DESCRI PTI ON

REFRI GERATI ON SYSTEM 5 TECHNI CAL FI ELD

The present invention relates to a refrigeration system and nore
particularly to a technique for reducing the anount of refrigerant
remai ni ng on the indoor side by trapping the refrigerant on the

out door side when the system 10 I's shut down. BACKGROUND ART

A refrigeration system known in the art having an outdoor unit and an
i ndoor unit connected to each ot HESSRFTIA  ~“comuni cation pi pes is
designed to trap the refrigerant on t he outdoor unit side when
refrigerant | eakage is detected and when the systemis shut down in
order to prevent the refrigerant from leaking into the room

For exaRPFRIGERATIOYaPERTEEY Lai d- Qpen Patent Publication No. 5-118720

di scl oses 20

a refrigeration system which perforns a punp down operation

for trapping the refrigerant on the outdoor unit side in the event

of refrigerant

| eakage. A conventional refrigeration system

whi ¢h tr ZESHNICAL FIELDrefrigerant in the indoor unit will be described
with 25 reference to FIG 12. The refrigeration system i ncl udes

The present invention relates to a refrigeration

system, and more particularly to a technique for reducing the

amount

of refrigerant remaining on the indoor side by

trapping the refrigerant on the outdoor side when the system

10 is shut down.

BACKGROUND ART

A refrigeration system known in the art having an

15

20

25

outdoor unit and an indoor unit connected to each other via
communication pipes is designed to trap the refrigerant on
the outdoor unit side when refrigerant leakage is detected
and when the system is shut down in order to prevent the
refrigerant from leaking into the room. For example,
Japanese Laid-Open Patent Publication No. 5-118720 discloses
a refrigeration system which performs a pump down operation
for trapping the refrigerant on the outdoor unit side in the
event of refrigerant leakage. |

A conventional refrigeration system which traps the
refrigerant in the indoor wunit will be described with
reference to FIG. 12. The refrigeration system includes

electromagnetic valves (108) and (109) along communication



el ectromagnetic val ves (108) and (109) al ong conmuni cati on

1 pi pes (113) separately fromstop valves (106) and (107) for
cl osing an outdoor unit (111) before connecting the outdoor uni t
(111) and an indoor unit (112) to each other. During a

cool i ng operation, the refrigerant 5 di scharged from a conpressor
(101) circulates as it passes through a four-way sw.tchi val ve
(102), i PIBEKd Separ%ﬁﬁ%ﬂnﬁF%ﬂr%ﬁﬁﬂd%?lﬁﬁﬁt(%Qﬁ aﬂﬁ%r(&ggg)for
depressuri_zed t hrough an_ el ectric expansion valve (104) and

evapor at &¢0sing %ﬂw?ﬂ&ﬂp%h PRibof 1htht PekeRanGerneEbiRg &RE ONEAOPEL urns
to 10 the conpressor (101) via the four-way sw tching valve (102).

Wien t he Widt hlily ingt adowndopheunibc(lbihoretéach Auheq-109) on the
liquid side (the high pressure side) is first closed while |eaving
the conpressor @Oi@ingoperati ngolifigus,opeha@tion, prhessunefomnigeranitow
pressure side of the refrigerant circuit 15 gradual ly decreases, and a

| ow Pr esdlitschajeddC hfrdil 14) compressor i@l)uatinculcitestasl o Pasisedown t he
conpressor (101). Si mul t aneously with the shut down of the conpressor

(101), +throddie el edlowarm@net sGitahifig( 198lven {ie2ypas i dedridemseaw
pressure side) is closed to close the outdoor unit (111), 20 t her eby

trappi ng t{¥eodd i Her afitddbrt Nenoikt dodkciided 1103y, depEsiifizdich a
punp down operation, substantially no

through an electric expansion valve (104) and evaporated
through an indoor heat exchanger (105), and then returns to
10 the compressor (101) wvia the four-way switching valve (102).
When the system is shut down, the electromagnetic valve (109)
on the liquid side (the high pressure side) is first closed
while leaving the compressor (101) operating. Thus, the
pressure on the low pressure side of the refrigerant circuit
15 gradually decreases, and a low pressure switch (114) is
eventually activated to shut down the compressor (101).
Simultaneously with the shut down of the compressor (101),
the electromagnetic valve (108) on the gas side (the low
pressure side) is closed to close the outdoor unit (111),
20 thereby trapping the refrigerant in the outdoor unit (111).
Through such a pump down operation, substantially no
refrigerant exists in the indoor unit (112), thereby avoiding

leakage of a large amount of refrigerant into the room.
Oon the other hand, during a heating operation, the
25 refrigerant discharged from the compressor (101) circulates

as it passes through the four-way switching valve (102), is



refrigerant exists in the indoor unit (112), thereby avoiding | eakage

of a large anount of refrigerant into the room On the other
hand, during a heating operation, the 25 refrigerant discharged fromthe
conpressor (101) circul ates as it passes through the four-way

swi tching valve (102), is

condensed. _throu ndo, exchanger 105

depr essuri*PSE R ougﬁkfﬂggblecgq?c é&f%ﬁ%ﬁ g?ﬁ ve ?ﬁéﬂﬁ %ﬁﬁi (105),
evapor at ed t hrough t tdoor heat exchange 103), returns
to the cdfﬁ?r‘@és‘b’?‘ Pgl) ORI & D Gl aREF 160iS nﬁg}°n5 "aq-\Yél 0@ 0pd  \hen
the systemis shut down, the state of t he four - swi tching val ve
(102) i s SYaRrasfd dheeugh Ahst Rekdoor heap %%Clﬂ%)“mn e and &@est i on
path of the refrigerant to that in the cooling operation described
above. IRIAELDS gho the agppresisor aslde piaptiewfosgewayi avitehing
cooling operation 10 I s perforned. However, in the
convent i orelve ef¥02)er aflhem Hhet eystem isdesdort tnk:dm,abmee,statiet of ithe
necessary to provi de t he el ectromagnetic val ves (108) and (109)
respect i vedyrSway téeitching coabweni ¢b02pnis [Hiipes switthed tancanotHekl3),
and these 15 el ectromagnetic val ves (108) and (109) cause an increase
in ddeasosb @hdny@ siisd efirculation path B ebeerrefrieerenf aaon ng

t he punp down operation in
that in the cooling operation described above. Then, an
operation as the pump down operation in the cooling operation
10 is performed.

However, in the conventional refrigeration system
described above, it is necessary to provide the
electromagnetic valves (108) and (109) respectively for the
communication pipes (113) and (113), and these

15 electromagnetic valves (108) and (109) cause an increase in.
the cost of the system.

Moreover, when performing the pump down operation in
a heating operation, the four-way switching valve (102) needs
to be switched before performing a refrigerant circulation

20 operation as that in a cooling operation, which lowers the
efficiency of the system and may even detract from the
comfort in the room.

Especially, where a slightly flammable refrigerant
such as R32 or R32/134a is used as the refrigerant, it is

25 particularly desired that the refrigerant is confined in the

outdoor unit when the system is shut down because there is a



a heating operation, the four-way swtching valve (102) needs to be

switched before performng a refrigerant circulation 20 operation as

that in a cooling operation, which |owers the ef ficiency of the
system and may even detract fromthe confort in the room
Especi ally, where a slightly flannable refrigerant such as R32 or

R32/ 134 d, f | d th
the rof rFGBFant AGREAPRrRC ot Pae combustigtas R reirdhetabteystom i o

shut down because there is

ri sk of
present

provi de &bo¥er jaget

on the
confort.

i gni ti on’Bie PEGSERE é&MﬁH§HQ%1Qﬁsthﬁe?epﬁgﬁeﬁ%ﬂyiew of the

I nvention has been nmade_in view of the above and ains to
AIYH &Y sPEAVEAPaBI Eebrigeration ,ppshegm £ARALLES Pger ant

The

outdoor side while 5 mai ntai ning the high efficiency and the

trapping D|Hoe OSURErOgeTREL| NVENTI Oe outdoor side owhddeto

achi eve the above-described object, the present invention is designed
so that aaisfteiigemgnthef hagh é0ficievopramdithe scamfgopsad i n an out door unit
wi t hout switching the circulation direction of the refrigerant

di scharged from

operation or a heating operation.
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DISCLOSURE OF THE INVENTION

In order to achieve the above-described object, the
present invention is designed so that a refrigerant of an
indoor unit is trapped in an outdoor unit without switching
the circulation direction of the refrigerant discharged from
a compressor when shutting down either a cooling operation or
a heating operation.

Specifically, a refrigeration system according to the
present invention includes: an outdoor unit (1) including a
compressor (4), a flow path switching mechanism (5) for
switching a circulation direction of a refrigerant discharged
from the compressor (4), an outdoor heat exchanger (6), and
an expansion valve (7) capable of being fully closed; an
indoor unit (2) including an indoor heat exchanger (8); and a
communication pipe (3) for connecting the outdoor unit (1)
and the indoor unit (2) to each other, wherein: the outdoor
unit (1) includes: a receiver (10) provided upstream of the
expansion valve (7); a gas vent passageway (12) for
connecting the receiver (10) and a downstream side pipe (24)

of the expansion valve (7) to each other; gas vent

a conpressor when shutting down either a cooling



Specifically, a refrigeration systemaccording to the 15 pr esent

I nvention includes: an outdoor unit (1) including a conpressor (4), a
fl ow path swi tching nmechani sm (5) for switching a circulation
direction of a refrigerant discharged fromthe conpressor (4), an

out door heat exchanger (6), and an expansion val ve (7) capabl e of
being fully closed; an 20 I ndoQr. unit I.ncl udi ng an i ndoor heat
exchangerPRE)ingcdosing  meadmfidat i Bﬁoﬁilﬁﬁd( 331eng " cotheddhg e
outdoor unit (1) and the indoor unit (2) to each other, wherein: the

out door Passageway (G2 ) incAnsHed bEidgR iUt 01 Hr o WHRLE I UL 6F t he
expansi on valve (7); a gas vent passageway (12) for 25 connecting the
recei ver <€Q@imd0@e¢emgnr, edmesi Brigogpe dizPuit (1ll)ofonrtle akpawsi ah val ve

(7) to each other; gas vent 4
openi ng/ ctefrigersans 18y piwvisieth along@ditectgom vesd to  lgrmabsagenay
(12); and a bridge circuit (11), wherein during a cool i ng operation,

the bri dgeefiigetrdnt 11liwh@thy idd opBeA condenseid | geréudh f lthe | dutsdosdr a
direction as to lead the 5 refrigerant, which has been condensed

through thea®ukdeRanger (6)gattexeh@ngecel for k@o?hanaec‘aew@frigl&aamd a
refrigerant flowin such a direction as to l[ead the refrigerant

whi ch flowagnbeerndaepr g5seet &l 481 BN daldie heParst Piyemdie, (which O
t he i ndoor heat exchanger (8), and during a heatlng operation,
has been depressurized through the_expan51on valve (7), to
the indoor heat exchanger (8), and during a heating operation,
10 the bridge circuit (11) only allows a refrigerant flow in
such a direction as to lead the refrigerant, which has been
condensed through the indoor heat exchanger (8), to the
receiver (10) and a refrigefant flow in such a direction as
to lead the refrigerant, which has been depressurized through
15 the expansion valve (7), to the outdoor heat exchanger (6);
and the refrigeration system further includes control means
(35) for, before shutting down the compressor (4), opening
the gas vent opening/closing means (13) and closing the
expansion wvalve (7) while +the compressor (4) 1is left
20 operating, and for closing the gas vent opening/closing means
(13) upon subsequent shut down of the compressor (4).

With the above arrangement, either in a cooling
operation or in a Theating operation, the condensed
refrigerant will be expanded through the expansion valve (7)

25 after passing through the receiver (10). Moreover, the

backflow of refrigerant running from the receiver (10) to the



10 t he

bridge circuit (11) only allows a refrigerant flow in

direction as to lead the refrigerant, which has been condensed
t hrough t he i ndoor heat exchanger (8), to the receiver (10) and a
refrigerant flow in such a direction as to lead the refrigerant,

whi ch has been depressurized t hrough 15 t he expansion valve (7), t

out door heat exchanger

i ncl udes

(4), opening

| C HEQIRiE (;1) f8spreyenteds or Shereforsg GhRR tHtdeRs

such a

o the

and the refrigeration system further

essor

the gas vent opening/closing nmeans (13) and closing the

expansi ordorgl veiylmr waf| sheRe opeprticns, (Ahe gafgiigerant igpehranpef and
ng the gas vent opening/closing nmeans (13) upon subsequent
shut dowirf thee recpiessor(104) .by closing theWedpansdombovalwer affgenent ,
either in a cooling operation or in a heating operation,
condensedvithout sweiftdiggrganthenifilowbpaekpawdedhihgongthdmbsex@nsi on val ve

for closi

(7) 25
back$| ow
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t he flow
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after passing through the receiver (10). Mor eover,
of refrimiatite AN idihansadnt R IvRCaiMveris oded tfore the

t he

t he

_ bridge circuit (11) is prevented. Therefore, when shutting
down ei t hegmofedd 15 € (BPEHE! IIRT: dcnﬁlreéﬁég%@mgéfaﬁfa&ee%ra ped i th

(1 by cI05|ng t he expansi on valve (7) out SMAtCh

1S Cﬁ%&seﬁiklb hanl AR ( 5&hls 5tlme, Slncgecf}ﬂée égg xRN

efore the
opening/closing means (13) is opened, the gas refrigerant in

the receiver (10) 1is discharged through the gas vent
passageway (12), whereby the 1liguid <refrigerant is
efficiently stored in the receiver (10). Then, when the
compressor (4) is shut down based on a predetermined
condition, the gas vent opening/closing means (13) is closed,
and the receiver (10) and the vicinity thereof are enclosed
with the refrigerant being trapped therein. In this way, the
refrigerant is collected into the outdoor unit (1) while the
backflow thereof into the indoor unit (2) is prevented,
thereby reducing the amount of refrigerant remaining in the
indoor unit (2). ©Note that the control means (35) may be
configured so as to start its control operation based on a
predetermined shut down instruction such as, for example, a
shut down instruction from the user turning OFF the system,
turning OFF of a thermostat, or activation of a protection
device.

Note that while it is particularly preferred that the

time when the gas vent opening/closing means (13) is closed

t he

i ng
si on



conpressor (4) is shut down, the refrigerant is trapped in t he
receiver (10). At this time, since the gas vent

openi ng/ cl osi ng neans (13) is opened, the gas refrigerant in t he
receiver (10) is discharged through the gas vent 10 passageway (12),
wher eby the liquid refrigerant S efficiently stored in the
receiver , (10). Then, when t conpressor (4) is shut down based

on a predét ef HiwkERNEOUS ‘WA ttlh(?n shfe gavnvedft ByenfRPPELSEPRg (ABans (13)
is closed, and the receiver (10) and the vicinity thereof are

encl osed they WaY h DA r bR i GEMBHLEANEONG -t r appPiS herhe. IR t MieRtuay,

t he refrigerant is collected into the outdoor unit (1) while the
backf | ow apesrigef/ dlesdnghanéardoof13ni may 2pei slmsederpeihr to thehehatly
reduci ng the anount of refrigerant remaining in the i ndoor unit (2).

Not e t hatddvre afbrtheolcompaesso3%#) rayrbet 28y bexrloged caftsxr gmssagst art
Its control operation based on a predeterm ned shut down instruction
suchsas, éDr ®£xaholre, period Shuttideswn firvad r el ophbhtondddae user the ni ng
OFF the system turning OFF of a thernobstat, or activation of a
protecti afompressdieVi®e. 25 Note that while it is particularly
preferred that the time when the gas vent opening/closing means (13)

i's closed Another refrigeration system ac@ordlng to the présent
si mul taneous with the shut down of the Conpressor

invention includes: an outdoor unit (1) including a
compressor (4), a flow path switching mechanism (5) for

10 switching a circulation direction of a refrigerant discharged
from the compressor (4), an outdoér heat exchanger (6), and

an expansion valve (7) capable of being fully closed; an

indoor unit (2) including an indoor heat exchanger (8); and a
communication pipe (3) for connecting the outdoor unit (1)

15 and the indoor unit (2) to each other, wherein: the outdoor
unit (1) includes: a receiver (10) provided upstream of the
expansion valve (7); a gas vent passageway (12) for
connecting the receiver (10) and a downstream side pipe (24)

of the expansion wvalve (7) to each other; gas vent

20 opening/closing means (13) provided along the gas vent
passageway (12); and a bridge circuit (11), wherein during a

cooling operation, the bridge circuit (11) only allows a
refrigerant flow in such a direction as to 1lead the
refrigerant, which has been condensed through the outdoor

25 heat exchanger (6), to the receiver (10) and a refrigerant

flow in such a direction as to lead the refrigerant, which



they may not be sinultaneous. Thus, the gas vent
openi ng/ cl osi ng neans (13) may be closed prior to the shut down of
the conpressor (4), or it may be closed after passage 5 of a short
period of tinme from the shut down of the conpressor (4).
Anot her refrigeration systen1according to the present invention

i ncl udes; Q{ out%oor uni t l% gh resag

f1 ow pat 3w N e 47 h??ﬂgh e §WWP€ﬁﬂﬁ§ & % uf B4 oh
direction_of .a refrjgerant dischar fromthe conpressor )

out door [B&t l@QEHEntFt(S)‘?h%‘EFr 8) r B PHINDR \;’ﬁa\’ién@ﬂ’?@éﬁ BPB'of
being fully closed; an i ndoor unit (2) including an indoor heat
exchangeitheg)b rJe#ﬁ:P aCer“ltchin’d{Yi oal ey @3)rgfgrigenandct iyt AR
outdoor unit (1) and the indoor unit (2) to each other, wherein: the
out door such mMIIG(%lqnnoﬂEud@s laade‘chev§ﬁf(:1993rpnbwﬂbdchpbﬁﬁehﬁ!ﬁaf t he
expansion valve (7); a gas vent passageway (12) for

conrect i mpndensedc etheougi O)thend iaddownshedamexicthangiepe (%) to thef the
expansion valve (7) to each other; gas vent 20 opening/closing

means (k¥Fceiweavid®d aldny réfwigewnt vEIdw in suphsaadéweytidr) asand a
bridge circuit (11), wherein during a cooling operation, the bridge

circuit (tblledd thel refsigerant, weichgedsbedn Qiepressih odiveolighn as to
| ead the refrigerant, which has been condensed through the outdoor

o [T SAALPIE, I, S6PLME!ohdfhotfed Bpagest (o
7 auxiliary opening/closing means (36) which is always opened
10 during a normal operation is provided on an outdoor side of a
gas side pipe (26) extending from the indoor unit (2) to the
flow path switching mechanism (5); and the refrigeration
system further includes control means (35) for, before
shutting down the compressor (4) in a cooling operation,

15 opening the gas vent opening/closing means (13) and closing
the expansion valve (7) while the compressor (4) is left
operating, and for closing the gas vent opening/closing means
(13) and the auxiliary opening/closing means (36) upon
subsequent shut down of the compressor (4).

20 With the above arrangement, since the auxiliary
opening/closing means (36) is closed upon shgt down, the path
on the outdoor heat exchanger (6) side of the auxiliary
opening/closing means (36) is also enclosed, whereby the
refrigerant is trapped not only in the receiver (10) but also

25 in the outdoor heat exchanger (6) and the compressor (4).

Therefore, the amount of refrigerant collected into the



has been depressurized through the expansion valve (7), to t he i ndoor
heat exchanger (8), and during a heating operation, the bridge
circuit (11) only allows a refrigerant flowin such a direction as to
| ead the refrigerant, which has been 5 condensed through the indoor
heat exchanger (8), to the receiver (10) and a refrigerant flow

I n such a direction, as ead the refrigerant, I ch has been
depressuﬂ%%QEOFhﬂHﬁﬂh (1) 1??ﬁ?§§&%ﬂm?%ﬁ Faeyamennt gty e &ﬂﬁﬁaptheat
exchanger (6); auxi | i ary openi ng/cl osi ng neans (36) which is always
opened .ﬂ?ma%m&mﬂn@natﬁér#ﬁﬂOBSePE%Fogz)sl%r W&t on an outdoor side of a
gas side pipe (26) extending fromthe indoor unit (2) to the flow
path switchi ng miekenicbat(Bhilanthe heefrigexpntatiands not toy filew PYLt her

i ncl udes control means (35) for, before shutting down the conpressor
(4) in awodheginpmmnatsoig whieh thepenminpgesisergd4)vemst aodeni rmyjasisagieng
means (13) and cl osing t he expansion valve (7) while the conpressor
(4) 3s | eddme typeopempresagorantthborefirigergntheepas went £dpenony/ doosi ng
means (13) and the auxiliary opening/closing nmeans (36) upon

subsequenthe hilhdolornsdfiet kdeporgicessipdedsor 20) is a higW tgredswee above
arrangenent, since the auxiliary openi ng/ cl osi ng nmeans (36) is

cl osed upnes ?Qoéﬁmp£8§s@ﬁi hin whicRNchBe @Hkdedrteato eXGRANGEMm 6)
side of the auxiliary openi ng/ cl osi ng neans (36) is also enclosed,

‘z’i"rg(r)eby thee auxil &N IGRMANg /I osiABPREaRS! (98 Vid MmdPe pRORIMRIed.10) but

Another refrigeration system according to the present

10 invention includes: an outdoor unit (1) including a
compressor (4), a flow path switching mechanism (5) for
switching a circulation direction of a refrigerant discharged

from the compressor (4), an outdoor heat exchanger (6), and

an expansion valve (7) capable of being fully closed; an

15 indoor unit (2) including an indoor heat exchanger (8); and a
communication pipe (3) for connecting the outdoor unit (1)

and the indoor unit (2) to each other, wherein: the outdoor

unit (1) includes: a receiver (10) provided upstream of the
expansion valve (7); a gas vent passageway (12) for

20 connecting the receiver (10) and a downstream side pipe (24)
of +the expansion valve (7) to each other; gas vent
opening/closing means (13) provided along the gas vent
passageway (12);.and a bridge circuit (11), wherein during a
cooling operation, the bridge circuit (11) only allows a

25 refrigerant flow in such a direction as to 1lead the

refrigerant, which has been condensed through the outdoor



25 In the outdoor heat exchanger (6) and the conpressor (4).
Therefore, the anmount of refrigerant collected into the

8 outdoor unit (1) increases, and the amount of refrigerant
remai ning in the indoor unit (2) is reduced. Note that while
the refrigerant tends not to flow out to the indoor side when the

conpressqr (4) is a low pressure 5 done type conpressor, the refrigerant
tends to 19w SFehanger (6)yn&o; AdsorreseiysthelheaR8npr s AR a

hi gh pressure donme type conpressor, in which case the effect of

provi di ngflow int gachuRi |digrectdsaniafy/ 6P odrad BangefFdgeranikpr avhich
pronounced. Anot her refrigeration systemaccording to the
present h®&s beenedepressintkededhroagh ditelogspangian valvei f@Duditity a
conpressor (4), a flow path sw tching nmechanism (5) for switching a
ci rcul at i ‘dme dindwdy dreadf exahaihgiegen8nt dndcarieg a heatingrpdmatcemr essor
(4), an outdoor heat exchanger (6), and an expansion val ve (7)

capabl e othdebrgdbel lofiredudted(1Ey oddy alndeer dinréffZyersnet udiog am i ndoor
heat exchanger (8); and a comuni cation pipe (3) -for connecting the

out door ughéh (&) directigfdabheol neaar the trefdigeda®@Gh waiiker hathededm: the
out door unit (1) includes: a receiver (10) provided upstream of the

expansi oncyRhdeséd) thrcldh VERE PARRRACVAKatlZxddnged (89QNNest itk the
recei ver (10) and a downstream si de pipe (24)
receiver (10) and a refrigerant flow in such a direction as
to lead the refrigerant, which has been depressurized through
10 the expansion valve (7), to tﬁe outdoor heat exchanger (6);
auxiliary opening/closing means (36) which is always opened
during a normal operation is provided on an outdoor side of a
gas side pipe (26) extending from the indoor unit (2) to the
flow path switching mechanism (5); the refrigeration system
15 further includes temperature difference detection means (37,
38) for detecting a temperature difference between an indoor
side and an outdoor side; and the refrigeration system
further includes control means (35) for, before shutting down
the compressor (4) in a heating operation, opening the gas
20 vent opening/closing means (13) and closing the expansion
valve (7) while the compressor (4) is left operating, and for
closing the gas vent opening/closing means (13) and the
auxiliary opening/closing means (36) when an outdoor
temperature becomes equal to or greater than an indoor
25 temperature after subsequent shut down of the compressor (4).

With the above arrangement, before the compressor (4)

10



of the expansion valve (7) to each other; gas vent openi ng/ cl osi ng
nmeans (13) provided al ong the gas vent passageway (12); and a bridge
circuit (11), wherein during a cool ing operation, the bridge circuit
(11) only allows a 25 refrigerant flow in such a direction as to
Iead t he refrigerant, which has been condensed through the outdoor
heat exchanger (6), to the receiver (10) and a refrlgerant
flow1|n dFchshuty GOMDontBR 938 4N hEPRBLRS %*%%%n wﬂF@ﬁs (13) hd8 peen
depressurized through the expansion val ve % 7), t he i ndoor heat

exchangeCRe®ed ARl dGREnEPIREIONN ¥ Ea a7 dn, is 5310%% b¥heERbRi thgi t (11)
only allows a refrigerant flowin such a direction as to |ead the
refri ger arefrigeremthais beafificientlyonticappedt Himoughet eeceidter HAQY -
exchanger (8), to the receiver (10) and a refrigerant flowin such a
directiorlesn, event oafted ttikeer efonmgeyssatr, WMichibasslneen depr.essivel zed

t hrough 10 t he expansion valve (7), to the outdoor heat exchanger (6);
auxi$ i ar yrefreijer@m osf ngheeamsiood6)umiit clp2i s fdloway siopenede outdodwri ng a
normal operation is provided on an outdoor side of a gas si de pipe

(26) ext aptinng(Ty arm Whe iindoor wembetdtuie@ ifenigher fHamw el kuddothi ng
mechani sm (5); the refrigeration system 15 further includes tenperature

di f f er enceenffd et NMeahere¥bre, in IUIOrtoletRGiinRG achLIBSE attilee
di fference between an i ndoor
refrigerant of the indoor unit (2) into the outdoor unit (1),
the gas vent opening/closing means (13) and the auxiliary
10 opening/closing means (36) are left open. Then, when the
outdoor temperature becomes equal to or greater than the
indoor temperature, the gas vent opening/closing means (13)
and the auxiliary opening/closing means (36) are closed so as
to enclose the refrigerant in the receiver (10), the outdoor
15 heat exchanger (6), the compressor (4) and the pipes
connecting these elements to one another.
The auxiliary opening/closing means (36) may be
confiqgured so that the auxiliary opening/closing means (36)
can be manuélly opened/closed, and may be used also as a stop
20 valve (15) for closing the outdoor unit (1) before connecting
the outdoor unit (1) to the indoor unit (2).
With the above arrangement, it 1is not necessary to
separately provide the stop valve (15) for closing the
outdoor unit (1) before connecting the outdoor unit (1) and

25 the indoor unit (2) to each other, thereby reducing the cost

of the system.
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side and an outdoor side; and the refrigeration system further

I ncl udes control neans (35) for, before shutting down t he conpressor
(4) in a heating operation, opening the gas 20 vent openi ng/ cl osi ng
means (13) and closing the expansion valve (7) while the conpressor
(4) is left operating, and for cl osing the gas vent opening/cl osing
means (13) and the auxi.liary. opening/closin an (36 when an
out door ¢ eABOEhER EobEcaREat iR oY T b A Ttk ith BARFSOE 25
tenperature after subsequent shut down of the conpressor (4). . )

Wth the R0 aﬁ-Fg‘é‘r&‘?ﬁs: BeFBP‘Br?ﬁ§°Eor{ﬁr)essaoFP7(‘A‘7 Patg switching

10 . 1s shut down, the gas vent opening/claosing nmeans (13) is
opened amEINISEHaks) onftal $Witehing @ oségculpbiepy digection ¢&f & ger ant
is efficiently trapped in the receiver (10). Then, even after the
corrpressofeﬁﬂggﬁlsa!%u@i@l@mg@hefrﬁm thef requpnassast (4k, | adoouhdaar (2)
flows into the outdoor unit (1) if the indoor tenperature is higher
t han5t he leatdoexchangert ¢aper ahuegpandhenefraiee (7h cagableo dfurbdiarg
col l ect the refrigerant of the indoor unit (2) into the outdoor unit
(1), fullye gdesednt amdemamgindost ngedeansxkdhlahgeand(8he ahichi ame 10
openi ng/ cl osing neans (36) are left open. Then, when the out door

t enper at usEnHESOAELS €6Uabnk0 ahogheat ebyt han th&Frigeranitndqgipd,enpgieat ur e,

t he gas vent opening/cl osing neans (13)

refrigeration system further including: a receiver (10)
provided upstream of the expansion valve (7); a gas vent

10 passageway (12) for connecting the receiver (10) and a
downstream side pipe (24) of the expansion valve (7) to each
other; gas vent opening/closing means (13) provided along the
gas vent passageway (12); and a bridge circuit (11), wherein
during a cooling operation, the bridge circuit (11) only

15 allows a refrigerant flow in such a direction as to lead the
refrigerant, which has been condensed through the outdoor
heat exchanger (6), to the receiver (10) and a refrigerant
flow in such a direction as to lead the refrigerant, which
has been depressurized through the expansion wvalve (7), to

20 the indoor heat exchanger (8), and during a heating operation,
the bridge circuit (11) only allows a refrigerant flow in
such a direction as to lead the refrigerant, which has been
condensed through the indoor heat exchanger (8), to the
receiver (10) and a refrigerant flow in such a direction as

25 to lead the refrigerant, which has been depressurized through

the expansion valve (7), to the outdoor heat exchanger (6),

12



and the auxiliary opening/closing neans (36) are closed so as to
encl ose the refrigerant in the receiver (10), the outdoor 15 heat
exchanger (6), the conpressor (4) and the pipes connecti ng

t hese el ements to one anot her. The auxiliary openi ng/cl osing

means (36) may be configured so that the auxiliary opening/closing
nmeans (36

. | ] d/ cl d d be. d al
Ctop. 90 Whargipg ?aifg) SR cPhsi ﬁaffﬁﬁf%%faﬁseex&ﬁ[‘a%%%sa?a&%&sﬁn%& ing
t he outdoor unlt gﬁ;o t he |ndoor unit (2) h t he above
ar r angemétttdaar st R e5eEPIVeD (10)' %eBéFBtéPQ)pﬁéﬁﬁﬁélpﬁef§98p val ve

(15) for closing the outdoor unit (1) before connecting the outdoor
unit (1) Hirl reseivere (LAYode vHie eppansiemcHadvBer(7)thet epdthed&didng t he
cost of the system 11

Anot her rexyénging i Dromyat ehraetor deayion ihetpeebentge circunten(tlildn

I ncl udes a conpressor (4), a flow path sw tching mechani sm (5) for
swi tEhi ngt@a theculemteiverdi (L), obhef circuit seeftriogeranily daitbeinggdafrom

t he conpressor (4), an outdoor 5 heat exchanger (6), an expansion val ve
(7) capahteftmifgdrminty flow fin | wwhosed, drbcrionndagr heat lesdhanger (8),

whi ch are connected to one another by a refrigerant pipe, the
refriger atéri gardm) f WhiBRI hHaic| bééMg condensedvethdciyh the outdoor
heat exchanger (6), to the receiver (10) during a cooling
operation; a path (K2) extending from a circuit section in
10 the bridge circuit (11) to the receiver (10), the circuit
section only allowing a refrigerant flow in such a direction
as to lead the refrigerant, which has been condensed through
the indoor heat exchanger (8), to the receiver (10) during a
heating operation; and a path (K3) along the gas vent
15 passageway (12) extending from the receiver (10) to the gas
vent opening/closing means (13); and the refrigeration system
further includes control means (35) for, before shutting down
the compressor (4), opening the gas vent opening/closing
means (13) and closing the expansion valve (7) while the
20 compressor (4) is left operating, and for closing the gas
vent opening/closing means (13) upon subsequent shut down of
the compressor (4).
With the. above arrangement, the expansion valve (7)
is closed before the compressor (4) is shut down, whereby the
25 | refrigerant is trapped in the receiver (10). At this time,

since the gas vent opening/closing means (13) is opened, the

13



provi ded upstream of the expansion valve (7); a gas vent 10 passageway
(12) for connecting the receiver (10) and a downst r eam si de
pi pe (24) of the expansion valve (7) to each ot her; gas vent
openi ng/ cl osi ng neans (13) provided along the gas vent passageway
(12); and a bridge circuit (11), wherein during a cooling operation,
the bridge circuit (11) only 15 allows a refrigerant flowin such a

di recti or93% ¥etraggrank in the receisreme (1Qhi &R ﬁé§°@é§ﬁe@oﬂaﬁﬁ§ﬁgl

t hrough t he out door heat exchanger (6), to the receiver (10) and a
refri ger afie gas vepbypapsagewpn (12 kctvhereRy ttthe chiuit refrigpyranit

whi ch has been depressurized through the expansion valve (7), to 20
t he i ndoois hefifiexehbhyest¢Bed andtder inegedviesat(il®g -opdheni,owhen thet he
bridge circuit (11) only allows a refrigerant flowin such a

di recti oncasptressead (#h)e i=fshger a@own ,wWhiltdh has lvest openimgpfrlbrsiady

t hrough the indoor heat exchanger (8), to the receiver (10) and a

refrgger anéahsoWldy sSecCklasddreandornhas refrigelrantedd tieppeld igerans ,
whi ch has been depressurized through t he expansion valve (7), to the

outdoor hegateg¥ehanaeh @AY the paths (23), (Kl),_éI(Z) and (K3).l12 In
wherein: at |least the follow ng el enents are provided on an out door

side: thetpeseiwsq’, tHY 5 rérPR}drdm3)ieXE8NteLed €8 the odtidbdreceigqer (10)
to the expansion valve (7); a path (K1) extending froma circuit

section ighie Rhed9ackicioW kthelbbf to the indoor side is prevented,
thereby reducing the amount of refrigerant remaining on the
10 indoor side.

Another refrigeration system according to the present
invention includes a compressor (4), a flow path switching
mechanism (5) for switching a circulation direction of a
refrigerant discharged from the compressor (4), an outdoor

15 heat exchanger (6), an expansion valve (7) capable of being
fully closed, and an indoor heat exchanger (8), which are
connected to one another by a refrigerant pipe, the
refrigeration system further including: a receiver (10)
provided upstream of the expansion valve (7); a gas vent

20 passageway (12) for connecting the receiver (10) and a
downstream side pipe (24) of the expansion valve (7) to each
other; gas vent opening/closing means (13) provided along the
gas vent passageway (12); a bridge circuit (11), wherein
during a cooling operation, the bridge circuit (11) only

25 allows a refrigerant flow in such a direction as to lead the

refrigerant, which has been condensed through the outdoor

14



5 to the receiver (10), the circuit section only allow ng a

refrigerant flow in such a direction as to |ead the refrigerant,

whi ch has been condensed t hrough the outdoor heat exchanger (6), to
the receiver (10) during a cooling operation; a path (K2) extending
froma circuit section in 10 the bridge circuit (11) to the receiver
(10), the circuit section only allow ng a refrlgerant flowin such a
di recti omeat excRangex o4/)y n&or é'fhrq g’é‘?‘é‘?&"e%ﬂ:‘l’i) ha8dpéerf

t hrough t he i ndoor heat exchanger (8), to the receiver (10) during a
heating opeat iBn5UgGRd 3a HiartiR® as ok Lhadgideydipfrigeransassijchay (12)
extending fromthe receiver (10) to the gas vent openi ng/ cl osi ng
means (13)as ahgenhdepsessyeiaedothypugbmthe expamsinn vakvedé?)corvor ol
means (35) for, before shutting down t he conpressor (4), opening the
gas vent upenimipaet detatg exchangeran8)( 13hdaddrihgsa nged hime xqmerstdonal ve
(7) while the 20 conpressor (4) is left operating, and for closing the

gas 5 tienbrafgei ng/raudsi nglNpaosly 13 1open $ubsegigeatastiufldewinof
the conpressor (4). Wth the. above arrangenent, the

expansi onswehve @Girection abStel asad hefeorfirigreraimps,esadich( Has Dednit
down, whereby the 25 refrigerant is trapped in the receiver (10). At

E Eles ti Mgondensed Sithgdughe €RE Vﬁﬁiocﬁpefﬁ'eag/ CéRShAgdEans)( 13koi sepened,
receiver (10) and a refrigerant flow in such a direction as
to lead the refrigerant, which has been depressurized through

10 the expansion valve (7), to the outdoor heat exchanger (6);
and auxiliary opening/closing means (36) provided on an
outdoor side of a gas side pipe (26) extending from indoor
heat exchanger (8) to the flow path switching mechanism (5),
the auxiliary opening/closing means (36) being always opened

15 during a normal operation, wherein: at least the following
elements are provided on an outdoor side: the receiver (10);
a path (23) extending from the receiver (10) to the expansion
valve (7); a path (X1) extending from a circuit section in
the bridge circuit (11) to the receiver (10), the circuit

20 section only allowing a refrigerant flow in such a direction
as to lead the refrigerant, which has been condensed through
the outdoor heat exchanger (6), to the receiver (10) during a
cooling operation; a path (X2) extending from a circuit
section in the bridge c¢ircuit (11) to the receiver (10), the

25 circuit section only allowing a refrigerant flow in such a

direction as to 1lead the refrigerant, which has been

15



gas refrigerant in the receiver (10) is discharged through t he gas

vent passageway (12), whereby the liquid refrigerant Is efficiently
stored in the receiver (10). Then, when the conpressor (4) is shut
down, the gas vent opening/closing 5 means (13) is closed, and the
refrigerant is trapped in the receiver (10) and the paths (23), (K1),
(K2) and (K3 I n this way, the refrigerant is collected to_the

out door sFQpsensed FhrogghhethRclMAoRT: hBpabf XShaRgamdéd)  sitr ithe
prevent ed, thereby reducing the amount of refrigerant remaining on
the 10 TIeGRiSHT s(HR) during a heatipgooberakapni gér @aitdn (a3t @haddcor di ng
to the present I nvention includes a conpressor (4), a flow path

swi t chi ngthe gasrnﬁﬂtupaﬁaaQQWaWOKIQWAEKhbngiagcfrcmlEnécmeqhiwﬁni«iﬂ)of a
refrigerant discharged fromthe conpressor (4), an outdoor 15 heat
exchangert¢ 6xheagasxpansi opendhyécldingpmehasof(1Bgikngnd a patl | k4l osed,
and an i ndoor heat exchanger (8), which are connected to one anot her

by asrefrégespdingi peromhethe outdidd geiadd Oressdrmyar urﬁtd)er ddclinl ng: a
receiver (10) provi ded upstream of the expanS|on valve (7); a gas

vent 20 auﬁﬁﬁﬁ@ﬁf“@ﬁeniﬁ&)elcﬁ@{n CREARS! I(88) '“&Q}d r@feelil@frlgell%u&ﬂd a
downst ream si de pi pe (24) t he expansi on va ve (7) to each ot her;

gas vent ngeéﬁg/fﬁ Qﬂ rEﬁHﬁﬁdé%3)cB%QquedeBHQQ k??) for, 985e M

passageway” (1 ridge circurt (11), during a cooling

operationgnf0e; P I de! t‘i’%’ tﬁéﬁﬂ:}egé‘éi‘ r efﬁ ger éie‘?x‘%\?ﬁ "tﬁfar ! g§%arﬁeﬁﬂ ow in

such a dlrectlon as to | ea een
condensedobgﬁgngciggiﬁytﬂggﬁs (13) and closing the expansion vaféh

10 (7) while the compressor (4) is left operating, and for
closing the gas vent opening/closing means (13) and the
auxiliary opening/closing means (36) upon subsequent shut
down of the compressor (4).

With the above arrangement, since the auxiliary

15 opening/closing means (36) is closed upon shut down, the path
on the outdoor heat exchanger (6) side of the auxiliary
opening/closing means (36) 1is also enclosed, whereby the
refrigerant is trapped not only in the receiver (10) but also
in the outdoor heat exchanger (6) and the compressor (4).

20 Therefore, the amount of refrigerant collected to the outdoor
side increases, and the amount of refrigerant remaining on
the indoor side is reduced.

Another refrigeration system according to the present
invention includes a compressor (4), a flow path switching

25 mechanism (5) for switching a circulation direction of a

refrigerant discharged from the compressor (4), an outdoor
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heat exchanger (6), to the receiver (10) and a refrigerant flowin
such a direction as to lead the refrigerant, which has been
depressuri zed t hrough the expansion valve (7), to t he i ndoor heat
exchanger (8), and during a heating operation, 5 the bridge circuit (11)
only allows a refrigerant flowin such a direction as to |lead the
refrigergnt, which has begn condensed t hrough the |ndoor. heat
exchangerl93D) eXqPanger (6), aRcPYRRNEILY KALVE KgPrFQEPQEF PEoWS R 9such a
direction_as to lead the refrigerant, which has been depressurized

t hrough BWLLY t fEOERPandngn Al $8deqy hegtt pxchangssr (Rt WRARBngEe (6);
and auxiliary opening/closing neans (36) provided on an . outdoor side
of a gas ¥IRReGhgse (LB) ereendnafheronb¥ndéor refrigeaat epdPgngerthed) to
the flow path sw tching nechani sm (5), t he auxiliary opening/closing
means (36yefwigrratiivays sypsdread fuFthedur inglading mal a opeeceivar, vHd)ei n: at
| east the follow ng el enments are provided on an outdoor side: the

recebver piadyided upsarpamh 23rhextexpdingd.ohr ovalve r@gei ver gasO)vdmx t he
expansi on valve (7); a path (K1) extending froma circuit section in

the bri dgpassagewdy ( }(1)2)t 0 fblre &6aReyEInd 1Q)he t Recelikewi t (18P amdCtd on
only allowing a refrigerant flow in such a direction as to lead the

refriger agéwn¥-&din hosddesipeopsieNsed ¢ie thnsion I OUTOAo hadh

exchanger (6), to the receiver (10) during a cool ing operation; a

fgtPhéK?égﬁ%%ﬁ?d%ﬁ%j?é%ﬁlfbéﬂﬂﬂ&ﬁélosing me8Ak P93h Nptb¢i Bed dgford e T (11)
gas vent passageway (12); a bridge circuit (11), wherein
10 during a cooling operation, the bridge circuit (11) only
allows a refrigerant flow in such a direction as to lead the
refrigerant, which has been condensed through the outdoor
heat exchanger (6), to the receiver (10) and a refrigerant
flow in such a direction as to lead the refrigerant; which
15 has been depressurized through the expansion valve (7), to
the indoor heat exchanger (8), and during a heating operation,
the bridge circuit (11) only allows a refrigerant flow in
such a direction as to lead the refrigerant, which has been
condensed through the indoor heat exchanger (8), to the
20 receiver (10) and a refrigerant flow in such a direction as
to lead the refrigerant, which has been depressurized through
the expansion valve (7), to the outdoor heat exchanger (6);
auxiliary opening/closing means (36) provided on an outdoor
side of a gas side pipe (26) extending from indooxr heat
25 exchanger (8) to the flow path switching mechanism (5), the

auxiliary opening/closing means (36) being always opened
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25 circuit section only allowing a refrigerant flowin such a

direction as to lead the refrigerant, which has been

15 condensed through the indoor heat exchanger (8), to the
receiver (10) during a heating operation; a path (K3) al ong t he gas
vent passageway (12) extending fromthe receiver (10) to the gas vent
openi ng/ c] osi ng neans (13 and a ath (k4), 5 ext endi ng t he

out door Ar\’et&t“ggeﬁhaﬂa% ai(GPPetrat PRe and MquMrgperﬂ]ﬁ%f/%ﬁeé’&eng
means (36); and the refrigeration ystem further includes control
means (33ekestiofer greans © (3%pyt 8Bhg é@ﬁn gk eesiphessor YeMReIGI g t he
gas vent openi ng/ cl osi ng neans (13) and closing the expanS|on val ve
10 (7)) diHiferanae c bgyvessor an( 4indgoer | gfideppapdt i a8, owdpqnr side,

cl osing the gas vent opening/closing neans (13) and the auxiliary
openi ng/ cvherein means1e€a3sy bhenfolbowigngnelements are gowvidedt sa an
conpressor (4). Wth the above arrangenent, since the

auxi bi ar youtidoor opide ngthéogbogimenngl1036) ai pathog@3d )upxtestlingdaimom t he
pat h on the outdoor heat exchanger (6) side of the auxiliary

openi ng/ ctigsi pegceraas ((A9) ito athe emxphasedn waaweby(z)we a pathr efwl)ger ant
Is trapped not only in the receiver (10) but also I n the outdoor heat

exchangerex€endiMly t FEok 0aPEe8ai t( 4kctidl inTheleeiiRige he rgdmiunt (1f)
refrigerant collected to the outdoor

to the receiver (10), the circuit section only allowing a
refrigerant flow in such a .direction as to lead the

10 refrigerant, which has been condensed through the outdoor
heat exchanger (6), to the recéiver (10) during a cooling
operation; a path (¥X2) extending from a circuit section in

the bridge circuit (11) to the receiver (10), the circuit

section only allowing a refrigerant flow in such a direction

15 as to lead the refrigerant, which has been condensed through
the indoor heat exchanger (8), to the receiver (10) during a

heating operation; a path (K3) along the gas vent passageway

(12) extending from the receiver (10) to the gas vent
opening/closing means (13); and a path (k4) extending from

20 the outdoor heat  exchanger (6) to the auxiliary
opening/closing means (36); and the refrigeration system

further includes control means (35) for, before shutting down

the compressor (4) in a heating operation, opening the gas

vent opening/closing means (13) and closing the expansion

25 valve (7) while the compressor (4) is left operating, and for

closing the gas vent opening/closing means (13) and the
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side increases, and the anount of refrigerant remaining on t he i ndoor
side is reduced. Anot her refrigeration systemaccording to

t he present i nvention includes a conpressor (4), a flow path
switching 25 mechanism (5) for switching a circulation direction of a
refrigerant discharged fron1the conpressor (4), an outdoor

16 heat excha an expansion val ve ( | e of
being  auxigdpry C|QREEQZF‘DJ ofi 9nddb?a‘FFeat (82 harte™ (83 F‘E O8Fe
connected to one another by a refrigerant pipe, the refrlgeratlon
system f W@Fatﬁépudbﬁﬁgmﬁsr RPIer tOLOPT 59TepEeyi ddiflipSy e4RABPTL he
expansi on valve (7); a gas vent passageway (12) for connecting the
recei ver ternperajyre after guhAegnentn shake e qRHhefcompresseandidon val ve
(7) to each ot her; gas vent opening/closing neans (13) provided al ong
t he gas veMmtitpasbagebaye(dfrangementgeeiomriithg bmpressoa (4)10
during a cooling operation, the bridge circuit (11) only allows a

refr3 geraid Bhotw idowsychthedigagct vert aspeaingddlobeng meansef (13pr dst ,
whi ch has been condensed t hrough the outdoor heat exchanger (6), to

the receiofinddlOandnéha redfgam@dioantvalve (fhovisg nebewdd 2o @heeebyorhas to
| ead the refrigerant, which 15 has been depressurized through the

expansi onreid Mforlaht 18 efficidiftlyndeghppeat Bxchargered&ivednqidyring a
heat i ng operatlon
Then, even after the compressor (4) 1is shut down, the
refrigerant on the indoor side flows to the outdoor side if

10 the indoor temperature is higher than the outdoor temperature.
Therefore, in order to further collect the refrigerant on the
indoor side to the outdoor side, the gas vent opening/closing
means (13) and the auxiliary opening/closing means (36) are
left open. Then, when the outdoor temperature becomes equal

15 to or greater than the indoor température, the gas vent
opening/closing means (13) and the auxiliary opening/closing
means (36) are closed so as to enclose the refrigerant in the
receiver (10), the outdoor heat exchanger (6), the compressor
(4) and the paths.

20 Another refrigeration system according to the present
invention includes a compressor (4), a flow path switching
mechanism (5) for switching a circulation direction of a
refrigerant discharged from the compressor (4), an outdoor
heat exchanger (6), an expansion valve (7) capable of being

25 fully closed, and an indoor heat exchanger (8), which are

connected to one another by a refrigerant pipe, the
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the bridge circuit (11) only allows a refrigerant flow in such a
direction as to lead the refrigerant, which has been condensed

t hrough the i ndoor heat exchanger (8), to the 20 receiver (10) and a
refrigerant flow in such a direction as to lead the refrigerant,
whi ch has been depressurized through t he expansion valve (7), to the
out door heat exchanger (6); auxi liary opening/closing nmeans (36)
provi ded FtIZid6ualdEeR systen; gfustber gatnalwbing pe  28)ecsivEndi fdo)r om
i ndoor heat 25 exchanger (8) to the flow path sw tching nechanism(5),
t he prayidedarypsipesamgofl dshegenpansieB6vaisieng(ad) nays gpenewnt

17 during a nornmal operation; and tenperature difference
det ect i on passRgetdy, 832)f ofodetmminientimd ether ateceiver (IDY f amehca

bet ween an indoor side and an outdoor side, wherein: at |east the

fol | owi ng delversnteamasd der pipded2d) af the expa#eabnSkdevet {g)r@eeicaen (10);
a path (23) extending from the receiver (10) to the expansion valve

(7); 3 patdthes)) gas venexbpeding/E1681ag Chésns t (BRLIIvided hadid o
circuit (11) to the receiver (10), the circuit section only allow ng

a r fdd 0eARt pddsieviay FUEY: & Qﬂ&ﬁéi MrAdt tgni,ea%%e;ﬂaé?n 10

refrigerant, which has been Condensed through the outdoo

CLENSTAS] i oal MR VBbeldflot! 18 eRaliizcuie OPELP! Ay °
allows a refrigerant flow in such a direction as to lead the
refrigerant, which has been condensed through the outdoor

10 heat exchanger (6), to the receiver (10) and a refrigerant
flow in such a direction as to lead the refrigerant, which
has been depressurized through the expansion wvalve (7), to
the indoor heat exchanger (8), and during a heating operation,
the bridge circuit (11) only allows a refrigerant flow in

15 such a direction as to lead the refrigerant, which has been
condensed through the indoor heat exchanger (8), to the
receiver (10) and a refrigerant flow in such a direction as
to lead the refrigerant, which has been depressurized through
the expansion valve (7), to the outdoor heat exchanger (6);

20 auxiliary opening/closing means (36) provided on an outdoor
side of a gas side pipe (26) extending from indoor heat
exchanger (8) to the flow path switching mechanism (5), the
auxiliary opening/closing means (36) being always opened
during a normal operation; and an outdoor fan (9) for

25 supplying an air to the outdoor heat exchanger (6), wherein:

at least the following elements are provided on an outdoor
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the bridge circuit (11) to the receiver (10), the circuit section
only allowing a refrigerant flow in such a direction 15 as to lead the
refrigerant, which has been condensed through t he i ndoor heat
exchanger (8), to the receiver (10) during a heati ng operation; a
path (K3) along the gas vent passageway (12) extending fromthe
receiver (10) to_the gas, vent openi ng/ cl osing neans (13); and a path
(k4) ext ehtfi§y them reeeiveme (109t d%orPatFi’ea(Z:‘)e)@t?‘ﬁfﬁi’g’é-rng teym he the
auxiliary openi ng/ cl osi ng neans (36); and the refrigeration system
further iFRI®EX cdd®ol tﬁ’eaﬁbe(3§>}Pd1éﬁlorbefv@rlé’eshlﬁ7t)ungadommth (K1) he
conpressor (4) in a heating operation, opening the gas vent

openi ng/ céwedmdime afsor 18) canduttosenyiohe inx phesitoridges cingalive (IA) whil e
the conpressor (4) is left operating, and for cl osing the gas vent
openi ng/ ctosthe mearesivel3) (B0, t bRe circuit section only allowing a 18
auxiliary opening/closing neans (36) when an outdoor

t enper at uref bbgeordmst eqfdw t 0Ll @ictat &f tdireciiomda® to ldRpamd ure
af ter subsequent shut down of the conpressor (4). Wth the

above arrpageigstanbel @hechhehfiPnpeefsWorldbnsed thiowdht theWbutdwas
vent opening/closing neans (13) is opened and the expansion val ve

(7) is cleésti e%ﬁ'éﬁ@)ér”’k%), to EREM IQRIARky S ﬁf)f'ahﬁilﬁJJYat raRpethd N the
receiver (10) hen, 'even after the conpressor (4) s shut down, the
operatlon, a path (K2) extending from a circuit section in
the bridge circuit (11) to the receiver (10), the circuit
10 section only allowing a refrigerant flow in such a direction
as to lead the refrigerant, which has been condensed through
the indoor heat exchanger (8), to the receiver (10) during a
heating operation; a path (K3) along the gas vent passageway
(12) extending from the receiver (10) to the gas vent
15 opening/closing means (13); and a path (k4) extending from
the outdoor heat exchanger (6) to the auxiliary
opening/closing means (36); and the refrigeration system
further includes control means (35) for, before shutting down
the compressor (4) in a heating operation, opening the gas
20 vent opening/closing means (13) and closing the expansion
valve (7) while the compressor (4) is left operating, for
closing the auxiliary opening/closing means (36) upon
subsequent shut .down of the compressor (4), and for closing
the gas vent opening/closing means (13) upon shut down of the

25 outdoor fan (9).

With the above arrangement, before the compressor (4)
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refrigerant on the indoor side flows to the outdoor side if 10 t he

I ndoor tenperature is higher than the outdoor tenperature. Ther ef or e,
in order to further collect the refrigerant on the i ndoor side to the
out door side, the gas vent opening/closing means (13) and the

auxi liary opening/closing neans (36) are | eft open. Then, when the

out door tenperature becones equal 15 to or greater than the_indoor
t enper at uk®, Shike ¢RMDvefhe gas YeBhi MPAEY/FEORERAS HEENS ah43) hds

auxi | i ary openi ng/ cl osi ng means (36) are closed so as to enclose the
refri ger &opened t apad the expansiqn (va@lvet Hd)ouktdoetopedt whekghyerthes), the
conpr essor (4) and the paths. 20 Anot her refrigeration
syst em accefdigerant t He peffemtently triappedtibm ithel udeseaveonpilddsor (4),
a flow path sw tching mechani sm (5) for switching a circul ation
directi onThéna when theefcomeresdornli gaharigedsiutondbhe, cader esnarl iy, an
out door heat exchanger (6), an expansion valve (7) capable of being

25 sful l gpehbgeclesith@mmedrkoo(3dipals extbasger fce Whehréfeigerant
connected to one another by a refrigerant pipe, the

19 is condef&éd | QFAIdOR K Dudoby’ hRak eRehHAyE8: (&) IeEEl Y &fhd 10)
provi ded upstream of the expansion valve (7); a gas vent passageway

(12) for &@pAsSEi ngahhe(spceiyerii0) pdriting, 4&RNsigeangsd dedipe (24)
of the expansion valve f?? to each
opening/closing means (13) is opened, the refrigerant on the
indoor side flows to the outdoor side through the gas vent
10 passageway (12). Therefore, the amount of refrigerant
collected to the outdoor side increases. Then, upon shut
down of the outdoor fan (9), the gas vent opening/closing
means (13) is closed, whereby the refrigerant is enclosed in
the receiver (10), the outdoor heat exchanger (6), the
15 compressor (4) and the paths.
The bridge circuit (11) may include: a first check
valve (31) for allowing only a refrigerant flow running in a
direction from a first connection terminal (lla) connected to
the outdoor heat exchanger (6) to a second connection
20 terminal (11b) connected to the receiver (10); a second check
valve (32) for allowing only a refrigerant flow running in a
direction from a third connection terminal (lic) éonnected to
the indoor heat exchanger (8) to the second connection
terminal (11b); a third check valve (33) for allowing only a
25 refrigerant flow running in a direction from a fourth

connection terminal (11d) connected to a downstream side pipe
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5 ot her; gas vent opening/closing neans (13) provided along the gas

vent passageway (12); a bridge circuit (11), wherein during a cooling
operation, the bridge circuit (11) only allows a refrigerant flowin
such a direction as to | ead the refrigerant, which has been condensed

t hrough t he outdoor 10 heat exchanger (6), to the receiver (10) and a
refrigeran ow in such a diiectlon as to | ead_ the refrigerant,

whi ch £4ha§’fbe5hedé?ﬁf@§§l}ﬂnzeﬁa Keough t ke etklb%mé:lh&ﬁdva?‘%%n g§10q
t he

t he i ndoor heat exchang and during a heating operation,
bri dge ci FeERingL1(146)y éPﬁth %P?%ﬁhlﬁgﬁﬁhtvﬁﬁHW M§4Xu¢°rsﬁ%%P%Fn9

direction as to lead the refrigerant, which has been _condensed
t hrough t ABl¥ndbokrefsigesatha (8ynnipgt e a direqlioer from) iRl a
refrigerant flowin such a direction as to lead the refrigerant,

whi ch has fbeehhdemmassurionedtermoogh (11d) t he eXpandimstvateenédyiono the
out door heat exchanger (6); 20 auxi | iary opening/cl osi ng neans (36)

provisded aermhnalit ¢bba) . side of a gas side pipe (26) extending from
i ndoor heat exchanger (8) to the flow path sw tching nechanism (5),
t he auxi | i awjtloperheg/ dmsieng gepasgémént pei Agrahyay s opeselling

during a nornal operation; and an outdoor fan (9) for 25 suppl ying an
air to thepewhd9eh,hent exehageeant f) whibRr BaE: been codlieh€adt thhugh

followi ng el enents are provided on an outdoor
20 the heat exchanger (6), passes through the first check valve
(31) and flows into the receiver (10), and the refrigerant,
10 which has been depressurized through the expansion valve (7),
passes through the third check valve (33) and is evaporated
through the indoor heat exchanger (8). During a heating
operation, the refrigerant, which has been condensed through
the indoor heat exchanger (8), passes through the second
15 check valve (32) and flows into the receiver (10), and the
refrigerant, which has been depressurized through the
expansion valve (7), passes through the fourth check valve
(34) and is evaporated through the outdoor heat exchanger (6).
In either operation, the backflow of refrigerant from the
20 receiver (10) is prevented by the first check valve (31) and
the second check valve (32), and by closing the expansion
valve (7) and the gas vent opening/closing means (13), the
receiver (10) and the vicinity thereof are enclosed, thereby
trapping the refrigerant therein.
25 The flow path switching mechanism (5) may be an

electric ball-valve-type four-way switching valve (5R).
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side: the receiver (10); a path (23) extending fromthe recei ver (10)
to the expansion valve (7); a path (K1) extending froma circuit
section in the bridge circuit (11) to the receiver (10), the circuit
section only allowing a 5 refrigerant flow in such a direction as
to lead the refrigerant, which has been condensed through the

out door heat, exchangerﬂé , to the recejver @%F) during a ool i ng
operation; a pat WitR2Ehsr 2 %gaFFﬁﬂgﬁmﬁPYchPesé' dgerant” 1 bri dge
circuit (11) to the receiver (10), the circuit section onIy al I owi ng
" a refri ghalitesn dihe high hpresseRsife and the t18WI PEGSEHESY éflﬁiiegérsant

whi ch has been condensed t hrough the indoor heat exchanger &dﬂ

the receiqansideojabdyr i ngdaced, wharghyngispekait iposs iblgat o (KBLiANYg t he
gas vent passageway (12) extending fromthe receiver (10) to the gas
vent 15 preypnt mgie| nsfnpgesamts, (¢8ich ahas aopaehbekd) teappedi o firhem

the outdoor heat exchanger (6) to the auxiliary

open$ ng/ cdbwsdaogy neiates, (fiom beridgt Héschhrggdr abi the sinsdeyr side, furt her
i ncl udes control means (35) for, before shutting down t he conpressor

(4) in a heating MpaiRir eRfrigeraigohhgygeemn 26cord ey € Fhd ghrrdsitng
nmeans (13) and cl osing the expansion valve (7) while the conpressor

(4) is |lefgvopeicti ngnci®es a ebRpkBYsbhe a\u4>5l I 3y QReMdYY clisdig
means (36) upon subsequent shut down of the conpressor (4), and for

SLO°" 09, Al 96 oK @RpiNaSke | 0200, (PrIle Wty doy of 1o
conpressof1§4dd, and an indoor heat exchanger (8), which are connected
10 to one another by a refrigerant pipe, the refrigeration
system further including: a receiver (10) provided upstream
of the expansion valve (7); a gas vent passageway (12) for
connecting the receiver (10) and a downstream side pipe (24)
of the expansion valve (7) to each other; gas vent
15 opening/closing means (13) provided along the gas vent
passageway (12); and backflow preventing means (31) provided
upstream of the receiver (10) for allowing only a refrigerant
flow running from the outdoor heat exchanger (6) to the
receiver (10), wherein: at least a path extending from the
20 backflow preventing means (31) to the expansion valve (7) via
the receiver (10), and a path along the gas vent passageway
(12) extending from the receiver (10) to the gas vent
opening/closing means (13) are provided on an outdoor side;
and the refrigeration system further includes control means

25 (35) for, before shutting down the compressor (4), opening

the gas vent opening/closing means (13) and closing the
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-is shut down, the gas vent opening/closing neans (13) is opened and

t he expansion valve (7) is closed, whereby the refrigerant is
efficiently trapped in the receiver (10). Then, when the conpressor
(4) is shut down, the auxiliary 5 openi ng/ cl osi ng neans (36) is closed.
Since the refrigerant I s condensed t hrough the outdoor heat exchanger
(6) while the outdoor fan (9) is left operating, and the gas vent
openi ng/ c§FRANFGEAFeari@lVIB) (B) opdhice tHe r SIRFASENT on{%he 1s  lefthdoor
side flows to the outdoor side through the gas vent 10 passageway (12).
Ther ef or eopenatanganmnst fogf clogfinggéhgngas vent coperit@iciesing RRANOOr

si de increases. Then, upon shut down of the outdoor fan (9), the
gas vent (iEniupgprclsadiseguent shuradewhl8f thectompressder ¢by. t he
refrigerant is enclosed in the receiver (10), the outdoor heat
exchanger (6), theithlSthe cabpvesagrandemantl, t Beepatihs.a refrigeration The
bridge circuit (11) may include: a first check val ve (31) for

al | o ng opdtrerd tREL] deeanindt! aMeduitd g bRidge circditeglicdn dg,0nax first
connection termnal (1la) connected to t he outdoor heat exchanger (6)
to a secoagameI@ect @ON cddlingd er Bhlgl (skidbent,onneré ed deF i@ rapeei vas (10);
a second chec valve (32) for alldowng only a refrigérant flow

runni ng i : [ | f4.0 t B n i t ) )
connect ed&t?%Iectlvel h{e:%ig%gggr Oﬁegﬁ%xghgﬁagg % Qtet 8& hgﬁégﬁéé%%ﬁ%%gct i on

the gas vent opening/closing means (13).

Another refrigeration system according to the present

10 invention includes a compressor (4), an outdoor heat
exchanger (6), an expansion valve (7) capable of being fully
closed, and an indoor heat exchanger (8), which are connected

to one another by a refrigerant pipe, the refrigeration
system further including: a receiver (10) provided upstream

15 of the expansion valve (7); a gas vent passageway (12) for
connecting the receiver (10) and a downstream side pipe (24)

of the expansion valve (7) to each other; gas vent
opening/closing means (13) provided along the gas vent
passageway (12); and auxiliary opening/closing means provided

20 upstream of the receiver (10), the auxiliary opening/closing
means being always opened during a normal operation, wherein:

at least a path extending from the auxiliary opening/closing
means to the expansion valve (7) via the receiver (10), and a

path along the gas vent passageway (12) extending from the

25 receiver (10) to the gas vent opening/closing means (13) are

provided on an outdoor side; and the refrigeration system
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termnal (11b); a third check valve (33) for allowng only a 25
refrigerant flow running in a direction from a fourth

connection termnal (11d) connected to a downstream side pipe

22 (24) of the expansion valve (7) to the third connection
termnal (11c); and a fourth check val ve (34) for al | owi ng only a
refrigerant flow, runn rection fromt éﬁlth con ection

in

ternminal {¥Ede: & %r§9n569 cBERBR (83) f%?n1?%§°¥%. atting down

Wth the above arrangenment, during a cooling oper ation, the
refrigerdmte FRMPECAESThedh) colPERIAd t BRBUGIRS VNt IRPeNRI/Siasimger (6),
passes through the first check val ve (31) and flows into_the receiver
(10), andneans r éL3)gawht closdng \Whechexpanpiah gapress(t) zwbilar didgh t he
expansi on val ve (7), passes through the third check valve (33) and is
evapor at egbmpressarr ¢&Yh ishel éfidoopehahingxchadgeior (8losinguiheg gasheati ng
operation, the refrigerant, which has been condensed through t he

i ndobr hea¢ntexchgrgeind/logiagses mensugh (1A¢ seandd fe checidieatwe (32)
and flows into the receiver (10), and the refrigerant, which has been

depr essurogedind/dlgdinde means &ppansisabseghent( 7$hupaséesnt vdOugthd he
fourth check val ve (34) and is evaporated through the outdoor heat
exchangercéfpressor (4)\. either operation, the backflow of refrigerant from

t he
With the above arrangement, even in a refrigeration
system that does not require a bridgé circuit such as, for
10 example, a cooling only system, the refrigerant is
effectively trapped on the outdoor side by opening/closing
the gas vent opening/closing means (13) and the auxiliary
opening/closing means.
Backflow preventing means (46) for allowing only a
15 refrigerant flow in a direction in which the refrigerant 1is
discharged from the compressor (4) may be provided on a
discharge side of the compressor (4).
With the above arrangement, the downstream side of
the check valve (46) is also closed upon shut down, whereby
20 the refrigerant is trapped not only in the receiver (10) but
also in the outdoor heat exchanger (6). Therefore, the
amount of refrigerant collected to the outdoor side increases,
and the amount of refrigerant remaining on the indoor side is
reduced.
25 Backflow preventing means (46) for allowing only a

refrigerant flow in a direction in which the refrigerant is
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20 receiver (10) is prevented by the first check valve (31) and t he

second check valve (32), and by closing the expansion val ve (7) and

t he gas vent opening/closing nmeans (13), the receiver (10) and the
vicinity thereof are enclosed, thereby trapping the refrigerant
therein. 25 The flow path swtching mechanism (5) may be
an electric ball]-val ve-type four-way sw tching val ve (5A). .

23 sucked 1into therPRPLRESQE0E)aPAYnGEMETOY 3¥ 1} gMHSAON eakage
bet ween the _high pressure side and the | ow pressure side is

consi der ablge r@f ekl comeresset t(4)s possible to reliably prevent the

refrigerant, which has once been trapped on the 5 out door side, from
bei ng di schar ged Wikth Hehé nakire saxieangement, the upstordam siade igferthe on
system according to the present i nvention includes a conpressor (4),
an out doocheekt valve (@60hdsgerlsEd)cloaedexansisinty adorn ( Ahergiabl hef
being fully cl osed, and an i ndoor heat exchanger (8), which are

connect edref@igetrandnes atdissd mota Jrafy iigetaet rpcpévert QE0Y ehiit 98164 i on
system further including: a receiver (10) provided upstream of the

expansi onigaltie (dutdédoaiedenlexphangeevays ) 1dndf @he compre¥yaCt {4y, the
receiver (10) and a downstream si de pipe (24) of the expansion val ve

(7) to eaghepblBie, J8Be VARGunt Df G JEH 10T T echRENEo £AS) oubdsyE ded
along the gas vent
side increases, and the amount of refrigerant remaining on
the indoor side is reduced.

10 The auxiliary opening/closing means (36) méy be an
electric ball valve (40).

With the above arrangement, the pressure loss of the
refrigerant at the auxiliary opening/closing means (36) is
reduced, thereby improving the efficiency of collecting the

15 refrigerant.

The control means (35) may be configured so as to
shut down the compressor (4) when a fully closed state of the
expansion valve (7) has continued for a predetermined period
of time.

20 With the above arrangement, since the compressor (4)
is shut down based on the amount of time for which the
expansion valve (7) is fully closed, the control operation is
simplified.

A low pressure switch (30) may be provided along a

25 suction side pipe (28) of the compressor (4); and the control

means (35) may be configured so as to shut down the
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passageway (12); and backfl ow preventing neans (31) provided upstream
of the receiver (10) for allowing only a refrigerant fl ow running
fromthe outdoor heat exchanger (6) to the receiver (10), wherein: at
| east a path extending fromthe 20 backfl ow preventing neans (31) to the
expansi on valve (7) via the receiver (10), and a path along the gas
vent passageway (12) extending fromthe receiver (10) to the gas vent
openi ng/ FIRTRE SRTarS ) e tdep Aoy peassuranswitelot3®) des activatgiy t he
refrigeration systemfurther includes control neans 25 (35) for, before
shutting down th&iddnpies saroyel)arxgngament, sincehdhfasompnessor (4)
openi ng/ cl osi ng neans (13) and closing the

24 is shut dewanbaerdvahvactijamibhe otffheéheoipme gpmrssie |switaflt
operating, and for closing the gas vent opening/closing nmeans (13)
upon subse3@pnt theutrefmiyefadtheocomiieesindod¥) unit (2) is raé¥idblvhe
above arrangenent, even in a refrigeration 5 systemt hat does not
requsre acdriégeediddlithe Whtd®l bPeration e¥agpPhglifdedsooling only

system the refrigerant is effectively trapped on the outdoor
si de by opening/ qifsd Nghat thd hee@RSqHLRAL ORRY NIAE] R NG NEAfRnd B -
Anot her refrigeration systemaccording to the present 10 I nvention

et oA SSRTAREE e Serp LAY rek8Sierant SHCRRISekB o1
includes an HC-based refrigerant such as propane and a
slightly flammable refrigerant such as HFC32.

10 With the above arrangement, since such a refrigerant
including a flammable refrigerant necessitates a strict
refrigerant leakage control, the effect of trapping a large
amount of refrigerant on the outdoor side is more pronounced.

As described above, according to the present

15 invention, the refrigerant can be efficiently trapped on the
outdoor side only by closing the expansion valve without
switching the flow path switching mechanism. Moreover, the
refrigerant can be efficiently trapped in the receiver by
leaving open the gas vent opening/closing means provided

20 along the gas vent passageway starting from the shut down of
the system until the shut down of the compressor. Therefore,
it is possible to reduce the amount of refrigerant remaining
on the indoor side. Moreover, even in the case of a system
that is not provided with a flow path switching mechanism,

25 the refrigerant can be effectively trapped on the outdoor

side by providing the backflow preventing means on the
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cl osed, and an indoor heat exchanger (8), which are connected to one

another by a refrigerant pipe, the refrigeration system furt her

i ncluding: a receiver (10) provided upstream 15 of the expansion val ve
(7); a gas vent passageway (12) for connecting the receiver (10) and
a downstream side pipe (24) of the expansion valve (7) to each other
gas vent openi hg/ cl osi ng neans (13) provided al ong the gas vent
passagewaiP{HEsa Qs 518 ¥ ©66&MPRy/ cl osi ng neans provided 20
upstream of the receiver (10), the auxiliary opening/closing . means
bei ng al ways opefd@r@urihr) hagbfhey SFeventong WeanS nis provided| @8st a
path extending fromthe auxiliary opening/cl osing nmeans to the

expansi ontheal disqlrgg = itdee oreddievenction, sadd af the compresdang tthee gas
vent passageway (12) extending fromthe 25 receiver (10) to the gas vent
openi ng/ cdosnsigremansifdél3)ofir éhe backfllawi gedventangoudetony $sdeglsand t he

refrigeration system 25
furtber iotdse@supantsinit s @ekebgr thbekefeigbuaht ngalyd trapped he
conpressor (4), opening the gas vent opening/cl osing means (13) and

cl osing thetexqnsi dn veh#e fedeitid et also [PNRHRSSEhtlddri hdft
operating, and for closing the gas 5 vent openi ng/ cl osi ng neans

(13) andxchaf@er. awd lai #e¥ult, it0@§n§agé§bgéiﬂa fORERSr HRfite Stifsequent
shut down of “the conpressor (4).
amount of refrigerant remaining on the indoor side.
Where the auxiliary opening/closing means which is
10 always opened during a normal operation is provided, a
section extending on the outdoor heat exchanger side of the
auxiliary opening/closing means is also enclosed, whereby the
refrigerant can be trapped not only in the receiver but also
in the outdoor heat exchanger and the compressor. Therefore,
15 it 1is possible to increase the amount of refrigerant
collected to the outdoor side and to further reduce the
amount of refrigerant remaining on the indoor side.
Where the auxiliary opening/closing means 1is
configured so that it can be manually opened/closed, and is
20 used also as the stop valve, it 1is not necessary to
separately provide the stop valve, thereby reducing the cost
of the system.
Where the auxiliary opening/closing means is an
electric ball valve, the pressure loss of the refrigerant is

25 reduced, thereby improving the efficiency of collecting the

refrigerant.
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Wth the above arrangenent, even in a refrigeration system t hat does
not require a bridge circuit such as, for 10 exanple, a <cooling only

system the refrigerant is effectively trapped on the outdoor
si de by openi ng/ cl osi ng t he gas vent opening/closing neans (13) and
the auxiliary openi ng/ cl osi ng neans. Backf | ow

preventing neans (46) for. allowing only a 15  refrigerant flowin a
direction in whi é’ﬁ" ret§ i glefoht Ffas“%/ SWl‘iﬁ’E&’r‘ﬂard‘&% he-Scorfdt essor
(4) may be_provjded on_a di scharge side of the conpressor (4).

Wth the @beReris r aRgéhekalvenbYRRwWEPREANRY| d6Watching — VigdVeheckthfl ve
(46) is also closed upon shut down, whereby 20 the refrigerant is
trapped noefviggrant t heakagei between) thet high pressure nside eB6dddre heat
exchanger (6). Therefore, the amount of refrigerant collected to
t he out dobewsiptessugrecaside is conmidehabkynomeduckdy efwhiematgnt itenkd ni ng
on the indoor side is reduced. 25 Backf | ow preventing

nmeans (46possibhél bwi pglhabyyaprevent tkérrgerbgérdntow which chasctnaoa in
which the refrigerant is 26

sucked i npeehherappRHEIHOItHel) olBYodE BLa¥| dggofn bRitdctd tharged stale of
the conpressor (4). Wth the above arrangenent, the upstream
side of t8Be indoor side.
Where there is provided control means for, before
shutting down the compressor, opening the gas vent

10 opening/closing means and closing the expansion valve while
the compressor is left operating, and for closing the gas
vent opening/closing means and the auxiliary opening/closing
means upon subsequent shut down of the compressor, the
refrigerant on the indoor side flows to the outdoor side

15 through the gas vent passageway even after the shut down of
the compressor, whereby a large amount of refrigerant can be
enclosed in the receiver, the outdoor heat exchanger, the
compressor and the pipes connecting these elements to one
another.

20 Where there is provided control means for, before
shutting down the compressor in a heating operation, opening
the gas vent opening/closing means and closing the expansion
valve while the compressor is left operating, and for closing
the gas vent opening/closing means and +the auxiliary

25 opening/closing means when the outdoor temperature becomes

equal to or greater than the indoor temperature after
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check valve (46) is also closed upon shut down, whereby the 5

refrigerant is trapped not only in the receiver (10) but also in the
out door heat exchanger (6) and the conpressor (4). Therefore, the
anount of refrigerant collected to the outdoor si de increases, and

t he amount of refrigerant renai ning on t he i ndoor side is reduced.
10 The auxiliary qpening/cl osing neans 36) may be an

el ectri c $ERgedranfe (SRt dbwn bt they { FOPRESSENe aF%&ngéﬁEﬁF?lthe
pressure | oss of the refrigerant at the auxiliary_opening/closing
nmeans (36yi¥qulation rafuddre ¥FREFEBGLINpr S@NnPe hBagAmalENAE 01284/ ect i ng
the 15 refrigerant. The control nmeans (35) nay be

confi gur ddhexehis ib is pogaibldowe t Rerthedr dosseass) threnamonnt| wicl osed
state of the expansion valve (7) has continued for a predeterm ned
period refripfjerxdamte.to 2@ collected Wbt hheheubfoor midangenent, since the
conpressor (4) I s shut down based on the anount of tinme for which
the 5 expandth®revalve é€Xpansidnl |yaldeosedpablle cost risdimperfatlilon is
sinplified. A low pressure switch (30) may be provi ded al ong
a 25 syrtdsed $6 desed peafdSthof céMEreDMasSol's (chnfidjidddes oy rad

nmeans (35) may be configured so as to shut down the
27 shut down the compressor when the fully closed state of the
expansion valve has continued for a predetermined period of
time, the refrigerant can be collected smoothly and the
10 control operation can be simplified.

Where an expansion valve capable of being fully
closed is used, with a low pressure switch being provided
along the suction side pipe of the compressor, and the
control means being configured so as to shut down the

15 compressor when the low pressure switch 1is activated, the
refrigerant can be collected smoothly, and since the
compressor is shut down based on activation of the low
pressure switch, the reliable collection of the indoor side
refrigerant is facilitated and the control operation can be

20 simplified.

Note that where a refrigerant including a flammable
refrigerant is used, the various effects described above are

more pronounced.

25 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a configuration of a
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conpressor (4) when the |ow pressure switch (30) is activated.

Wth the above arrangenent, since the conpressor (4) is shut down
based on activation of the | ow pressure switch (30), the refrigerant
of the indoor unit (2) is reliably 5 collected and the control operation
IS sinplified. Note that the refrigerant may include a
flannable refrigerant. The term "fl anpabl e refrl erant” as used

her ei n TIGRAAIAAD SY I ASEQTALPA; §8r BRE SiEH Jé ‘{)B‘}ﬁ{bt'and a
slightly flannable refrigerant such as HFC32. 10 Wth the above
arrangenent, sinddSuchi® pefipdBganhart illuskrafeing & ﬁl}réfﬁré’(ﬂ”é'fm
refrigerant necessitates a strict refrigerant | eakage control, the
effect ofoReEPPINY a | arge anount of refrigerant on the out door si de
i's nore pronounced. As described above, according to the
present 15 inEigd 03, tibe aeftimgin@ntcheant béldhstratmngy ar apperhdn t he
out door side only by closing the expansion val ve w t hout swi tching

t he 61 ow pahtrelv dpdrratgiorechani sm Moreover, the refrigerant can be
efficiently trapped in the receiver by | eavi ng open the gas vent

openi ng/ cl osi ng nEpES priyidegrapd) sh@rai tie Gamgenin Pass agayedvet arti ng
fromthe shut down of the systemuntil the shut down of the

conpr essoliqdi@r 8E0E®, with rebbet® BROSThel @1hpseaduGmel Mol @Hut
refrigerant remaining on the indoor side. Mreover, even in the case

of a syst§8wn of albGhpissdipt, provided with a flow path smntchlng
mechani sm 25 t he refrlgerant can be effectively trapped on the outdoor
side by providingeihie Pagkid W RAKe101 B LFERIRgOR E8ffiguration of a

10 refrigeration system according to the second embodiment.

FIG. 6 is a partially-cut-away side view illustrating
an electric ball valve.

FIG. 7 is a diagram illustrating a confiquration of a
refrigeration system according to the third embodiment.

15 FIG. 8 1is a diagram illustrating a refrigerant
circuit in the vicinity of a compressor according to a
variation of the third embodiment.

FIG. 9 is a diagram illustrating a configuration of a
refrigeration system according to an alternative embodiment.

20 FIG. 10 is a side view illustrating an electric ball-
valve-type four-way switching valve.

FIG. 11 shows cross-sectional views taken along line
A-A of FIG. 10, wherein FIG. 11(a) illustrates a state during
a cooling operation, and FIG. 11(b) illustrates a state

25 during a heating operation.

FIG. 12 is a diagram illustrating a configuration of
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28 upstream si de of the receiver. Where the

backf |l ow preventing neans is provided on the di scharge side or the
suction side of the conpressor, the downst ream si de of the backfl ow
preventing nmeans is also 5 cl osed upon shut down, whereby the

refrigerant can be trapped not only in the receiver but also in the

out door heat han a result, it is possible to further reduce

t he rﬁnﬁﬂo F§ﬁFaFéﬁﬁlﬁVﬁ§eEn t he i ndoor side.

Where the aUX|I|ary openlng/cI03|ng means which is 10 al ways opened _
during a normal operation is provided, a section extending on .-~
t he outdoor heat exchanger side of the auxi liary opening/cl osing e
means is BESDH MORE JQ&R C 185 OURe THE INVEWTEQHerant can be trapped-not
only in the receiver but also in the outdoor heat éxchanger and the
conpressor. Ther dmhadimenys of the poesebte inventimgr eaddl tmei &eount

of refrigerant collected to the outdoor side and to further reduce.

the 5 desouibedfwit riegfermmice ewnithendrawihyge. i ndoor si de.

Were the auxiliary openi ng/ cl osi ng neans S configured so

that it can be manual |y opened/closed, and is 20 used .also as the

stop valve, it is not necessary to separately provide the stop
val ve, thereby rethiigm EMEODIMENT> of the system Wher e

the auxiliary opening/closing neans is an )
As illustrated in FIG. 1, a refrigeration system (51)
according to the first embodiment includes an outdoor unit
10 (1) provided on the outdoor side, an indoor unit (2) provided
on the indoor side, and communication pipes (3) connecting
the outdoor unit (1) and the indoor unit (2) to éach other.
First, the configuration of the outdoor unit (1) will
be described. A discharge side pipe (27) of a compressor (4)
15 is connected to a first port (5a) of a four-way switching
valve (5), and a suction side pipe (28) of the compressor (4)
is connected to a third port (5¢) of the four-way switching
valve (5). The discharge side pipe (27) is prowvided with a
high pressure switch (29), and the suction side pipe (28) is
20 provided with a low pressure switch (30).
A second port (5b) of the four-way switching valve
(5) is connected to one end of an outdoor heat exchanger (6)
via a pipe (21). The other end of the outdoor heat exchanger
(6) is connected to a first connection terminal (1la) of a
25 bridge circuit (11) via a pipe (22).

The bridge circuit (11) includes a first check valve
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el ectric ball valve, the pressure |loss of the refrigerant is 25 reduced,
thereby inproving the efficiency of collecting the refrigerant.

29 Where the flow path switching nechanismis an

el ectric ball-valve-type four-way sw tching valve, the refrigerant

| eakage between the high pressure side and the | ow pressure side is

consi dera reduced e poss le to, reliabl nt the
refriger aa'{]}l) amhit cASH3890 il 2! Valvl?ee%%’r’ap?)e Hhd ¢ fBeGt 8(83‘& @é’ from
bei ng di sch ed to he |ndoor Si ere there is

provi ded t oﬁOHEEHSCP@F B idiee 34) s%kﬁt?ﬁbdgﬁoﬁﬁrcPﬁE (ddpriSssor,

opening the as vent genlng/cI03|n nmeans_and cl osing the
expanmtnpﬁﬂﬂxé; i teh the figs c@ﬁﬁﬂé§§é@n|geFBﬂﬂaépéﬂ&PDmgﬁzﬁﬁFQQﬁ
cl osing the gas vent openi ng/cl osing neans and the auxiliary
openi ng/ c¢orpegtion temmindl (dddk)subsshicdt cohnectibom erminalk ofkDssor ,
t he refrigerant on the indoor side flows to the outdoor side 15
t hrobigh taedgas featrthascagerdyosyaremfinsl t hldhut dthwn @first chadie
conpressor, whereby a |l arge anmount of refrigerant can be encl osed in .

t he receivalvet (21puisioprovided ehebaegerthée hfirst commoenrissotermnichdhe
pi pes connecting these elenents to one anot her.

(1la) and the second connection terminal (11b), and is

disposed so as to only allow a refrigerant flow running in

the direction from the first connection terminal (11la) to the

10 second connection terminal (11b). The second check valve
(32) is provided between the second connection terminal (11b)

and the third connection terminal (1l1lc), and is disposed so

as to only allow a refrigerant flow running in the direction

from the third connection terminal (l11lc) to the second

15 connection terminal (11b). The third check wvalve (33) is
'provided between the third connection terminal (1lc) and the

fourth connection terminal (11d), and is disposed so as to

only allow a refrigerant flow running in the direction from

the fourth connection terminal (11d) to the third connection

20 terminal (11c). The fourth check valve (34) is provided
between the first connection terminal (1la) and the fourth
connection terminal (11d), and is disposed so as to only

allow a refrigerant flow running in the direction from the

fourth connection terminal (11d) to the £first connection

25 terminal (1la).

A receiver (10) is connected to the second connection
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20 Where there is provided control neans for, before

shutting down the conpressor in a heating operation, opening t he gas
vent openi ng/cl osi ng neans and cl osing the expansi on val ve while the
conpressor is |left operating, and for closing t he gas vent
openi ng/ cl osi ng means and t he auxiliary 25  opening/cl osi ng neans when

t he outdoor tenperature becaone .equal to_or greater than t he i ndoor
tenperatLﬁ%¥%ﬁQ%% (11b) of the brldge circuit (11). Onegepend of a pipe

subsequent__shut down of the conpressor, the natural

circul ati o3 bofis hEoRBRELgEr &Rt 2 ahi Prildreuikiet y(40a) i 9&d the recejwateby it
I's possible to further increase the anmount of refrlgerant to be

col | ect ed(1®) + heThrit dpotredmeside of an elechirdre expansdepanvdilye (7l ve
capable of being fully closed is used, and the control neans is
confi gur eils soomsetioed to tihudtidowerndhefcampr piper (2880 tome fedd yoftlansed
state of the expansi on val ve has continued for a predeterm ned period

of 5 pipe, (24p iefdimgmiaidd aan the delvheeredmssDoé by el électdit
control operation can be sinplified. Wher e an expansi on val ve

capabl e oéxpehéfoh Ualve (7)Ccloxee isthsedend tdE achew pigssyre)yswid ch
bei ng provi ded al ong the suction side pipe of the conpressor, and the

control a@aﬂéctéal e R8T IfPHre%h SOnndstidiP tém&na@.lomﬁiﬁeofl&he
conpressor when the |ow pressure swtch is activated, th
bridge circuit (11). A gas vent pipe (12), which 1is
connected to a gas outlet (10b) of the receiver (10), is
10 connected to a certain point along the pipe (24). The gas
vent pipe (12) is provided with a gas vent valve (13), which
is an electromagnetic valve.
The third connection terminal (11c) of the bridge
circuit (11) is connected to a stop valve (14) via a pipe
15 (25). A fourth port (5d) of the four-way switching wvalve (5)
is connected to a stop valve (15) via a pipe (26). Note that
these stop wvalves (14) and (15) are valves provided for the
purpose of closing the outdoor unit (1) before connecting the
outdoor unit (1) and the indoor unit (2) to each other via
20 the communication pipes (3), i.e., before assembling the
refrigeration system.
The outdoor heat exchanger (6) 1is provided with an
outdoor fan (9) for supplying the outdoor air to the outdoor
heat exchanger (6).
25 The indoor unit (2) is provided with an indoor heat

exchanger (8). One end of the indoor heat exchanger (8) is
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refrigerant can be collected snoothly, and since the

conpressor is shut down based on activation of the | ow pressure
switch, the reliable collection of the indoor side refrigerant is
facilitated and the control operation can be 20 sinplified.

Note that where a refrigerant including a flamuable refrigerant is
used, the various effects descri bed above are . nore pronagunced. 25
BRI EF DESGRPETren ¢e THES DREOPNESLVe (14) via apfgrst compugigsgtapp
illustrating a configuration of a 31

ref ri ger &ipen (Ipdt-enThecotengerd ehethie rindaamdiateixchanger (8) is [ G
2 is atimng chart illustrating a first control oper ati on.
FIG 3 i sonnecikiedg tohathe i $topt valvag(d5sevdada 5ecopdntoommuaicaitioon.

FIG 4 is a graph showi ng the change in the receiver

liquid | eve

w th respegie t Bhe efiapsethatmalthonghhaothwhown in dohe dfigarepnpanessor

FIG 5 is a diagramillustrating a configuration of a 10

syst®m acio@iabgfdo £be sapphdisgbedendmdoor air to the Eh@oob heat
partially-cut-away side view illustrating

10

15

20

25

exchanger (8) is housed in the indoor unit (2).
Moreover, the present refrigeration system is
provided with a controller (35) as control means for

performing various control operations to be described later.

- NORMAL OPERATION -

Next, a refrigerant circulation operation will be
described. During a cooling operation, the four-way
switching valve (5) is set in a position indicated by a solid
line in the figure. Specifically, the four-way switching
valve (5) is set in a position where the first port (5a) and
the second port (5b) are connected to each other while the
third port (5¢) and the fourth port (5d) are connected to
each other. The gas vent wvalve (13) is closed. The
refrigerant discharged from the compressor (4) passes through
the four-way switching valve (5), is condensed through the
outdoor heat exchanger (6), passes through the first check
valve (31) of the bridge circuit (11), and flows into the
receiver (10). The refrigerant in the receiver (10) is
depressurized through the electric expansion valve (7),

passes through the third check valve (33) of the bridge
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an electric ball valve. FIG 7 is a diagramillustrating a
configuration of a refrigeration systemaccording to the third
enbodi ment. 15 FIG 8 is a diagram illustrating a

refrigerant circuit in the vicinity of a conpressor according to a
variation of the third enbodi nent. FIG 9 is a diagram

illustrating a cogflguratlon of a refrigerati on system accordl ng to

an al t er fath S thgough the le?E qpmyrication RARKy (3

illustrating an electric ball- val ve-type four-way switchin vaI ve.
FIG 11 shewes cinse- thet ipdapryheas @a@ﬁnaﬁéngaonn@nd is W%@Qﬁagcﬁde 10,
wherein FIG 11(a) illustrates a state during a cool i ng operation,
and FI G dhxengh | thet Aadesra hetadt eexdmngatur (9, athenebyg copgﬁagu dme

FIG 12 is a diagramillustrating a configuration of

32 indoor adrconv®hei orefirigsimaingerwbicn $west efiiown out SESTHEODE FOR
CARRYI NG OQUT THE | NVENTI ON Enbodi nents of the present

i nvehti onimdddr ndeatbe ekchamgscri i@y w thns ef ettoaghi 0 the drsedorgs.
<FI RST EMBODI MENT>
communication pipe (3b), passes through the four-way
switching valve (5), and is sucked into the compressor (4).

On the other hand, during a heating operation, the

four-way switching valve (5) is set in a position indicated

10 by a broken line in the figure. Specifically, the four-way
switching valve (5) is set in a position where the first port

(5a) and the fourth port (5d) are connected to each other
while the second port (5b) and the third port (5¢) are
connected to each other. The gas vent valve (13) is closed.

15 The refrigerant discharged from the compressor (4) passes
through the four-way switching valve (5), runs through the
second communication pipe (3b), and flows into the indoor

heat exchanger (8). The refrigerant is condensed through the
indoor heat exchanger (8), thereby heating the indoor air.

20 The refrigerant which has flown out of the indoor heat
exchanger (8) runs through the first communication pipe (3a),
passes through second check valve (32) of the bridge circuit

(11), and flows into the receiver (10). The refrigerant in

the receiver (10) is depressurized through the electric

25 expansion valve (7), passes through the fourth check valve

(34) of the bridge circuit (11), and is evaporated through
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As illustrated in FIG 1, a refrigeration system (51) according to
the first enbodi ment includes an outdoor unit 10 (1) provided on the

out door side, an indoor unit (2) provided on the indoor side, and
comuni cati on pipes (3) connecting the outdoor unit (1) and the

i ndoor unit (2) to each other. First, the configuration of

t he out door uni 1 il be descrlbed A dlschar e side pipe (27) of
a conpr esSof P&%dg‘i% Vr\ﬁqag. COFRARIST t 65k fi TR 5&#1(395%“& "'g”’rcghph

swi t chi ng val ve ( and_a suction side pip of the conpressor
(4) ﬂ-%w‘éoﬁHEctoé‘-d *% ® OVRAPQL pB?@t(ﬁé‘YhéPG?ﬁe( durpa\ﬁeaﬁ%vﬁwqm

val ve (5). The discharge side pipe (27) is provided with a hi g
pressure ‘éhﬁt(ﬁﬁm(l?@')ay asditeRirgicvRdMes| (P pi ped (28 s$ycked lﬂfipov‘l“—lél%d Wi th
a |l ow pressure switch (30). A second port (5b) of the
four-way seipressgrvédye (5) is connected to one end of an outdoor
heat exchanger (6) via a pipe (21). The other end of the outdoor
heat 5exchanger As dd€iriledcoabeveed im a&He r presentectebnigeratiah (11a)
of a 25 bridge circuit (11) via a pipe (22). The bridge
circuit (&gstemel tlesraffigsetatheckhiodl s been condensed through the

33 (31), a second check valve (32), a third check valve (33),

and a founkhtchgekaMgbre(épr (e, HIAGE iGitoCihe rdépiver (10) Bfeyided
with the first connection termnal (1la), a second
passing through the bridge circuit (11), and is depressurized
through the electric expansion valve (7) after flowing out of

10 the receiver (10), in either one of a cooling operation and a

heating operation (normal operations).

- PUMP DOWN OPERATION -
Next, a pump down operation for trapping the
15 refrigerant in the outdoor unit (1) will be described. The
pump down operation may be performed when the refrigeration
system is shut down by the user or when refrigerant leakage
is detected by a sensor (not shown) provided in the room for
detecting refrigerant leakage. Various control operations of
20 the pump down operation will now be described. Note that
arrows 1in FIG. 1 indicate the ' direction in which the
refrigerant circulates during the pump down operation in a

cooling operation.

25 - FIRST CONTROL OPERATION -

The first control operation will be described with
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connection termnal (11b), a third connection termnal (11c), 5 and a

fourth connection termnal (11d). The first check valve (31) is
provi ded between the first connection term nal (11a) and the second
connection termnal (11b), and is di sposed so as to only allow a
refrigerant flom1running in the direction fromthe first connection
termnal (1 %? to the second connection termnal (11b). The_second
check val ence(%gnth% BiBiAgeahdEt WBENFLfe 2ecorbiecSikddt iISOHRHELINi nal
(11b) and the third connection termnal (11c), and is dlsposed SO

as to onlSPeNAtdRta +of R GOPERPLT IOPRIAEARANG AT tie aPPBER] ok© Doth @ om t he
third connection termnal (11c) to the second 15 connection term nal
(11b). Treking ereradiopaland a( Beptipg operatiewyi ded between the third
connection termnal (11c) and the fourth connection termnal (11d),
and is disposed da atheo first oohgrall coperation geupon freoeivimgng in the
direction from the fourth connection termnal (11d) to the third
connkct i opredécernired rut dbld) sighhe fetmehTThpckhe adoetrd3Br (35)

provi ded between the first connection term nal (1la) and the fourth

connect i ogpérms nthel gasldjentanghlive d{ 5PPsedndo gradualey Mecreases! thg a
refrigerant flow running in the direction fromthe fourth connection

term nal ¢gdsling Ookhend retedaniteCékPins £6n vhevd Nl (sbladnat it is
A receiver (10) is connected to the second connection
34 fully closed after passage of a predetermined time Atl (time
T2). Note that the compressor (4) is left operating.
10 When the electric expansion valve (7) reaches the
fully closed state, the liquid refrigerant in the receiver
(10) is prohibited from flowing out of the receiver (10)
while the gas refrigerant in the receiver (10) is allowed to
flow out through the gas vent pipe (12), whereby the liquid
15 refrigerant is trapped in the receiver (10). Therefore, the
refrigerant of the indoor unit (2) is efficiently collected
into the receiver (10) within a short period of time.

Then, after passage of a predetermined time At2 from
the point in time when the electric expansion valve (7)

20 reaches the fully closed state (time T3), the compressor (4)
is shut down and the gas vent valve (13) is closed.

In this way, the refrigerant is prohibited from
flowing out of the receiver (10), and the refrigerant is
enclosed within the receiver (10) and the pipes in the

25 vicinity of the receiver (10). Specifically, the refrigerant

is enclosed within an extent (indicated by a bold line in FIG.
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termnal (11b) of the bridge circuit (11). One end of a pipe (23) is
connected to a liquid outlet (10a) of the receiver (10). The upstream
side of an electric expansion valve (7) is connected to the other end
of the pipe (23). One end of a 5 pi pe (24) is connected to the
downstream si de of the electric expansion valve (7). The other end
of the plf ﬁ S connected to the fourth connection term na
(11d) of thethat 1Sbrqead€*lt@ﬂra¥tth€( 153rst AChggk VadKe (dilpe andiHhe which
connected to a gas outlet (10b) of the receiver 10) |s 10
connect edSeernd ceheak nvpbvat (AROngLt Kaepbyddgescircmis ), the @& pijpe
(12) is provided with a gas vent valve (13), which IS an
el ect ronoyg@Rti valvevél3) of the gas vEng mmHQi@ﬁhne@mdnthﬁneﬁeﬁﬂrwllc) of
t he bridge circuit (11) is connected to a stop valve (14) via a pipe
15  (25)expansbomtvaluo t(1BDE dhhe Ipdpoy23Way switching val ve (5) is
connected to a stop valve (15) via a pipe (26). Note that t hese stop
val vBs (14) and (15) oahervalorels ,prolve deefirdgerhnat is tpappedeiafl tHesi ng
t he outdoor unit (1) before connecting the outdoor unit (1) and the

i ndoor unigcé2yet o(BREN ’@ﬁélegiaﬁh %2330 extleh@iQMFBnC8heOfePePRSr (10)
I.e., before assenbling the refrigeration system The

out door heat +@¥Chanarlsicd) valw owﬂeda%hhhaqm) extAHHQ froh (Sefor
supplying the outdoor air to the out ‘door heat exchanger (6). 25

The i ndook;¥BEt ke SyRIYi qgigwech eﬂe R8N (10), a PERRANGRE) (8).

One end of the indoor heat exchanger
extending from the second check valve (32) to the receiver

10 (10), and a path (K3) along the gas vent pipe (12) extending

from the receiver (10) to the gas vent valve (13).

- SECOND CONTROL OPERATION -
Next, the second control operation will be described
15 with reference to the timing chart of FIG. 3. As the first
control operation, the second control operation is a control
operation that is applied to both a cooling operation and a
heating operation.
In the second control operation, upon receiving a
20 predetermined shut down signal (time T1), the controller (35)
opens the gas vent valve (13), and gradually decreases the
opening of the electric expansion valve (7) so that it is
fully closed after passage of a predetermined time Atl (time
T2). Note that the compressor (4) is left operating.
25 Then, in the second control opefation, the compressor

(4) is shut down and the gas vent valve (13) is closed when
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35 connected to the stop valve (14) via a first conmmuni cation
pi pe (3a). The other end of the indoor heat exchanger (8) is

connected to the stop valve (15) via a second comuni cation pi pe
(3b). Note that although not shown in the figure, an 5 i ndoor fan for
supplying the indoor air to the indoor heat exchanger (8) is housed
In the indoor unit (2). ) reqver th resent

refrigerat?®n lovgysqlé%ﬁsqge switclh o(B38dd &St htArRgde rdN | eft48) Y cont r ol
means for perforninqlvarious control operations to be described
|ater. 1brrespective of theyghaRsedpLime;ON - Next, a

refrigerant circul ation operation wll be descri bed. During a
cooling operati o thige wayouthgagollectispni pEhthy vafyioemnt singthg n g
position indicated by a solid 15 line in the figure. Speci fically,

t he four-tagoewi tichtnd2) is centinyds) ustiktthe prpssiureopnwidre ldwe fir st
port (5a) and the second port (5b) are connected to each other while
the 5 préassdreosidéSdecreasedetd oar phegetérnibubld apresnrecdtedwhioch

each other. The gas vent valve (13) is closed. The 20

refrigeraghedilsghapgesstiremsidiechonpI®psat (dbtipatses twhetgby it idhe
four-way swtching valve (5), is condensed through the out door heat
exchanger p68sibPastes ndreousdn 1wl ¥ | Fedudetke amount of refrigerant
remaining in the indoor unit (2).
In order to perform the control operations as
10 described above upon detection of refrigerant leakage, a
predetermined sensor (not shown) for detecting leakage of the
refrigerant may be provided so that it transmits the shut
down signal to the controller (35) upon detection of
refrigerant leakage. In this way, the pump down operation is
15 performed immediately upon leakage of the refrigerant.

As described above, according to the first embodiment,
the refrigerant of the indoor unit (2) is collected into the
outdoor unit (1) and trapped in the outdoor unit (1), whereby
it is possible to prevent the room from being filled with the

20 refrigerant even if refrigerant leakage occurs in the indoor
unit (2). The refrigerant can be trapped in the outdoor unit
(1) without switching the circulation direction of the
refrigerant either in a cooling operation or a heating
operation, whereby it is possible to suppress refrigerant
25 leakage without decreasing the efficiency of the system and

without detracting from the comfort in the room.
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valve (31) of the bridge circuit (11), and flows into the- receiver
(10). The refrigerant in the receiver (10) is 25 depressuri zed
through the electric expansion valve (7), passes through the
third check valve (33) of the bridge 36
circuit (11), runs through the first comunication pipe (3a), fl ows

to th d t h ted th h th
| ndoor heal oxchaRgeR ERFTY RIPCHRERDI p'ﬁév?lﬁ%g"tﬁee SE865r SAER. Mo

refrlgerant whi ch has flown out of_ the I ndoor heat exchanger (8)
runs Hrisu gre f Rigerante cgh non'f%ﬁﬁﬁhﬁ%aﬁ%\lgeﬁ%’éﬁ (@Weveﬁasg@s
through the four-way swi tching valve (5), and is_sucked |nto t he
conpr essckS (@§pecially when then pefeigeranthai, adﬁﬁ#ﬁétéYhéa@mﬁ@
operation, the four-way sw tching val ve (5) is set in a p03|t|on

i ndi cat edrefm'Lgengma Buckenas i 32 norheRI2HA4m  tBpéci prewenying h&beour - way
swtching valve (5) is set in a position where the first port (5a)
and 5he fuoeftigerwant (Bxhkagee ioonttectsobn oisathd Dépemsable. \Budordilmg second
port (5b) and the third port (5c) are connected to each other. The
gas vent talvige (fesemt cémiseilimenty thEheerteind gorsidm daar hay gathvidead t he
conpressor (4) passes t hrough the four-way sw tching valve (5), runs

through tde a low ERAONKEUBEIANCkbeAspBeptdbect ol déeirse id¥es titg: | ndoor
heat exchanger (8). The refrigerant is condensed through the
have to be provided separately. Therefore, the present
system provides particularly significant effects.

10 Moreover, other than the stop valves (14) and (15),
the present system requires no electromagnetic wvalve to be
provided along the communication pipe (3) for performing a
pump down operation, thereby facilitating the reduction in
the cost of the system.

15

~ VARTATION -

Note that in the first control operation described
above, there may be a time difference between the time when
the electric expansion valve (7) is fully closed and the time

20 when the gas vent valve (13) is closed. Specifically, the
compressor (4) may be shut down and the gas vent valve (13)
may be closed before the electric expansion valve (7) reaches
the fully closed state. Alternatively, the compressor (4)
may be shut down and the gas vent valve (13) may be.closed

25 after passage of a predetermined time from when the electric

expansion valve (7) is fully closed. 1In such a case, the
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I ndoor heat exchanger (8), thereby heating the indoor air. 20 The

refrigerant which has flown out of the indoor heat exchanger
(8) runs through the first conmunication pipe (3a), passes through
second check valve (32) of the bridge circuit (11), and flows into
the receiver (10). The refrigerant in t he receiver (10) S
depressuri z t hraqu t he, electrrc ansron v

through e éj ck*PBfye 18 pre%eﬁé% %Eﬁ? ?§T3 and

S evaporated t hr ough

the out ddd? W&ﬁr%ﬁé‘n@ﬁ egrdoorn 8 ider Vi ybr AR Wﬂ]&htlh‘%@lgh the @a§uwn out

of the outdoor heat exchanger (6) passes through t he four-way

swi t chi ng7&Rtt veak¥® (I8nid i s sucked into the conpressor (4). 5

As described above, in the present refrigeration system the
refrigerant, whidmn Hee hRRGPRsh el topesafiarhalescribedeabosreohdiiger ( 6)
or (8), flows into the receiver (10) after passi ng through the bridge

circhit (diyt doeni sfdehecsmprasdor (4) tdndugiet bkoeirgt pifc tdepayas on
valve (7) after flowing out of 10 the receiver (10), in either one of a
cool i ng opertat ivalvand(d3) are hpatfogmedebaisedn ¢norum adper giresmire
- PUMP DOAN OPERATI ON - Next, a punp down operation for
trappi ng éWetch (30) which is provided along the suction side pipe
{(28). Alternatively, a pressure sensor may be provided along
the suction side pipe (28) so that the compressor (4) is shut
10 down and the gas vent valve (13) is closed when the value

detected by the pressure sensor becomes less than or equal to

a predetermined value.

- EXEMPLARY PERFORMANCE COMPARISON -

15 FIG. 4 shows an exemplary performance comparison
between a conventional «refrigeration system and the
refrigeration system of +the first embodiment. The
conventional refrigeration system used in this comparison is
a refrigeration system as illustrated in FIG. 12 except that

20 a receiver is provided on the upstream side of the electric
expansion valve. Note that for both of the conventional
refrigeration system and the refrigeration system of the
first embodiment, the compressor was shut down after passage
of a predetermined time from the receipt of the shut down

25 signal, and the systems were compared to each other in terms

of the 1liquid level of the receiver with respect to the
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15

refrigerant in the outdoor unit (1) will be described. The
down operation may be perfornmed when the refrigeration

punp

systemis shut

down by the user or when refrigerant |eakage is detected by a sensor
(not shown) provided in the roomfor detecting refrigerant |eakage.

Vari ous contr ol operations of 20 t he punp down operation will now be

descri bed. Not.e arrows .in FIG indicate the direction in
o Crg1apsea® sanm JEPAEHE reiets oty S S Ao &

at}per

cool i ng operatlon - FIRST CONTROL OPERATI ON

The flrsth@bﬁ?ﬁﬂpléﬁgrQEQQQQN?PFeb€°88§EiFBBdSRPVH in FIG. 4, it has
reference to the timng chart of FIG 2. The first control
oper at i obgen ghewmt toatopbearpepivant Liguipplewal nlyotimcaeases £g@8 i ng

38

operation and a heating operation. In the first control

tPBn in a

oper ati or30% uponabpeteidditngin athé copredttienailne¢fshgerdbbansisyssen(ti ne

T1),

S
T2).

fully closed after passage of a predetermned tinme Atl (tinme

el ectric expansion valve (7) reaches the

10

15

20

25

operation is performed, indicating that it 1is possible to
trap, in the receiver, an amount of refrigerant about five
times as much as that which can be trapped in the receiver in

the conventional system.

<SECOND EMBODIMENT>

As illustrated in FIG. 5, a refrigeration system
according to the second embodiment is similar to the
refrigeration system according to the first embodiment except
that an electromagnetic valve (36) is provided on the outdoor
unit (1) side of the second communication pipe (3b).
Specifically, the electromagnetic valve (36) is provided
along the pipe (26), which connects the four-way switching
valve (5) and the stop valve (15) to each other. Note that
the electromagnetic wvalve (36) corresponds to auxiliary
opening/closing means (36) as used in the present invention.

When a cooling operation is shut down, the controller
(35) first receives a predetermined shut down instruction,
and the controller (35) then opens the gas vent valve (13)

and gradually closes the electric expansion valve (7) to the

44

the controller (35) opens the gas vent valve (13), and gradually
decr®asewlidmeas the opeceigenf lifeiél detreilc immpeasiesn fuzdmn e2{¥) tsoashat
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fully closed state, the liquid refrigerant in the receiver (10) is

prohibited fromflow ng out of the receiver (10) whi |l e the gas
refrigerant in the receiver (10) is allowed to fl ow out through the
gas vent pipe (12), whereby the liquid 15 refrigerant is trapped in the
recei ver (10). Therefore t he refrigerant of the indoor unit (2) is
effrcrenthy col |l ecte into the receiver (10 mrthrn a short peri od of
time. closedﬂ.ﬁe'q.pt%.f t 9%as e 1o"f‘il“aldp igehandd %T rom

the point in time when the electric expansion valve (7 20 reaches t he
fully closedhe siecgivare (1Y), ashdncshpr Es58F empodimentis shut down and the

gas vent valve (13) is closed. In this way, the refrigerant
is prohibited frdhen, aften ghssggsurfofa tpredadeamiaed( I(;L)ne.-artdllet 9 s
refrigerant is encl osed within the receiver (10) and the pipes in

the 25 ventiwalyeof(18he isecHioss=d (vil)le Speccbdbmpaesgort ljd)r disrilgeitant
I's enclosed within an extent (indicated by a bold line in FIG

39 5 operatind) ttiaisj stikel raftbgebant heff that iadeok walite (@231)isand the
second check valve (32) of the bridge circuit (11), the gas vent

val ve (13irgbppédengasonBhtidighe bdeiverd (10§ BLECAIES in the eXPRIEION
valve (7) of the pipe (23). 5 In other words, the refrigerant is

trapped |ﬂegheexchangéfx¥ayer (10), the path (23) extendlng fromthe
recei ver (10)

Then, the compressor (4) is shut down based on a

predetermined condition such as passage of a predetermined

10 time or activation of the low pressure switch (30). Upon

shut down of the compressor (4), the electromagnetic valve

(36) 1is closed. Thus, the liquid side of the outdoor unit

(1) is enclosed by the first check valve (31) and the second

check valve (32) of the bridge circuit (11), the electric

15 expansion valve (7) and the gas vent valve (13), while the

gas side thereof is enclosed by the electromagnetic valve

(36), whereby the refrigerant is enclosed in the following

elements of the outdoor unit (1): the receiver (10), the

outdoor heat exchanger (6), the compressor (4) and the pipes

20 (12, 21, 22, 23, 26, 27, 28) connecting these elements to.one

another. Therefore, the refrigerant is trapped in a wider

area of the outdoor unit (1), whereby it is possible to

further reduce the amount of refrigerant remaining in the
indoor unit (2).

25 On the other hand, when a heating operation is shut

down, the controller (35) first receives a predetermined shut
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to the expansion valve (7), a path (K1) extending fromthe first

check valve (31) to the receiver (10), a path (K2) extending fromthe
second check valve (32) to the receiver 10 (10), and a path (K3) al ong
t he gas vent pipe (12) extending fromthe receiver (10) to the gas
vent valve (13). - SECOND CONTROL CPERATICN -

Next, the, second contr.ol oper t|on mAII escribe ref erence
to the tidA¥y WHFUGEA G2 ﬁiﬁ? (35) ﬂ@ﬁn§p§P§tﬂéﬁ t he

second control operation is a con ro operatign that is applied to
both a coBtthg’dbes alidnh and graduallmegtlpﬁgsoﬁg,%tq lggtric expansion |

t he second control eration on receiving a 20 predet erm ned shut
down sigrig@dlyei rh?)Tl?O tHe C(iﬁtlgm |@kogat) state. op@hysyhetiyas Memidial ve
(13), and gradual |y decreases the opening of the electric expansion
val ve (7)refridenant is trapped uihytbéoredeaberr (p@3sage inf thepridmstter mi ned
time Atl (tine T2). Note that the conpressor (4) is left operating.
25 5 embodimenti n the second control operation, the conpressor

(4) is shut down and the gas vent valve (13) is closed when

T | ahepreagresson (@) (130)she tdowrsd WBN (g i Teavlid)g
I rrespective of the el apsed tine.

the gas vent valve (13) open, based on a predetermined
condition such as passage of a predetermined time or
activation of the 1low pressure switch (30). Thus, the
10 compressor (4) is shut down while the gas vent valve (13) is
left open. At this time, the outdoor fan (9) is left
operating. Thus, the pressure difference based on the
temperature difference between the indoor side and the
outdoor side serves as a driving force that causes a natural
15 circulation of the refrigerant in which the refrigerant
remaining in the indoor unit (2) flows into the outdoor unit
(1). Moreover, the operation of the outdoor fan (9) promotes
the heat transfer in the outdoor heat exchanger (6), and
promotes the condensation of the gas refrigerant in the
20 outdoor heat exchanger (6). Thus, the natural circulation
described above is promoted. Therefore, the refrigerant in
the indoor unit (2) is more easily collected into the outdoor

unit (1).
Then, upon satisfaction of a predetermined condition
25 under which it is expected that a predetermined amount of

refrigerant has been collected in the outdoor heat exchanger
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In this way, the collection of the refrigerant in the I ndoor unit (2)
Is continued until the pressure on the low 5 pressure side decreases to

a predeterm ned pressure at which the |l ow pressure switch (30) is
activated, whereby it is possible to nore reliably reduce the anount
of refrigerant remaining in the indoor unit (2). I'n

order to performthe control operations as 10 . described above upon

det ect i ont®of(&-¢Fri RASHRIe PfaRagEedesermined t UpRt BFGR et sHHod9WRot
shown) for detecting | eakage of the refrigerant may be provided so
that it tefanthet SompresEar (4))., ddvth elgpbronagnefeie oniatve| dB6)38ndupon
det ecti on of refrigerant | eakage. In this way, the punp down
oper ati orthe gas vepkrvaived (LAwedrat elpseden andakhge ouftdobe rfgfy i{Par ant .
As descri bed above, according to the first enbodi ment, . t he
refrigerabs ohutheddowmloor Thig, (Rhei sceftigantaed | hs0 erftdosed iputtheor unit
(1) and trapped in the outdoor unit (1), whereby it is possible to

prevent thellewingrelewenty bifl kee wdddddie ulx (1pf(igaticateavey id
refrigerant | eakage occurs in the indoor unit (2). The refrigerant

can be trppp@diiifet g OptEPOs)Unithe receivdr Widpyt thvi ouitideert Neeat
circulation direction of the refrigerant either in a cooling

oper at i ONeREn@ndEAt (), the cARRRSRN (a9heaghyYtht pSpLSELP] 21 0 FBIppress
refrigerant 25 | eakage wi t hout decreasing the efficiency of the system

ng 23 $§0U37 dejg A d A IYINY R seOTh8hbntl £880AQ0Mother.
In other words, the refrigerant is trapped in the
10 receiver (10), the path (23) extending from the receiver (10)
to the expansion valve (7), the path (K1) extending ffom the
first check valve (31) to the receiver (10), the path (K2)
extending from the second check valve (32) to the receiver
(10), the path (K3) along the gas vent pipe (12) extending
15 from the receiver (10) to the gas vent valve (13), and a path
(k4) extending from the outdoor heat exchanger (6) to the
electromagnetic valve (36).
Therefore, according to the second embodiment, the
refrigerant can be trapped in a wider area of the outdoor
20 unit (1), whereby it is possible to further reduce the amount
of refrigerant remaining in the indoor unit (2). Therefore,
where a slightly flammable refrigerant is used as the
refrigerant, it is possible to further improve the safety of
the system. Moreover, it is possible to reduce the size of

25 the receiver (10).
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The present enbodi ment provides the effect even when the refrigerant
Is a non-flanmabl e refrigerant. However, it I s especially when the
refrigerant is a slightly flamrabl e refrigerant such as R32 or

R32/ 134a that preventing the 5 refrigerant | eakage in the roomis

I ndi spensabl e. According to the present enbodinent, the entire

system can be provi | ow cost because an expensive protection
devi ce does not ~ E‘(il%‘gﬁ'aV@RE:B%{SQI%pFovided separately. Therefore, the
pr esent system provi des particularly significant effects. 10
Moreover, other NRAF th@tsthieny fiffe feetangap@erasion 1s shife dowas @t
systemrequires no el ectromagnetic valve to be provi ded al ong the
comuni cAer etk ebpveor Egﬁf ofed kping contygdp eRAKABLRR athath, %enereby
facilitating the reduction in the cost of the system 15

- VARI ATt formed depending Mot dheh&ypenofhehé i conpresronl (d9per at i on

descri bed above, there nmay be a tine difference between the tine when
the Bl ectric expaheEmnhealcompiépsos (4| ¥s ch osedcalbed hethignpredBurenhen
the gas vent valve (13) is closed. Specifically, the conpressor (4)

may be shidmelovppend dodmprgasorentieal,vewi{di3) it has naysheuckaged sweftore t he
el ectric expansion valve (7) reaches the fully closed state. -

Al ternativedty, tide rOffIREIVing?) machinemByibe staysdoim aiket heigas vent
valve (13) may be closed 25 after passage of a predetermned tine from

‘(’:"222 t?ﬁeﬁf@@éﬁf&—side po@é‘ﬂﬁf‘sirpntﬁ/@'é’cﬁnﬁz@séo% fady Y @alospebssdre eh a
| the refrigerating machine o0il rapidly decreases and the

10 saturation solubility of the refrigerant to the refrigerating
machine oil ‘decreases upon shut down of the compressor (4).
Therefore, the refrigerant which has been dissolved in the
refrigerating machine o0il may come out through a foaming
phenomenon and flow into the indoor unit (2) through the

15 discharge side pipe (27), the four-way switching valve (5),
the pipe (26) and the second communication pipe (3b). Thus,
when the compressor (4) 1is a high pressure dome type
compressor, the electromagnetic valve (36) may be closed upon
shut down of the compressor (4).

20 In this way, it is possible to prevent the
refrigerant dissolved in the refrigerating machine oil from
flowing into the indoor unit (2) through foaming.

On the other hand, when the compressor (4) is a so-
called “low pressure dome type" compressor, the solubility of

25 the refrigerant to the refrigerating machine o0il increases

upon shut down of the compressor (4). In such a case, the
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42 predetermned tinme is preferably so short that the
refrigerant on the outdoor side will not |eak through the gas vent
val ve (13). In the second control operation described above,
the 5 shut down of the conpressor (4) and the closing of the gas

vent valve (13) are perforned based on the | ow pressure switch (30)
whi ch is provided along the suctjon sjde fipe , (28). Alternatively, a
pressur e TSERIGPTARY bECPHBVI BRd BPongissolveqd pdnsydheyn T&EFdISFRELIPES) ~ so
that the conpressor (4) is shut 10 down and the gas vent valve (13) is
cl osed wH@shine \ailre Therefiarect ¥dePy thre PPBRERFIOBehddr IFecdMESVI ess

than or equal to a predeterm ned val ue. - EXEMPLARY
PERFORVANCESGOVRARIBEN typd 5compressor, Ftige faqursways swatichargnyrdve
performance conparison between a conventional refrigeration
system g%) nidye be switadfed ger ats dio cymieen thie thlied porst (Seybaddnent .
The conventional refrigeration systemused in this conparison is

a rejrigeadtas i pousylst poras (5d)ustoaeadhi rotfdz dporxshpt tdwin @0 the
receiver is provided on the upstream side of the electric expansi on

val ve.  Nenprdiiod 0{4pot h ®iud he acopyept iognathe refriigkirhger adf ofhdystem

and the refrigeration system of the
indoor unit (2) is dissolved in the refrigerating machine oil,
whereby it 1is possible to more efficiently collect the
refrigerant into the indoor unit (2).

10 As described above, upon shut down of the compressor

(4), the refrigerant can be more efficiently collected by
modifying the control method while determining the solubility
of the refrigerant to the refrigerating machine o0il based on
the type of the compressor, the temperature and/or pressure

15 of the refrigerating machine oil, the type of the refrigerant,

the type of the refrigerating machine oil, etc.

- SECOND VARIATION -
In the second embodiment described above, when a
20 heating operation is shut down, the electromagnetic valve
(36) and the gas vent valve (13) are closed while
simultaneously shutting down the outdoor fan (9). However,
if the indoor side temperatﬁre is higher than the outdoor
side temperature, the pressure difference in the circuit
25 based on the temperature difference serves as a driving force

that causes a natural circulation of the refrigerant in which
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first enbodi ment, the conpressor was shut down after passage of
predetermned tine fromthe receipt of the shut down 25 signal, and the

a

systens were conpared to each other in terns of the liquid | evel of
the receiver with respect to the 43

el apsed tine fromthe recei pt of the shut down signal. From t he
exenpl ary perfornmance conpari son showmn in FIG 4, it has been shown

that the ¥R aiafarigargmtd imefdle dadpornupahséd) f £pws into Xjug (ntals®ft 33%

in the conventional refrigeration system 5 whereas the receiver |iquid

| evel

i NS 6L ) sae20% t 0 as

because the gas venting operation is perforned, indicating that
possible to In vdew iof tthdsretbeventdaoraumimt (b magyf rheygraovidesb

five
10

times as nuch as that which can be trapped in the receiver

t he whtiveahni awldeyst esperature sensor (SSBCCREY ENBOBCMENG> the

As illustrated in FIG 5, a refrigeration system - according to tt
secopd enb@Edd®nt dix siehmbaratAréheas 1putddf | gemperatusy stdaantiani ng to
the first enbodi ment except that an el ectromagnetic val ve (36)

provi ded paafhderedt de@ecting tHe boulthbot daddf Hdiperere,CRHIURY Gaid On
pi pe (3b). Specifically, the el ectronmagnetic val ve ('36) I's provided

10

15

20

25

indoor unit (2) is provided with an indoor temperature sensor
(38) for detecting the indoor air temperature as indoor
temperature detection means for detecting the indoor side
temperature, so that the +time at which to c¢lose the
electromagnetic valve (36) and the gas vent valve (13) is
determined based on the values detected by the sensors (37)
and (38).

Specifically, upon receiving a shut down instruction,
the controller (35) opens the gas vent valve (13) and
gradually closes the electric expansion valve (7) to the
fully closed state. Then, the compressor (4) is shut down
based on a predetermined condition while maintaining the
opening of the gas vent valve (13) and leaving the outdoor

fan (9) operating based on a predetermined condition. Then,

-upon satisfaction of a predetermined condition under which it

is expected that a predetermined amount of refrigerant has
been collected in the outdoor heat exchanger (6), the outdoor
fan (9) is shut down. Then, the outdoor air temperature
detected by the outdoor temperature sensor (37) and the

indoor air temperature detected by the indoor temperature
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al ong the pipe (26), which connects the four-way switching 20 valve (5)

and the stop valve (15) to each other. Note that the el ectronmagnetic
val ve (36) corresponds to auxiliary openi ng/ cl osi ng neans (36) as
used in the present invention. When a cooling operation is
shut down, the controller (35) first receives a predeterm ned shut
down instruction, and the controller (35) then opens the_gas vent

val ve (13ensor (éﬁd graBRal [GPIHAgEEs tﬁ@ el 883l i c O&8REEmsi oA al VB 7) to
t he fully closed
state. THRIECHIMAINAHIF redkygyefd®) RBdt lté?@pe};ﬁs vent | Halve ndéai A€ (10)
as in the first enbodi nent. Then, after passage of a

pr edet er rglnsed i wien t hke gagdoor aiVeNENQQKRGHFQSPGCQmeBoieéSwﬁmB@-Khé
conpressor (4) is left 5 operating. Thus, the refrigerant of the indoor
unit (2) égnal to theappddiovat adml yemperhéurecei ver (10) but also in the

out door heat exchanger (6). Then, the conpressor (4) is
shuts5down based a@m a this whgdet&mmlumhtuwunt|omrew3@tﬁsnpasfag¢hﬁ a
predeterm ned 10 time or activation of the |ow pressure switch (30).

Upon refShideiovt) @in thee _n@&!lﬂhqago utldlicetihewpbeeby ol OE pds 83 e
(36) is closed. Thus, the liquid side of the out door unit (1) is

.encl osed 4y dehds sinchagte »taieV%me%)c drdrbhei §8EARE to be EHELdctA] Ve
(32) of the bridge circuit (11), the electric

into the outdoor unit (1).

Note that the temperature detection means for

10 detecting the outdoor side temperature and the indoor side

temperature are not limited to the outdoor temperature sensor

(37) and the indoor temperature sensor (38), but may

alternatively be thermistors (not shown) provided in the

outdoor heat exchanger (6) and the indoor heat exchanger (8).

15 Thus, the temperature detection means is not limited to a

sensor for detecting an air temperature, but may be any

sensor that is capable of detecting the temperature

difference between the refrigerant in the outdoor unit (1)

and the refrigerant in the indoor unit (2). As described

20 above, the temperature difference detection means for

detecting the temperature difference between the indoor side

and the outdoor side may be either means for detecting the

air temperature difference between the indoor side and the

outdoor side or means for detecting the difference in the

25 refrigerant temperature or the difference in the temperature

of the refrigerant pipes, etc., between the indoor side and
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15 expansion valve (7) and the gas vent valve (13), while the gas
side thereof is enclosed by the el ectromagnetic val ve (36), whereby
the refrigerant is enclosed in the foll ow ng el enents of the outdoor
unit (1): the receiver (10), the out door heat exchanger (6), the
conpressor (4) and the pipes 20 (12, 21, 22, 23, 26, 27, 28) connecting
t hese el enents to one anot her. Therefore the refrigerant is trapped
in a w déMe outdogresige-the outdoor unit (1), whereby it is possible to
further reduce the anmount of refrigerant remaining in the i ndoor unit
(2). 25 On the other hand, when a heating operation is shut
down, the controller (35) first receives a predeterm ned shut

45 -dBWARPNYARIATION, ~and the controller (35) then opens the
gas vent valve (13) and gradually closes the electric expansion
valve (7) to trhe dlddbromagmedicstelere (JGusmayhédd iauvdlve that
refrigerant is trapped in the receiver (10) as in the first 5

enbodli nerdan be manually opkdrexd/dllusedynares dre (el)edtxrontadgnetdon valfvel e

| eavi ng the gas vent valve (13) open, based on a predeternined
condi ti on(3)chmay pPBgSagaedf adspr edst efia ne@ewmg/@uosmg welveyatfiogn  of
the |ow pressure switch (30). Thus, the conpressor (4) is shut

down whi |gndihss GRp M tomtdldey (ulbit 1 €1) before connecting the outdoor
unit (1) and the indoor unit (2) to each other. Thus, the
stop valve (15) illustrated in FIG. 5 may be omitted.

10 As the electromagnetic valve (36) which can be
manually opened/closed, an electric ball valve (40)
illustrated in FIG. 6 may be used, for example. The electric
ball valve (40) includes a ball valve (42), a motor (41) for

. opening/closing the ball valve (42), and a cable (44) for

15 transmitting a control signal from the controller (35).
Moreover, there is provided a nut (43) having a hexagonal
cross section which is connected to a motor shaft (45) so
that the ball valve (42) can be manually opened/closed. Thus,
with this electric ball valve (40), the open/closed state of

20 the ball valve (42) can be forcibly adjusted by rotating the
nut (43) by using a tool such as a spanner.

Therefore, by using the electric ball valve (40) as
described above, the stop valve (15) can be omitted so as to
reduce the cost of the system. Moreover, since a ball valve

25 has a 1low fluid resistance, the pressure loss of the

refrigerant during a normal cooling operation and a normal
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left open. At this tinme, the outdoor fan (9) is left

oper ati ng. Thus, the pressure difference based on the

tenperature di fference between the indoor side and the out door si de
serves as a driving force that causes a natural 15 circulation of the
refrigerant in which the refrigerant remaining in the indoor unit

(2) flows into the outdogQr unit él). Mor.eover, the operation of the
out door fRERYNT pr GREraEion 1§ he IRENCEHr anstRGTERY t hdMBEPYSBP hedte

exchanger (6),.and gronntes t he condensation of the gas refrigerant
in the fiGAAnor OfeathexchitsieRM- (6)MOXraPNRE, t AdenarafatIerabhl ats on

descri bed above is pronoted. Therefore, the refrigerant in t he i ndoor
unit (2) ¢elheredamagtidyl ected into the outdoor unit (1).

Then, upon satisfaction of a predeterm ned condition 25 under which it

I s expected that a predeterm ned anount of refrigerant has been
collected in the outdoor heat exchanger

46 5 <®)IREe EuBoDIaMERage of a predeternmined tine fromthe shut
down of the conpressor (4)), the electromagnetic valve (36) and

the gas vent val ve (#efragerstDsed, sesteiiheaoubdadngf ao( 9)the thisd shut
down. Thus, the refrigerant is enclosed in the 5 follow ng el enents

of the outfipeaimeht (3) simida¢at’d the arefrigedlibi | $ipstdm Fabrording he
receiver (10), the outdoor heat
to the first embodiment except that a check valve (46) for
allowing only a refrigerant flow in the discharge direction
10 is provided along +the discharge side pipe (27) of the
compressor (4).
When a cooling operation is shut down, the controller
(35) first receives a predetermined shut down instruction,
and the controller (35) then opens the gas vent valve (13)
15 and gradually closes the electric expansion valve (7) to the
fully closed state. Thus, the liquid refrigerant is trapped
in the receiver (10) as in the first embodiment.
Then, the compressor (4) is shut down and the gas
vent valve (13) is closed based on a predetermined condition
20 such as passage of a predetermined time or activation of the
low pressure switch (30).
Therefore, in the outdoor unit (1), an enclosed
section (indicated by a bold line in FIG. 7) is provided, in
which one end thereof is closed by the gas vent valve (13)

25 and the other end thereof is closed by the check valve (46).

Thus, the refrigerant of the indoor unit (2) is collected
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exchanger (6), the conpressor (4), and the pipes (12, 21, 22, 23, 26,
27, 28) connecting these elenents to one another. I n ot her
words, the refrigerant is trapped in the 10 receiver (10), the path (23)
extending fromthe receiver (10) to the expansion valve (7), the path
(K1) extending fromthe first check valve (31) to the receiver (10),
the path ( . extendi,ng fromthe seconqg ¢heck valve (32) to the

recei ver fed the gndaqre Wikt (@R3png) Sﬂﬁl?ﬁﬁggh’% %%terbq]&é?ige%&%di ng
15 fromthe receiver (10) to the gas vent valve(§13), and a path,

(k4) ext eTRFME ¥ hetBEit &SéFlﬁségnExéﬁar@&k(%) t &0t e following

el ectromagnetic val ve (36). . Therefore, according to the
second e Rt | ofhethe outdeeri gavidnt (thn Blet regpriveth £1@) derthd ea of
t he outdoor 20 unit (1), whereby it is possible to further reduce the
anount  outdegr rhéatgexghangerni(f)ngand tthe ipboes (21t 22). ZBherd¥)or e,
where a slightly flamable refrigerant is used as the refrigerant, it
i s pbssi btennecting hereselerentse teabakyanbther. the system Moreover, it
IS possible to reduce the size of 25 the receiver (10).

47 on the eothé¢RSHaNARI wAéfNa- heating operatliene itshathushen t he
heating operation is shut down as
down, the controller (35) first receives a shut down
instruction, and the controller (35) then opens the gas vent
valve (13) and gradually closes the electric expansion valve
10 (7) to the fully closed state, as when a cooling operation is
shut down. Thus, the liquid refrigerant is trapped in the
receiver (10). Then, the compressor (4) is shut down based
on a predetermined condition. Where the four-way switching
valve (5) is a four-way switching valve with external
15 pressure equalization, the first port (5a) and the second
port (5b) are connected to each other by switching the four-
way switching valve (5) while there is a pressure difference
sufficient for the switching operation. Note that even after
the compressor (4) is shut down, the opening of the gas vent
20 valve (13) is maintained and the outdoor fan (9) is left
operating.

Then, upon satisfaction of a predetermined condition
under which it is expected that a predetermined amount of
refrigerant has been trapped in the outdoor heat exchanger

25 (6), the gas vent valve (13) is closed and the outdoor fan

(9) is shut down.
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descri bed above, the follow ng control operation may be per f or med
dependi ng on the type of the conpressor (4). 5 When t he
conpressor (4) is a so-called "high pressure done type" conpressor
i.e., when it has a structure such that the refrigerating nachi ne oi
stays in the high- pressure-side portion in the conpressor (4), the
pressure of the refrigerating machine oil rapidly decreases and the

10  saturation 38 d6BFribeds abaeer creeoring % thee thifnd gabedimgnt,
machi ne oil_ decreases upon shut down of the conpressor (4).

Ther ef or e ehfigetsefas gehare Wi cthérasepend dimbodlivedti mamebe obtained
refrigerating machine oil may cone out through a foam ng phenonmenon
and fl ow ionly t by i ptovwidingt €8¢ tdhremikghvhlee 1646) di sediasape fde thiepe
(27), the four-way switching valve (5), the pipe (26) and the second

comuni catelErtpiomagnétt)ic Mulsze (36). Whsintse thenuRexOrvd e i $48) hiigh
pressure done type conpressor, the electromagnetic valve (36) nay be

cl ose8l updress expéfisivélownagl e evaPtLsSRAGndttle vdDve (36), itNisthis
way, it is possible to prevent the refrigerant di'ssolved in the

ref ri ger atgdigs MG e firthbrOFeduce theO¥bEH bHlihd *L?éﬂmor unit (2)

t hr ough foam ng. On the other hand, when the conpressor (4)
is a so- called "l ow pressure done type" conpressor, the solubility
of 25 the refrigerant to the refrigerating machine oil increases

upon shut down of _t RgreRFRERSSOr (4). In such a case, the

48

Note that the check valve (46) for enclosing the
10 refrigerant may be provided along the suction side pipe (28)
of the compressor (4), as illustrated in FIG. 8, instead of
providing it along the discharge side pipe (27) of the
compressor (4). Note that where the check valve (46) is
provided along the suction side pipe (28), the check valve
15 (46) is arranged so as to only allow a refrigerant flow in
the suction direction. 1In such a case, the refrigerant is
trapped in the compressor (4) as well as in the receiver (10)
and the outdoor heat exchanger (6) of the outdoor unit (1).
Note that while the check valve (46) is provided
20 separately from the compressor (4) in the third embodiment
and the variation thereof, it is not necessary to separately
provide the check valve (46) if the compressor to be used
includes a backflow preventing mechanism, such as a check
valve, provided therein.

25

<ALTERNATIVE EMBODIMENTS>
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refrigerant tends to be dissolved in the refrigerating machi ne oil.
Therefore, when the conpressor (4) is a |low pressure done type
conpressor, the four-way sw tching val ve (5) may be switched so as to
connect the third port (5¢c) and 5 the fourth port (5d) to each other
upon shut down of the conpressor (4). Thus, a part of the
refrigerant of the . | ndoor unit tﬂ)l I s dissol ved in the refrigerating
machi ne oil, whider Ebe FllrF‘élﬁBé%lil ’eff%cbt#ﬁﬂ e e irafnigeranteds t he
refrigerant intao the jindoor unit Sl As descri bed above,
upon shut IEFRFsdblenecinofpelsodr the emQQ@lmQﬂﬁﬁr@#$¢§ﬁb@#ﬂabeﬁebethﬁre
efficiently collected by nodi fyi ng the control nethod while

det er mi ni Ryasentsoinbentign may bé @pplieflriter antsysteme sethi ges aki ng
machi ne oil based on the type of the conpressor, the tenperature
and/ or presslrieg 1&nly ofyshemy efini gériath nchemachroelationt Aéregpionf offhe
refrigerant, the type of the refrigerating machine oil, etc.

- SEGOND W AfefNigerant is constant theFéﬁc@%dm@)&delﬁffb'ltsﬁ%@mI hag
above, when a 20 heati ng operation is shut down, the electronmagnetic

val ve havd 3) conli §iea s VENt 1 VRhyerddad) i‘t’ieFﬁd;05§¢ Whi kBich the
si mul t aneously shutting down the outdoor fan (9). However, I f the

i ndoor si deiH WP | St Biaddiahddte Hiier (6), t%iedeelt&m%at ure,

the pressure difference in the circuit 25 base€d on tHe tenperature
di ffer enCe RSy ¥ ! (799 drff Céhe indoor heat exchanger (8) are

connected to one another by a refrigerant pipe, while the

10 first check valve (31) and the receiver (10) are arranged in
this order between the outdoor heat exchanger (6) and the
electric expansion valve (7), with the gas vent pipe (12)
being provided for connecting the receiver (10) to the pipe
(24) downstream of the electric expansion valve (7).

15 Moreover, as in the embodiment described above, auxiliary
opening/closing means that is always opened during a normal
operation may be provided upstream of the receiver (10). The
auxiliary opening/closing means may be provided in addition
to, or in place of, the first check valve (31).

20 While any of various types of four-way switching
valves, such as a four-way switching valve with external
pressure equalization and a four-way switching valve with
internal pressure equalization, may be used as the four-way
switching valve (5) in the embodiments described above, it is

25 preferred to use an electric ball-valve-type four-way

switching valve (5R) as illustrated in FIG. 10. Note that
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that causes a natural circulation of the refrigerant in which

49 the refrigerant in the indoor unit (2) flows into the

out door unit (1) side. In view of this, the outdoor
unit (1) may be provided wi th an outdoor tenperature sensor (37) for
detecting the 5 outdoor air tenperature as outdoor tenperature
detection nmeans for detecting the outdoor side tenperature, while the

| ndoor U“'Ehe( QE%Jhe | n O‘ﬂéifid x)%ﬂtl% %&gtb“‘i%ﬁr %QWE&%Hﬁfn&Wéﬂe (3R) 1$38)

for detecti or air ure as

d d d , h
et ct |00 ey 8 oEhip0 R PRE Uy 1y hOUPRATHY 5 i g
t he gas ve val on the_ val ues ted by

3 d
t he sensor '{23’7) B 1hg%md‘ (%@rag‘erlsrgl%e tEgi‘%s QEE ¥ 1 Ve dp ﬂ eEI vi ng

a shut down |nstruct|o the controller 5 ens the gas vent
val ve (13¥efhpgerant {%ﬁQREENQ%FWﬂQ§SQ@“Fﬁ@n@Fgegg'é°€§%ansion valve (7) to

t he fully closed state. Then, the conpressor (4) is shut down
based5on a predet Fhidh P ORSFaMIPDe FAENPALAI alVRe(49) 1sGihiiRy of
the gas vent valve (13) and | eaving the outdoor 20 fan (9) operating
based on a2pbegdtdpni med Foktyadied immeRIG. 11(a)powhenebyf ddg ofledt a
predet erm ned condition under which it
port (5a) and the second port (5b) are connected to each
other while the third port (5¢) and the fourth port (5d) are
connected to each other. In a heating operation, on the
10 other hand, the ball valve (49) is rotated as illustrated in
FIG. 11(b), whereby the first port (5a) and the fourth port
(5d) are connected to each other while the second port (5b)
and the third port (5¢) are connected to each other.
With the electric ball-valve-type four-way switching
15 valve (5A), substantially no refrigerant leakage occurs from
the high pressure side to the low pressure side. Therefore,
even when the indoor side air temperature is lower than the
outdoor side air temperature, it 1is possible to reliably

prevent the refrigerant from moving from the outdoor unit (1)

20 to the indoor wunit (2). Therefore, it 1is possible to

rellably prevent “the féf}igerant, which has once been

collected into the outdoor unit (1), from flowing into the
indoor unit (2), and thus to further improve the safety.

Note that the term “refrigeration system"” as used

25 herein is not limited to refrigeration systems in its narrow

sense, but rather refers to refrigeration systems in its
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is expected that a predeterm ned anount of refrigerant has been
collected in the outdoor heat exchanger (6), the outdoor fan (9) is
shut down. Then, the outdoor air tenperature 25 detected by the

out door tenperature sensor (37) and the i ndoor air tenperature
detected by the indoor tenperature 50
sensor (38) _are conpared to each other, and  the

el ect r oneRfiRAd SaPfsse (NTINAiRG PAE §RBAIBAPNOES vereiBigerators, etg.psed
when the indoor air tenperature becones |ess than or equal to the
outdoor air tenperature. 5 In this way, the natura
circulation of the refrigerant can be nmaximally utilized, whereby
it is posENFETRIAL ANBLIQNRIAAMY ncrease the anount of refrigerant to be
col | ected into the outdoor unit (1). Not e that the

t enper at ure det eds ofesmailsed oibodd), tHet ertbegtt Haventdoar isi deseful
tenperature and the indoor side tenperature are not limted to the

out deor tepperafuigesO5Oh systemé3hcanthd Neni BdPOEohATREHABY @nJensor
(38), but my alternatively be therm stors (not shown) provided in

t he rpEEEOP) réeetgeretanger (6) and the indoor heat exchanger (8). 15
Thus, the tenperature detectlon neans is not limted to a sensor for

detecting an air tenperature, but nay be any sensor that is capable
of detecting the tenperature
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di fference between the refrigerant in the outdoor unit (1) and the
refrigerant in the indoor unit (2). As described 20 the
tenperature difference detection neans for

tenperature di fference between the indoor side Eﬁ

may be either neans for detecting the air tenper

bet ween the i ndoor side and the out door side or neans f‘or"geii jﬁ
the difference in the 25 refriger@dftiM®nperature or the difference |n

the tenperature of the refrigerant pipes, etc., between the indoor
si de and 1. A refrigeration system, coggrlslng' t he out door

si de. - THI RD VARI ATI ON - The el ectronagnetic
val ve (36) nmay beam outdeorhamit5 (1l)aanbéudingald ycoperesset o{éd, a@nd the
el ectromagnetic val ve (36) may by used al so as the opening/closing
val ve forflow paemcwsticigiddenemhiatdem (5t £61) shetochiéng oanecteunbat fvn

out door unit (1) and the indoor unit (2) to each other. Thus, the

stopsval veitdotion | oSt atefkiderant 5 sehpnrgedofirbihethe dOmpressor (4As the
el ectromagnetic valve (36) which can be manual |y opened/ cl osed,

an el echfi duthdblr Heltyeexchdfder (6)H|dm§t&@téﬂpbﬁsEb§-d&HWW' used,
for exanple. The electric all valve (40) includes a ball valve (42),
a motor (AdpabPé of being fully closed;
an indoor unit (2) including an indoor heat exchanger
(8); and
10 a communication pipe (3) for connecting the outdoor
unit (1) and the indoor unit (2) to each other, wherein:
the outdoor unit (1) includes:
a receiver (10) provided upstream of the
expansion valve (7);

15 a gas vent passageway (12) for connecting the
receiver (10) and a downstream side pipe (24) of the
expansion valve (7) to each other;

gas vent opening/closing means (13) provided
along the gas vent passageway (12); and

20 a bridge circuit (11), wherein during a cooling
operation, the bridge circuit (11) only allows a refrigerant
flow in such a direction as to lead the refrigerant, which
has been condensed through the outdoor heat exchanger (6), to
the receiver (10) and a refrigerant flow in such a direction

25 as to lead the refrigerant, which has been depressurized

through the expansion valve (7), to the indoor heat exchanger
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openi ng/ cl osing the ball valve (42), and a cable (44)
transmtting a control signal from the cont roI I “mHuﬂﬂ“lel " l“l
Moreover, there is provided a nut (43) having a hexagonalc

section which is connected to a notor shaft (45) so that the baI

val ve (42) can be manual | y opened/cl osed. Thus, with this electric
bal | valve (40), the open/closed state of 20 the ball valve (42) can be
forcibly Gjusined dring & ihgpting operatiem, (e byjidgei gdrguisol(13dch as a
spanner . Therefore, by using the electric ball valve (40) as
describedndbbwéﬂomﬁeast@ﬁriaEWQDFIS)Owahnb@thﬁat@irqnﬁiqnsaﬁoto lead reduce
the cost of the system WMbreover, since a ball valve 25 has a |ow
fluid reshestamie getdnt, priesduras s ainddnsed throughefthiegemaiviordur i ng
a normal cooling operation and a norna

52 heat exch&ggéng(spperat ithe ieceiwstiCello) ahfieaeefriigaiamt ng

t he efficiency of the system Moreover, the refrigerant s
col | ct ede 5#@O{ Al ¥uch ad direction efsTHtBDlgb/@GEhBEN@frlgerant, whicbhA
refrigeration systemaccording to the third enbodinent is simlar to

the refrigesabban %)é—}%;ég‘sﬁ%%é' Wrough ﬂlfét&@péﬂsffdn eFROGL 7D} XGEP!

that a check valve ( | 6w ng only a refrigerant f Ow in the
di schar gecgli r&AdBY heat exchanger (6); and

the refrigeration system further comprises control
means (35) for, before shutting down the compressor (4),

10 opening the gas vent opening/closing means (13) and closing
the expansion valve (7) while the compressor (4) is left
operating, and for closing the gas vent opening/closing means
(13) upon subsequent shut down of the compressor (4).

2. A refrigeration system, comprising:

15 an outdoor unit (1) including a compressor (4), a
flow path switching mechanism (5) for switching a circulation
direction of a refrigerant discharged from the compressor (4),
an outdoor heat exchanger (6), and an expansion valve (7)
capable of being fully closed;

20 an indoor unit (2) including an indoor heat exchanger
(8); and

a communication pipe (3) for connecting the outdoor
unit (1) and the indoor unit (2) to each other, wherein:
the outdoor unit (1) includes:
25 a receiver (10) provided wupstream of the

expansion valve (7);
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10 Is provided along the discharge side pipe

conpressor (4). When a cooling operati mm”{ mmullt he
controller (35) first receives a predetern1ne

i nstruction, and the controller (35) then opens the gas vent val ve
(13) 15 and gradually closes the electric expansion valve (7) to the
fully closed state. Thus, the liquid refrigerant is trappe in the
receiver (10) as in £hed?F r ¥eNEnpRRF SRGEWAY (12) for C°$ﬁ8ﬁt1Pﬁethe
conpressor (4) is shut down and the gas vent valve (13) is closed
based on ke¢rimt erd®ed agshdia | dewnsgreaguchide ppiBage(#) a f eddi®er mi ned
time or activation of the | ow pressure switch (30).

Ther ef or egxpans hen ctaldoor(nite Ekch athemgl osed section (indicated
by a bold line in FIG 7) is provided, in whi ch one end thereof is
cl osed by the gas verfasvalwemt( 19pen2ng/candihye weaes e(IB ) hegpwwfides cl osed
by the check val ve (46). Thus, the refrigerant of the indoor unit
(2) Bs cohlesgethe gas vent passageway (12); and 53 into
the indoor unit (2) and enclosed in the encl osed section.

Speci fically, the_refemgﬁ@%é eﬁr&mﬂowd)lnwb@ee&ﬁl lRMiRG a cooBlmyrents
of the outdoor unit (1) e receiver (10) th outdoor heat

exchangerogé}at§8g t@ﬁepbeégézélrgglt2?11?75n1§ alﬁﬁﬂ§e§t£89ri8§§§ht
el ements t0 one anot her .

flow in such a direction as to lead the refrigerant, which

has been condensed through the outdoor heat exchanger (6), to

10 the receiver (10) and a refrigerant flow in such a direction
as to lead the refrigerant, which has been depressurized
through the expansion valve (7), to the indoor heat exchanger
(8), and during a heating operation, the bridge circuit (11)
only allows a refrigerant flow in such a direction as to lead

15 the refrigerant, which has been condensed through the indoor
heat exchanger (8), to the receiver (10) and a refrigerant
flow in such a direction as to lead the refrigerant, which
has been depressurized through the expansion valve (7), to
the outdoor heat exchanger (6);

20 auxiliary opening/closing means (36) which is always
opened during a normal operation is provided on an outdoor
side of a gas side pipe (26) extending from the indoor unit
(2) to the flow path switching mechanism (5); and

the refrigeration system further comprises control
25 means (35) for, before shutting down the compressor (4) in a

cooling operation, opening the gas vent opening/closing means
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On the other hand, when a heating operation is shut down, The
controller (35) first receives a shut down I ns [

controller (35) then opens the gas vent val ve 3uﬂmumuuﬁlmmmy

cl oses the electric expansion valve 10 (7) to the fulfy 'l dsed state, as
when a cooling operation is shut down. Thus, the liquid refrigerant
Is trapped in the . receiver (10). Then, the conpressor (4) is shut
down based3) and gdogingeddce e¥PaBgieBndalven(7 Wiehtle Hehg RANRERESSR t chi ng
valve (5) is a four-way switching valve with external 15 pressure

equal i zat(%9n, ishe ekt queratimsn) aml t Hoxsecimping thsor igassh)vente
connected to each other by switching the four- way swi tching val ve
(5) whi | eopéreimeyiclos iprgegmans d{ ¥¥eramtethe auxilidrywi @mening/dlvsing t chi ng
operation. Note that even after the conpressor (4) is shut down, the
openi ng aiedrie (B6) Wpin sibsequenteshit3fowa 0B thai cempeeskdihe(out door fan
(9) is left oper ati ng. Then, upon satisfaction of a
predsterm ned corydi ti @efrigeratidar syfétéﬂ,i&:oﬁ%r%i)@gli ed that a

pr edet er mi ned anmount of refrigerant has been trapped in the outdoor

heat exchanger ?a'f_n(g)ﬁééertﬂ%igg%ﬂﬁninﬁihaﬁnél%) ESmSases andyt hey

out door fan i s shut

As descri pesly 30oume . st HJ hdchani@m' RSN £8F08Hi FBAtng a circulation

direction of a refrigerant discharged from the compressor (4),
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an outdoor heat exchanger (6), and an expansion valve (7)
10 capable of being fully closed;
an indoor unit (2) including an indoor heat exchanger
(8); and
a communication pipe (3) for connecting the outdoor
unit (1) and the indoor unit (2) to each other, wherein:
15 the outdoor unit (1) includes:
a receiver (10) provided wupstream of the
expansion valve (7);
a gas vent passageway (12) for connecting the
receiver (10) and a downstream side pipe (24) of the
20 expansion valve (7) to each other;
gas vent opening/closing means (13) provided
along the gas vent passageway (12); and
a bridge circuit (11), wherein during a cooling
operation, the bridge circuit (11) only allows a refrigerant
25 flow in such a direction as to lead the refrigerant, which

has been condensed through the outdoor heat exchanger (6), to
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effects as those of the second enbodi nrent can be obtar
provi ding the check val ve (46) instead of the ’@ m#mk
(36). Since the check valve (46) is 5 | ess expen5|v anL

el ectromagnetic valve (36), it is possi ble to further reduce the
cost of the system - VARI ATI ON - Not e t hat
the check valve (46) for _enclqgsing the 10 refrigerant may be Brovrded

al ong t hetBEcIPER1¥EHe (BPPpeapdsh refrlgSFaPﬁefeBWpFBs§B?h(ﬂ)d15§ tion
illustrated in FLG 8, instead of providing it along the di scharge

si de pi pedf27° ofleghe the refzigexaasy ‘(W}Ch hR§t peemt dﬁﬁé‘?ésﬁﬁézéﬁeck
valve (46) is provi ded al ong the suction side pipe (28), the check
val ve 15throngh tbeaexpagetorovakve o{ bl ytaltihsw indoefr ihgertammflaewern

the suction direction. In such a case, the refrigerant is trapped in
t he conpr €8jor apd) dasingl b hsatinghepesatiive, the) bridge andctht ¢uldoor
heat exchanger (6) of the outdoor unit (1). Note that while

t he dheckowayvalléGs asrpfoigeeant 20low shpawdlely direvttioa asmveisad (4)
in the third enbodi nent and the variation thereof, it is not

necessary the &@a:&&@teebnt, whichl fusd®elehe condelseal %ﬁrbﬂ@h ithet A@door
conpressor to be used I ncl udes a backfl ow preventing nmechani sm such

as a checleat exctingdr P(®)) ded ther gidkeivd? (lﬁﬁsand a refAifERBAEI VE

EMBODI MENTS>
flow in such a direction as to lead the refrigerant, which

has been depressurized through the expansion valve (7), to
10 the outdoor heat exchanger (6);
auxiliary opening/closing means (36) which is always
opened during a normal operation is provided on an outdoor
side of a gas side pipe (26) extending from the indoor unit
(2) to the flow path switching mechanism (5);
15 the refrigeration system further comprises
temperature difference detection means (37, 38) for detecting
a temperature difference between an indoor side and an
outdoor side; and
the refrigeration system further comprises control
20 means (35) for, before shutting down the compressor (4) in a
heating operation, opening the gas vent opening/closing means
(13) and closing the expansion valve (7) while the compressor
(4) 1is left operating, and for closing the gas vent
opening/closing means (13) and the auxiliary opening/closing
25 means (36) when an outdoor temperature becomes equal to or

greater than an indoor temperature after subsequent shut down
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Wiile the circulation direction of the refrigerant +s—— reversi I n
each of the enbodi nents descri bed above, the pr : “r“nnﬂwﬂi&ay be
applied to a system such as a cooling only sysﬂm‘m\ \ ;
circulation direction of 5 the refrigerant is constant¢ b Fdr exanple,
the system may have a configuration as illustrated in FIG 9, in

whi ch the conpressor (4), the outdoor heat exchanger (6), the

el ectric ©f the compress§Rryd™le (7) and the indoor heat exchanger (8) are
connected to one another by a refrigerant pipe, while the 10 first check
val ve (31) and tHe ﬂ‘é’@eiﬁ%er/rl(gﬂ)atapé gyssrBefi flaim 2 oF 3 ,oMETEI& ween

t he outdoor heat exchanger (6) and the el ectric expansion valve (7),
with the Wes asrilpape (OEBning/closéngg meansd d¢d6) oriscononfiguagedheo
receiver (10) to the pipe (24) downstream of the electric expansion
val ve (7)thatlZXhe Mreidvery openingt/biosihgdnezms (6rredredbahmmmally
auxiliary openi ng/ cl osi ng neans that is always opened during a nor nmal
oper st i onop@yedc Jysmd dedndpglsl eggedf al 86 ra@cea veroplOyalvide (15) for
auxi |l i ary opening/closing neans may be provided in addition to, or in

pl ace of ,cideind r eheCbatova! @it311) BOfore connec¥lihye thenyoutfdoss i ous
types of four-way sw tching val ves, such as a four-way sw tching

valve witingxtefyalo the ific®ISWngteqyg§lization and a four-way sw tching
valve with i nternal pressure equalization, may be used as the

f our - way SW t CRi %Mdégﬁ@i)"f‘i N %f'ba?%%F%gn?e%cré%mxe, it

Is 25 preferred to ™ use el ect ype - way
(4), a flow path switching mechanism (5) for switching a

10 circulation direction of a refrigerant discharged from the
compressor (4), an outdoor heat exchanger (6), an expansion
valve (7) capable of being fully closed, and an indoor heat
exchanger (8), which are connected to one another by a
refrigerant pipe, the refrigeration system further

15 comprising:

a receiver (10) provided upstream of the expansion
valve (7);

a gas vent passageway (12) for connecting the
receiver (10) and a downstream side pipe (24) of the

20 expansion valve (7) to each other;

gas vent opening/closing means (13) provided along
the gas vent passageway (12); and

a bridge circuit (11), wherein during a cooling
operation, the bridge circuit (11) only allows a refrigerant

25 flow in such a direction as to lead the refrigerant, which

has been condensed through the outdoor heat exchanger (6), to
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swi tching valve (5A) as illustrated in FIG 10. Note that

56

(5A) is

(47),

(5d) are Aas

10

connected to each other while the second port (5b)

and has-a characteristic that there is very Ittttet
| eakage bet ween non connected ports. 5
t he ball
11(a),

connected to each

the electric ball-valve-type fou IMMﬁmnﬂumqmal ve
configured so that a ball valve (49)[‘ not or
In a cooling operation,
position as illustrated in FIG

val v is set in
&%@b e}, &Very i10) and aoﬁftefefaa)eraﬁa fhewsdrofBChort disBytapn
other while the third port (5c) and the fourth port

to cdfidet Bhet o efadigasamén. wWhieh a hasatbern odepaessnrized the

ot her hand, the ball valve (49) is rotated as illustrated in
FI G 11(b)thrmehet§§aet Bapansionpvalve 563 ) anb thte fimdaor peat exchangéd) are

(5c) are d@necned durimacla digdagtring operation, thW blritihe elieetufitc (11)

bal | -val ve-type four-way switching 15 val ve (5A), substantially no

ref riger amnllyealdgesoacwesrigepant £low hen héwhh Bf @B i9ind@st @ot healow
pressure side. Therefore, even when the indoor side air tenperature

isl!Oﬁ?r tthan defrigerantQUiviideh Hiage blehn Eﬁﬁﬁﬁ%@bar%hrbh?hstﬁﬁsihgb@rt0
reliably

(1)

20

prevent the refrigerant from noving from the outdoor unit

Hedt tdichdmifldor (8yito thb rebd8W@HOT@o0) 1dnd' § RIIIGR &Nt O

flow in such a direction as to lead the refrigerant, which

has been depressurized through the expansion valve (7), to

10 the outdoor heat exchanger (6), wherein:

at least the following elements are provided on an

15

20

25

outdoor side: the receiver (10); a path (23) extending from
the receiver (10) to the expansion valve (7); a path (K1)
extending from a circuit section in the bridge circuit (11)
to the receiver (10), the circuit section only allowing a
refrigerant flow in such a direction as to 1lead the
refrigerant, which has been condensed through the outdoor
heat exchanger (6), to the receiver (10) during a cooling
operation; a path (K2) extending from a circuit section in
the bridge circuit (11) to the receiver (10), the circuit
section only allowing a refrigerant flow in such a direction
as to lead the refrigerant, which has been condensed through
the indoor heat exchanger (8), to the receiver (10) during a
heating operation; and a path (K3) along the gas vent
passageway (12) extending from the receiver (10) to the gas

vent opening/closing means (13); and
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reliably prevent the refrigerant, which has once been ~ collected into
the outdoor unit (1), fromflowing into the wimnw,m mrd
thus to further inprove the safety.

"refrigeration systenf as used 25 herein is not limted fo feftideration

systens in its narrow sense, but rather refers to refrigeration
systens in its br oad
sense, includi ngth®r XeFdiIeretéry, FEIhemeLyrEher é%Q!nPrlses CORBXSTRI AL
APPLI CABI LI TY As descri bed above, the present invention is

useful Beangor(I%X r fgarathofrrs ssdnttingh dowranther comfiassorer (Ahd a
freezer/refrigerator.
opening the gas vent opening/closing means (13) and closing
the expansion valve (7) while the compressor (4) is left
5 operating, and for closing the gas vent opening/closing means
(13) upon subsequent shut down of the compressor (4).

6. A refrigeration system, comprising a compressor
(4), a flow path switching mechanism (5) for switching a
circulation direction of a refrigerant discharged from the

10 compressor (4), an outdoor heat exchanger (6), an expansion
valve (7) capable of being fully closed, and an indoor heat
exchanger (8), which are connected to one another by a
refrigerant pipe, the refrigeration system further
comprising:

15 a receiver (10) provided upstream of the expansion
valve (7);

a gas vent passageway (12) for connecting the
receiver (10) and a downstream side pipe (24) of the
expansion valve (7) to each other;

20 gas vent opening/closing means (13) provided along
the gas vent'passageway (12);

a bridge circuit (11), wherein during‘ a cooling
operation, the bridge circuit (11) only éllows a refrigerant
flow in such a direction as to lead the refrigerant;.which

25 has been condensed through the outdoor heat exchanger (6), to

the receiver (10) and a refrigerant flow in such a direction
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: . A
refrigeration system conprising: gﬂlﬂmw ;ﬂﬂj’l!‘ﬁ)
i ncluding a conpressor (4), a flow path sw'tEreng, (5) for

switching a circulation 5 direction of a refrigerant discharged fromthe

conpressor (4), an outdoor heat exchanger (6), and an expansi on val ve
(7) capabl e of being fully closed; | an indoor unit (2)

i ncl udi ng@&n tPndbBRrdhddre exefhhgerant, whigh hag begn depressupized
comuni cation pipe (3) for connecting the outdoor unit (1) and the

i ndoor urthrqugh ttthemfpansien walaeei(d), to the indoor heat exchanger
(8), and during a heating operation, the bridge circuit (11)
only allows a refrigerant flow in such a direction as to lead

5 the refrigerant, which has been condensed through the indoor
heat exchanger (8), to the receiver (10) and a refrigerant
flow in such a direction as to lead the refrigerant, which
has been depressurized through the expansion wvalve (7), to
the outdoor heat exchanger (6); and

10 auxiliary opening/closing means (36) provided on an
outdoor side of a gas side pipe (26) extending from indoor
heat exchanger (8) to the flow path switching mechanism (5),
the auxiliary opening/closing means (36) being always opened
during a normal operation, wherein:

15 at least the following elements are provided on an
outdoor side: the receiver (10); a path (23) extending from
the receiver (10) to the expansion valve (7); a path (K1)
extending from a circuit section in the bridge circuit (11)
to the receiver (10), the circuit section only allowing a

20 refrigerant flow in such a direction as to 1lead the
refrigerant, which has been condensed through the outdoor
heat exchanger (6), to the receiver (10) during a cooling
operation; a path (K2) extending from a circuit section in
the bridge circuit (11) to the receiver (10), the circuit

25 section only allowing a refrigerant flow in such a direction

as to lead the refrigerant, which has been condensed through
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t he outdoor unit (1) includes:

provided upstream of the expansi on val vHilmg ﬂma I‘l“!ﬁ

gas vent passageway (12) for connecting the ers(l and
downstream si de pipe (24) of the expansi on valve (7) to each other,
gas vent opening/closing neans (13) provided al ong the gas vent
passageway (12); and 20 a bridge circuit (11), wherein
during a @be|ungoor heabpéxahabﬁertb%)brt@gbh%|I%@?lv?qlﬁl%hl@ué}m%wé a
refrigerant flowin such a direction as to |ead the refrigerant,

whi ch heahésgbeperabhdnnsedpahhougm)thbom@tdbergaeaveatcpaagegeW@y, to
the receiver (10) and a refrigerant flowin such a direction 25 as to
| ead t he reRni gexvehndinghifdomhasheceredepressu(i@ed to the t gasughehhe
expansi on valve (7), to the indoor heat exchanger

59 opening/¢8dsingdmedhisny 13 )heaindigaopartat i Qi) téerdidiige eromuit
(11) only allows a refrigerant flowin such a direction as to | ead

the mefriggeant oupllbeh hagedeen sgilanaad t higgugh tohe ikRAOOr auxiliabeat
exchanger (8), to the receiver (10) and a refrigerant 5 flowin such a

direction ggnag V@Qgsiﬂ ﬁgg?éggggﬁi,aﬂgnch has been depressurized

t hrough th exp nsion v t he outdoor heat exchanger (6);
and the refrigeration system further comprises control

means (35) for, before shutting down the compressor (4),
opening the gas vent opening/closing means (13) and closing
10 the expansion valve (7) while the compressor (4) 1is left
operating, and for closing the gas vent opening/closing means
(13) and the auxiliary opening/closing means (36) upon
subsequent shut down of the compressor (4).
7. A refrigeration system, comprising a compressor
15 (4), a flow path switching mechanism (5) for switching a
circulation direction of a refrigerant discharged from the
compressor (4), an outdoor heat exchanger (6), an expansion
valve (7) capable of being fully closed, and an indoor heat
exchanger (8), which are connected to one another by a
20 refrigerant pipe, the refrigeration system further
comprising:
a receiver (10) provided upstream of the expansion
valve (7);
a gas vent passageway (12) for connecting the
25 receiver (10) and a downstream side pipe (24) of the

expansion valve (7) to each other;
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the refrigeration systemfurther conprises control means (35) for,

before shutting down the conpressor (4), 10 openi lﬂ Eml | [

openi ng/ cl osi ng neans (13) and cl osi ng t he expg " lmﬁuumﬁmwhl | e
the conpressor (4) is left operating, and for cFosing tMe gas*vent
openi ng/ cl osi ng nmeans (13) upon subsequent shut down of the

conpressor (4). 2. Arefrigeration s¥sten1 conprising: 15
an outdoor unit (9BS i HERLdiARFIENGIRBPESBEr Means §13) propigRdpaiPng

swi tching nmechanism (5) for switching a circul ation direction of a
ref ri ger aklte dyaz Hegnfe PEdgspgawsy ddidpressor (4), an out door heat
exchanger (6), and an expansion valve (7) capabl e of being fully

cl osed; 20 a bridge nddocuihi t (1R), | mHemtiimg donriindooa heetlighanger
(8); and a communi cation pipe (3) for connecting the outdoor
unit (1) epdrabionpdohe brifigé2¢iteutac(idy hemly WiEI@ws:a refrigerant the
outdoor unit (1) includes: 25 a receiver (10) provided
upst seam fDbw Hhe such a @xpedsion ¥8l e (18ad the refrigerant, which

60 a gas vent passageway (12) for connecting the

recei ver 1d8)pasl Sofl@uhiséd SRR JIf tHeP@ultddbrohebhbeexchang8¥Pds] Ofp val ve
(7) to each other
the receiver (10) and a refrigerant flow in such a direction
as to lead the refrigerant, which has been depressurized
through the expansion valve (7), to the indoor heat exchanger
10 (8), and during a heating operation, the bridge circuit (11)
only allows a refrigerant flow in such a direction as to lead
the refrigerant, which has been condensed through the indoor
heat exchanger (8), to the receiver (10) and a refrigerant
flow in such a direction as to lead the refrigerant, which
15 has been depressurized through the expansion valve (7), to
the outdoor heat exchanger (6);
auxiliary opening/closing means (36) provided on an
outdoor side of a gas side pipe (26) extending from indoor
heat exchanger (8) to the flow path switching mechanism (5),
20 the auxiliary opening/closing means (36) being always opened
during a normal operation; and
temperature difference detection means (37, 38) for
detecting a temperature difference between an indoor side and
an outdoor side, wherein:
25 at least the following elements are provided on an

outdoor side: the receiver (10); a path (23) extending from
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gas vent opening/closing neans (13) provided 5 al ong the gas vent

passageway (12): and a bridge circui Hmm;mllu'ﬂﬁuﬂumu
during a cooling operation, the bridge circuit ( .
refrigerant flowin such a direction as to lead the teftiderant’

whi ch has been condensed t hrough the outdoor heat exchanger (6), to
10 the receiver (10) and a refrigerant flow in such a direction as
to | ead tHeerERFREBRANI(10hith Khs sx@angdonesainiezre?); a pattoughl) he
expansion valve (7), to the indoor heat exchanger (8), and during a
heati ng opstenrdrg fhembai ¢decuiitcwiectibh) in the dntidgd | imcwit e{1iper ant
flowin such a direction as to lead 15 the refrigerant, which has been
condensedte htbeghredmivemrlo¢l0), thehesirmxithasgetid®) onlly thaowdesi ver (10)
and a refrigerant flow in such a direction as to |ead the

refrigeranefripecdnt flodwasibeesudleprg£ssairéeeidmr cagh tde pxpansiws val ve
(7), to t he outdoor heat exchanger (6); 20 auxiliary

openbng/ ctestiger@ens (BArnWhsd beed! Wiidensed eﬁﬁaeehd!trﬂéﬁgo@t&?&gﬁ'
operation is provided on an outdoor side of a gaS side pipe (26)

ext endi Ngh&4EMelddBan@de0r (64 tto the (FacdRrd1e(idPWalatfqsy tﬁ@&fﬂn
and th nﬁ t her

mechani sm (5); e refrigeration’ system’fur conmpri ses

control  gperafBeRs &3athor Kf*”é&féﬁﬁ&ﬁ%ifgoﬂogncﬁﬂ%d%%n¥é§¥¥§n(f ina
cool i ng operation, operiing the ‘gas vent openi ng/ cl osing ‘means
61 the bridge circuit (11) to the receiver (10), the circuit
section only allowing a refrigerant flow in such a direction
10 as to lead the refrigerant, which has been condensed through
the indoor heat exchanger (8), to the receiver (10) during a
heating operation; a path (X3) along the gas vent passageway
(12) extending from the receiver (10) to the gas vent
opening/closing means (13); and a path (k4) extending from
15 the outdoor heat exchanger (6) to the auxiliary
opening/closing means (36); and.
the refrigeration system further comprises control
means (35) for, before shutting down the compressor (4) in a
heating operation, opening the gas vent opening/closing means
20 (13) and closing the expansion valve (7) while the compressor
(4) 1is left operating, and for closing the gas vent
opening/closing means (13) and the auxiliary opening/closing
means (36) when an outdoor temperature becomes equal to or
greater than an indoor temperature after subsequent shut down

25 of the compressor (4).

8. A refrigeration system, comprising a compressor
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/
. . . / .
(13) and cl osing the expansion valve (7) whiTe t ‘\ (4) is
| eft operating, and for closing the gas vent ! m@ x0S1 Nng nmeans
3

(13) and the auxiliary opening/closing 6) "upon subsequent
shut down of the conpressor (4). 5 3. Arefrigeration system
conpri si ng: an outdoor unit (1) including a conpressor (4),
flow path switching nmechanism(5) for switching a circulation

di recti on(®¥r adr fIewePatlh FWdiged neeharkan cdfpr 5% spafching a gp
outdoor heat exchanger (6), and an expansion valve.(7% 10 capabl e of
bei ng ful¢iretlatepn direction of #n refotgermnt d2pchargedi AgFomn ttoor
heat exchanger (8); and a communi cation pipe (3) for
connect i ngenpreesrnott), an ouhndbotlheatd exicdangeaor(6)ni tan 2¢xpansiarh

ot her, wherein: 15 t he outdoor unit (1) includes:

a receivedlvé 107) papablledofupetingafuldy closed, andexgmnaidvowahest (7);
a gas vent passageway (12) for connecting the receiver (10) and a
downst r eagxShalegdr Pe8)34) whfichhear20 congepard otovalne @hbthereasy of her;
gas vent opening/closing neans (13) provided al ong the gas vent
passagewayefpdfderam€l pipe, the refrbgbfl@€iGArCcUiysiddl). rhergen
during a cooling operation, the bridge circuit (11) only allows a
refrigeragbmp@bsindgl Ow in such a direction as to lead the refrigerant,
whi ch

iC has been condensed t hrough the outdoor heat exchanger (6), to

a receiver (10) provided upstream of the expansion
valve (7);

10 a gas vent passageway (12) for connecting the
receiver (10) and a downstream side pipe (24) of the
expansion valve (7) to each other;

gas vent opening/closing means (13) provided along
the gas vent passageway (12);

15 a bridge circuit (11), wherein during a cooling
operation, the bridge circuit (11) only allows a refrigerant
flow in such a direction as to lead the refrigerant, which
has been condensed through the outdoor heat exchanger (6), to
the receiver (10) and a refrigerant flow in such a direction

20 és to lead the refrigerant, which has been depressurized
through the expansion valve (7), to the indoor heat exchanger
(8), and during a heating operation, the bridge circuit (11)
only allows a refrigerant flow in such a direction as to lead
the refrigerant, which has been condensed through the indoor

25 heat exchanger (8), to the receiver (10) and a refrigerant

flow in such a direction as to lead the refrigerant, which
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62 the receiver (10) and a refr|geLanL_LL@w44+{%wh—a

direction as to lead the refrigerant, which has urlzed
t hrough t he expansi on valve (7), to the indoor he ﬂl\@ (8),

and during a heating operation, the bridge CIFCUIt

al | ows
refrigerant flowin such a direction as to |ead the refrlgerant
whi ch has been condensed t hrough the indoor heat exchanger (8),
the receibhas been siepressafriizgdr sftrrough the oexpansiem HaHV?edﬂDongﬂsto
| ead the refrigerant, which has been depressurized through the
expansi onthal vetdddr heat ldxchangerouidgor heat exchanger (6);
auxi liary opening/cl osing neans (36) which is always opened duri ng
nor mal operati on dwxilimsyledpeming/cldsliony means ¢B6y proxided sirdeapi pe
(26) extending fromthe indoor unit (2) to the flow path sw tching
nmechani smp(blioorleide of a gafesideeblipger@e)orextemiivigeniron uihdeor
conpri ses tenperature difference detection neans (37, 38) for
det egl i Ngpeat exéhsﬁgeﬁr%hyreodtﬁéetﬁaﬁe hehvepitanihgdeechah demagsl) an
out door side; and he refrlgeratlon system further conprises

control — 2He aﬁﬁaﬂia£25bﬁéﬁ&ngbei8§fn§hﬁé&hag(ﬂewﬂbébﬁgcamwa§§se§eﬁé% I? a

heating operation thé gas vent opening/cl osi ng neans

and cl osi ng the §¥RAPRAP"oYELYEI&d) i | e the compressor

an outdoor fan (9) for supplying an air to the
outdoor heat exchanger (6), wherein:

10 at least the following elements are provided on an
outdoor side: the receiver (10); a path (23) extending from
the receiver (10) to the expansion valve (7); a path (K1)
extending from a circuit section in the bridge circuit (11)
to the receiver (10), the circuit section only allowing a

15 refrigerant flow in such a direction as to 1lead the
refrigerant, which has been condensed through the outdoor
heat exchanger (6), to the receiver (10) during a cooling
operation; a path (K2) extending from a circuit section in'
the bridge circuit (11) to the receiver (10), the circuit

20 section only allowing a refrigerant flow in such a direction
as to lead the refrigerant, which has been condensed through
the indoor heat exchanger (8), to the receiver (10) during a
heating operation; a path (K3) along the gas vent passageway
(12) extending from the receiver (10) to the gas vent

25 opening/closing means (13); and a path (k4) extending from

the outdoor heat exchanger (6) to the auxiliary
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(4) is left operating, and for closing the gas vent rng/ cl osi ng

nmeans (13) and the auxiliary opening/cl osing 25 nean
out door tenperature becones equal to or grﬂe‘“‘“\m “ M)OI’

tenperature after subsequent shut down

63 of the conpressor (4). £ The refrlgeratlon
syst em of clain1; or 3, wherein the auxiliary opening/cl osing neans
(36) is cORFRLRARLAHING means £36)rie 28@xi | i ary openi ng/ cl osi ng means ( 36)

can be manually 5 opened/closed, and is used also as a stop valve (15)
f or cl osi ngt%erééifaeéra‘ah@n (SW)s UsEf of B EbRheCOMPE isRS otRRfeN1

unit (1) to the indoor unit (2). 5. Arefrigeration system
conpri si ngeangofP? psfer, before 4ghuttingwdgren htlen caripres swecheh) sin (H) for
switching a 10 circulation direction of a refrigerant discharged from

t he heahpnegssperidion arcpmntidgprthee ata se veh&ngpenify /¢ hos Exg ansi s

val ve (7) capable of being fully closed, and an indoor heat exchanger

(8), 5whi clg1ay eandnekss £t tithe nexpahaiiloer vbt)ZLv% (7) whigértBer éshpr&s$er t he
refrigeration system further 15 conpri si ng: a receiver

(10) provided upstreamitof bperaxRagsi onfor cMAiMRy (7kthe auxiliary @
gas vent passageway (12) for connecting the
opening/closing means (36) upon subsequent shut down of the
compressor (4), and for closing the gas vent opening/closing
means (13) upon shut down of the outdoor fan (9).
10 9. The refrigeration system of any one of claims 1 to
3 and 5 to 8, wherein the bridge circuit (11) comprises:

a first check wvalve (31) for allowing only a
refrigerant flow running in a direction from a first
connection terminal (1la) connected to the outdoor heat

15 exchanger (6) to a second connection terminal (11b) connected
to the receiver (10);

a second check valve (32) for allowing only a
refrigerant flow running in a direction from a third
connection terminal (llc) connected to the indoor heat

20 exchanger (8) to the second connection terminal (11b);

a third check valve (33) for allowing only a
refrigerant flow running in a direction from a fourth
connection terminal (11d) connected to a downstream side pipe
(24) of the expansion valve (7) to the third connection

25 terminal (11lc); and

a fourth check valve (34) for allowing only a
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receiver (10) and a downstream si de pipe (24) of t he on val ve
(7) to each other; gas vent openi ng Z‘ﬁumamﬁ\
provi ded al ong t he gas vent passageway (12) a

bridge circuit (11), wherein during a cooling operatlon the bridge

circuit (11) only allows a refrigerant 25 flow in such a direction as to

| ead the refrigerant, which has been condensed through the outdoor
heat exchgﬁgé;ggggntt(flow running in a direction from tgg fourth

the receiver (10) and a refrigerant flowin such a direction as to
| ead the cefnegeiemt tewhiohlhaslisentaephesdimstedconnect gy obighmimal
expansi on valve (7), to the indoor heat exchanger (8), and during a
heati ng ogakajion, the bridge circuit (11) 5 only allows a refrigerant
flowin such a direction as to | ead the refrigerant, which has been

condensed t hrough1¢ heThedeefrigeratbeat sgxeBANgEr ah§) ,ore0 dhecI®ims ver (10)
and a refrigerant flowin such a direction as to | ead the

refrisger agb, Wi 5 to shaswhReedndameesslsw zgsth NERIEBhiNG R¥PRABIOR val ve
(7), to 10 t he outdoor heat exchanger (6), wherein: at

| east the ((Egl QW 0 &1 8cepis Béfl%@l’x&é’ﬁﬁj{ﬁé‘ #Our-way %l@@ﬂini' ggivkhe

receiver a path (23) extending f the Teceiver (10) to the
expansi on ¥ ve (7); a path (K1) extending froma circuit section in
t he bridgé CIrCUIt (11)

11. A refrigeration system, comprising a compressor
(4), an outdoor heat exchanger (6), an expansion valve (7)

10 capable of being fully closed, and an indoor heat exchanger
(8), which are connected to one another by a refrigerant pipe,
the refrigeration system further comprising:

a receiver (10) provided upstream of the expansion
valve (7);

15 a gas vent passageway (12) for connecting the
receiver (10) and a downstream side pipe (24) of the
expansion valve (7) to each other;

gas vent opening/closing means (13) provided along
the gas vent passageway (12); and

20 backflow preventing means (31) provided upstream of
the receiver (10) for allowing only a refrigerant flow
running from the outdoor heat exchanger (6) to the receiver
(10), wherein:

at least a path extending from the backflow
25 preventing means (31) to the expansion valve (7) via the

receiver (10), and a path along the gas vent passageway (12)
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15 to the receiver (10), the circuit section m

refrigerant flow in such a direction as Hm“ m Iﬂ‘l@ “E refrl ger ant,

whi ch has been condensed t hrough the out L xchanger (6), to
the receiver (10) during a cooling operatlon a path (K2) extending
froma circuit sectionin 20 the bridge circuit (11) to the receiver
(10), the circujt section only allowng a refrigerant flowin such a
di rect i oneXtending  fIogad the r &ECcRd¥ ANt (EW chtRas Heen G8Fden’elt

t hr ough t he i ndoor heat exchanger (8), to the receiver (10) during a
heating opReRiRrIEleMinG Ipams(l@y)aagﬁg DRy iged wantan JoutdepEsaidany (12)
extending fromthe receiver (10) to the gas vent openi ng/ cl osi ng
means (133&ndand 65

the refrigeration system further conprises control means (35) for,
before shutting dowe trefrdigepatisnr syBtem furtbeenicugnprtisegascophrol
openi ng/ cl osi ng nmeans (13) and cl osi ng t he expansion valve (7) while
the sonpraeans (@5) stbeft béforeopehattiflg atwd othel aunigddwwrgagsyent
openi ng/ cl osi ng nmeans (13) upon subsequent shut down of the

conpr essoppbfling the gas vent f‘bph Fr8f /A 1G5 idld QeaieSt €18 ) CORRT £3bBEng
conpr essor (4), a flow path switching nmechanism (5) for switching a

circul ati eRedidgedrGibPf va1 vt r(lvger@mlé“ thRar asthids¥Bt hea)10is gempressor
(4), an outdoor heat exchanger {( an expansi on

operating, and for closing the gas vent opening/closing means

(13) upon subsequent shut down of the compressor (4).

10 12. A refrigeration system, comprising a compressor
(4), an outdoor heat exchanger (6), an expansion valve (7)
capable of being fully closed, and an indoor heat exchanger
(8), which are connected to one another by a refrigerant pipe,
the refrigeration system further comprising:

15 a receiver (10) provided upstream of the expansion
valve (7);

a gas vent passageway (12) for connecting the
receiver (10) and a downstream side pipe (24) of the
expansion valve (7) to each other;

20 gas vent opening/closing means (13) provided along
the gas vent passageway (12); and

auxiliary opening/closing means provided upstream of
the receiver (10), the auxiliary opening/closing means being
always opened during a normal operation, wherein:

25 at least a path extending from the auxiliary

opening/closing means to the expansion valve (7) via the
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val ve (7) capable of being fully closed, and ndoor eat © exchanger
(8), which are connected to one another by a M, m Hm”ﬂt” pi pe, t he
refrigeration system further conpri s ﬂw a.recelver

(10) provided upstream of the expansion . valve (7

gas vent

downst ream si de pi

20
gas vent

during a €¥bERALRI

passageway (12) for connecting t he recelver (10) and a

rece@‘é%fv@%%op%ﬁln@/ BRBR| Adone Eae g3s) verbyvpastagewayy (12)

passageway (12); a bridge circuit (11), wherein
frogper Bhe on recedvieri dgel@) rcdiot (8 ogleg alvens a

refrigerant flowin such a direction as to lead the refrigerant,
whi ch  250peniBgbekes topdeaars (ABdpugbret lpromidedoorhent exicdmmngesidé)
the receiver (10) and a refrigerant flow in such a direction

and as to lead the refrigerant, which has been depressurized
t hrough the expansion valve (7), to the indoor heat exchanger (8),

and 8uring a heattly eefrdgeraribhe dysuige €urehet (Colprises OHhral!ows a
refrigerant flowin such a direction as to lead 5 the refrigerant,

66

has been meaﬂense;t)t heeugh Bdoriddghttting diRal ExENaMRIrdsBhbr t Pajhe

receiver

10

15

20

25

(10) and a refrigerant
opening the gas vent opening/closing means (13) and closing

the expansion valve (7) while the compressor (4) is left

operating, and for closing the gas vent opening/closing means

(13) and the auxiliary opening/closing means upon subsequent
shut down of the compressor (4).

13. The refrigeration system of any one of claims 1
to 3, 5 to 8, 11 and 12, wherein backflow preventing means
(46) for allowing only a refrigerant flow in a direction in
which the refrigerant is discharged from the compressor (4)
is provided on a discharge side of the compressor (4).

1l4. The refrigeration system of any one of claims 1
to 3, 5 to 8, 11 and 12, wherein backflow preventing means
(46) for allowing only a refrigerant flow in a direction in
which the refrigerant is sucked into the compressor (4) is
provided on a suction side of the compressor (4).

15. The refrigeration system of any one of claims 2,
3, 6 to 8 and 12, wherein the auxiliary opening/closing means
(36) is an electric ball valve (40).

16. The refrigeration system of any one of claims 1

to 3, 5 to 8, 11 and 12, wherein the control means (35) is
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ansi on valve (7) to each other;

the

to
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flowin such a direction as to lead the refrlger ich has been
depressurized through the expansion valve (7), m’ lyj ggﬂmoor heat
exchanger (6); and 10 auxiliary openi®m (36)

provi ded on an out door side of a gas side pipe (26) ektending from

i ndoor heat exchanger (8) to the flow path swi tching nechanism (5),
the auxiliary ,opening/closing means (36) being al ways opened during a
nor mal opé’toé‘tﬂlfiﬁreﬂhgf’e?ﬁ tojghut down thg;comprgsgide ﬁ‘@l "G d%m¥nt s
are provided on an out door side: the receiver (10); a path (23)

ext endi ng FhosRd state Hf rekei Qépaﬁqmntﬁaiﬁé é?(bahéﬁoﬁ'i’@&llvée@?)foraapath
(K1) extending froma circuit section in the bridge circuit (11)

to the req@edeterigned perdiodcoft timetion only allowing a 20 refrigerant
flow in such a direction as to lead the refrigerant, which
has been condensed 7t.hriheghrafirei gartaddom systerhesf axyhangepf( @)laims tlhe
receiver (10) during a cooling operation; a path (K2) extending from
acirguit e, g ton 8, 11 ahlde1bri dpereineuit (11) to the receiver (10),
the circuit 25 section only allowing a refrigerant flowin such a

direction as fewl egﬂeéﬁﬁréefévirﬂﬁftﬁnt(sogﬂi g8 hgsopegad coamsmged
t hr ough t he 1 ndoor

heat exchangaridiB)side dipRe 12891 ¥ thiOkofligtb880R (4); akating operation;
a path (K3) along the gas vent passageway
the control means (35) is configured so as to shut
down the compressor (4) when the low pressure switch (30) is
10 activated.
18. The refrigeration system of any one of claims 1

to 3, 5 to 8, 11 and 12, wherein the refrigerant includes a

flammable refrigerant.
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(12) extending fromthe receiver (10) to the gas vent openi ng/ cl osi ng
means (13); and a path (k4) extending from 5 t he out door heat

exchanger (6) to t he auxiliary openi ng/ cl osi ng neans (36); and
the refrigeration system further conprises control means (35) for,
before shutting down the conpressor (4), openi ng the gas vent
openi ng/ cl osi ng neans (13) and cl osin 10 t he expansion valve (7) while
the conpressor (4) is left o%%g , and for closing the gas vent
openi ng/ cl osi ng neans_ (13) and the auxiliary opening/closing neans
(36) upon fubseidest cihoeltoddldf handngofongs shreqks)valves (31,

7. Arefrigeration system conprising a conpressor 15 (4), a flow path
swi t chi ng32ecdani34) iH)pravided tugstopam of a recedwkat (40) di veichobs of a
refrigerant discharged fromthe conpressor (4), an outdoor heat

exchanger ptéyided eppensamof an emeEnsidy/ )valaeal(7g .of Abgasgvént| pipéosed,
and an i ndoor heat exchanger (8), which are connected to one another

by as 20 (1p¢friger aidnneddiiry thieherecegberge(rdy orandys emipel u{Rapr
conpri si ng: a receiver (10) provided upstream of the

expansi ONdownstr¥ahVef 7the expansion vaAw@as (Y1§Nttpassrgearhet?)isor
connecting the 25 receiver ?10) and a downstream side pipe (24)

gg the provid83dpPaRaloRn¥alue weht! igRCNBIes provided with a gas
vent valve (13). Upon shut down, the gas vent valve (13) is
opened, and the expansion valve (7) is gradually closed. The
10 compressor (4) is shut down and the gas vent valve (13) is
closed after passage of a predetermined time from the point

in time when the expansion valve (7) reaches the fully closed

state.
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gas vent opening/closing neans (13) provided al ong t he gas vent
passageway (12); a bridge circuit (11), wherein during a
cool i ng operation, the bridge circuit (11) only allows a refrigerant
5 flowin such a direction as to lead the refrigerant, which has
been condensed through the outdoor heat exchanger (6), to t he
receiver (10) and a refrigerant flow in sugh a direction as to |l ead
the refrigerant, which has been depressurized t hrough t he expansi on
valve (7), to the indoor heat exchanger 10 (8), and during a heating
operation, the bridge circuit (11) only allows a refrigerant flowin
such a direction as to | ead the refrigerant, which has been condensed
t hrough t he i ndoor heat exchanger (8), to the receiver (10) and a
refrigerant flowin such a direction as to |ead the refrigerant,
which 15 has been depressurized through the expansion valve (7), to

t he outdoor heat exchanger-(6)5——"—"—": —aoxiTTary openingiLr 68 ng
means (36) provided or an out door si¥8 of a gas sid i pexy 26)
extending from i ndoor heat exchanggr—8HH-o—the—fewpat h's 'dching
mechani sm (5), 20 he auxiliary openigrctoging neans (3B) bei ng al ways
opened during nor mal operati on(l|land > L enper at ur e

di fference detection Teans (37,—=38) for detectinggh tenperat%re

di fference between an!ind de and an outdoor_ side, whereiin: 25
at |east the follomﬁn? el emegty are gyoyided-oman out door side: the
receiver (10); a path,(ZQé extgndi ng from ‘,\;3 I

| PTh g
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69 the receiver (10) to the expansion valve (7); a path (K1)
extending froma circuit section in the bridge circuit (11) to the
receiver (10), the circuit section only allow ng a refrigerant flow
in such a direction as to lead the 5 refrigerant, which has been
condensed t hrough the outdoor heat exchanger (6), to the receiver
(10) during a cooling oper ati on; a (K2) extending froma circuit
section in the bridge circuit (11% ? he receiver (10), the circuit
section only allowing a refrigerant flowin such a direction 10 as to

| ead the refrigerant, which has been .condepsed through t he i ndoor
heat exchanger (8), to the receiverfi(l1 gﬂring a heati ng operati on;
a path (K3) along the gas vent passageway (12) extending fromthe

receiver (10) to the gas vent openi ng/ cl osi ng apghe path
(k4) extending from 15 t he out door heat exc %%Sg?g{g fdc ééf;the

auxiliary openi ng/ cl osi ng 6 ) "
refrigeration systemfurther congﬁggggﬁg %Hggﬁﬁmn. reﬁﬁgﬁ§ f%% ¥ %}Os%ﬁﬁore
shutting down the conpressor (4) |n a ThgSéaéRati on, openi ng the
gas vent openi ng/cl osi ng neans & b% and cI05|ng he expansion val ve
(7) while Ebhectoiwregsorsion pep& glé Y Erg ing, Yand for closing the
gas vent openj,ng(.&! @i ng neQH%r?§§§nand t he w%ﬁllary openi ng/ cl osi ng
Fully closed | N

! '
i 1
! 1
! 1
T
1

Gas vent valve (13) c1gg§3 ________r—__r—_;____.__

Compressor (4) SEF E é
Time L
T1 T2T3
Atl At2

Fig. 3

Detection of
Machine shut down activation of low
instruction pressure switch

S |
Electric expansion OPening during v +
valve (7) operation ?\ :

Fully closed ! l

1
I
1

Gas vent valve (13) 01gg§3 | '
Compressor (4) 8§F L
. ON R
Low pressure switch (30) OFF Lo
Time N
Tl T2T4
L_Y_J
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means (36) when an outdoor tenperature beconmes equal to or greater
than an indoor tenperature after subsequent shut down 25 of the

conpressor (4). 8. Arefrigeration system conprising a
conpr essor 70 (4), a flow
path sw tching mechanism (5) for switching a circulation direction of

a refrigerant discharged fromthe 3cgnpgessor (4), an outdoor heat
exchanger (6), an expansion val ve” (7) “ctapabl e of being fully cl osed,
and an i ndoor heat 5 exchanger (8), which are connected to one

another by a refrigerant pipe, t he refrigeration system
further conpri si ng: a receiver (10) provided upstream
of the expansion valve (7); 10 a gas vent passageway
(12) for connecting the receiver (10) and a downstream side pipe
(24) of the expansi on valve (7) g a04 ot her; gas vent
openi ng/ cl osi ng neans (13) provided a onég' t he gas vent passageway
(12); 15 a bridge circuit (11), wherein during a cooling
operation, the bridge circuit (11) only allows a refrigerant flowin
such a direction as to |lead the refrigerant, which has been condensed
through the outdoor Sheat eXck@npedowrt) . tO0End of shut down
control operation control operation
100Y !
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the receiver (10) and a refrigerant flowin such a direction 20 as to
| ead the refrigerant, which has been depressurized t hrough the
expansion valve (7), to the indoor heat exchanger (8), and during a
heati ng operation, the bridge circuit (11) only allows a refrigerant
flowin such a direction as to | ead the refrigerant, which has been
condensed t hrough the indoor 25 heaulgangnger (8), to the receiver (10)
and a refrigerant flowin such a direction as to lead the
refrigerant, which 71

has been depressurized through the expansion valve (7), to t he

out door heat exchanger (6); auxi | i ary openi ng/cl osi ng neans
(36) provided on an out door side of a gas side pipe (26) extending
fromindoor 5 heat exchanger (8) to the flow path sw tching nmechani sm
(5), the auxiliary opening/closing neans (36) being al ways opened
during a nornmal operation, and_____ __ __ . -ah out door—f-an— (9 f-e¢-
supplying an air to the out door~heat exchanger (6), mheret@: 10

at | east the follow ng el ements are PPovided~onyan dﬁt?oor id¢: t he
receiver (10); a path (23) extending fr &n )he receiver|l (10 ot he
expansi on valve (7); path (K1) rendtgfroma cirquit s ctﬂon in
the bridge circuit (11 e | i
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to the receiver (10), the circuit section only allowng a 15 refrigerant
flow in such a direction as to lead the refrigerant, which
has been condensed t hrough the outdoor heat exchanger (6), to the
receiver (10) during a cooling operation; a path (K2) extending from
a circuit section in the bridge circuit (11) to the receiver (10),
the circuit 20 section only allomjnqsg'ﬁqfrigerant flowin such a

di rection as to lead the refrigerant,” which has been condensed

t hr ough t he i ndoor heat exchanger (8), to the receiver (10) during a
heati ng operation; a path (K3) along the gas vent passageway (12)
extending fromthe receiver (10) to the gas vent 25 openi ng/ cl osi ng
means (13); and a path (k4) extending from t he outdoor heat
exchanger (6) to t he auxiliary

72 openi ng/ cl osi ng neans, (36) ; and t he
refrigeration system further conmprise tg@;%ﬁl means (35) for, before
shutting down the conpressor (4) in a heati ng operation, opening the
gas vent opening/closing neans 5 (13) and cl osing the expansion val ve
(7) while the conpressor (4) is left operating, for cl osi ng
the auxiliary openi ng/ cl osi ng neans (36) upon subsequent shut down
of the conpressor (4), angigor cl osing the gas vent opening/cl osing
means (13) upon shut down of the&loutdoor fan (9).
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10 9. The refrigeration systemof any one of clains 1 to 3
and 5 to 8, wherein the bridge circuit (11) conprises: a
first check valve (31) for allowing only a refrigerant flow running
in adirection froma first connection termnal (11la) connected to
t he outdoor heat 15 exchanger (6) to a second connection termnal (11b)
connect ed to the receiver (10); 6 a second check val ve
(32) for allowing only a refrigeran{ }}OM/running in a direction from
athird connection termnal (11c) connected to the indoor heat 20
exchanger (8) to the second connection termnal (11b); a
third check valve (33) for allowing only a refrigerant flow running
in a direction froma fourth connection termnal (11d) connected to a
downst ream si de pi pe (24) of the expansion valve (7) to the third
connection 25 termnal (1l1c); and a fourth check val ve
(34) for allowwngonly—@ - — - e e 73— —-
refrigerant flow runnitng in a direction fro@the fourth c@@neéﬂion
termnal (11d) to thelfirst connection tgrm\Ral (11a%?£ J
10. The refrigeration'system of any onefj—clal 1 5 to an o 8,
wherein the flow path|sw tching nmechanig —
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(5) is an electric ball-valve-type four-way swtching val ve (5A).

11. Arefrigeration system conprising a conpressor (4), an outdoor
heat exchanger (6), an expansion valve (7) 10 capabl e of being fully

cl osed, and an indoor heat exchanger (8), which are connected to one
anot her by a refrigerant pipe, the refrigeration systemfurther
conpri si ng: a receiver (%Oh qqovided upstream of the

expansi on valve (7); 15 ‘a“"gas vent passageway (12)

for connecting the receiver (10) and a downstream side pipe (24) of
t he expansion valve (7) to each other; gas vent
openi ng/ cl osi ng neans (13) provided al ong t he gas vent passageway
(12); and 20 backfl ow preventing neans (31) provided upstream
of the receiver (10) for allowing only a refrigerant flow

runni ng fromthe outdoor heat exchanger (6) to the receiver (10),
wher ei n: at least a path extending from the backflow
25 preventing nmeans (31) to the exgansion~alve (7) via the

receiver (10), and a path along the g lwgnt assageway (12)

74 extending from the receiver (10) to the gas vent
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openi ng/ cl osi ng neans (13) are provided on an outdoor side; and

the refrigeration systemfurther conprises control 5 nmeans (35) for,
before shutting down the conpressor (4), openi ng the gas vent
openi ng/ cl osi ng nmeans (13) and cl osing t he expansion valve (7) while
the conpressor (4) is left operating, and for closing the gas vent
openi ng/ cl osi ng neans (13) upon %ygsqqyent shut down of the
conpressor (4). 10 12. A refri‘geration system conprising a
conpr essor (4), an outdoor heat exchanger (6), an expansion valve (7)
capable of being fully closed, and an indoor heat exchanger (8),

whi ch are connected to one another by a refrigerant pipe, t he
refrigeration systemfurther conprising: 15 a receiver (10)
provi ded upstream of the expansion val ve (7); a gas
vent passageway (12) for connecting the receiver (10) and a
downstream si de pipe (24) of the expansi on valve (7) to each other;
20 gas vent opening/closing neans (13) provided al ong t he
gas vent passageway (12); and . xiliary opening/cl osing neans
provi ded upstream of t he recei ﬂ.gnogf the auxiliary
openi ng/ cl osi ng nmeans bei ng al ways opened during a nornmal operation,
wherein: 25 at least a path extending from the auxiliary
openi ng/ cl osi ng neans to the expansion valve (7) via the
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receiver (10), and a path along the gas vent passageway (12)

extending from the receiver (10) to the gas vent

openi ng/ cl osi ng neans (13) are provided on an outdoor side; and 5
the refrigeration system further conprises control means (35) for,
before shutting down the conpressor (4), openi ng the gas vent
openi ng/ cl osi ng neans (13) and closing9 A 11 t he expansion valve (7) while
the conpressor (4) is left operat’i hg, "and for closing the gas vent
openi ng/ cl osi ng neans 10 (13) and the auxiliary opening/closing neans
upon subsequent shut down of the conpressor (4). 13.
The refrigeration systemof any one of clains 1 to 3, 5to 8, 11 and
12, wherein backfl ow preventi ng neans (46) for allowing only a
refrigerant flowin a directionin 15 which the refrigerant is

di scharged fromthe conpressor (4) is provided on a discharge side of
the conpressor (4). 14. The refrigeration system of any one
of clains 1 to 3, 5to 8, 11 and 12, wherein backfl ow preventing
nmeans (46) for allowing only a refrigerant flowin a direction in 20
which the refrigerant is sucked into the conpressor (4) is provi ded
on a suction side of the conpressor qznag. 1() 15. The
refrigeration system of any one of clai 2, 3, 6 to 8 and 12,
wherein the auxiliary opening/closing neans (36) is an electric bal
val ve (40). 25 16. The refrigeration system of any one of clains
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to 3, 5to 8, 11 and 12, wherein the control neans (35) is

76 configured so as to shut down the conpressor (4) when a
fully cl osed state of the expansion valve (7) has continued for a
predeterm ned period of tinmne. 17. The refrigeration system of
any one of clains 1 5 to 3, 5to 8, 11 and 12, wherein: a
| ow pressure switch (30) is provided ai@np B suction side pipe (28)
of the conpressor (4); and the control neans (35) is
configured so as to shut down t he conpressor (4) when the | ow
pressure switch (30) is 10 activated. 18. The
refrigeratioﬂ;ﬁ¥§feg%£f(€ﬂy one of claims 1 to 3, 5to 8, 11 and 12,
wherein the refr®derant \tncl udes Suction didemudbl e refrigerant.
compressor 5A
/50
bd | bb
Indoor heat N _51 / Qutdoor heat
exchanger — —> exc%a§ger
(8) ' 6
LT\
49
~-ba
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Discharge side of
compressor

Fig.11(b)
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