a conclenser in which refrigerant is
condcnscd so that air in thc air duct 2 is heated by latent heat
of the condensation During thc cooling mode of thc air
comit&omng apparatus, no refrigerant flows throu h the
interior healing heat exchanger 12.

Thc air passage of thc air duct 2 is partitioned by a
parut&on wall 13 into a lirst a&r passage 14 on a sale of the
foot;nr outlet 8 anil a second air passage 15 on a side of the
face air outlet 9 encl the defroster air outlet 10 A door 16
opens and closes the second air passage 15. A foot door 17
opens aml closes thc foot air outlet 8, and functions as a
partition mcmbcr for partitioning the air passage at a down-
stream air side of thc interior heating heat cxchangcr 12 into
the lira& and second a&r passages 14, 15 while fully opemn ~

the foot a&r ouflet 8. A face door 18 opens encl closes the face
air outlet 9, and a defroster door 19 opens ancl closes the
defroster air outlet 10

The refrigerant cycle 21 having the mtenor miolrng heal
exchanger 11 and the interior heating heat exchanger 12 is
a heat-pump type refrigerant cycle for cooling and heat&ng

air blown into Ihe passenger compartmenl. The relngerant
cycle 21 further includes a compressor 22 which sucks,
compresses and discharges refrigerant, an electron&ague&in
fnur-way valve 23 for switching a flow clirection of
refrigerant, an exterior heat cxchangcr 24 clisposcd outside
the passcngcr compartment, a gas-liquid separator 25 which
separates gas-hqu&d Iwo-phase refngeranl into as relnger-
ant ancl liquid refrigerant aml stores l&quid refrigerant
therein, an electrical expansion valve (i.e, high-pressure

i i& side decompressing unit) 26, a thermal expansion valve (i.e,
low-pressure side decompressing unit) 27, electron&ague&in
valves 28a, 28b, and check valves 29a, 29b, 29c, 29d. Thc
clcctrical expansion valve 26 dccomprcsscs rcfrigcrant
flowing al a h&gh-pressure side in the refrigerant cycle 21 to

is a micldle pressure (e.g., 4—15 k,rema). The thermal expan-
sinn valve 27 decompresses middle-pressure liquid refrig-
erant from the gas-liquid separator 25 to a low-pressure

Thc compressor 22 is an electrical compressor and is
clnven by an electrical motor (nol shown). The electrical
molor is disposed integrally with the compressor 22 within
a sealed case. A rotation speed of lhe electncal motor of. the
compressor is continuously controlled and changecl by an
inverter (not shoivn). The compressor 22 has an outlet port
22a through which compressed rcfrigcrant is discharged, an

-'nlet port 226 through which rcfrigcrant from a low-prcssure
side of the refr&geranl cycle 21 is &ntrocluced, and a gas-
inlection port ZZc through which gas refngeranl separated
lri&m gas-liquid refrigerant in the gas-hquid separator 25 &s

injected into the compressor 22 The gas-injection port 22c
communicates with a gas-suction pipe 256 of the gas-liquid
separator 25 through a gas-injection passage 22d. Gas rcfrig-
crant in thc as-liquid separator 25 is sucked by thc gas-
suction pipe 256 to bc introducccl into thc compressor 22.

I urther, a suction passage 22e is cnnnected to the inlet
33 pnrt 22b of the compressor 22 A temperature detecting

cylinder (temperature sensor) 27n of the thermal expansion
valve 27 is disposed in the suction passage 22e. An opening
clcgrce of thc thermal expansion valve 27 is adjusted so that
a super-heating de ree of relngerant with&n the suction

ao passage 22e is set lo a predeterm&ned value.
I'he exterior heat exchanger 24 is disposed outside the

passenger compartment to perform heat-cxchangc bctwccn
outside air blown by an electrical outsiclc fan 24u disposed
outside lhe passenger compartment aml relngerant flowing
through Ihe exlenor heal exchanger 24. An opening degree
of the elec&meal expansion valve 26 is electncally controlled
using a cnntrol unit (not shown)

Next, the gas-liquid separator 25 which is a main portion
so of thc first cmbodimcnt will bc dcscwbccl in detail with

reference to FIG. 2. The gas-liquid separator 25 has a

metallic case 25U formed in a subslanl&al cyl&mler shape, and
a lid 251 for closing an upper opened end of the case 250
A liquid refrigerant area 252 cons&st&ng of suqilus liquid
refrigerant of the refri erant cycle 21 is fern&ecl in a lower
part of the case 250, and a gas rcfrigcrant arcs 253 is formed
in an upper part of thi, case 250 That is, thc gas refrigerant
area 253 consisting of. gas relngeranl &s lormed in the case
25U al a direci upper s&cle of lhe hqu&d refngeranl area 252.

ail An inlet pipe 254, a liquid-suction pipe 255 ancl a gas-
suction pipe 256, each of which gcncrally has a round
cross-section, are inserted into thc licl 251. Through thc inlet
pipe 254, middle-pressure gas-liquid Iwo-phase relngerant
clecompressed by the electrical expansion valve 26 is intro-

&3 cluced into Ihe, gas-hquul separator 25 One end of lhe inlet
p&pe 254 is opened in an upper s&de portion of the gas
refrigerant area 253, as shown in I'If) 2 'I'he liquicl-suction



pipe (i.e., outlet pipe) 255 is for sucking Iiqind refrigerant in
the gas-hquid separator 25 The liquid-suchon pipe 255 has
an open cnd 255&r formed at onc end (im., lower cnd) thcrcof.
Thc open cnd 255a is normally locatcrl in thc hquid-
refrigerant area 252, adjacent to a bottom of the gas-liquid
separator 25.

I'urther, the gas-suction pipe (i e, outlet pipe) 256 is for
introducing gas refrigerant m the gas-liquid separator 25 into
the gas-injection passage 22d. The gas-suction pipe 256 is a
U-shaped pipe, anil has an open cnd 256&r fern&crt at onc cnd
of the U-shaped pipe. The open end 256n is opened in the
gas-refrigerant area 253 to suck gas refrigerant rnto the
gas-suction pipe 256. A middle pipe poruon of the U-shaped
gas-suction pipe 256 hangs down to be positioned below the
open end 255n of the liquid-suction pipe 255, and is
immcrscd in thc liquid-rcfingcrant area 252. A suction hole
2566 for sucking liquid rcfrigcrant into thc gas-suction pipe
256 is formed at the lowest part ol the middle pipe porhon
of the U-shaped gas-suction pipe 256 immersed in the
liquid-refwgerant area 252. Thus, the suction hole 2566 is
provided in the middle pipe portion at a position below the
open end 255n of the hquid suction pipe 255 In the hrst
embodiment of thc prcscnt invention, when thc opening area
of thc open cnd 256a is ZS mm, thc opening area of the
su coon hole 256I& is 3 mm, for example. A height h from the
bottom of the gas-hquiii separator 25 to the suctron hole
2561& of the gas sucuon pipe 256 is 7 mm, and a herght H
from the bottom of the gas-liquid separator 25 to the open
end 255a of the liquid-suction pipe 255 is l4 mm, for
example.

Next, operation of the refrigerant cycle 21 according to
the first embodiment will be described with reference to
FIG. 1. When thc heating mode is sct in thc air conditionin
apparatus, high-tcmpcraturc high-prcssure gas rcfngcrant
discharged from the compressor 22 llows mto the interior
heating heat exchanger 12 through the lour-way valve 23, as
indicated by arrow H in FIG. 1. The intewor heating heat
exchanger 12 performs heat-exchange bet&veen gas-
refrigerant floiving therethrough anil air blown by the blower
7 so that gas-refrigerant is condensed and liquificd to heat
air. Thc heated air is blown into thc passen cr compartment.
High-pressure liquid reirigerant from the interx&r heatin ~

heat exchanger 12 tlows into the electncal expansron valve
26 through the check valve 29c, and decompressed to
middle-pressure gas-liquirl two-phase refrigerant by the
electrical expansion valve 26 'I'he middle-pressure gas-
liquid two-phase rcfrigcrant from thc clcctrical expansion
valve 26 is introrluccd into the gas-liquid separator 25
through the inlet pipe 254 In the gas liquiil separator 25, the
middle-pressure gas-liquid refngerant is separated into gas
refngerant forming the gas-reiiugerant area 253 in the upper
part of the gas-liquid separator 25, and liquid refngerant
forming the liquid-refrigerant area 252 in the lower part of
the gas-liquid separator 25. Liquid refrigerant in the gas-
liquid separator 25 is suckcrl by thc liquid-suction pipe 255
and is introiluced into the thermal expansion valve 27 to be
decompressed to a low-pressure gas-liquid two-phase refrig-
erant. Further, the low-pressure gas-hquid two-phase refrig-
erant from the thermal expansion valve 27 flows into the
exterior heat exchanger 24 through the check valve 29n The
exterior heat exchanger 24 performs heat cxchan c between
liquid rcfrigcrant flowing thcrcthrough and outside air so
that the liquid reingerant is evaporated in the extenor heat
exchanger Z4. The gas reingerant from the exterx&r heat
exchanger Z4 passes through the electromagnetic valve 2ga
and the suction passage 22e, and is sucked into the com-
pressor 22 from the suction port 226

On the other hanii, the gas-reitngerant in the gas-
refrigerant area Z53 of the gas-liquid separator 25 is sucked
into thc as-suction pipe 256 from thc open cnd 256a of thc
gas-suction pipe 256, and is introduced into thc gas-injection
passage 22d At this time, a little amount of liquid refrigerant
is also sucked into the as-suction pipe 256 from the suction
hole 2561&, and is also inuoduced into the gas-iniection
passage 22d. The gas refrigerant aiui liquid refrigerani from
the gas-liquid separator 25 fiows through thc gas-injection
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passage 22d, aiul is introiluced into the compressor 22 at a
compression-iniermediate state from the gas-injecuon port
22c. Because the mnklle-pressure gas refrigerant in the
gas-liquid separator 25 is introduced into a compression-
intermediate state of the compressor 22, enthalpy of the

is, cxtcrior heat cxchangcr 24 is incrcascd by fti while quantity
of heat absorbed by rcfrigcrant in thc exterior heat
exchanger 24 ts increased, and quanuty of refngerant cir-
culating in the refn erant cycle 21 is also increased. As a

result, heaung performance of the air condiuoning apparatus
is improved.

When an outside air temperature (Tam) is extremely low
(e g., Tam —.—2(l' ) during the winter, an evaporation
temperature of refrigerant in the exterior heat exchanger 24
becomes lower than —3(l', and viscosity of lubricating oil

., is greatly increased in thc cxtcrior heat exchanger 24.
Therefore, lubricating oil may adhcrc to an inner wall of an
outlet pipe of. the exterior heat exchanger 24, resultmg in
shortage of lubricating oil returning to the compressor 22.
I'urther, the rotation speed of the compressor 22 is electri-
caliy controlled by the inverter Therefore, when the com-
pressor 22 is driven at a low rotation speed, quantity of
circulatin rcfrigcrant is decrcascrl. As a result, liquid rcfrig-
crant including lubricating oil stays inside thc heat exchang-
ers 12, 24 which have a relatively large capacity, resultmg in
shortage of. lubricating oil returning to the compressor 22.

Hoivcvcr, according to thc first cmborlimcnt of thc prcscnt
invention, liquid refngerant is sucked into the gas-suction
pipe 256 of. the gas-hquid separator 25 from the sucuon hole
2566 formed in the gas-suction pipe 256, and is introduced

&p into the compressor22 from the gas-injection port 22c along
with gas refrigerant. Thcrcforc, lubricatin oil dissolved in
the liquid refrigerant is sufficicntly returned to the compres-
sor 22, even ivhcn thc compressor 22 is operated at a low
rotation speixi or at an extremely low temperature during the
Wltlti:r.

Further, according to thc first cmborlimcnt, the suction
hole 2566 of the gas-suction pipe 256 is provided below the
open end 255a of. the liquid-suchon pipe 255. A height of a
surface of liquid refrigerant stored in the gas-liquirl separator

so 25 greatly changes as various operation conditions of the
refrigerant cycle 21 change. That is, when a heating load of
the rcfrigcrant cyck 21 is high, thc compressor 22 is driven
at a high rotation speed so that thc interior heating heat
exchanger 12 disposed at an upstream refngerant side of the
compressor 2Z operates with the maximum capacuy. As a

result, quantity of refrigerant mrculating in the refrigerant
cycle 21 is increased; and therefore, refngerant condensed
by thc interior heating heat exchanger 12 is discharged from
the interior heating heat cxchangcr 12, and flows into thc

eo gas-liquid separator 25. Thus, thc height of the surface of thc
I&quirt relngerant m the gas-i&quirt separator 25 is prevented
I'rom extremely decreasing.

However, when the heahng load of the refri erant cycle
21 is low, the interior heating heat exchanger 12 is not

es operateii with the maximum capacity. Thereiore, the com-
pressor 22 is driven at a low rotation speerl, and liquid
refrigerant condensed by the intenor heating heat exchanger



12 tenets to stay in the intenor heanng heat exchan er 12.
Further, quantity of refngerant circulating m Ihe refrigerant
cycle 21 is dccrcascd clue to thc low rotation spccd of thc
compressor 22 Thcrcforc, refrigerant staying inside the
interior heating heat exchanger 12 is harrfly discharged from
the interior heating heat exchanger 12, and continues to stay
inside the intenor heanng heat exchanger 12. Thus, the
height of the surface of liquid refngerant stored in the
gas-liquid separator 25 may bc cxtrcmcly dccrcascd.

When the surface of the liquid refrigerant stored in the
gas-hquid separator 25 becomes lower than the open eml
255a of the liquirl-suction pipe 255, the liquid-sucnon pipe
255 sucl s gas rcfrigcrant so that gas rcfri orant is introduccrl
into thc thermal expansion valve 27. Thcrcforc, a super-
heating degree of refrigerant sucked into the compressor 22
is increased. In this case, the opening rlegree of the thermal
expansion valve 27 is increased so that quantity of refng-
erant circulating in the refngerant cycle 21 is increased. As
a result, liquid rcfrigcrant staying in thc interior heating heat
exchanger 12 is discharged from thc interior hcatin heat
exchanger 12, and flows into the gas-liquid separator 25
fhus, in the first embodiment, the surface of liquid refng-
erant in Ihe gas-liquirl separator 25 can be constantly set to
be equal Io or hi her than the open end 255a of the
liquid-suction pipe 255, that is, higher than broken linc A
shown in FIG 2.

Accordmg Io the lirst embodiment, Ihe suction hole 256h
of thc gas-suction pipe 256, for introducing liquid refriger-
ant into thc gas-suction pipe 256, is provided at a position
lower than thc open cnd 255a of thc liquid-suction pipe 255.
Therefore, even if Ihe height of the surlace of liquid refng-
erant stored in Ihe gas-liquid separator 25 changes as the
heat load of the refrigerant cycle 21 changes, the suction
hole 2566 is constantly immersed in liquid refrigerant As a
result, liquid refrigerant in which lubricatin oil is dissolvcrl
is constantly introduccrl into thc gas-suction pipe 256 from
the suction hole 256b, and is introduced into Ihc compressor
22 through the gas-iniection passage 22d. Thus, a sutlicient
lubncaung oil can be supphed to the compressor 2Z, and the
compressor 22 can be operated with a sufficient lubncating
performance.

When Ihe cooling mode is set in the air comlrtiomn ~

apparatus, high-pressure high-temperature gas refngerant
discharged from the compressor 22 flows into the extenor
heat exchanger 24 through thc four-way valve 23 anil the
check valve 29b as indicated by arrow C in FIG. 1, and is
cooled and condcnscd in thc cxtcrior heat cxchangcr 24.
High pressure liquid refngerant discharged from the extenor
heal exchanger Z4 flows through the check valve 29d, anil is
decompressed by the electrical expansion valve 26 to
middle-pressure gas-liquid two-phase refrigerant The gas-
liquid two-phase rcfrigcrant discharged from thc clcctrical
expansion valve 26 floivs into the gas-liquid separator 25,
and is scparatcd into gas rcfrigcrant and liquid rcfrigcrant in
the as-hquid separator 25. The separatetl liquxl refngerant
in Ihe gas-liquid separator 25 is introduced mui the thermal
expansion valve 27 through the liquid-suction pipe 255, and
is decompressed to low-pressure liquid refrigerant The
low-prcssure liquid rcfrigcrant from thc thermal expansion
valve 27 passes through thc clcctroma nctic valve 28b, anil
flows into the interior cooling heat cxchangcr 11. In the
interior cooling heat exchanger 11, hquid refngerant evapo-
rates by absorbin ~ heat from air blown by the blower 7 so
that air is cooled The evaporated gas refrigerant flows
through the suction passage 22e, anil is sucked mto the
compressor 22 from thc inlet port 22b.

On the other hand, the gas refrigerant separated by the
gas-liquid separator 25 is sucked into the gas-suction pipe
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256 from the open end 256a, aml is introduced into the
gas-injecnon passe e 2Zd. At this nme, a linle amount of
liquid refri orant is also sucked into thc gas-suction pipe 256
from thc suction hok 256b, and is also introduced into thc
gas-injection passage 22d I'he gas refrigerant cnntaining a
little amount of liquid refrigerant passes through the gas-
inlection passage ZZd, and is introduced into the compressor
22 from the gas-injecnon port 22c at the compression-
intcrmcdiatc state. Thus, even in thc cooling mode, thc
gas-suction pipe 256 sucks both gas relngerant and liquid
refrigerant in Ihe gas-liquid separator 25 in the same way as
that in Ihe heating mode.

When the dehumidifying mode is set in the air condition-
ing apparatus, high-pressure high-temperature gas relnger-
ant rlischarged from the compressor 22 flows into the interior
heating heat evchanger 12 through the fnur-way valve 23 as
inrlicated by arrow I) in I l(i I The interior heating heat
exchanger 12 performs heat-exchange bctwccn thc gas
refrigerant and air blown by thc blower 7 so that thc gas

zp refrigerant ts conti ensed. The comic nsed refrigerant dis-
charged from the interior heanng heat exchanger 12 passes
through the check valve 29c, and is decnmpressed Iiy the
electrical evpansion valve 26 to middle-pressure gas-liquid
two-phase refrigerant The middle-pressure gas-liquid

., refrigerant flovvs into thc gas-liquirl separator 25, and is
separated into gas refrigerant anil liquid refrigerant. Thc
separated gas refrigerant in Ihe gas-hquid separator 25 is
sucl ed into the gas-suction pipe 256 from Ihe open encl 256a
of the gas-suction pipe 256, and is intrnduced into the
gas-injection passage 22d. At this time, a little amount of
liquid refrigerant is also sucked mto the gas-suction pipe 256
from thc suction hok 256b, and is also introduced into thc
gas-injection passage 22d Thc gas rcfngcrant containing a
linis amount of liquid refrigerant passes through the gas-
inlection passage ZZd, and is introduced into the compressor
22 from the gas-injection port 22c at the compression
intermediate state of the compressor 22.

On the other hand, the liquid refrigerant in the as-liquid
separator 25 is discharged from the gas-hquirl separator 25

ap through the liquid-suction pipe 255, anil is decnmpressed by
the thermal expansion valve 27. Thc dccomprcsscd rcfrig-
crant from thc thermal expansion valve 27 passes through
the opcncd electromagnetic valve 28h, and flows into thc
interior cooling heat exchan er 11. In the interior cooling
heat exchanger 11, refrigerant is evaporated by absorbing
heat from air blown by the blower 7 linea the electromag-
netic valve 28a is closed during the dehumidifying mode,
gas refrigerant discharged from the interinr cnoling heat
exchanger ll docs not flow into thc cxtcrior heat cxchangcr

sn 24, but flovvs into thc compressor 22 In thc dehumidifying
moile, refngerant flows into both the intenor coohng heat
exchanger 11 aml Ihe interior heanng heat exchanger 12,
bnth of which are disposed inside the ventilation system I

Thus, during the dehumidifying mode, air blown by the
blower 7 is cooled and dehumidihed by the interior cooling
heat cxchangcr 11 firstly, and then is hcatcd in thc interior
heating heat exchan cr 12.

A second prcfcrred cmbodimcnt of thc prcscnt invention
will bc dcscribcd with rcfcrcncc to FIG. 3. In this and

sn folloiving embodiments, components which arc similar to
those in the lirst embodiment are imlicated with the same
reference numerals, and the explananon thereol is omined.

In Ihe above-described lira( embodiment, the gas-suction
pipe 256 is formed in a U-shape, and has the sucnon hole

ss 256b at the lowest part of the middle pipe ponion of the
gas-suction pipe 256, immersed m liquid refrigerant
llowever, in the second embodiment, as shown in I'IG 3, a



gas-suction pipe 356 for sucl ing gas refngerant m a gas-
liquid separator 25A is formed substanually straight, aml is
inserted into a case 350 of thc gas-liquid separator 25A from
the bottom of thc case 350. Thc case 350 is closed by a lid
351 to form a sealed space An open end 356a of the
gas-suction pipe 356 formed at an upper end thereof is
opened in a gas-refngerant area 353 of. the gas-liquid
separator 25A. Further, a liquid-suction pipe 355 for suclon ~

liquid rcfrigcrant in thc gas-liquid separator 25A is also
inserted into the case 350 of the gas-liquid separator 25A
from the bonom of the case 350. An open end 355a of the
liquid-sucuon pipe 355 is formed at an upper eml thereof,
and is opened in a liquid-refrigerant area 352 of the gas-
liquid separator 25A. I urther, the gas-suction pipe 356 has
a suction hole 356b for sucking liquid rcfri crant, and the
suction hole 356b is provided at a position lower than the
open enri 355a of the liquid-suction pipe 355. In the gas-
liquid separator 25A of the second embodiment, the other
poruons are similar to those in the Iirst embodiment.

Accordmg to the second embodiment, a suflicrent lubn-
cating oil can be supplied to the compressor 22 even if a heat
load of the refrigerant cycle 21 fluctuates, similarly to the
first embodiment

A third preferred embodiment of the present invention
will he describerl with reference to I IGS 4—11. In the third
embodiment, the air conditioning apparatus is applied to an
electrical vehichh for cxamplc. As shown in FIG 4, thc air
conditioning apparatus includes a ventilation system 100
disposed inside thc passcngcr compartment anti a rcfngcrant
cvcle 121. The venulauon system 100 of the third emboih-
ment is similar to that of the Iirst embodiment. The air
passage in the air duct 2 is partitioned by the partition wall
13 into the first air passage 14 on a side of the foot air outlet
8 and thc second air passage 15 on a side of thc face anil
defroster air outlets 9, 10 In thc third cmbodimcnt, a
downstream air passage of the interior heating heat
exchanger 12 is paruuoned by a communicauon door 20,
and the foot air outlet 8, the face air outlet 9 anil the defroster
air outlet 10 are opened and closerl hy the doors 17—19,
respectively Accorrhngly, dunng the winter, inside air bav-
in a high tcmpcraturc is introduced into thc air duct 2 from
the inside, air inlet 3, flov s through thc first air passa c 14
communicating with thc foot air outlet 8, anti is blown
toward the foot portion of a passenger in the passenger
compartment. On the other hand, outside ur having a low
humidity is introrluced into the air duct 2 from the outside air
inlet 5, flows through the second air passage 15 commum-
cating ivith the defroster air outlet 10, anil is bloivn toward
the inner surface of thc windshield of thc vchiclc Thus,
heating load of thc air conditioning apparatus can bc
reduced, while defrosung performance of the wmdshrekl is
improved.

Thc rcfrigcrant cycle 121 has thc interior coolin heat
exchanger 11 for mtoltng air and the intenor heating heat
exchanger 1Z for heaung air That m, the refri erant cycle
121 functions as a heat-pump refrigerant cycle for cooling
and heating air blown into the passenger compartment The
refrigerant cycle 121 further includes thc compressor 22, the
electromagnetic four-way valve 23 for switching thc flow
direction of rcfrigcrant, thc cxmrior heat cxchangcr 24, thc
gas hqu id separator 25 (25A), the electrical expansion valve
(i.e., Iirst decompression unit) 26, the ihermal expansion
valve (i e., second decompression unit) 27, the electromag-
netic valves 28a, 28b, and the check valves 29a, 29b, 29c,
29d.

The exterior heat exchanger 24 is disposed at an outside
of the passenger compartment, and refrigerant in the extemor
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heat exchanger Z4 is heat-exchanged with outside air blown
by the outside fan 24ri. The compressor 22 is an electrical
compressor, and is disposed integrally with an alternating
motor (not shown) in a sealed case. Thc compressor 22 is
dnven by the alternating motor to suck, compress afirl
discharge refrigerant An inverter 30 applies alternating
current voltage to the alternating motor oi. Ihe compressor
22. A rotation speed of the alternaung motor of the com-
pressor 22 can bc continuously changed liy adjustin a
irequency ol the alternating current voltage applied by the
inverter 30. Thus, the inverter 30 can adtust the rotation
speeil of. Ihe alternating-motor of the compressor 22. Direct
current voltage from a battery 31 mounted on the vehicle is
applied to the inverter 30.

I'he compressor 22 is provided with the outlet port 22a
through which refrigerant compressed in the compressor 22
is discharged, the inlet port 22b through which refrigerant
from thc low-prcssure side of thc rcfngcrant cycle 121 is
introduced into thc compressor 22, anil thc gas-injcction port

zp 22c tilt'ougll wlllcll mlriille pi'assai'e gas i'ofl'igelatlt separated
by the gas-hquid separator 25 is introduced into the com-
pressor 22 The gas-injection port 22c communicates with a
gas-refrigerant outlet 25a formed at an upper portion of the
gas-liquid separator 25, through the gas-mjection passage

., 22d in which the check valve 29e is rlisposcd.
I'he temperature detecting cylinder 27a of the thermal

expansion valve 27 is disposcrl in thc suction passage 22e
communicating with thc inlet port 22b. Thc opening dcgrcc
of thc thermal expansion valve 27 is adjusted so that a
super-heating degree of reingerant within the suction pas-
sage 22e has a predetermined value. The inverter 3U is
electrically controlled by a control unit (fl(70) 40. The
control unit 40 is consists of a microcomputer and peripheral
circuits. Thc control unit 40 cicctricafly controls thc flow

zs rhrcction of rcfrigcrant in thc four-way valve 23, and open-
ing and closing operations of thc clcctromagnctic valves
28a, 28b. In the third embodiment, a circulauon rouune of
refrigerant in the refrigerant cycle 121 is changed by the
four-way valve 23 and the electromagnetic valves 28a, 28b.

ao The control unit 40 receives detecuon signals sent I'rom a

sensor group 41. The sensor group 41 includes an outsiile ur
temperature sensor for detecting a temperature ('I'am) of
outside air (i e, air outside the passenger compartment), an
evaporator temperature sensor for dctccting a tcmpcraturc of
air blown immcdiatcly from thc intcmor cooling heat
exchanger 11, a rcfrigcrant prcssure sensor for dctcctin a
preewure ol refri erant dxscharged i rom the compressor 22
(i e., the highest pressure of the refngerant cycle 121).
Signals from various levers provided on an air conditioning

so control panel 50 (I'IG 5) and a switch group 50a are also
input to the control unit 40. Thc air conrlitioning control
panel is disposed adjacent to a driver's scat in thc passcngcr
compartment. Thc doors 6, 16, 17, 18, 19, 20, thc blower 7
and the outmde fan 24a are also controlled by the control
urn( 4U, although electrical connections therebetween are not
inriicated in Iil(l 4.

Reierrtng to FIG. 5, the air comhuoning control panel 50
has a temperature contort lever 51 for setting a target
temperature of air blown into the passenger compartment I f1

eii the third embodiment, the temperature control lever 51 sets
a tar ct rotation speed of the motor of thc compressor 22.
Further, thc operations of thc four-way valve 23 and thc
electromagnetic valves 28a, Zgb are controlled according to
the target rotauon speed of the motor of the compressor 22,

es so that an operation mode of the reirigerant cycle 121 can be
selected As shoivn in I'l(h 6, when the set position of the
temperature control lever 51 moves from left to right, that is,
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when the set posinon of the temperature control lever 51 is
changed from a posnion of PCl lo a posinon of PH2 in this
order, a cooling mode, a dehumidifying morlc and a hcatin
mode can be sclcctcrl in thc refrigerant cycle 121 in this
order I'urther, by moving the position of the temperature
control lever 51, a target temperature of air blown fmm the
interior coohng heat exchanger 11 is set m the cooling mode
as shown in FIG. 7, ami a target pressure of refngeranl
dischar cd from thc compressor 22 of thc rcfrigcrant cycle
121 is set in the dehumidifying mode and in the heahn ~

mode, as shown in FIGS. 8, 9. A signal of the set position of
the temperature control lever 51 is input to Ihe control unit
40 Therefore, the control unit 40 controls the rotation speed
of the motor of the compressor 22 so that the temperature of
air bloivn from thc interior cooling heat cxchangcr 11 or the
pressure of rcfiugcrant discharged from thc compressor 22 of
the refn erant cycle 121, detecled by the sensor group 41,
are sel lo lhe above target values corresponding to the sel
posihon of. the temperature control lever 51.

The connol panel 50 Iurther has a blown-air amount
changing lever 52 Ior changing an amount of air blown by
the bio&ver 7, an air conrlitioning switch 53 for turning
ON Oil the compressor 22, an air outlet mode sivitching
lever 54 for selectmg an air outlet mode by controlling the
opening aml closing of thc iloors 18—20, and an insiilci
outside air switching Icvcr 55 for setting an inside air
inlroduenon mode or an outside air introduction mode by the
inside,'outside air switching door 6. All the levers Sl, 52, 54,
55 and the switch 53 provirled in the control panel 50 are
manually operated by a passenger in the passenger compart-
ment.

Next, operation of the refrigerant cycle 121 according to
the third embodiment will be now described I'IG 11 shows
a control process of thc microcomputer of thc control unit
40. When thc air conilitioning switch 53 is turned ON, thc
control routine shown in FIG. 11 starts. At step S101, the
refngeranl cycle 121 is iniualized, a flag F is set to 0, ami a

timer slams. That is, in Ihe third embodiment, when the air
conditionin apparatus is turned ON, the tlag I's set to 0
Next, the operation mode of the refrigerant cycle 121 is
detcrmincd at step S102 according to the sct position of the
tcmpcraturc control Icvcr 51

When the temperature control lever 51 is set to a position
between P('.1 and PC2 in FIGS. 6, 7, thc cooling mode is sct
in the refrigerant cyck 121, and thc control process of the
control unit 41 procccds to step S201. At step S201, the
four-way valve 23 and Ihe electromagnetic valves 2ha, 28h
of lhe refmgerant cycle 121 are set to the coolin ~ mode in
I&I(k 10 That is, as shown in I'IG 10, in the cooling mode,
the four-way valve 23 is operated at the cooling position
indicated by arroiv C in FIG. 4, thc clcctromagnctic valve
28a is closed and thc clcctromagnctic valve 28h is opcncd.
As a result, refrigerant flows through thc rcfrigcram cycle
121 as indicated by arrow C in FIG. 4.

That is, during thc cooling mode, high-prcssure high-
temperature gas refngerant discharged from the compressor
22 passes through the lou rway valve 23 and the check valve
291& anti flows into Ihe exterior heat exchanger 24 The
exterior heat exchanger 24 performs heat exchange between
the gas refrigerant floiving therethrough and outside air
blown by thc outsiilc fan 24a so that thc gas refrigerant is
condcnscd. Since thc clcctromagnctic valve 28a is closcil
during the coohng mode, Ihe condensed refngerant from the
external heat exchanger 24 passes through the check valve
29d, and is decompressed by Ihe electncal expansron valve
26 to middle-pressure gas-liquid two-phase refrigerant The
middle-pressure gas-hquirl refrigerant tlows into the gas-

I&quirt separator 25 and is separated into saturated gas
refrigerant and saturateil I&quirt reingerant. The gas refiug-
crant is discharged from thc gas-liquid separator 25 through
the as-refrigerant outlet 25a, anil is introduced into thc
gas-injection port 22c through the gas-inlection passage 22d
anti the check valve 29e. I'hus, the middle-pressure gas
refrigerant is injected into the compressor 22 at a
compression-intermediate state from the gas-injection port
22c.

On the other hand, the liquid refrigerant in the as-liquid
separator 25 is discharged from a liquirl-refrigerant outlet
25b of the gas-liquid separator 25, formed adjacent to a
bottom of the gas-liquid separator 25, and is dccomprcsscd
in thc thermal expansion valve 27. Thc dccomprcsscd rcfrig-

Is crant passes throu h thc elcctromagnctic valve 28b, and
flows into Ihe mterior cooling heat exchanger 11. In the
interior coohng heat exchanger 11, refrigerant is evaporated
by absorbing heat from air blown by the bio&ver 7 so that air
is cooled Vhe air cooled by the interior cooling heat

zn exchanger 11 is generally bloivn into thc passcngcr com-
partment through thc face air outkt 9. Thc gas rcfrigcrant
evaporated in thc interior cooling heat exchanger 11 flows
through Ihe suction passage 22e, and is sucked inio the
compressor 22 from the inlet port 22b. At this ume, the
temperature detecting cylinder 27a disposed in the suction
passage 22e detects a temperature of refrigerant sucked into
the compressor 22, and scnils a dctcction signal to thc
expansion valve 27. The expansion valve 27 adjusts quantity
of refrigerant flowing into thc interior coolin heat
exchanger 11 so that rei nge rant sucked into the compressor
22 haa a predetermined super-heanng degree.

When the temperature control lever 51 is sel to a position
between PD1 and PDZ shown in FIGS. 6, 8, Ihe dehumidi-
Iying mode is selected and the control process proceeds to

35 step S202. At step S202, the four-way valve 23 and the
electromagnetic valves 28a, Zgb are set at the dehumidifying
moilc in FIG. 10. In thc dehumidifying mode, thc four-way
valve 23 is opcratcd at thc heating position, thc clcctromag-
nelic valve Zgh is openeil, and Ihe electromagnetic valve Zga

(c is opened or closed. Therefore, reingerant flows through the
refrigerant cvcle 121 as indicated by arrow D in FIG. 4. That
is, gas refrigerant discharged from the compressor 22 passes
through the four-way valve 23 and flows into the interior
heating heat cxchangcr 12 to be condcnscd air blown by thc

as blower 7. Thcrcforc, air passing through thc interior heating
heat exchanger 12 is hcatcd Thc conilcnscd rcfrigcrant
flowing from the intenor heaun ~ heat exchanger 12 passes
through Ihe checl valve Z9c, and is decompressed by the
electrical expansion valve 26 to middle-pressure gas-liquid

sn two-phase refrigerant The middle-pressure gas-liquid
refrigerant floivs into thc gas-liquirl separator 25, and is
separated into gas rcfrigcrant and liquid refrigerant in thc
gas-liquid separator 25. Thc gas rcfiugcrant in thc gas-liquid
separator 25 ts sucked into the gas-injecnon port 22c of the
compressor 22 through lhe gas-refrigerant outlet 25a of the
gas-liquid separator 25, the gas-inlection passage 22d, and
the check valve 29e

On the other hand, the liquid refrigerant in the as-liquid
separator 25 tlows out from the liquid-refrigerant outlet 25b,

ail anti is decompressed in the thermal expansion valve 27 to a
loiv-prcssure. When thc clcctromagnctic valve 28a is closed,
the loiv-pressure refrigerant flows into only the interior
cooling heat exchan er 11 through the eleclromagneuc valve
28b, and is evaporated in Ihe intemor cooling heat exchanger

as 11 by absorbing heat from air blown by Ihe blower 7. When
the electromagnetic valve 28a is opened, the low-pressure
refrigerant decompressed in the expansion valve 27 tlows
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into the exterior heat exchanger 24 through the checl valve
29a as in&heated by arrow D in FIG. 4, and evaporates in the
external heat cxchangcr 24 by absorbing heat from outside
air. Simultaneously, thc low-prcssure rcfrigcrant decom-
pressed in the expansion valve 27 also flows into the mtenor
cooling heat exchanger 11 through the electromagnetic valve
280, aml is evaporated by absorbing heal from air blown by
the bio&ver 7 The gas refngerant from the interior cooling
heat exchanger 11, or gas refrigerant from both the mtenor
cooling heat exchanger 11 anti the exterior heat exchanger
24 is sucked into thc compressor 22.

(faring the rlehumidifying, mode, the electromagnetic
valve 28a is opcncd and closed according to a tcmpcrature
of air blown from thc interior coolin heat exchanger 11.
When thc tcmpcraturc of air blown from thc interior coohn
heal exchanger 11 is lower than Ihe lar el air lemperalure
(e.g., lower than Tarn=5'.), the electromagnetic valve 28a
is closed so that refrigerant tlows into only the mtenor
cooling heat exchanger 11 When the temperature of a&r

blown from thc interior cooling heat cxchangcr 11 is hi hcr
than thc target air tcmpcraturc, thc clcctroma metic valve
28a is opcncd so that rcfrigcrant flows into borh the intenor
cooling heat exchanger 11 and the exterior heat exchanger
24. Therefore, heat-absorbing amount of refngerant flowin ~

through the interior cooling, heat exchanger 11 is adjusted
Vhus, the temperature of air bloivn from the interior cooling
heat exchanger 11 is maintained at thc tar ct air tcmpcrature
by controlling thc heat-absorbing amount of rcfngcrant
flowing through thc interior cooling heat cxchangcr 11.

In the dehumidifying morlc, rcfrigcrant can flow into both
the interior cooling heat cxchangcr 11 anti thc intenor
healing heal exchan er 12 so thai air blown by the blower 7

&s cooled aml dehumidilied in lhe intenor cooling heal
exchanger 11 Iirslly, and then is healed in Ihe intenor heatin ~

heat exchanger 12. Ouantity of heat radiated by refngerant
in the interior heating heat exchanger 12 is equal to the sum
of quantity of heat absorbed by rcfri crant in thc intenor
cooling heat cxchangcr 11 anil consumption poivcr of thc
compressor Z2. Therefore, the temperature of air blown from
the interior cooling heal exchanger 11 becomes higher than
a temperature of air introduced into the air duct Z from the
air inlets 3, 4, 5 'I'hus, dunng the dehumidifying mode, the
air conditioning apparatus can heat and dehumidify air to be
blown into thc passcngcr compartment, simultaneously.

Next, ivhen the temperature control lever 51 is set to a
position between PHI and PH2 as shown in I IGS 6, 9, the
heating mode is sclcctcd at step S102 in FIG. 11, anti the
control process procccds to step S103. At step S103, it is
determined whether or nol the flag F is 0. Since the flag F
has been already set lo 0 al step S101 when the air conch-
tiomn ~ apparatus is turned ON, it is determined that the fla ~

I& is 0 at step S103. At step S104, it is determined whether
or not an outside air temperature ('I'am) is higher than or
equal to a prcdctcrminctl tcmpcraturc (c, 15' ) which
corresponds to an outside air kmpcraturc during thc spnn
or the fall. Step S104 is provided lo determine whether or not
the air condiuoning apparatus is operated in the heahn ~

mode for a Iirst ume aller bein ~ operated in lhe coohn ~

mode for a certain period. 'I'hat is, when the outside a&r

temperature (Tam) is higher than or equal to the predeter-
mined tcmpcraturc (c.g., IS'.), it is dctcrmincd that the
heating mode is a first heating operation switched from thc
cooling mode, and liquid refngerant incluthng lubncahn ~

oil staying in the inlenor cooling heat exchanger 11 needs to
be discharged from lhe intenor cooling heal exchanger 11.
On the other hand, when the heating mode is not the hrst
heating operation switched from the cooling mode, that is,
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when the lirsi heaung operation is previously performed,
I&quirt refrigerant incluihng lubncaung oil in the intenor
coolin heat cxchangcr 11 has bccn already discharged from
the interior cooling heat cxchangcr 11, anti thcrcforc, thc oil
d&scharging mode is not necessary to be set.

When il is determined that lhe outside air temperature isIS'. or more at step S104, an oil discharging mode is
pcrformcd so that thc four-way valve 23 and clcctromag-
nelic valves 28a, 28b of the refngerant cycle 121 are set as
shown by Ihe, oil-discharging mode in FIG. 10. When the
od-discharging mode is set, the four-way valve 23 is oper-
ated to the heating position, and the both electron&agnetic
valves 28a, 28b arc opened. Thcrcforc, rcfrigcrant not only
flows through a rcfrigcrant passage in thc dehumidifying

,s motte indicated by arrow D in FIG. 4, but also flows from thc
thermal expanmon valve Z7 to the exterior heal exchanger 24
through lhe check valve 29a because the electromagnetic
valve 28a is opened 'I'hat is, in the oil-discharging mode,
refrigerant decompressed by the thermal expansion valve 27

zp flows through both thc interior cooling heat cxchan cr 11

and thc cxtcrior heat cxchangcr 24. As a result, liquid
refrigerant including lubricating oil, which stays in thc
interior cooing heal exchanger 11 during lhe cooling mode,
is discharged from the intenor cooling heal exchanger 11
while being pushed by refrigerant flowing, through the
interior cooling heat exchanger 11, and is returned to the
compressor 22. Further, since rcfrigcrant flov s through both
the interior cooling heat exchanger 11 anti thc cxtcrior heat
exchanger 24, quantity of rcfngcrant flov ing into thc inte-
rior cooling heat exchanger 11 is decreased, &herd&y sup-
preewing cooling performance of the air comliuomng appa-
ratus. It prevents heating performance of the air-
cond&tioning apparatus from deteriorating due to excessive
tlccrcasc in the tcmpcrature of air blown into thc passcngcr

zs compartment, at thc starting time of thc heating operation.
That is, according to thc thirrl cmbodimcnt, durin thc
oil-discharging mode, lubricahng oil staying in the intenor
cooling heal exchanger 11 can be discharged from the
interior cooling heat exchanger 11, while the heating per-

(p formance for the passenger compartment &s not affected at
the starting time of thc heating operation.

At step S106, it is determined whether or not a predeter-
mined period (e.g, 5 minutes) has passed since the air
contlitioning apparatus is turned ON When clapscd time is

a- less than 5 minutes in thc timer, thc oil dischargin mode
continues at step S105 so that lubricating oil staying in thc
interior cooling heat exchanger 11 is completely discharged
from Ihe intenor cooling heat exchanger 11. When lhe ume
more than 5 minutes have passed in the timer, the heating

p mode is set at step S107. That is, as shown in I'IG. 10, the
four-way valve 23 is operatctl at thc heating position, thc
clcctroma netic valve 28a is opcncd anil thc clcctromag-
nctic valve 28b is closed. As a result, during thc heating
motte, refrigerant flows through the refngeranl cycle 121 as
indicated by arrow H in FIG. 4.

That is, dunng lhe heating mode, high-pressure high-
temperalure gas refn erant dischar ed from the compressor
22 passes through the four-way valve 23 aml flows into the
interior heating heat exchanger 12 'I'he interior heating heat

ap exchanger 12 performs heat exchange between the gas
refrigerant and air blown by thc blower 7 so that thc gas
refrigerant is condcnsctl to bccomc liquid rcfrigcrant and air
is healetl. A&r heated in the intenor heating heat exchanger
12 is blown into Ihe passen er compartment. The liquid

ps refrigerant from the interior heaung heat exchanger 12
passes through the check valve 29c, and is decompressed in
the electrical expansion valve 26 to middle-pressure gas-
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hqu&d two-phase refri erant. The middle-pressure gas-hqu&d
two-phase ref&ugerant flows into the gas-hqu&d separator 25
and is separatctl into gas rcfrigcrant and liquid rcfn crant.
Thc gas rcfrigcrant in thc gas-liquid separator 25 is suckctl
into the compressor 22 frnm the gas-injection port 22c
through the gas-refrigerant outlet 25a, the gas-injection
pass i e 22rl and the check valve 29e. The hqu&d refngerant
&n the as-liquid separator 25 flows from the liqu&tl-
refrigerant outlet 251&, is dccomprcsscd in thc thermal cxpan-
s&on valve 27, and tlows into the ex&ei&or heat exchanger 24
through the check valve 29n. In the extenor heat exchan er
24, refrigerant is evaporated by absorbing heat from outs&de
air bloivn by the outside fan 24». 'I'he gas refngerant
evaporated in the extenor heat exchanger 24 passes through
the ckctromagnctic valve 2&r& and the suction passa c 22e,
and is sucked into thc compressor 22 through thc inlet port
221&.

After setting thc air conditioning apparatus to the hcatin
mode at step S107, thc control process procccds to step
S10&. At step S10&, the flag F w set to 1. Thereafter, the
control process returns to step S1U2. Because the flag F is set
to I after the heating mode is performed once, the tlag I's
not (I at step S103 when the control prncess returns to S103
again, and the control process directly proceeds to step S107
without performing thc oil-discharging mode. Thus, the
heating mode continually sct at step S107.

When thc outside air tcmpcraturc Tam is lower than the
predctcrmincd tempcraturc (c.g., 15',) at step S104, it is
detcrmincd that thc heating mode has already bccn opcratctl
ai least once after be&ng sw&tched from the cooling mode. In
this case, the heat&ng mode &s directly set at step S107
without performing the o&l-discharging mode

A fourth preferred embod&ment of the present invent&on
wdl be descnbed w&th relerence to FIGS. 12—17 In the
fourth embodiment, ddferences between the third embod&-
ment and the fourth embed&ment will he mainly described

As shown &n FIG. 12, &n the fourth emboihment, the
interior heating heat exchanger 12 for heating air is disposed
in a middle portion of the air duct 2 of a ventilation system
100A. Bypass air passages 12», 126 arc formed on both
sides of thc interior heating heat cxchangcr 12, and arc
opened and closed by sw&tching doors 12c, IZd, respec-
t&vely. Therefore, the amount of air pass&ng through the
inter&or heating heat exchanger 12 is &alt usted by the swnch-
ing doors 12c, 12d That is, in the heating mode or in the
dehumidifying mode of the air conrlitioning apparatus, the
sivitching doors 12c, 12d are rotated to thc solitl line
positions in FIG. 12 so that air flows into thc in&crier hcatin
heat exchanger 12 On the other hand, &n the cooling mode,
the sw&&ching doors 12c, 12d are rotated to the cha&n hne
pos&nons &n FIG. 12 so that a&r bypasses the mtewor heahn ~

heat exchan er 12 and flows thrnugh the bypass air passages
12», 121&. In the fourth embed&ment, a refrigerant cycle 121A
is an accumulator cyck without a gas-injection function.
That is, in thc fourth cmbodimcnt, an accumulator 32 for
separaung gas-liquid two-phase refngerant into gas refwg-
erant anil liquid refngerant is d&sposed on a suchon side of
the compressor 22. The gas refngerani separated &n the
accumulator 32 is sucked frnm a gas-suction pipe 32a into
the compressor 22 l.iquid refrigerant accumulated in the
accumulator 32 is also sucked into thc as-suction pipe 32u
through a littk suction hole (not shown) formed at a bottom
of the gas-suction pipe 32n, and is also sucked into the
compressor ZZ. In the relngerant cycle illA, an electncal
expansion valve (lirst decompressin ~ un&t) 33 and an elec-
tromagnetic valve 34 are disposed in parallel between an
outlet side of the interior heatmg heat exchanger 12 and an

&nfet side of. the external heat exchanger 24. An electrical
expansion valve (secontl decompressing unit) 35 &s disposed
bctwcen an outlet side of thc cxtcnor heat exchanger 24 and
an inlet side of thc interior cooling heat exchanger 11. A
bypass passage 36 is provided between the outlet side of the
exterinr heat exchanger 24 (i e, an inlet side of the cooling-
side electrical expans&on valve 35) and an inlet side of the
accumulator 32, and an electromagnetic valve 37 is disposed
in the bypass passage 36. Through the bypass passage 36,

&u
the outlet side of the exterior heat exchanger 24 (i e, the
inlet side of thc cooling-side clcctrical expansion valve 35)
thrcctly communicatcs with thc inlet side of thc accumulator
32.

A control process of thc refngcrant cycle 121A according
,s to thc fourth embodiment is shown in FIG. 14. In thc fourth

embodiment, step S105 rs d&lferent from step S1U5 &n FIG.
11 &n the third embodiment. That &s, &n the fourth
embodiment, the dehumidifying mode is set at step S105'nsteadof the nil-discharging mode in I&I(h Il.

zc When the coohng mode is selected at step SIUZ, the
switching doors 12c, 12d are operated to open the bypass air
passages 12a, 126 so that air bypasses the interior beating
heat cxchangcr 12, thc clcctromagnctic valve 34 is opcncd,
and the clcctromagnctic valve 37 is closctl at step S201, as
shown in FIG. 13A. Therefore, &n the relngerant cycle. 121A,
refrigerant flows through the compressor 22, the &uter&or

heating heat exchan er IZ, the electromagnetic valve 34, the
exterinr heat exchanger 24, the electrical expansion valve
35, the interior coolin heat exchanger 11, the accumulator

ic 32 and thc compressor 22 in this order. At this time, thc
interior heating heat exchanger 12 only functions as a
refrigerant passage because a&r does not flow through the
interior heanng heat exchanger 12. Therelore, gas relnger-
ant discharged from the compressor 22 passes through the

ss interinr heating heat exchanger 12 and the electron&a&cetic
valve 34, and is condensed in the exterior heat exchanger 24
Thc condcnscrl rcfrigi,rant is tlccomprcsscrl in thc electrical
expansion valve 35 to low-prcssure gas-liquid two-phase
refrigerant. The low-pressure gas-liquid two-phase relnger-

ac ant isevaporated in the interior coohng heat exchanger 11 by
absorb&ng heat from a&r in the a&r duct 2, and &s mtroiluced
into the compressor 22 through the accumulator 32 Air in
the air duct 2 is cooled by the mterior conling heat exchanger
ll, and is blown into thc passenger compartment of thc

as vchiclc through thc bypass air passages 12a, 12b.
On the other hand, ivhen the dehumidifying mnde is

sclcctcd at step S102, thc switching doors 12c, 12d arc
opcratcd to close thc bypass air passages 12&&, 126 so that air
flows into the, intenor heating heat exchanger 12, and both

c the electromagnet&c valves 34, 37 are opened at step SZU2,
as shown &n HG. 13B. Therefore, in the rehugerant cycle
121A, as shown in I'IG 130, refrigerant flows through the
compressor 22, the interior heating heat exchanger 12, the
clcctrical expansion valve 33, thc cxtcrior heat cxchangcr

s 24, thc clcctrical expansion valve 35, thc interior cooling
heat exchanger 11, the accumulator 32 aml the compressor
22 in th&s order. As a result, a&r in the air duct 2 &s cooled by
the intenor cooling heat exchan er 11 and then is heaied by
the interior heating heat exchanger 12, resulting in that air is

ai& dehumidified In the dehumidifying mode, refrigerant is
tlccompressed in two steps by thc heating-side expansion
valve 33 and thc coohng-sitlc expansion valve 35.
Therefore, the extenor heat exchanger 24 functions as an
evaporator &n wh&ch refrigerant absorbs heat from air, or

as luncnons as a con&tenser &n which refrigerant ra&hates heat,
according to opening de rees of the expansion valves 33, 35
That is, by adjusting the opening degrees of the expansion
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valves 33, 35, the external heat exchanger 24 ts switched to
the condenser or the evaporator. Thus, the hi h pressure of
refrigerant discharged from thc compressor 22 of thc refrig-
erant cycle 121A can bc controlled in thc dchumirlifyin
mode

Next, control of the opening de rees of the expansion
valves 33, 35 v ill bc dcscribcrl in detail. First, each opcnin-
de rce pattern of thc expansion valves 33, 35 is rlctcrmincrl
based on the outside air temperature (Tam) and an air-
amount level blown by the blower 7, according to a control
map shmvn in I IG 15 'I'he control map shown in I'IG 15
is pre-stored in ROM of the microcomputer of the control
unit 40. Thc air-amount Icvcl blown hy thc blower 7
incrc ascs from LO to HI as shown in FIG. 15. Next, an initial
opening degree (EVH) of thc expansion valve 33 anil an
initial opening degree (EVC) of the expansion valve 35 are
determined based on the opening-degree pauern, accordin ~

to a control map shown in I&IG 16 That is, the expansion
valves 33, 35, respectively have refrigerant flow character-
istics corrcsponrling to thc initial opcnin dcgccs (EVH,
EVC). Each rcfrigcrant amount flowing through the expan-
sion valves 33, 35 corresponds to thc opening dcgrccs of the
expansion valve 33, 35, aml can be controlled by tnljusnn ~

the number of pulses applied to a step motor of the expan-
sion valves 33, 35, as shown in I'IG 17 When the number
of pulses applied to the step motor is increased, the opening
de rces of thc expansion valves 33, 35 arc incrcaserl, anil
each rcfrigcrant amount flowing through thc expansion
valves 33, 35 arc also incrcascd.

After thc initial opening dcgrccs (EVH, EVC) of the
expansion valves 33, 35 arc sct and thc rcfrigcrant cycle
121A starts, the opening degrees of the expanmon valves 33,
35 are controlled so that the pressure of refixgerant dis-
charged from the compressor 22 is set to a tar et pressure.
fhat is, when the pressure of refrigerant discharged from the
compressor 22 is larger than the target pressure, the opening
de rce pattern is incrcascd. Duc to thc incrcasc in the
opening dcgrcc pattern, thc opening dhgrcc (EVH) of the
electrical expansion valve 33 is increased, and the opemn ~

degree (EVC) of the electncal expanmon valve 35 is
decreased. Accordin ly, the extenor heat exchanger 24
becomes in a high-pressure stele and radiates heat to air, and
the pressure of refrigerant discharged frnm the compressor
22 is lowcrcd to bc equal to thc target prcssure. On the
contrary, when thc prcssure of thc refrigerant dischar crl
from thc compressor 22 is smaller than thc target prcssure,
the opening degree pattern is decreased. Due to the decrease
in the opening degree pattern, the opening ilegree (EVH) of
expansion valve 33 is decreased, and the opening degree
(IiV(') of the expansion valve 35 is increased Accordingly,
the cxtcrior heat cxchangcr 24 bccomcs in thc low-pressure
side of thc rcfrigcrant cycle 121A and absorbs heat from air,
thereby increasing thc prcssure of refrigerant dischar crl
from the compressor 22 to be equal to the target pressure.
The temperature of air blown I rom the intenor cooling heat
exchanger 11 is also controlled to he equal to the target air
temperature (e g., fam=S''.) by cnntrolling the mtation
spccd of the compressor 22

When the heating mode is selected at step S102, the
control process proceeds tn step S103, S104 When the
outside air tcmpcraturc Tam is 15'. or morc, thc dehu-
midifying mode is sct at step S105'o that lubricating oil is
discharged. The dehumidifying mode at step S105's the
same as the dehumidilying mode at step S202 descnbed
above. Therefore, at step S103', refrigerani llows through the
compressor 22, the intenor heating, heat exchanger 12, the
expansion valve 33, the exterior heat exchanger 24, the

expansion valve 35, the interior cooling heat exchanger 11,
the accumulator 32 and the compressor 22 in this order.

As a result, liquid refrigerant including lubricating oil,
staying in the interior coohng heat exchanger 11 during the
cooling mode, is discharged from the intenor cooling heat
exchanger 11 by refngerant llowing through the interior
coolin heat exchan cr 11, and is rcturncd to thc compressor
22. Further, rcfrigcrant flows through both thc interior
cooling heat exchanger 11 and the exterior heat exchanger

c 24 in series, and the exterinr heat exchanger 24 functions as
an evaporator in which refngerant absorbs heat I'rom air, by
controlling the opening tlegrees of the expansion valves 33,
35. Therefore, thc quantity of heat absorbed by refrigerant in
the interior coohng heat exchanger 11, that ts, cooling
performance of the interior o&olin ~ heat exchanger 11 isis
suppressed. As a result, heaung perlormance of the passen-
ger cnmpartment is prevented from deteriorating at the
starting time of the heating operation.

Thus, in the fourth embodiment, the lubricating oil stay-
ing in the interior cooling heat exchanger 11 can he dis-
charged from the interior cooling heat exchanger 11, while
heating performance of thc passcngcr compartment is not
afl'ected at the starting time of thc heating operation. In thc
ilehumidifying mode for oil-discharging at step SlU5', the
opening degrees of the expansion valves 33, 35 are con-
trolled similarly to the above-described dehumidifying
mode When the outside air temperature (Tam) is approxi-
mately 15'., the opening degree (L'VII) of the expansion
valve 33 is sct to bc smaller than thc opening dcgrcc (EVC)

„, of thc expansion valve 35. As a result, in this case, thc
exterior heat exchanger Z4 becomes in the low-pressure sale
of the rebngerant cycle IZ1A, anil is used as the evaporator.

Rcfcrring to FIG. 14, after thc dehumidifying mode for
oil-discharging has been set Ior a predetermined pemod, the
heating mode is set in the refri erant cycle 121A at step
S107 That is, as shoivn in I I(l 13C, the sivitching doors
12c, 12d are rotated tn close the bypass air passages 12c, 124
so that air tlows through the interior heating, heat exchanger
12, thc clcctronmgnetic valve 34 is closcrl and thc clcctro-

ap magnetic valve 37 is opcncd. As a result, in thc heating
moile, refngerant Ilows throu h the compressor 22, the
interior heating heat exchanger 12, the expansion valve 33,
the exterior heat exchanger 24, the electromagnetic valve 37
(i e., bypass passage 36), the accumulator 32 and the com-
pressor 22, in this order. Thus, refngerant decnmpressed in
the expansion valve 33 to a low-prcssure is cvaporatcd in thc
cxtcrior heat exchanger 24 by absorbing hc&t from air, and
then radiates condensauon heat in the intenor heating heat
exchanger 12 so that air to be blown into the passenger
compartment is heated.

Although the present invenuon has been tully descnbed in
connection with preferred embodiments thereof with refer-
ence to the accompanying rlrawings, it is to he noted that
various changes and mndifications will become apparent to
those skilled in the art.

I or example, the gas-liquid separator 25, 25A described
in the first and second embodiments may he applied to the
invention of thc third and fourth cmborlimcnts.

In each of the above-described third and fourth
eii embodiments, the rotation speed of the compressor 22 may

bc forcibly incrcascd and maintaincrl to a prcsct rotation
spccd (c.g., Z000 rpm) or morc at steps S105 and S105'o
that circulating amount of refn erant is increased in the
refrigerant cvcle IZ1, 121A That is, by increasing the

as circulaung amount of refrigerant at steps S1U5, S1U5',
lubricating oil staying in the interior cooling heat exchanger
11 may he discharged.
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In each of the above-described lhiril and fourth

embodiments, ivhen the heating mode is set, it is determined
whether or not the outside air temperature ('fam) isIfl''r

more at step S104 to determine whether or not the
oil-discharging morlc is ncccssary. Howcvcr, it may be
detcrmincd that thc oil-discharging mode is ncccssary when
a calculated target temperature (TAOj of air blown into the
passenger compartment is higher than a predetermined tem-
perature.

The present invention is not limited to a refrigerant cycle
system of an air conditiomng apparatus for a vehicle, but
also applied to other rcfrigcrant cycles for various usc

Such changes and morlificalions arc lo bc understood as
bein within thc scope of thc prcscnt invention as rlcfincd by
the appendeil claims.

Vr'hat is claimed is.
I A refrigerant cycle system for an air conditioning

apparatus for a vehicle having a passenger compartment,
said refrigerant cycle system comprising:

an interior heat cxchangcr, rlisposcd inside thc passen cr ZO

compartment, for performing heat-cxchangc between
air to bc bloivn into thc passcngcr compartment anil
refrigerant flowing therelhrough,

an exterior heat exchanger, disposed outsnle the passenger
compartment, for perlorming heat-exchange between
air outside the passenger compartment and refngerant
flowin therethrough;

a compressor for compressing, refrigerant, said compres-
sor having an inlet port for introducing therein low-
prcssurc rcfrigcrant, a gas-injection port for introducin
therein a middle-pressure as refrigerant at a
compression-intermediate slate, and an outlet port for
discharging compresserl high-pressure refrigerant;

a first decompressing unit for reducing a pressure of ss
refrigerant to a middle-pressure;

a gas-liquid separator for separating middle-pressure
rcfrigcrant dccomprcsscd by said first dccompressin
unit into gas rcfrigcrant and liquid rcfrigcrant;

a scconrl dccomprcssing unit for dccomprcssing liquirl ac

refrigerant separated by said gas-liquid separator, anil

a gas-intection pipe lor introducing gas refngerant sepa-
rated by said gas-hquid separator mto saul gas-inlection
port of said compressor, wherein:

said gas-liquid separator includes a liquid-suction pipe for
introducing liquid rcfngcrant into sairl second dccom-
prcssing unit, anil gas-suction pipe for introrlucin gas
rcfrigcrant into said gas-injection pipe;

said liquid-suction pipe has an open end opcncd in liquirl
rcfrigcrant within said gas-liquid separator;

said gas-suction pipe is approximately a straight pipe;
said open end of said gas-suction pipe is formed at an

upper end of said straight sairl suction hole is formed at
a lower side of said straight pipe to be adjacent to a
bottom of said gas-liquid separator;

said gas-suction pipe has an open end opened in gas
rcfrigcrant within said gas-liquid separator, and a
middk pipe portion which is immcrscd in liquid refrig-
erant within sairl gas-liquid separator anil has a suction ac
hole through which liquid relngerant is sucked into
sairl gas-suction pipe, aml

s;nil suction hole is provided in said middle pipe porhon
of said gas-sucuon pipe at a position lower than said
open encl of said liquid-sucuon pipe. as

2 The refrigerant cycle system accorrling to claim I,
wherein

said lirsl decompressing unit is an electrical expansion
valve for controlling the middle pressure of refrigerant;
and

said second decompressing unit is a thermal expansion
valve v:hich adjusts a super-heating dcgrcc of rcfrig-
crant to bc sucked into said inlet port of said compres-

sorr.

3. The reftngerant cycle system according lo claim I,
wherein said intenor heal exchanger includes a cooing heat
exchanger for cooling air passing therethrough, anil a heat-
ing heat exchanger for heating air passing, therethrough.

4 A refrigerant cycle system for an air conditioning
apparatus for a vchiclc having a passen cr compartment,
sairl rcfrigcrant cycle system comprising:

an inlenor heal exchanger, disposed inside lhe passenger
compartment, for performing heaL-exchange between
air to be blown into the passenger compartment and
refrigerant floiving therethrough, said interior heat
exchanger including a cooling heat exchanger for cool-
in air passing thcrcthrough, and a heating heat
cxchangcr for heating air passing thcrcthrough;

an cxtcrior heat exchanger, disposed outside thc passcngcr
compartment, for performing heaL-exchange between
air outside the passenger compartment and relngerant
flowing therethrou h;

a compressor for compressing refrigerant, said compres-
sor having an inlet port for introducing therein low-
prcssure refrigerant, a gas-injection port for introducing
therein a middle-prcssure gas rcfrigcrant at a
compression-intermediate slate, and an outlet port for
discharging compressed high-pressure refn erant;

a first decompressing unit for reducing a pressure of
refrigerant to a middle-pressure;

a gas-liquid separator for separating middle-pressure
refrigerant decompressed by said first decompressing
unit into gas refrigerant anil liquid rcfrigcrant;

a second dccomprcssing unit for rlccomprcssing liquid
rcfrigcrant separated by sairl gas-liquid separator; and

a gas-injection pipe for introducing gas rcfrigcrant sepa-
rated by said gas-liquid separator into said gas-intection
port of said compressor;

a control umt for seumg a cooing mode in which ur
blown into the passenger compartment is cooled by
said cooling heat exchanger, a heating mode in which
air blown into thc passenger compartment is hcatcd by
said heating heat cxchangcr, and a rlchumidifying mode
in which air blown into lhe passenger compartment is
dehumidified by saul coolin ~ heat exchanger and said
heating heal exchanger, wherein

said gas-liquid separator includes a liquid-suction pipe for
introducing liquid refrigerant into said second decom-
pressing unit, and a gas-suction pipe for introducing

as refrigerant into said gas-injection pipe;
said liquid-suction pipe has an open cnd opened in liquid

refrigerant within said gas-liquid separator;
said gas-sucnon pipe has an open eml opened m gas

rehngeranl within said gas-hquid separator, and a
middle pipe portion which is immersed in liquid refrig-
erant within said gas-hquid separator anil has a suction
hole through ivhich liquid refrigerant is sucked into
said gas-suction pipe; and

said suction hole is provided in said midrfle pipe portion
of said gas-suction pipe at a position lower than said
open cnd of said liquid-suction pipe;

said control unit includes:
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determining means for determinm ~ whether or not an

oif-drschargtng operation for discharging lubwcatin ~

oil staying in said cooling heat cxchangcr into saitl
compressor is ncccssary at a starting time of saitl
heating mode,

oil-dischargmg operation setting means for setting said
oil-ihschargin ~ opera«on when said determining
means determines thai sa«l oil-dr«char nn ~ operation
is ncccssary, and

heating mode setting means for sctlin said hcatin
lc

mode after said oil-rlischarging operation is per-
formed for a predetermined period, when said deter-
mining means determines that said oil-dischar un ~

operation is necessary
5 The refrigerant cycle system accorrling to claim 4,

whcrcin said control unit controls a flow of refrigerant in is

such a manner that gas rcfrigcrant discharged from saitl
compressor is condcnsctl in said heating heat cxchangcr, is
decompressed in said lirst and second decompressmg unius,
passes through both saitl exlenor heat exchanger and said
cooling heat exchanger in parallel, and is introduced into ZO

said compressor, when said oil-rlischarging operation setting
means sets said oil-discharging operatinn

6. The rcfiagcrant cycle system according to claim 5,
whcrcin said control umt controls thc flow of rcfrigcrant in
such a manner that gas refrigerant discharged from said
compressor is comlensed by sa«l heaung heat exchanger, is
decompressed by said first and second decompressing units,
is evaporated by said cooling heat exchanger, and is mtro-
duced into said compressor, when sairl dehumidifymg mode

ic
Ls scl.

7. The rcfiagcrant cycle system according to claim 4,
wherein sa«l control umt controls the flow of refngerant in
such a manner that gas refrigerant discharged from said
compressor is condensed by said heating heat exchanger, is
decompressed by said first and second decompressing units, 35

is evaporated by both said cnoling heat exchanger and said
exterior heat cxchangcr, and is introduced into said
compressor, when said dehumidifying motte is sct;

said control unit sets said dehumidifying mode, when saitl
an

dctcrmining means dctcrmincs that sairl oil-tlischar nn
operation is ncccssary.

g. The refngeranl cycle system according to clarm 4,
wherein said control unit increases a rotauon speed of said
compressor to be higher than a predetermined value, when
said determining means determi nes that s aid oil-discharging
operation is ncccssary.

9. The rcfiagcrant cycle system according to claim 4,
whcrcin:

said control unit includes an outside air tcmpcrature s
sensor for dctccting a tcmpcraturc of outside air, anil

said determining means determines that the oil-
discharging operation is ncccssary when lhc tcmpera-
turc of outside air rlctcctcd by said outside air tempera-
ture sensor is higher than a predetermined temperature
at a starting «me of: said healing mode.

10. A gas-liquid separator for a refrigerant cycle having a

compressor for compressing refrigerant, said gas-liquid
separator, for separating gas-liquid refrigerant into gas
refrigerant and liquitl rcfrigcrant, comprising:

a refrigerant case for receiving refrigerant therein;
an inlet pipe throu h which gas-liquid refrigerant in the

refrigerant cycle is introduced into said refngerant
case;

a hquid-suction pipe through which liquid refngeranl as
within said refrigerant case is supplied to the refngerant
cycle; and

a gas-sucnon pipe through which gas refri erant within
said refrigerant case is introduced into the compressor
at an intermediate-compression state, wherein

said gas-suction pipe is approximately a straight pipe;
said open encl of said gas-suction pipe is formed al an

upper end of said straight said suction hole is formed at
a lower side of said straight pipe to be adjacent to a
bottom of said refrigerant case;

said liquirl-sucuon pipe has an open end opened in liquid
refrigerant within said refngeranl case,

said gas-suction pipe has an open end npened in gas
rcfrigcrant within said rcfrigcrant case, and a middle
pipe portion which is immcrscrl in liquid rcfrigcrant
within said rcfrigcrant case and has a suction hole
through which liquid refngerant is sucked into said
gas-suction pipe; and

said suction hole is provided in said midrlle pipe portion
at a position lower than saitl open cnd of said liquid-
suction pipe.

11. An air conditiomng apparatus for a vehicle having a

passenger compartment, said air conditioning apparatus
comprising

an air duct for forming an air passage through which air
is blown into thc passenger compartment;

a blower for blowmg air into said air passage,
a refrigerant cycle for circulating refrigerant, said refrig-

erant cycle inclutling
a cooling heat exchanger, disposed in said air passa c,

for cooling air in said air passage,
a healing heal exchanger, disposed in said air passage

al a downstream air side of sa«l cooling heat
exchanger, for heating air in said air passage,

an exterior heat exchanger, disposed outside said air
duct, for performing heat-cxchangc between air out-
side thc passcngcr compartment and rcfrigcrant
flowing lherelhrough,

a compressor for compressing refngerant, and
a decompressin ~ unit for reducing a pressure of refrig-

erant; and

a control unit for setting a cooling morlc in which air
blown into thc passcngcr compartment is cooled by
«arrl coolm ~ heal exchan er, a heating mode in which
air blown into the passen er compartment is heaied by
said heating heat exchanger, and a dehumirlifying mode
in which air blown into the passenger cnmpartment is
dehumidified by said cooling heat exchanger anrf said
heating heat cxchangcr,

wherein saiil control unit includes
determining means for determining whether or not an

oil-dischargin operation for discharging lubricating
oil staying in said cooling heat exchanger intn said
compressor is ncccssary at a starting time of said
heating mode,

oil-ihscharging operation seuing means for seuing said
otf-discharging opera«on when said determining
means determines that said od-discharging operation
is necessary, and

heating mode setting means for setting said heating
mode after said oil-discharging operation is per-
formed for a prcdctcrmincd pcmod, when said dctcr-
mining means determines thai the oif-discharging
operation is necessary.

12. The air comhuoning apparatus according to claim ll,
wherein said control unit controls a flnw of refrigerant in
such a manner that as refrigerant dischargerl from said
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compressor is condensed in said heaun ~ heat exchanger, is
decompressed in said decnmpressing unit, passes through
both said exterior heat exchanger anil said cooling heat
exchanger in parallel, and is introrluced into said
compressor, when said oil-rlischarging operation scttin
means sets said oil-rlischarging operation.

13. The air condiuoning apparatus accorihng to claim 11,
wherein.

said control unit controls the flow of refrigerant in such a
manner that gas rcfrigcrant discharged from said corn- ni

prcssor is condcnscrl by said heating heat cxchan cr, is
decompressed by said decompressing unrt, is evapo-
rated by both said mohng heat exchanger aml said
exterior heat exchanger, and m mtroiluced into said
compressor, when said rlehumidifying mode is set; and

said control unit sets said dehumidifying mode, when sairl
dctcrmining means dctcrmincs that sairl oil-rlischar nn
operation is necessary.

1 h The air condiuoning apparatus accorihng to claim 11,
wherein

said decompressing unit includes first dccompressin
means and second rlccomprcssing means;

s;nil control umt controls the flow of refngerant rn such a

manner that gas refrigerant discharged from said com-
pressor is condensed by said heating heat exchanger, is

decompressed by said lirst decompressing means,
passes through said cxtcrior heat exchanger, is decom-
pressed again by said second decompressing means, is
evaporated by said cooling heat exchanger, and is
introduced into saul compressor, when said dehumnh-
fving mode is set; and

said control unit sets said dehumidifying mode, when said
dctcrminin means dctcrmincs that said oil-discharging
operation is necessary.

15. The air conditioning apparatus according to claim 11,
wherein said control unit increases a rotauon speed of. said
compressor to be higher than a predetermined value, when
said determining means determines that said oil-discharging
operation is necessary.

16. The air conditioning apparatus according to claim 11,
whcrcin:

said control unit includes an ouaside air temperature
sensor for detecting a temperature of outside air; and

said determining means dctcrmmcs that thc oil-
discharging operation is ncccssary when thc tcmpcra-
turc of outside air dctcctcd by said outside air tcmpcra-
ture sensor is higher than a predetermined temperature
at a starung ume of sat&I heating mode.


