10

15

20

25

1 Description REFRI GERATI ON SYSTEM 5 Technical Field
[0001] This invention relates to refrigeration systens
including a refrigerant circuit for operating in a
vapor conpression refrigeration cycle and particularly
relates to refrigeration systens in which an expander
constituting an expansi on nechanismin the

refrigerant circuit is rre;:,%rg‘_q.g djy connected to a
conpressor. 10 Background Art l%HOZ] Refrigeration
systens have been conventionally known which operate
ina refrigeration cycle by circulating refrigerant
through a refri gerﬁFﬁj@EMngﬂgmcl osed

circuit and are widely used as for air conditioners.
As di scl osed, for exanple, in Patent 15 Docunent 1,
there is known a refrigeration system of such kind in

T¥ GG Fdahi gh-side pressure of a refrigeration cycle
I's set higher than the critical pressure of the

[0061) | aBiPRMventioh@lated!tbirefipatation s§uteme Mdlidihgd@efrip@radd circuit for
expansi on nechani smfor refrigerant an expander

opeeatitlg tiHt @d viporacompridion | tefiflgdimidi nycleThrd eppéinderly i eelates to
mechani cal |y connected to a conpressor by a shaft.
reReyRat X bysaeiseh Whieh dnhexpanderdastititing & @xpamstbni mechiahsm in the
conpressor, 20 thereby inproving the COP (coefficient
reffi g ntfcircti iodgchahiofllBionnacted b 1 edmprgesont i on syst em of
Patent Docunent 1, the mass flow rate of refrigerant
passi ng through the expander is always equal to that
of refrigerant passing through the conpressor. This
Baekgreandsatt he refrigerant circuit is a closed
circuit. Meanwhile, the refrigerant densities at the )
[0002] aRefsgohtiatheysemparidse been coonpntinpeldy kpgwyp »ich operate in a
dependi ng upon the operating conditions of the )
refageraten aydlohy oyrcnleting mftgerent trgugh a reétigerantyGiggaitdhatgs a closed
system of Patent Document 1 cannot change the )
cigéuip et exeewidelonsedeasrfar iy copditineers. A disclgsadhder exsaple, in Patent
conpressor since they are connected to each qther.. , .
Dpeimentnlsi there i kngwp raorsfiagaTation sYsiEsh Oéﬁ kindin phich the high-side
operating conditions the reffleirg[ﬁr at.i on.tlscglst em can

pressure of a refrigeration cycle is set hig an the cri pressure oP %te refrigerant.
The refrigeration system includes as an expansion mechanism for refrigerant an expander
constituted by a scroll fluid machine. The expander is mechanically connected to a
compressor by a shaft. Power extracted from the expander is used to drive the compressor,
thereby improving the COP (coefficient of performance).

[0003] In the refrigeration system of Patent Document 1, the mass flow rate of
refrigerant passing through the expander is always equal to that of refrigerant passing
through the compressor. This is because the refrigerant circuit is a closed circuit.
Meanwhile, the refrigerant densities at the entrances of the expander and compressor vary
depending upon the operating conditions of the refrigeration system. Despite this, the

refrigeration system of Patent Document 1 cannot change the displacement volume ratio

between the expander and compressor since they are connected to each other. This invites
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continue to operate with stability. [0004] For
exanple, if a refrigeration systemof this kind is
configured to be capable of both cooling and heating
operations, the refrigerantgcircul ati on anount during
the cooling 5 operation varies fromthat during the
heati ng operation, which breaks the bal ance between

a E) ; 1dnh %trxg;oﬁ dnhldh %t&@pe?@ﬁ'i@ﬂ%%ﬂﬁfon@@% Fe!tfﬁ%érh@&i Eystéin cannot

ough the expander. To 'be Specific,

confibid S RAOWitB¥EbAIy.S desi gned to keep the bal ance
between the flow rate through the expander and the

[00bHW FBE Exdri1OUE ] réffiReRBIR s REER of dHS kind it Benfigiatd fibe capable of

operation, the refrigerant circulation anount
bdth %Slﬁﬁz,e&djlh’éaﬁﬁ? op&ratiGRoteefrRemd tiraatioh dowtiduFing fig cooling
suction gas of the conpressor reaches high tenperature

opftpsliont igiee Foffthat M@ingBke dedig dpatdiisnshbich bedaks ke Bdlanse between
rate (displacenent) wth respect to the increased

the efi v Gefeathroughi the Wonipréstonandinke floR0BH¢ tAloagh ahegrpaiger. To be
is described below in other words. [0006] In the

spe€iffic| dethatre@igesyioh etlofis Bedigmdd todwepehd bdlandzebatwsen theeflow rate
refrigerant circuit 15 is a closed circuit and the
theouphnter eqreideoand ass dlovhaste thinmughathe comjwessoofduring the heating
rotations, the power recovery efficiency of the
oepatione ko tefrigetant\ciroiaticin amkeg intredses fdurinigt the ccomtihg eoperation in
a high-COP refrigeration cycle. [0007] In the
whizhr thg esuation @as ofiithe thmpressorareathss dugle itengperatyre: hrd, rtherfore, the
flowrate Me of refrigerant passing through the i
expapderdalls shortarfilz flow rath édisplacenfent)withatespeaot togthe increased refrigerant
refrigerant 20 passing through the conpressor. In
cirdulatiopagzount.he rel ati onal expressions Me = Ve x de and
M = Vc x do hold (where Ve is the circulation vol une
(0905} efThederegning padesrmkpdtheloyy ghothefevordspander, de is

the density of refrigerant flowng into the ex anch%r, ..
[0096] s Infke refriganatian systemyef Ratentdpocuarept bel?e%‘fsed-g§§‘? gerant cireuit

.through the conpressor and dc is the density of .
lsrf’e‘flia?egéﬂrﬁmt and theyespandst and FRENRIETSHF g@@dbﬁ? ke of Ftations, the
the circul ati on volunmes (Vc, Ve) are determned_25.b .
AR T GUIHBC JF HHRPRTESahE IgW: SLER TGP &' HESRrG schieve a
b nber. of rotations thereof. [0008] Since the
h\%‘ségflr%ggﬁf‘%“%l?hrough the expander is equal to the

B, e e AR, BRLRER B B ow e e of
re%gérgnstsﬁagglg'g through the expander is equal to the mass flow rate Mc of refrigerant
passing through the compressor. In this case, the relational expressions Me = Ve X de and
Mc = Ve X dc hold (where Ve is the circulation volume of refrigerant passing through the
expander, de is the density of refrigerant flowing into the expander, Vc is the circulation
volume of refrigerant passing through the compressor and dc is the density of refrigerant
sucked into the compressor). Furthermore, the circulation volumes (Vc, Ve) are determined
by multiplying the cylinder volume of each fluid machine by the number of rotations

thereof. _

[0008] Since the mass flow rate Me through the expander is equal to the mass flow rate
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Furt hernore, since the expander and the conpressor
have the sane nunber of rotations, the value VeNc is
a fixed value determ ned by the designed vol une of the
cylinders. Therefore, in tBe refrigeration system
the refrigerant mass flow rates Me and M through 5

t he expander and the conpressor can be bal anced by

ME@&%@%} {H%fcfoﬂ‘g’?r '3(1515/ tHeAklaBoh &/ VE > defRNId Hrom[tAO BBdve expressions.

efrigeration systemof this kind is

Fl#ﬁx@ﬁm@r%, finte gﬁ: Slphnde? Rl thO B&thpresdor haHY tHeesathd hurfibbriof rotations,
0 ke e

ep the density ratio (de/dc) constant depending
thtRBMhel VENREVA ERed SARET Jet@REncdTHy BR: 88e&ieli voluherof the cylinders.
exanple, in an air conditioner in which a cooling

TIRREHAL P he ke frRRhtRNRA§REMN theQBRIpREANO Madd Howahrs Me/ aid/Mc through
perforned, the refrigerant evaporation pressure in

the tekphtidet ianatthe %oﬁlltp%ssche@h_ kx bhlan@dr by ek thicodensits ratio (de/dc)
i ncreased during the cooling operation as conpared
coMstalit. t hat during the heating operation and, therefore,
the density dc of refrigerant sucked in the
[0009PT @RSver, $f Atefifgdritiorenseth ofithisrkind saisedad fongn air conditioner, it
operation. As a result, the mass flow rate Me of ‘
mag foei dieficuld topkeepi thg dehsiougitiot (e/dex pandst dependreg upon the service
smaller 15 than the mass flow rate M of refrigerant X
canditionsgTé be epegifid, Her exampie &5 on airwhiditiosran kédhich & eooling operation
bal ance between the refrigerant mass flow rates Me and _
arldtca hbatinggdpetdtiwnear acld@ivehnperfarmed chrpekigemint eyapolayion pgessure in
cope with this problem as disclosed in Patent . i
itDotlization skle haatomghangenteasporator)Ha indseased pupbdie ¢oeling operation as
the refrigerant circuit is provided with a bypass pipe
cahpared nyith Hbat doringfthe Jwating aperabigp aansl, ttherefipaHigedensity de of
To be specific, when the expander falls short ?,f its .
refifi ggrhntcwgked in thecompressgids ﬁ@?rlp‘@‘é‘l‘sﬁﬁtduﬁflg dhe peqlimgqpatption. As a
heat is caused to flow into the bypass ‘ﬁipe t 1l
resul,i the sass Hewaatsuvie obreffigrantqessing througly the expanger proomes smaller

expander, thereby continuing the refrigeration cycle.
thanthe grass flopy spte Vs ot IBFECTN @assing, drovehd b GQwPrassyf, Which breaks
rate Me of refrigerant assj ng t hrqugh e, ex er
ecbalangt DBIVEE A RSSO S caich N 24 MR BENE prpander and
passi n%SZS t hrough the conpressor, part of the

the QOMPEERWnt after rel easing heat is introduced into

s R PPt S HREDS A G LSRR o comtemmensr
RS AL SR e B I3t v
refrigerant to bypass the expander. To be specific, when the expander falls short of its
displacement, part of the refrigerant after releasing heat is caused to flow into the bypass
pipe to restrict the amount of refrigerant flowing into the expander, thereby continuing the
refrigeration cycle with stability. In other words, when the mass flow rate Me of refrigerant
passing through the expander is smaller than the mass flow rate Mc of refrigerant passing
through the compressor, part of the refrigerant after releasing heat is introduced into the
bypass pipe to bypass the expander, thereby providing a well-balanced mass flow rate as

the entire refrigerant circuit.
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Pat ent Docunent 2: Published Japanese Patent
Application No. 2001-116371 D sclosure of the
Invention 5 Problemto Be Sol ved by the Invention
[0011] However, if in the rgfrigeration system of
Pat ent Docunent 2 part of refrigerant is caused to
flow into the bypass pi pe upon change of the operating
condi tions,,. ROWeH t nORY:; ) E10TS81
SR R e S b

P Eglré o urrl%ﬁlgt%p &’g@i%}&eg ??ﬁaﬁgse.rﬁfter k g?bﬁ&dﬁ%ﬂ N/ 20emt 14371

venti on been made in view of
t he above problem and, therefore, its object is to

elimnate the inbal ance between the flow rate through

I he conpr the flow rate through the expander
D 8?\“‘&9@@%2&5{‘?% condi tions change (i.e., to bal ance

t S s&frigerant passing through the
P’@Z’%ﬁn}g’s%o@lg%&dgﬁglrﬂ%gé flowrate of refrigerant
i 109, 1D SefBY PANSIL EYstean @f ParALDbEIhdn 2opaet eftefrigerant
[@E@SC@@?E@’E@R ttlllS ere ri gera}zi on systemfrom -bei ng
isIBLEH 7 ALSAnoVERNSyphS BBk \ok foharfifcob ten Gr@flla denditions, power
to el ght aspects of the present invention are )
e gigr BRth WhthexpiR@ér GoaRrgaced theleby opeerdsiating the coefficient of
conditions, controlling the tenperature of refrigerant

phrfMafte (CUBY siShd Rgrigetiicoegammer to control the
speci fic vol'unme of t%e refrigerant, thereby

(2] PAel fiekehiabmivathab beereadd he/idw ofitheabeva probleghand, therefore,
the conpressor and the flow rate through the exggnder
18 BjecPisaY @fifriRge tHeanBaRned béthveer terflaye rate thyaughy dhe gpmpressor and
frombeing deteriorated. [0014] Specifically, the |

ifd NS ras peoug thet dupaider evitendhe pperaingeqnsitions change (i.e., to balance
refrigeration system including a refrigerant circuit ¢
Helhssi flowbdte bf sefigamptpessing thiough the prrapreswgr ppd theipess flow rate o
heat 25 exchanger (21), an expansion neghaniSWIQ%Z)Ccﬂ, f the
réffigerant passinga throngts ithie ekpandedxanth sgaqurendy Ripwent the °
connected to provide a vapor conpression refrigeration
refyigbmtion Rystan fansbang deteragratéflsm (12) bei ng constit ut ed

by an expander (12) for generating power by the 5

expansi on of refrigerant, the expander (12) being

nmechani cally connected to the conpressor (11). [0015]
Menmshie Sedve ghe Rrabletref ri ger ati on system further

conpri ses a tenperature controll er, )
[Dllln.‘R First to eigh?gspects of the present invention are concerned with, upon change of

the operating conditions, controlling the temperature of refrigerant flowing towards the
expander to control the specific volume of the refrigerant, thereby eliminating imbalance
between the flow rate through the compressor and the flow rate through the expander and
preventing the COP of the refrigeration system from being deteriorated.

[0014] Specifically, the first aspect of the invention is directed to a refrigeration system
including a refrigerant circuit (10) in which a compressor (11), a heat-source side heat
exchanger (21), an expansion mechanism (12) and a utilization side heat exchanger (22)
are connected to provide a vapor compression refrigeration cycle, the expansion

mechanism (12) being constituted by an expander (12) for generating power by the
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(23) capable of controlling the tenperature of
refrigerant flow ng towards the expander 5 (12).
[0016] According to the first aspect, the tenperature
of refrigerant flow ng towakds the expander (12) is
controlled by the tenperature controller, thereby
provi ding control over the specific volunme of the
-l.ge - eqspegt fi t r [ t
XpEhpESE Al MUEDERI NG, (OF) Mg BChERLA, coumected 1o the
d the refrigerant flowrate into the
m% p&ggggﬂTo is increased. As the refrigerant reaches a
yghe t ibdrati kefh Purvtf HSes d REfpeAREE controller
(O P FSHBIRREE (e fippraoPaBlcnn Rty eTRplis o (eRheR
' ARefridekne ke idwaed Bt expander
(Z?Fgﬁge ?gggé%%%%éhée%%ﬁﬁgrg( 12) i's contr olﬁeed, t he P
UQ.OM/rate t hrough the conpressor (11) and the flow
rate through the expander (12) can be bal anced even
[00h6] N RBRIR {0e FR8IHshéR tRe CtapgQurd ol fefiaferdnt Slowshgivards the
according to this aspect there 15 is no need for the
exlpahddrqar pitt conbroned By thevehherdniie cdxpelldethefeb?)préviding control over
bypass the expander (12), the power extracted from
thehpecifipantiahe of Me fefrigepint, Bel be apecifi©Ods7the Toigemadrwiches a lower
aspect of the invention is the refrigeration system of
tekdperaniresits fRpHitt volumb éy eilucedrandtbé rdfggeramttflor rateinto the expander
(10) is configured to be capable of a heating
isopereaatédonAs nhe whirighrane fredches anhighérotempgratimeo oig hspebific volume is
utilization side heat exchanger (22) rel eases heat and
in2feagedc and itheg refrigerant Sowi lateninte he expandesr sntedfitagniThgrefore, if the
through the utilization side heat exchanger (ZZL
tetrglesmureaxftre frigdranh dlomiing taverdsethseaxpandes (EDris contrelfedy g flow rate
is configured to have a higher capacity to coo
thredghi the camprassanl hyandotha floav ratethesushrthie expandsr dg) Famybe balanced

the cooling operation than_during the heatin

evpeif she eperatirpoceplitings shagsgFurthermares svgnaccasag o thin,aspect there

_cooling capacity of the tenperature 25 cont rogl er
IS(mpequfomitgm sfrigerantnoving tewands he exrander dR) 4 gypass the expander
during the heating operation. _Therefore, even if the
(121 the gewarextracted dfom s sXBarIght!2) Pt 2ed¥e*dur i ng t he
cooling operation é)l%nder the conditi.on that

(85} § gearom espenolibe BueRipneg e BaPaHER, i ofdhe first aspest
S DS 05 S ' o EUEAS 1 AL o Dcating operaion i
SRR b L B LALLMt 2 A bt nd
a?:hgl\ﬁg%%ﬁaggo?{i% %eclg%ﬁ%gan{t El]é\rzv'irgget%ghfﬂlleownfz@{i&a Eiﬁé R Igxchange:r
(22) takes heat and wherein the temperature controller (23) is configured to have a higher
capacity to cool refrigerant flowing towards the expander (12) during the cooling operation
than during the heating operation.

[0018] According to the second aspect, the cooling capacity of the temperature
controller (23) is higher during the cooling operation than during the heating operation.
Therefore, even if the refrigerant circulation amount increases during the cooling operation

under the condition that the refrigeration cycle is designed to balance, in the heating
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cool i ng operation. Hence, the flow rate through the
conpressor (11) and the flowrate 5 through the
expander (12) can be bal anced during both the cooling
operation and the heating gperation and the recovery
power fromthe expander (12) is not reduced because of
no need for the refrigerant to bypass the expander

Oéeé%t%dn (RO Hw The bl ARP&SEhpedsot :(Elej AN®thé GTow Safeh@irough the

I 'gerat’ion systemaccording to second aspect,

eNRREG (12) R AGIRRE BF WIS SR UTOWihS inté 2%) exipndep (BY)i dah be dncreased.
y aninternal heat 10 exchanger (23) in which,
Tﬁfé;ﬂr_@&nwﬁmﬁ‘agé P eheOREN @rhr Tlow ©dts inaret g theabipander (12) during the
passi ng through the heat-source side heat exchanger

cc(cﬁi]nk SREMIORY HRfed 18R TN RI€e fhrbGelt %) espigsdoedll) and the flow rate
exchange wth refrigerant before or after passing

tHrbEUaR Hhanddri 12y akd 08 KldRed Rating toltafige todlidg) operation and the
serving as an evaporator. [0020] According to the
htfling Gpe@BsE hnd térbdtSety \ovisd Glon the @Rpdraler (12) id et reduced because of
refrigerant after 15 passing through the heat-source
n6 ne&l foe e refieaung &7 by(pasds the expander @8).a gas cooler is
cool ed by heat exchange at the internal heat
[ENOD DRy third33spedtt ¢ theenveftiohge rthe trefiigémtien oysteht ancording to the
passing through the utilization side heat exchanger
sécday aspecy,i wherain the teupgratost controllbu€23) tisieonstipged by @n internal heat
volume or the flow rate of refrigerant flowng into
ekdttanger2Bidiarwi{idle Xduiisg thertopbihg epkratiarh eefepsrantzafien passing through the
the flow rate through the conpressor (11) and the flow
heattseutcersidegheat lepchaggera@bhsatwing (as 2) gasugdolry ipeegled jpy heat exchange
cool i ng operation and the heating operation., [0021]
withereffogarart befgreowr affer phaesing thwprghothe| wilizagon side heat exchanger (22)
refrigeration systemaccording to the third aspect,
seivengaeasanteNapdraioer nal heat exchanger (23) is configured
so that, during the cooling operation, a refrigerapt
[00790 n e cqording o dhectbirdiaspestgHringi the colineg ereralion. ffsff&%emt after
or after passing through the t?m i éﬁél on. si de heat ler i led
pessingaihFaieh(the heatspyics §idg deal£xghansst 1 ld Seryeg ISRRASHRQ eR 1s coole

et b R BB B, ) S5 g e or o
c a i ; )

855, B B N R e U 5 S PRpr Ts. o
ol SRR3Rt A AT PRI  conote
B AT e A TP e
SRS GPRE b BBy a4 PR R AR 2O

[Hflill]i Zﬁné ?&n‘ﬁx’ gs%ect of the invention is the refrigeration system according to the

third aspect, wherein the internal heat exchanger (23) is configured so that, during the
cooling operation, a refrigerant channel (25) thereof through which refrigerant before or
after passing through the utilization side heat exchanger (22) serving as an evaporator
flows has a higher heat transfer capacity than a refrigerant channel (24) thereof through
which refrigerant after passing through the heat-source side heat exchanger (21) serving as

a gas cooler flows and that, during the heating operation, the refrigerant channel (24)
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heat exchanger (22) serving as a gas cooler flows. 5
[0022] In the refrigerant circuit, refrigerant after
passi ng through a gas cooler has a higher heat
transfer coefficient than regfrigerant of |ow pressure
before or after passing through an evaporator.
According to the fourth aspect, the internal heat

thggg%ﬁxawféh @&ﬁ%«h& b?:ﬁg o9 U elrﬁ]gsihé‘ 3thr

. ougﬂrﬂlh@ OhdSource side heat
i ng operation, e refrigerant- channel (25)

m{cﬁ%ug&% RZWSF\H?% IB'?]:HE e OIoRRbr ARIORS £lovir Rkt tﬁ’ﬁfsgér'?ﬁpacity than the

I zation side heat exchanger (22)

TSI DRI et B ot s

h ali‘EQ&&H%é’Whmefﬁﬁ%w@gﬁ%o@‘r'ﬂ%{:vs.IOaSSi ng through the

eat - soUr ce si de heat “exchanger (21) serving as a gas

[0028] e ftheverRBdni BRbuit, %f(%iﬁ)ﬁmﬁ Qﬁepﬁﬁsi@gﬂ'ﬁ&%aﬁigaﬂ ,cooler has a

the refrigerant channel t hrough whi c

hieBE heR "1PRbreP @bOMRIRt tith! Rfrideaas | dTdoWhpreskufe bbfore or after passing
Rheat - source side heat exchanger (21) serving as an

{HRYBPOAAE Rpofat VA cbiRding th ae foulBalspéot,ahs T:eermabae iekshanger (23) is
than the 15 refrigerant channel (25) through which

chiiffgurgRdorBat, iy the asalinpdpetutionghe tdffigerhnt dhamidl (26)shdegh which
heat exchanger (22) serving as a gas cooler flows.

refHpi&rantt thfora e later pdssingahroayls ieng#izatlonr sidg hedtexclaigen(?2) serving
operation beconmes |arger than that during the heating

a0 e evdpoaior floehmfaigherdieat trapsfeln eamoity ity tbe esfegéront, channel (24)
the refrigerant flowi ng towards the expander (12) is

tirongtedhivhr refrigeeant dfiei paysingahivagh itreghapeowté side Hdenhexshanger (21)
the flowrate of refrigerant 20 flowing into the

sexipardergas tadledfiownand thet, dudig thg heptingenienationg the refrigerant channel
i ncreased, whereby the flow rate through the )

(29 ripromgh ovhi¢h 19frigerdnt beforel anvafiestpassing dugneh the heapseaes side heat
(12) can be balanced during both the cooling .

exghangeri (Bh) serving 4e ah €AEPAIYHOD gewatham lowgydeay tramifer; Gapagity than the
aspect of the invention is the refrigeratiqn system

refoigerent ¢hgnnel (2Pcthrough mbichag Fegerant ghier RasHng HEoygh e yilization side
heat exchanzqer (23) includes_a heat .transfer fin éﬁp; b
hoat gchatage dZDnSelTBE @8 o $a5etaRift t{qu% rleusy 9 anqpap giheat exchange
dré b GPoLRE SPRIGS: WSORRT GUSH £HE e KlE R hwptis operation
ea ot PR Eh e T R ap e AR AP Gl b M ppancer 12
1 3551ed dporé i diing 48F piing SPorali B QS ARG betigeran
feipin o {BseSroRer A FHPEreioSHapPfiral b hRgloy the fow
rgtrg |0q]egg the tcr(])m%rerggoart (1t15 A3 ftﬁg ffo\v\p rétg(il)lrouélb %@@%HCIOEIZ) can be

balanced during both the cooling operation and the heating operation.

[0023] The fifth aspect of the invention is the refrigeration system according to the
fourth aspect, wherein the internal heat exchanger (23) includes a heat transfer fin (26)
provided on the refrigerant channel (25) through which, during the cooling operation,
refrigerant before or after passing through the wutilization side heat exchanger (22) serving

as an evaporator flows and, during the heating operation, refrigerant after passing through
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exchange in the internal heat exchanger (23) during
the cooling operation is larger than that 5 during the
heati ng operation. Thus, the specific volune or the
flowrate of refrigerant flgowing into the expander
(12) can be controlled. Therefore, the flowrate

t hrough the conpressor (11) and the flow rate through

th‘g E@}i?&%@féh&ﬂ&mmr ?&g havaRcad @ythdler ek the

ng operation and thé heating operation. [0025]
Si FIPRCthe Hfih DPedtNNREY heHaitiouldd Qefiigbrahg ElizaheloRs) in the
[@33 erﬁgggi:or dF’nget 0 t%?et hi rd 18] aspect, wherein the
ing&hﬁrkﬁ:@{ ch8ahe 2 XS NPRAREvileBvithS Keabtragsférefin $26)] thetamount of heat
uring the cooling operation, refrigerant before or

efthbfde iRARS irdndINeRUSEhirper (23) i@ the BoslirbeopeeAion is larger than that

exchanger (22) serving as an evaporator and
dﬁﬁﬁ% HEChéihg addefitioR 2 TRUL) Ghé Rpevifih vblumnehenthesfiowaatesofi eefrigerant
heat exchanger (21) serving as a gas cool er flow

bW Thd BxpaRdOPARicas Wi comtiolledsThepeforadle fbiverateatitough the
that, during the heating operation, refrigerant before
cOmpREdoR (1 Daasl the flbd faty thrightthe exymatder(d2) can I bidarvedduring both
exchanger (21) serving as an evaporator and
tHeafoblife bpdthtiorpdridethe heatingrgetaliomugh the utilization
si de heat exchanger (22) serving as a gas cooler flow )
[0025] et Thexsigh aspect bitths amention isahé mftiggramelysiaorancdiding to the third
to the sixth aspect, the internal heat exchanger (23) .
abyeest, aviergihahe heerhal leat teohgeger €23)i is iconfiguredi 5o #hgt.tdusing the cooling
cool i ng operation than during the heating _operation.
opération, 12ftigernt ibefoze 0alaftne passmgcthravgh the nBlizatiey side heat exchanger
hi gher capacity to cool the refrigerant after passing )
(22)r Bughg t2h emesvoperater and xpfrisgrant gitempassing| thinyeh gas Aegtgpurce side
than during the heating operation. Therefore, the . .
heatoschangsr (Bhosegying ie aceasprasdes dlovy therethroyek i oppesjfe directions to

rate through the _expander, (12) can be .bal an ég durhﬂg .
cbeh lothen candotal rpriBge et hAHInE RPCTSnN T BTG BUPTR: P AT passing

0027] The seventh aspect, of t i nvention is th .
thaomieh g het-oomres, e PPl SR L) TN S Ay fvPROEDp ang refrigerant
wherein the interngl heat. exchanger (2 is .
b e BEps) i GOBIES pioBGoH R AR () S8 18 5 e gl flow

n inner .channel (24) and an outer channel (25)

1€ lﬁg}ea"‘@’é‘r‘?t TeEW¥h other. 9 [0028] According to

A BoEARE L RBE b GBSO 25 v v
SEHSET Bt O o 5 1 0 Sl cerion. T
the Er}{érlﬁgl Reat %}?ch%}/lgeqc&?)t s aaﬁghér%p{i&tfyrtb LE6PME refrigerant after passing
through the expander (12) during the cooling operation than during the heating operation.
Therefore, the flow rate through the compressor (11) and the flow rate through the
expander (12) can be balanced during both the cooling operation and the heating operation.
[0027] The seventh aspect of the invention is the refrigeration system according to the
third aspect, wherein the internal heat exchanger (23) is constituted by a double-pipe heat
exchanger including an inner channel (24) and an outer channel (25) disposed adjacent

each other.
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after passing through the heat-source side heat
exchanger (21) serving as a gas cooler, 5 thereby
controlling the specific volune or the flow rate of
refrigerant flowing into thg expander (12).
Therefore, the flow rate through the conpressor (11)
and the flowrate through the expander (12) can be

nc i e i r@j*oﬂﬁ Bﬂtbﬂ,eth double-pi
[@gﬁingggggpg??éﬁ£g Sogb?ﬁﬁﬁéﬂﬂ?b ?% asﬁegf@oflthe ¢ dowblepipe

Hfglvg,ﬁ?]%lgg&r i ubdaero’ SlchhfR! Rtlal 8owRYS RN hSatAt befofeCort dfter passing

aspect, wherein the internal heat exchanger

throadh e EE2stdr YAERabYxhak ftk €E2)|seiviceah 49l evaporatd@ aid the refrigerant
exchanger 1 ncluding an inner channel (24), a first

A2¢t PhssafprGigh( BeNeatlicup@s Side hosli @eRAigeAN2 DUsesvidg asfa gas cooler,
the i nner channel (24) and a second outer channel

théeR) consdRgethe gicendlumsirhbe fluw sitd@f abfrigemnt flosving into the
channel (24). [0030] According to the eighth aspect,

é%?éﬁﬁdég (1De TheRkférBghePRwtraenthrdugh thbrempresyar @d) a8 the flow rate
pl at e heat exchanger is used to exchange heat between

thitRigh ahé iegpardet (1f @nebo balahdedr durprresbothgtht hrooliggh opération and the
utiFization si de heat exchanger (22) serving as an
ledfippopdrationand the refrigerant after passing through

the heat-source side heat exchanger (21) serving as a .

[0029] cOht eighth hepeebyf theninveitionny théecfiiperatién sysiesn waeording to the
or the flowrate of refrigerant flowng into the

thirp agstet, whiR)in thEfisteafabhent exthangerdByiacenstititediby a thyee-layered plate
conpressor (11) and the flow rate 20 through the .

leep @rclemgérl dcluding be ibedrachene] d34). ry fiset onteh ghanpel (354) disposed
operation and the heating operation. [0031] Ninth to .
aacent genuthidaofdiee innef chamael @dpand aseeand Qe dapeg! (328 disposed
by providing a tenperature controller (23) for
@%@enh@mpu@@p@ﬁthqlquh@mebmads the expander (12)

onl during the cooling operatjon and st Og;gelga?t ont= Iﬁ?e three-layered

0930l dssriding Touthetsighth dsRachgliring the sPeling
RS B 90T wICE! SR b B B SRR ptre or e
ExsHpE ASBEh ey e B SShateat (HdEH Tof Bt figeguyor and te
(b5 BER SR TEB SR B0 M ping o
e, el Gy EnEhmfie s louite § Bis Ty By BFkigia Towing inc
%aetxipn et ?H).a'}'fle(%gfo&er] tl\{\éqhg\;} r%f%ftﬁxioggﬁ e CJH'I&\%.SBQ(II) and the flow rate
through the expander (12) can be balanced during both the cooling operation and the
heating operation.
[0031] Ninth to seventeenth aspects of the invention are characterized by providing a
temperature controller (23) for cooling refrigerant flowing towards the expander (12) only
during the cooling operation and stopping the above cooling function during the heating
operation.

[0032] Specifically, the ninth aspect of the invention is directed to a refrigeration system

including a refrigerant circuit (10) in which a compressor (11), a heat-source side heat
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through the utilization side heat exchanger (22)

rel eases heat and a cooling operation in 5 which

refrigerant flowi ng through the utilization side heat
exchanger (22) takes heat, ype expansion nmechani sm

(12) being constituted by an expander (12) for

generating power by the expansion of refrigerant, the
eﬁ&mﬂg 21?,1%.) e)giﬁhﬁgn HRERA NN @ 2)YandoD G6162a80n slet Keat exchanger (22)
conpresso 11). [0033] Furthernore, the refrigeration
a?ey §<§r§1‘&t@9 th RREviEe BVapSE SorApre L Felfi pératiein bydl@)| the refrik@rant circuit

23) capable of controlling the tenperature of

)bk §x§ﬁ§‘u?ed &f bé 9aradld of 4 GRAtig bsuratasin Whieh refrigerant flowing
(ie‘??g%ﬁ erg (12) and th?tenperat u?g c%arﬁ?rol ler (23) igs
16R05h e 8fliafiofi Qe Hea€ctthaher PRESEages! Iial b aaobling bperation in
during the cooling operation but stop the cooling of
vihen hifaBeraft B5wiiEahfokN itlgeutiiatich side hetthexcharager (22) takes heat, the
operation. [0034] According to the ninth aspect, since
ekPansiintediag A1) beihg icoestianed by anierparideméd2)ifor geberating power by
expander (12) is cooled only during the cooling
tBP @Kkpirisivn bftrefrigenat, thedxpehddnr(il2)y being mhetmhically connected to the
operation, the density de of refrigerant flowng into
dobpresgredier (12) during the cooling operation can be
i ncreased. Therefore, even if the mass flow rate M of
[0033]i gPurintrmops Sl refiiganatonnglystemefurbapeasaprises @ tgmperature controller
beconmes | arger during the cooling operation than .
(@8 capgblehaf ¢ravimolling thp dempérature @ﬁglgha-’rr@ssg@r rgfrigerant flowing towards
i ntroduced into the expander (12) is 20 accordi n%I y )
tho eikpahden (12)camhte temperaiwrs dontipllera(23) Ne configured o cool the high-
refrigerant passing through the expander (12). This .
Iressurecesfrigraant el duEng thic Fepling RPSEALION WL SEPe el\%’ogﬂ% of the high-
Me. Furthernore, according to this aspect, since
prpssuee refrigerant dudeg the heatig ¢RsTaticBer ant | owi ng t owar ds

5 LR 2 DL e SRl bl owin v
§ e 5 005 T 1 BSSREESRLeb  s ri e
SRS St gL B B FROAAE BT Sl 1) g e
058 M e EATIRBEE LO0 6 B Mot egern
QLR ARt SRS, bR BEPAR bt opestion e
R B SHAHE ook S35 050 R0k RO o b 8 ancer 12 i

accordingly cooled to increase the mass flow rate Me of refrigerant passing through the

expander (12). This balances both the refrigerant mass flow rates Mc and Me. Furthermore,
according to this aspect, since there is not need for the refrigerant flowing towards the
expander (12) to bypass the expander (12), the power extracted from the expander (12) is
not reduced.

[0035] The tenth aspect of the invention is the refrigeration system according to the
ninth aspect, wherein the temperature controller (23) is constituted by an internal heat

exchanger (23) in which during the cooling operation the high-pressure refrigerant is
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pressure refrigerant. Thus, the suction tenperature of
the conpressor (11) increases and the 5 refrigerant
density in the conpressor (11) thereby reduces.
Concurrently, the inlet tegperature of the expander
(12) reduces and the refrigerant density in the
expander (12) thereby increases. Therefore, during
| 1 @ih Wby phddGur IR Righlagiy T ate Me of
C%éﬁﬁﬁﬁ@%%ﬁ%j%ggsﬁng thPough thegexpander (12) can be
[doﬁﬁ ?@&%Qr&iﬁ% Ralane@id hspabil QubiR@ tH8Solink! SPMrdtdhe tHEhigh-pressure
refrigerant passing through the conpressor (11). 10
rJﬁQgéZAt iThBoRHEHRE MhiasMerdat @kcHahgerl ﬁsye BY ihest dxehdrdpe with the low-
re e

rigeration systemaccording to t tenth aspect,
pl&EE i ant. ThE, BR! subSeH tefperaniie of the2dinprddsdrydiBSinereases and the

first channel (27) and a second channel (28) and is
réfﬁgérhﬂu aeskidy 0 i &hé aalpr&sel (IpathegetyhastueesheCoviarrently, the inlet
refrigerant” flowi ng through the first channel (27)
téi'xgﬁirdt@tferdfgﬁé 2RpankibOV2N gedubssoargdhtht hefrigemandensitginthe expander (12)
(28) and wherein the Internal heat exchanger (23) is

tHe@dHyl Hidfe@skss Thiefefibre, durihgdithe beolingobperatidk; thp emaas ifow rate Me of
hi gh-pressure refrigerant flows through the first

refHaaasd passiny tiaodgh the-qaparisti (k) caebe inpeeaaed tof badanse it with the mass
t hrough the second channel (28) and that, during the
floeatategc op sofepéram, pastingthrqughdbeicanpressor dpant f 1 ows

t hrough both the channels (27, 28). [0038] According

[00374 heTled dvemtthaspspteattthe ihvention isttbe hefrigenation pystem pegerding to the
since high- pressure refrigerant flows through both

tdritle aspeaty vélesein 2 in2@Pali heat exshanges (33 inpludes w kst ghgmel (27) and a
20 (23), it flows into the expander glz) wi t hout )
sedvad ghanpel (28)tande penfigueed torbeiaapatie 08 bedi giehange petwygen refrigerant
the cooling operation, high-pressure ref rgir{g{eraﬂt

ffomdng tHyoughr e dhstiahental (2D asd Apfiigerant floywing throygh the second channel
i nternal heat exchanger (23) is.cQo

(2R0cndrvehersin the intemarhegisexchangeld) g%?cgr%g%dg%% , during the cooling
ceBO PR igerarB T EPHE! FRSS Trpegh R EAghapRe] (17 and low-pressure
P Dae Si2nch Btatreend (e ZBR B et B, e Pertie operaton,
HOBSP oI i r I pioUEh P e RO AST s < he

el Aot Bl Piar chadt “Crhapune fosap St GRRER, since igh-
s R B e RN TN B cxchner
SEL 5y R SO b SEAOARLe (B e b
By R ARG A i fst s

(27) in the internal heat exchanger (23) is cooled by heat exchange with low-pressure

refrigerant flowing through the second channel (28). Thus, during the cooling operation,
the mass flow rate Me of refrigerant passing through the expander (12) can be increased to
balance it with the mass flow rate Mc of refrigerant passing through the compressor (11).

[0039] The twelfth aspect of the invention is the refrigeration system according to the

tenth aspect, wherein the internal heat exchanger (23) includes a first channel (27) and a
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operation, high-pressure refrigerant flows through the

first channel (27) and | ow pressure 5 refrigerant

flows through the second channel (28) and wherein the

refrigeration system furthgp conprises a bypass

passage (45) that, during the heating operation,

al l ows high- pressure refrigerant to bypass the

| r ' tHahfle b&web® refrigerant

S?&%ﬁf@ﬁhgggﬁﬁfﬁ&?uégﬁ ‘?gggﬁgg%gﬁggggéﬁgsion,QZince s

Teah ! ] 1Y RASA8®inkEBroupk €id'sdcond channel

fﬁgg?ﬂexc aﬁggﬁé({f%ﬁﬁlt ???ﬁ%@éﬁ %to t he e%pandgr 10

( ng,zi)vh\éf Y infd?R HeBO exdhing 2RSS At tinfigufed sohantdueing the cooling
hd, during the cooling operation, the high-pressure

ogéfaﬁb %@ﬂ?re@é&&"‘r&ﬁgérﬁﬁtoﬂ&bs tHagugdhi ths tfirgthvhamned! (272 7ndi lew-pressure

ooled 1h the internal heat exchanger (23) by heat

rEfigBARO oWk ihrob BIP thed WecBh® Shatine] (28)! dndewheitinf thewefiigeration system

through the second channel (28). Thus, during the

G| JAEhpRRREY Abiypabs pabiage e thhtpduring eheMieatihg operation, allows high-

refrigerant passing through the expander (12) can be

Pr&X6heasRigefant oypaGahd interhdl heatexchamger (235 flow rate M

of refrigerant passing through the conpressor (11). _

[0040} 1] Adhiedibpito tthe mivelfthsgspedt, dfiringehei aaging ioperatieny $ince the high-

refrigeration systemaccording to the tenth aspect,

piésenel refrigeeant bypaseal the éaternek béw rgehang@3(23),rit flowedntg the expander

first channel (27) and a second channel (28) and is )

(EDntitlyout ehartginghiés empetabuere.ddn theatthenbehd ryeing thegneting operation, the

refrigerant flow ng through the first channel (27). .

hgtepresfuré gefrigerant flowinggthtaugh bt firstechernucd (27)cis nenled inghe internal

(28), wherein the internal heat exchanger (23) is X

heahéxchanged (23) bhheat eachangg withethedowrmigssurspefrigeras flowing through

hi gh-pressure refrigerant flows through the first

théraenonr qhamyel £28). (Thns,pdusinguthe copling ppERteH, the Hass flow rate Me of

through the second channel &28) and wherein glgg -
refrigerage passingriheopgh dha expanderdl2)srhe ingreasgd 6?/% ce it with the mass
ti}assage (46) .that, during the heating ogi ation,

W Bt Mcovirefsigerant passing thirpyl) the comprassath): ¢ he
i nt ernal heat exchang 25 [1004 Accor di.n

(04 1 The daritanthSPetior thy RIS o1 GHay SERAfSording to the
Dy B SRR S B o R et 27
SeremLRg 28} Bpe ARt .58 B efreRiondhisdd terpseep sofigerant
HSREAGoLRY o Hthel @7t SRS i60ind bl Rheond channc
@R Ve Be i B RO & (RboRR Rtk M Gutle he cooling

%%ga&g)gr g@;ﬁ%gésm(e?r%}rige;rﬁ'ﬂ Frowd lffnio'ﬂgh HREA{P Phdnfiél (27) and low-pressure

refrigerant flows through the second channel (28) and wherein the refrigeration system

further comprises a bypass passage (46) that, during the heating operation, allows low-
pressure refrigerant to bypass the internal heat exchanger (23).

[0042] According to the thirteenth aspect, during the heating operation, since the low-
pressure refrigerant bypasses the internal heat exchanger (23), the high-pressure refrigerant

flows into the expander (12) without changing its temperature. On the other hand, during
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the mass flow rate Me of refrigerant passing through
t he expander (12) can be increased to 5 bal ance it
with the mass flow rate M of refrigerant passing
t hrough the conpressor (11) 43 [0043] The fourteenth
aspect of the invention is the refrigeration system
according to the tenth aspect, wherein the internal

ﬂ{be@qtohﬁg %g@ﬁgg tﬁgﬁ gm blreSORS fe%’ée?&t%vﬁﬁ?lhro@éﬂ 1hB Firkthéhannel (27)

gh-pressure refrigerant after

i gcﬁ’llecf‘ 9n ttﬂé %gxtﬁaL ﬂ@at h&%ﬁ HIES) By q’x@ath@)&‘han%< G/ANGErlow-pressure

cool e erein b eat ‘exchange wt

%tﬁgé ﬁ rf:g Qﬁé %n@%ﬁ%&l (29). PRSsS idifing RMiOb@ling operation,
utifrza |on S'de heat exchanger (22). [0044]

QM RP rdO Mt rEﬁigreIf&@ Eiﬁm@&%ﬁ@h fifbxpRgtck (E2)@an bk higereased to

operation, since the pressure refrigerant after

b?ﬁﬁéé it g\nﬁﬂh@ HﬁE‘s 6% rett@ Mc SaefripRramt fsihgabroegie tirrgarpressor (11).
I's cooled by heat exchange wth the | ow pressure

[0643]1 TERAfHurtb&itl beHeBEShé thvehdiLig he defrigertitioni systtinciecording to the
side heat exchanger (22), it flows into the expander

ténkR )aspéct, whérSint @ETIReRial heatléxchafice €28)ais tonfigured rsoi thyt, during the
i ncreased. Thus, during the cooling operation, the

JaBESe bpeaavidr high-prEssafe refifgerant nfiet papsisg thrgughhthe ingat-soheee side heat
expander (12) can be increased to balance it with the
exBlsdhgh] (@) rigticoolbt théreinely hept rexnbange sxithn pw-pressiyh refigerant before
conpressor (11). [0045] The fifteenth aspect of the
passiegthraughi the ttikzatiof sidg deattexclrnggrs@@m according to the

tenth aspect, wherein the internal heat exchanger (23)
[0844]onAiccurding to dhe frmtteerdl abpegt, dwing 26 eoling egeration, since the high-
operation, high-pressure refrigerant after passing
frbssoregteftipeaitesfierspassiog thicugh Hgatheetxf@ﬁmg@fie (hea ex@anger 21) is
cool ed therein by heat exchange with_| ow pressure

oetadi e heat: exchaege Wpihs@ﬁ rlthR*F?%H’@hfef%%ﬂmtl ety Paaﬂng through the
si de heat exchan er [0046] Accordin

ytilizedem side ehspte@qc ARG i( 2{%) ittflowsoiste Hy %’F (E;,) Wghﬁﬁetempefa‘“fe

the high- pressure refyrigerant. af assm Ihr

refleced eand-itsolnngisy §1CEF‘@SW€ us, QYEing 18¢ c?(g%p)g qu %%p%sa flow rate

B ot B B3, B e i
h 22) fl ith

0% HOnTA &m@eﬁmﬁﬁ%mhg phel pERER P?S%Oﬁif@)?si“df

Hélwbd@; E{]@rﬂ 574 ok D lgpﬁél%@;}ggﬁ e b bing t e

éepﬁwgf i R IR 2088 ¥ e PS5 it during e

rﬁteoi’agoh?é,]l}l#éples? rg letﬁg% 'Qﬂe?gggsﬁgQElB‘ﬁg%ﬂg heafl ?ource side heat

fgeration system-according to t
exchanger (21) is cooled therein by heat exchange with low-pressure refngerant after

passing through the utilization side heat exchanger (22).

[0046] According to the fifteenth aspect, during the cooling operation, since the high-
pressure refrigerant after passing through the heat-source side heat exchanger (21) is
cooled by heat exchange with the low-pressure refrigerant after passing through the
utilization side heat exchanger (22), it flows into the expander (12) with its temperature

reduced and its density increased. Thus, during the cooling operation, the mass flow rate
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tenth aspect, wherein the internal heat exchanger (23)

is configured so that, during the 5 cooling

operation, high-pressure refrigerant and | ow pressure
refrigerant flow therethroughh in opposite directions

to each other. [0048] According to the sixteenth

aspect, during the cooling operation, since the high-

B AR AR dRUidRE BEBYLS bk Scié436d BNBalddc@W with the

%ﬁﬁg@%‘gi’#ﬁ?@mm gﬁeat xchasg@r (23) in opposite
ofild BELLABME O RATIrAk Befing!thiubh Bl dbASEUEE11).

refrigerant Is eftectively cooled. 10 Therefore, as

[lﬂfﬁfr FHaGkiktBerth GspRBPYetha SRR Aton fitht RefrikE@tiew 9y stétl according to the
operation, the mass flow rate Me of refrigerant

1P 240, tKesig nhé hie@PROH Vxchahgbr Gﬂg/bib Rohfgired@ 36 dhito during the

bal ance it wt the mass flow rate of refrigerant
cOARTY dpRrdtidhOMgh-prdisure QePiEeaA0ind(16W) predstitd@]righient flow therethrough
seventeenth aspect of the invention is the
il ppdsHedrédtions fy&kRReCOording to the ninth aspect,

wherein refrigerant in the refrigerant circuit (10) is
[608pONA ghopdihg €o thkDsikiQeiR laspeee atudingghé oodling spevaivhesintéithe high-
aspect, since carbon dioxide is used as the
piehuire gefirigBiant kriteloshi-pessuentafdferputefinw throtpght the éntetriabheat exchanger
hi gh-si de pressure and | owside pressure in the
(2B ogpssite idirectinrste eachrother, the highapresbuesrefiogepant édeffdctively cooled.
ot her kinds of refrigerants. Therefore, the expansion
Theweoreods adverding td therabnve adpeet, dudng fhet ¢noling paewatien,(the mass flow
can be increased. 20 [0051] Eighteenth to o
rotedMit §£ reiigean ppestigsthough e dxperder (1) can be increased to balance it with
characterized by using a gas-|iquid separator
thqunbsscflawg raamMofeefmigerantpassiag diravghethe spmpigssay (hbat

exchange between refrigerant expanded by the expander
[0949] 1 eThe spventsenth gsprst phtheoavensioniinths tehegesstpaysiem according to
t{10052] Specificalgg, t he ei ght eent h aspezi i.s djrecte,

oniath aspeqtgehereingairigpanbin the sfigsray cuguit £5Q)iigearaon dioxide.
circuit (1Q) in which a conpresso at.-.source

) r.(11), .a heat.
(8030 nAseordieriondis Speentesal asngce,qiRitaSirbpn oxAg 1y used as the
e ek 2 B el bR BBy e prssr
1R g RSP R B STl SO UE PFBEY ¢ SOBRBEGaID pips) Kints of Fefrigerants
ﬁ%ﬁ%&%@ f%pg}ésﬁsq ,%ﬁ{y{ex}jgﬁ a;#g{%?&/r@t@%%‘#e by %;%‘xg,%?dneé (12) can be

.refri'gerant expanded by the expander (12) into a
W?rﬁiﬁe "refrigerant and a gas refrigerant and

or ar i toring, .t [.Oul j .
SR Bl A B R IS BRI by win
éarsj-tlqu(lﬂlaéepm%tr including an internal heat exchanger allowing heat exchange between

refrigerant expanded by the expander and refrigerant to be introduced into the expander.

[0052] Specifically, the eighteenth aspect is directed to a refrigeration system including
a refrigerant circuit (10) in which a compressor (11), a heat-source side heat exchanger
(21), an expander (12) and a utilization side heat exchanger (22} are connected to provide a
refrigeration cycle, the compressor (11) being mechanically connected to the expander (12)

to recover expansion power from the expander (12). Furthermore, the refrigeration system
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exchange part (50) for exchangi ng heat between the
liquid refrigerant separated in the gas 5 liquid
separator (51) and refrigerant to be introduced into
the expander (12). [0053] Agqgording to the eighteenth
aspect, the refrigerant circuit (10) is provided with
a gas-liquid separator (51). The gas-liquid separator
egastiffai ARy fhseP@tink ir8figlrant expanded by the
%%Q%ﬁga@gsregtgr%sgﬁﬁgrgéxpandggj by %%e el§<1%ande'a°ré (12)p
. fifd AR a hSWrd &8 Aiefeiporarily storing the
e)éﬁ%%ﬁz%%oaﬁléé %tlLdgﬂggégﬁ E|:rqui d saer%ar at o% (51) isﬁg’?ovi%ed
idti ' 10nhast e%&?c{ﬁd" aPA6 (313 QbmpFib& an internal heat
I‘Wﬁ‘ﬁ g?%%laé E%fgi%&g&tghange pgart 50)g@pal I owg aeat pexchange
t 2 ek LRRERAR thehtheBReenthe HgLiaefrigaiaat ¢dparated in the gas-
eféﬁ% er (?q)zgo and t%legl iequi drefri gg‘?&ant gstored in
iQfie s¢ara | @YY ghaS@RAeAnelo KeDihroddRA3b theexpander CERE,
hi‘lﬁﬁg t ééll(rge}‘ri ge?gg;?t _too be introduced into the ' .
(093P A&koiddg) tohBE ehtebhtihigpect ahP AifAgetast diteain (10)es provided with a
I'Tquid refrigerant after expanded by the expander )
gdshifquid SERratdP (318 The @aaiguitl Gepeaton (S )dsepadites rthe refigerant in gas-
expander (12) is cooled in the internal heat exchange
1iaA ttwb3Mase Tiusafidrhapaiaiedi by thdexpindeef(12)giatantgas refrigagnt and 2
into the expander (12) can be increased. Therefore, )
1ig¥i@ efirfgetdit Fthernidroythe gias liybidodeparafor i(§Ey mrroyided with an internal
through the conpressor (11) is increased, for
hext agxphangedpart {50t Mthe cintdrbal gheap exchiange , parth 60) edllovgeheatt exchange
to be introduced into the expander (12) is oo .
beocen diengliygetam te dhe tintroduced ide thenexpandes (12)oand, the digpil refrigerant
Me of refrigerant passing through the expander (12).
storddsin ltisd gasdemidwphratdi€Shef ri gerant mass flow rates M
and Me. [0055] The nineteenth aspect of the invention
[0054] hdnrthisrdaggs rsitce dhe ssfigaantatocsr wiraduced infegthe expander (12) has a
ei ghteent h aspect which further conprises heat
higheh temperatore: then thee bavidi refrisesoy aftsr expanded By d—E‘? ggpander (12), the
amount of heat exchange of refrigerant in the internal
réfeigerantiorhenigiodised ipts 81)‘6 expapderddd) 1goplsdin éheoﬁé"l’%"ﬁi'ﬁ&t exchange
conditions. The term "heat exchange.control, nechani sii
PR A38). Bhuse dhmdeasivwis ©f Tefiigerat e fl?tﬁe{}’g‘? ?@ﬁ?&él&) can be
_the anmount of heat .exchange,according to..the .
lwassd-i%r%fef?diﬁf%hﬁéﬁwa | QW I8t |°ﬁﬁ?§’%§ﬁ%‘6r&as%?g through the

e LR G o 050 g L e g e
b%?u?t%&p@i %g% %%{p%&l%xgg@n# nﬁgéoerglgt B/I tgoaﬁ)eglﬁt{c)’ i{l%ljggsgatﬁg WYss flow rate
l\hgk??gﬁg&gﬁp{ Eésgglfgg oe’ég;}ﬂéj %)r(pa(nglgr) (ﬂ'?.dTﬂig Saldnfy Bbth the refrigerant
mass flow rates Mc and Me.

[0055] The nineteenth aspect of the invention is the refrigeration system according to the
eighteenth aspect which further comprises a heat exchange control mechanism (60) for
changing the amount of heat exchange of refrigerant in the internal heat exchange part (50)
according to the operating conditions. The term “heat exchange control mechanism” means
a mechanism which can not only finely control the amount of heat exchange according to

the operating conditions but also control the amount of heat exchange in two stages
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the |iquid-gas separator (51) is changed according to
the operating conditions by the heat 5 exchange
control nmechanism (60). Therefore, when the mass fl ow
rate Me of refrigerant thrqggh the expander (12)
beconmes | arger than the mass flow rate M of
refrigerant through the conpressor (11) owing to a
.n.th ks Fhi dwase. Tl ow
(OFIPEPR 570 Ay LBty FRORL D AR IR TREE. 12) " can
€] L {dChDBSetden i tf 6 Kidafl @k éahge between the
[Oﬁiﬁr]ouégéqrﬁglgc{gﬁ%r essé%&?llﬁ%pé%ts%ﬁﬁ)g?l ing the angunt
Y ' ' nal the Bhuie yeffiae@at separated b
reflpefiEF Lo P FERRGR i IR cxpihdel () 200 (R Bl e masat scpaed by
the ﬁﬁﬁi‘&tééeag @ﬁbéaﬁ)p%lr)% EhQERhEQRdiRY 36 €Y @Retingidogditions bg the heat
ni net eent h” aspect, wheréin the gas-liquid separator
extRAnee OLirDEMe SRR 8609, Thérbfotd, dvlithQhe gfass SowitaenMeSd)refrigerant
or storing the separated liquid refrigerant and a
the aphider PP be@esViaigeh thirf thit ses ddwacitaddatof refrigerant
the lirquid storage section (52) and through which the
thf Sfgh R EGiprebsdr *Qﬂ)lﬁvih% td ©dheard in tecopehring cpaditiens, thmass flow
fl ows and wherein the heat transfer tube (50)
rafONR tdf tref S ranf throuphethe akpandet (12X carabrgequahiot the orass flow rate Mc of
exchangi ng heat between the liquid refrigerant in the .
reffri Ehivardl tﬁbﬁgl@g& @agiressor (132py aodralling thefamayet afbeat axehapge in the
heat transter tube (50). [0058] According to the
inteted] he&t dxchaipegiart (F0)e gas-1iqui d separator (51) is
provided with a heat transfer tube (50) serving as
[008%) | Mherwahtidie aspeeatitan geepten is i eefrigeratian wistemeaccording to the
tube 20 (50) is disposed adjacent the |iquid storage.
nimeetnth aspest) whetbinghe pareliquid séngeatentS1) Sirther pompiaes @difuid storage
into the expander (12) is cooled during the pas%agu% ich
sechipn (&) fohstoting thet separated diquid asErigesoy ab‘g ahg@ trangier fube (50) whic
refrigerant stored adjacent the_quter surfa th%egegﬁg?ramto be

ishtistosed: adjadeat theUlswid gtompe serien é52prand thoushy¥

ingtoope e eapider (13) {1905 SPd MG DI, HPG(Er A S0) constttes
ap GnteTRLbe¥GHHE PGS THSSE CXGRPENENTPL PV i |00 1o goHnt in the
ieRsrEpectien (S B8 Qe ronearromPoneab PRt i n

] ARSI w45k, 08 B SRR poviad i
R A OD) AP BiEcr Ba o ssrh SR G HRE phlt The beat framsfer tube
A0S RES503! ity o RRARGROREE el () mirheGeklirant to be

introduced into the expander (12) is cooled during the passage through the heat transfer

tube (50) by the liquid refrigerant stored adjacent the outer surface of the heat transfer tube
(50). Therefore, the density de of refrigerant flowing into the expander (12) can be surely
increased.

[0059] The twenty-first aspect of the invention is the refrigeration system according to
the twentieth aspect which further comprises a refrigerant switching mechanism (31, 33)

for switching the circulation direction of refrigerant in the refrigerant circuit (10) to
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[ 0060] According to the twenty-first aspect, the
refrigerant circuit (10) is provided with a 5
refrigerant sw tching nechanism (31, 33). The
refrigerant switching nechafizsm (31, 33) swi tches the
circulation direction of the refrigerant, thereby
provi ding switching between the cooling operation in
sellUG By L EVIHE el thegdhd Q&I&E%efh@@h EOBEGIRAE operlios,enN@sin the heat
as an- ‘evaporator and the heating operation in which
! LR bl @R hea@REnde 2R refrivefanesn A ifternal heat
e%éggn%o%clngé?h{fo [O(])]g%djl%%byﬁl)}g case, dt’Bhe 'hfeﬂ;gte exchange
L atinSthe RBbli er@fdry during the
ecog{‘%e%aﬂ(;%g?gi??/g%ﬁ%eat exchange of refrigerant in the
[(l()'fahf!r NRdcoRBRY toRkE RAGHEIR P hbpecB @e refrideedre tivewdt (10Distprevided with a
cooling operation in which the refrigerant nmass fl ow
rdfBb&atsvifthRigoRetidgisnei@1a 3R THelifridesar iskwitthing ondvbanism (31, 33)
snal ler than the refrigerant mass flow rate M through
stvil€nes GRETBROS&N ditekb}ion bh ehedefisgcryntdthereby rpedvidigpg rsaitching between
flowng into the expander (12) can be 15 increased to
R kSolingeopeitidrg & avhichimass ufilioationadide Meatt brchemger t(32) serves as an
expander (12) equal to the refrigerant mass flowrate
eMpordto0aah thid Reatingpopession iq1dhich DO 6@liz@ivont side deatexchanger (22)
hand, if the cylinder volune ratio between the
sevpaddegas(chbdler.and the conpressor (11) is designed
according to the density ratio between the density de
[0661] r el thiyecaaertthé heati exghange sontrel wxrehanisey (601 Allowppniy during the
density dc of refrigerant flowing into the 20
cooling eparation], Ttht, exchengeetf refigerant iwakis intepwl hgdicexgange part (50).
through the expander (12), also in the heatjng h th
Thpenfare; iorthe coolingeoperation i which: the refdgerant mess flovy TatgMe through the
flow rate Mc through the corrtgr essor (11). Theref Ql{/le' hr th
expander (K2)ris likelydotts smaller thanibe refsigershh Fasc iy rale Me through the
mechani sm (60) to_ provi de heat exchange

' e BXpander (12) can be
compegsaan (Haatheedansitngls parafiigesayt Npymeaitorjhe expander (12) can
twenty-second aspect of the invention i he
neresed 42 meKofeay BIESrPLBEE B BAe Dl PR Gpger (1) gaual to the
aspect, wherein t eat change co ol mechani sm
TEBBFraNs MEsHLeY {1l gﬁ%‘fﬁ%&eﬁpb@t‘?'W) al | owi ng
[E)ﬁé?:-]l garnca}aitz P 05}? Zﬁ‘ gg(etpcgﬁigg%a\}ﬂ%g i ifof%replé%g%é é&)an&’é}qn) and the
not or - o ted val v 36)..far ng.r ' v de of
OB SP T SRt Rink P SO, 8, bAREL] O acmsiy o
t ransfer, tube (50), an - VAb¥Eie into th
AR B P2 T 08 e g o
L oudh ' A ABARE RS (B8, also in the
SO ¢ BB B it T i VA e ARt (125 also i
ﬁeﬁﬁn@ %%Eration, can be made equal to the refrigerant mass flow rate Mc through the
compressor (11). Therefore, there is no need to use the heat exchange control mechanism
(60) to provide heat exchange in the internal heat exchange part (50).

[0063] The twenty-second aspect of the invention is the refrigeration system according
to the twenty-first aspect, wherein the heat exchange control mechanism (60) is constituted
by a bypass pipe (57) allowing refrigerant to bypass the heat transfer tube (50) and then

flow into the expander (12), a first motor-operated valve (36) for controlling the flow rate
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transfer tube (50) is controlled by controlling the

openi ngs of the first and second notor- 5 operated

val ves (36, 37). To be specific, for exanple, when the

first notor-operated valve (4§6) is fully opened and

the second notor-operated valve (37) is fully closed,

the flowrate of refrigerant flow ng through the heat

R (¢ 1 Shd TRt Ta68fr AYé (S0, dA0AIBEcoAl motor-operated

© éggégggﬁgﬁgegogg%%frigerant in the ezt transfer tube
v£1§9%37't) gort(,jaﬁfrgllﬂ)ig QRAIWEEt fefhidernt tmﬁ$mmbypéss ipeQs7).

the ot her hand, "for exanpl e, en the first

[OFBUPT -QRBEBAEH thdhWent(-36dond Qs é;c)t,ftldé hoghtosfatapathhiige in the heat

second not or-operated val ve ( is fully opened, the
trhhs@% thed 50 fis coiiolied By dhtrbiliapitNgopdpinps i thdrfirsoand second motor-
transfer tube (50) becones substantially zero and the
O?émt'é&tva%s AB7E o enpeciat, foetxargsie anhen the tfivgt thetat-operated valve
ransfer tgﬁg (§O) t her eby alsdmggbones zero. Thus,
(36)§s ANRWpenéd arldehié sesad anvgar-operditevdiea(37) isfully etosed,sbe flow rate
(50) can be controlled wthin the range fromzero to
ofBaftigerantfowiap throbdt the Heletraysfonitalges(50) ist hexifrizestandrtbie amount of
second 15 notor-operated valves (36, 37) to )
hefpexepiiniget 6f reffigreant ihhidbe dfear GandferatubexSPnmsythetsby controlled to its
refrigerant can be provided according to the operating
nesbdihivahe. Oa thadther eady fofr ekayeplanwhemte dirstimator-apasateg valve (36)
through the expander (12) equal to the refrigerant
infidly désed andttee $dcond motergiperates valvp (393 dofullyopened, s Bpw rate of
The twenty-third aspect of the invention is the .
refeigesageflawingrthropgh dhe hast taesfergube (50 beeoraes subRagtiallyy zero and the
aspect, wherein the heat exchange control nech ni}s)m
a0t dfcheabersrhange afdefrigpraat ingihe heplyiransies gibs {50)4hrby also becomes
(32). [0066] According to the twenty-third asgsrqut, ﬁ?he ed
zttopWhus, the amoyatr afrheat g¥rhanee Mathg dwabipansiz dnbs GiP) cam hg gontrolle
of the four-way selector valve (32) serving as_t.he
Vitin t@@%@@ﬂ@éﬁﬂ@&ﬂﬂﬁ’é@ﬁ%ﬁ%ﬁ?ﬁ%ﬁ)‘hﬂ qHFL 8?@‘,3 fyrst and second
exanple, if the positijon of the four-way.selectar
moipyeprated velvess n Aot PRPORGAEQBHIRG BRETIAt difa ¢ change of
allow the refrigerant to fl through the.h .
(e EREE HEY! agﬁ?fdm%atﬂaﬁ% OP?fa{f’ﬁ?e%di??“ﬁgg make the refrigerant

ti t,t || fri :
SRR G s 1o, e, S Banp (1) at 1© LREERerbf gp o rte M
ss, f.low rate I\(rri hrough the 19 expander (12) can be
ueh thecoppiess ¥ Ilher ant nass flow rate M through the

[&ﬁ@i{ 5\2 ﬁi? ){/W?ng_\ol-ﬁ%dd%rgéa%f QH«% H}vh@ﬁnlnol@ ?ﬁ@féfﬂéﬁ‘ath{rﬁ%@tﬁn according to

pect 0 nvention 1S

thé ftvrvier%%rfgéti a%Bec%,yﬁfxe%ﬁhatﬁg e é?(gha{r&e control mechanism (60) is constituted

by a four-way selector valve (32).

[0066] According to the twenty-third aspect, the flow of refrigerant can be changed by
position change of the four-way selector valve (32) serving as the heat exchange control
mechanism (60). Therefore, for example, if the position of the four-way selector valve (32)
is changed in the cooling operation to allow the refrigerant to flow through the heat
transfer tube (50) and changed in the heating operation so as not to allow the refrigerant to

flow through the heat transfer tube (50), the refrigerant mass flow rate Me through the
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the twenty-first aspect, wherein the heat exchange
control nechanism (60) is constituted 5 by a bypass
pi pe (57) allowing refrigerant to bypass the heat
transfer tube (50) and thenqigow into the expander
(12), a first solenoid shut-off valve (34) selectively
allowing or inhibiting the flow of refrigerant

f Rk &ﬁ?&igﬂ e compressor
e’é’%‘F @ér#g(?%} Qéhgfiegcﬁﬁa! li@g%v%hzéfg?ﬁ sr,’gég?to ?Ae%?eymal | ow ngthor P
M ]cTHCIB S Jow of refrigerant through the bypass
(lr%yg{éﬁlkés%mﬂ%ﬁ’[e o[t f According to the twenty-fourth
Clys 1 i i DR FrideeativRaly stem according to
e e e B ey tom according
i o n SRR Kea$ BidimAEd cont@] ehidém (80) is constituted
ﬂ%ntgé%ﬁ Oél %gﬁt@ﬁt’eqﬁ‘?ﬁé’?wm be spe%i fic, for exarrp(lée),
hay & HloRhe RIFBEGhAAD Yypassfthé hbatsednefeitgbe (50) and then
b%ﬁkpg%fﬁlggl(ﬁ (34) gIS t%rned oggn and the second G0
180! fRPht Sdpdhderqid), wafie s6iBhdidi shui-offf natlec(3dy selectivelys allowing or
provides the flow of refrigerant through the heat 15
irﬁﬁﬁﬂﬁ% e a6 feBdderaitdhiolgh elelhepy @aristhe Subeq80), end haegmad solenoid
of refrigerant in the heat transfer tube (50). On the
sRither viee @35)f Riecaxanmlliewing eninhibitife theeidw g refiipesdnt drough the
the first solenoid shut-off valve (34) is turned
bylbaggpg;ee(s‘w),the second sol enoid shut-off valve (35) is
turne open, this provides the flow of refrigerant
[0068p U ghcdobding v stsestwrinpe fouth) asperd, thaflaw of refrigerany bypugh the heat
refrigerant through the heat transfer tube (50). In
trahdfer tuber(80) is chanped bytapeningt dne Sfhthefinsi gast serond salespid shut-off
be all owed to exchange heat in the heat transfer tube .
vaey (34T136) ehdrelnsinghibe athdrr Tgdreaspecifins forfexampleathendn the cooling
t hrough the expander (12) can be equal to the .
opefatiomythedirst sotensisl shibaffivatve (3 is tiraesepensad thegseendsplenoid shut-
0%11) during both the operations. [0069] Thgri
fvsalvy (BSX 1shiumndedlpsads thiR Prpvidestheofiow soft sgfrigerant through the heat

refrigeration systemaccording to the twenty-first
trpfor fube B anhtherebyi sy des berd e angh of Gt IHBeteAL N Ly heat ransfer
SR S B S ok h oS 2 stnci

e s b S e s IR b S bbb SR P 1 s umeo
P GRS te N SEHERES e BRIt gassift B G jutivis the
o SR e o 98 bS] By e e
HEe RO P e 0 e b B, o, o
refrigerant mass flow rate Me through the expander (12) can be equal to the refrigerant
mass flow rate Mc through the compressor (11) during both the operations.

[0069] The twenty-fifth aspect of the invention is the refrigeration system according to
the twenty-first aspect, wherein the heat exchange control mechanism (60) is constituted
by a combination of pipes and check valves (81, 82, 83, 84).

[0070] According to the twenty-fifth aspect, the particular pipe lines and the check

valves (81, 82, 83, 84) are provided as the heat exchange control mechanism (60).
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t hrough the expander (12) can be equal to the
refrigerant mass flowrate Mc through the 5
conpressor (11) during both the operations. [0071] The
twenty-sixth aspect of the iggvention is the
refrigeration systemaccording to the eighteenth
aspect, wherein the refrigerant circuit (10) further

Til&gfoyed? t &afﬂ Ees e t.hgjcﬁ i\%]vef @P .%é( §§)84? Qhd ﬁ)%rﬂilfi%]ﬂnésrb?e provided

€ gas sepa at or

Q‘foﬁ EI‘BG/ §f gegr&&%nttm?o nﬂﬁ GraCtr 9‘%5@) Qﬁ’ff’ng the cooling

COI’]tI‘O val ve rollngt Wrateo

lf&aﬁo%] A ORIARL it REXRe HERidd ratidi] %‘é ké’i’ﬁ%&hﬁemﬁé@low rate Me

According to the twenty-sixth aspec the gas

ﬂﬁ&flg;h #e reie]géndélea% R el eauéms R fefripdratt HaiERAY 34t Mc through the

can sent “via the first injéction pipe (55) to

cdrﬂﬁre%?tll‘?@uﬁhéjﬁotﬁfthéJiferatf&gpressor (11). Therefore,
so-called’gas Tnjection can be made as necessary and

[00E] aMRUNen®isiERIspdtt BFtHeAhvénfion RetHeqafrigetdiied sk’étem according to
changlng t he openi ng of the gas control valve

the33ghtedn®d dstlect] Dhetal® fHe)refrepeednt Birasip €X0) f@xfthdrhﬁcludes a first injection
i nvention is the refrigeration systemaccording to
iFB ¢5%) foht@nighhaspesifrigatie e ddidiquil sdpa@tarSl)abthelbuction side
10) further includes a second injection pipe (59)
of ttic senficB@rt(E) hidiw gdas edrtioferabret (38) foheontasllihg ghe dlow rate of
separator (51) to the suction side of the conpressor
refiddramtitbroagh thgUirst iajeotioropipp 83)e (39) for controlling
the flow 20 rate of refrigerant through the second
[00TRECctAcordmgp e (HedywenkyOfiXih aspectotitti gay tefrigenant separated in the gas-
twenty-seventh aspect, the liquid refrigerant
ligeig asepdratdr (51)tche be gent-Via the first mjratian @ipe((55) toctha sbetion side of the
sent via the second injection pipe (59) to the suction
campessonf(11hdherfpree se-sallqdl g3s. infeetipnfagnche made aslr@dessary and the
liquid injection can be nmade as necessary and_th
amapuiaf g8 i¢ction gan h eentradled by shinging theopeniag opihe gas control valve
changing the opening of the liquid 25 control valve
(-’(339) [0075] The twenty-ei ghth aspect of t he i nvention
is the refrigeration system according

[®07ght @ﬁweaap%@nth wRsicE Phthg TpYSaign iy gheaffrvgaqaaon system according
(e EGRITERDERPI PHFEIN e %’r%gcﬁgc?mhéﬁ? fyies dficiides a second
nﬁgt{oﬁi%&éﬁ%#rrsﬂ%ﬁ%%&%fwtﬁ@ ?efﬁv'é?r%?ﬁ' ingdhe gasplw%smatsrf (51) to the
SR SRR e e SR S5 8 g e v

rdde of re%r?é:erggt ?hrouéhe the secon?l injection pipe (59).

[0074] According to the twenty-seventh aspect, the liquid refrigerant separated in the
gas-liquid separator (51) can be sent via the second injection pipe (59) to the suction side
of the compressor (11). Therefore, so-called liquid injection can be made as necessary and
the amount of liquid injection can be controlled by changing the opening of the liquid
control valve (39).

[0075] The twenty-eighth aspect of the invention is the refrigeration system according to

the eighteenth aspect, wherein a plurality of said utilization side heat exchangers (22a, 22b,
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plurality of utilization side heat exchangers (22a,
22b, 22c). 5 [0076] According to the twenty-eighth
aspect, the refrigerant circuit (10) is provided wth
a plurality of utilization %4de heat exchangers (22a,
22b, 22c). Thus, in the refrigeration system cooling
or heating can be made concurrently at plural

e
BRI S i UL BRI B B 0, 10

et fdrztgﬁﬁr? ing! € ﬁrl'féftrat@)@h@ﬂ%f&t (f%%ﬂn% 378 ar’ 3&shcidle® one of the

I'ndividually~controlled in opening, the respective
pﬁﬁéa}ft@ bfh8Rza0bn 3@% i gkaitnobis 341926 yRyIgh the

util1zation si heat exchangers (22a; 22b, 22c) can

[0056] NdAdorkiAg ey 1160 By -ERHth hPRA! khel REriEMRRE Hirdditn{10) is provided
aspect of the invention is the refrigeration system

wABCar fhubdity Cof LfiBzalbahiiee Hebt ageRMEersWP2RLI22bC B2PNThus, in the
dioxide is used as the refrigerant in the refrigerant
reffig&rafien isystérhO koolkf}0 68 heAigocdi B rhadel Bénchivemly abiphirhl locations
aspect, the refrigerant circuit (10) is charged with

tigandi0 hedplaidlide ofsutilizatidrefide geataaichafiiens €223 226N 22¢). Furthermore,
di oxi de can increase the differential pressure

wheh teeglutaliey & figw sord] paless(6t 2, Gimd 616)\wssicthtedowitls saspective ones of
in the refrigeration cycle as conpared with other

thel pldmliof of wilizatien side heattelkehangea (222 22ppR2ay) aof intltvidually controlled
refrigerant obtained 20 by the expander (12) can be

in opemérgs thk refffective Sowfratehef tefrigerart Glowitithedughcbonilizagion side heat
to the first aspect, the provision of the tenperature
exchangab (B, 228)22creqodisl individuaiipneantiolledg t he

tenperature of refrigerant flow ng towards the )
[@07Fhn dBle (weRly-ninth aspeds|of she insensiontip the wirégeratipa system according to
specific volunme or the flow rate of the refrigerant. .
theneiglteenth aspash Wheseincathontdioxddeyis used as dhgprassgsant(in the refrigerant
and the flow rate through the expander (12) can be
cpanibddd even if the operating conditions change.

Furt hernore, since according totéhi S, .22 aspec

t Lh :
[$/8ho Mesoading o fsrtivenly-nipd Fpichi the relrigerest %wgééﬁ)t i harged with
GBFOF HUoKigh B HTEl SiIoE RO Ao (RECRBLp differential
PR RS AR g s RBRR oD T AT e I OB ecration eycle as
C@‘%ﬁ%; :V}r’} 5t§?§?15?§§f§§ﬁ'?ge§§?sggeieactpgr?sicgne Ir)ropuerérac}f l’t'fxeero:frigerant obtained

by the expander (12) can be increased.

Effects of the Invention

[0079] According to the first aspect, the provision of the temperature controller (23)
capable of controlling the temperature of refrigerant flowing towards the expander (12)
enables the control over the specific volume or the flow rate of the refrigerant. Therefore,
the flow rate through the compressor (11) and the flow rate through the expander (12) can

be balanced even if the operating conditions change. Furthermore, since according to this
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5 have a higher capacity to cool refrigerant flow ng
towards the expander (12) during the cooling
operation than during the heating operation.

Therefore, if the refrigerappon cycle is designed to
bal ance, in the heating operation, the flowrate

t hrough the conpressor (11) and the flow rate through

o8 SRR e T o RSP A B BSRAT 12 v i
L T Rt —
L R G e et

L A

PP MR ERREND do ool jderlk ARG et IEalpifag s oin the
303 FEERRRTRD Al oS Sprlh Sl 8% gy cyee s

désighel QB 5 BRAKE, GR tﬁ{: et peprioh RS 2dtd .tﬁ%ﬁgﬁg}% Einftessor (11)

gas cooler iIs cool ed y "heat exchange with

ak® il A6haRke BROMIL IR e:ghh&r (@25 Sth? Q‘h&l@ég%u@thtehl%fri erant flow rate
utilization side heat "exchanger (22) serving as &h
tHedahothet Sdpanddie(12p Aeatihg Ghe/ @ r i
rzl%hi ger ar?tanfl o(vvi ﬁg iln%o t hléMg}):gpggtggﬂri&( %%?Wga;%ﬁeg?éd without the
refgdranl Hypdssiny elexpariet (R2)f TR, tRt Bowirkte QGgh MR compressor (11)

conpressor (11) and the flow rate through the expander

ar{dl He. floweraes thréught the explndtet(32) QA bk HaldnBed“Irif@ Mo the cooling
prevented. [0082] According to the fourth aspect, the

oparsténnreald thehéatiag obearater. Headd, thedaedrags @GP cart Bédprevented.
during the cooling operation, the refrigerant channel

[008%) tAncoudiig tohibe hthir@ bspegr st thdrffidgeeamcirfilt €10) is provided with
passing through the utilization side heat exchanger

ar{ mpernaldrent exghangen (23) av whihadwringf the wsolivgsopardtioghthe réfeigérant after
transfer capacity than the refrigerant channel (24) 25

Pashing (iggiough therheab fquirgpesidmheat xahanger(2 1 neervihg asiglgas beoler is cooled
heat - source sjde heat exchanger (21) serving as a gas

by, eatexchanggevithh thet iefrigerant before oh eftérepassing thupegatlieontlization side
the refrigerant channel (24) through which

hgab fexrhymeeam (22) cepiiee 69 anfevaporptessthacspetifiomplumbior the flow rate of

reggat-sgﬁrc,e side heat 23 exchanger (21) serving as an

EHUH K OVing| igis theagxpandeside) vamtbet eanirofled te dypdasice ythe flow rate

t ha he refrigerant. channel (25) through which
‘hr%‘gﬂi %Fﬁﬁ?f%?qrg(il)p%rsdsﬁlﬁél% Fale) grorsiethgrexpandsr (Bh). Therefore, the

eat exch r 2) servjng as a gas cooler flows.
d#ﬂé?@?%@%@?ﬁ%“(é“c%‘ﬂ%t ?o the third aspect, the
ific volume or. the flow rate of refrigerant
(OPREG ASonting BiinS GaBiasnect oo el

heat exchanger (23) is configured so

 that, during the cooling operation, the refrigerant channel (25) through which refrigerant

before or after passing through the utilization side heat exchanger (22) serving as an
evaporator flows has a higher heat transfer capacity than the refrigerant channel (24)
through which refrigerant after passing through the heat-source side heat exchanger (21)
serving as a gas cooler flows and that, during the heating operation, the refrigerant channel

(24) through which refrigerant before or after passing through the heat-source side heat
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5 can be controlled to balance the flow rate through
the conpressor (11) and the flow rate through the
expander (12). Therefore, the deterioration in COP can
be prevented. [0083] Accordioag to the fifth aspect,
since the particular refrigerant channel (25) in the

i nternal heat exchanger (23) is provided with a heat

cHARRLr] 7% a5 BT e Pl IAREG wn e
rfﬁgg%rﬁﬁtj kg g?ﬁgﬁroﬁ?% L}\%ﬁ&%ﬂié&%’t Eﬁal n%ag%hﬁé 9 %gt&lve rutal %auon side

ng opef c VO
o SRR O P B 15, £ BRI (R BB e i

anced duri

cBPBE @Blilt%lleﬂntﬁ Hafﬁ‘gpcé" BRI rﬁ@ %L%hg% &ﬁ‘l?fr?%grs 2]]1) and the flow rate

preventing t eterioration in

tH6GE M RGpdnlet (12). sphé;e?or@stﬁ@ e&tenéfaﬁs& il b@p%ae lbl: fevented.

capacity of the internal heat exchanger (2 uring

[0033] CORLdoREn RETR fiffagRE, Bificd uﬁ%lémr}efﬁgelsan@' ¥hd81 (25) in the

the heating ~operation by reversing the circulation

iflern@Ckdap exdhfangeef(z 3)9@ pAsVideld! with BGedtFRub ik26) Jof ®ENRE amount of
heat exchanger (23) at the change fromthe cooling

heqedxahdn@d ihQhd hﬂerh@lalﬁdaﬂ @x&ﬁﬁ%&t 28y dakk thél &R1iME operation becomes
the specific volune or the flow rate of refrigerant

ldrperwihag thatt duridgethexipatioe lopefitiod,2fheCapdcific vohithe Arl the. flow rate of
Therefore, the flowrate through the conpressor (11)

refrigetatite flbwing imattee ekpandeh (32) ecaXips ootetfolled 2 Thereforeethe flow rate
bal anced during both the cooling operation and the

threwgh thg coppraxsorqi]l) ardiethe floworaty thndughathe lbepander (12) can be balanced
deterioration in COP. [0085] According to the seventh

dugpe doth the ceploy bperatia] ane the heating |operatian,ethefeby preventing the
refrigerant flowing into the expander (12) can be

detgrierabph gtiC@8r i ng the cooling operation 25 by using

t he doubl e- pi pe heat exchanger to exchange heat

M8d)\e eicaording do theysixtn espset, Ginse dhe gookng p@x@sxtﬁ @f the internal heat
through the utilization side heat exchanger (22)

exehapgeig 24} durng tgpencling roparstion iohe hedtighagethamthagfdueing the heating

passi ng through the heat-source side heat exchanger

0(’@21510% gl’ Wﬁgﬂl%&stha cirgulations digesgioarof refiigerappfewingibrough ghe intemnal
rate throu conmpressor. (11). and the flow rate

hed e elamect é) é&@ﬁﬁh@ge(fm theagpoliag oReratertp e heating,eneration and
the coolin eration a he heatjn oper.ati, on,

Vi§ 088t K&%’PB‘E Yot'yne R ﬂl‘?i 0 Ha*_ﬁsﬁﬁjets igerant floying inte the expander
(i’ﬁl e%gnttr&‘lee ll"ﬁerelt‘oret: ethé) %oxr:verfa{elt ougH the compressor (11) and the flow

a%;%g? rtlgec‘aﬁﬁg f é@c?lurﬂ@ d; el QX‘fe L(g’:rﬁfr{gﬁfeaﬂg ggﬁ%inﬁf %n&%[mder (12)

rate through the expander (12) can be balanced during both the cooling operation and the
heating operation, thereby preventing the deterioration in COP.

[0085] According to the seventh aspect, the specific volume or the flow rate of
refrigerant flowing into the expander (12) can be controlled during the cooling operation
by using the double-pipe heat exchanger to exchange heat between the refrigerant before or
after passing through the utilization side heat exchanger (22) serving as an evaporator and

the refrigerant after passing through the heat-source side heat exchanger (21) serving as a
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5 flowng into the expander (12) can be controlled
during the cooling operation by using the

three-l ayered pl ate heat exchanger to exchange heat
between the refrigerant befeye or after passing
through the utilization side heat exchanger (22)
serving as an evaporator and the refrigerant after

sPORPIEEThREE e B 52 3R &%fﬁé%i?sgﬁ?f%lfﬁéd“ PR3 rete trough

t}{eﬁ%)gy ﬁ ﬁg? f%ll'? éfggan rc%é ?c@%ngil%b)ﬁh %‘e CB& tnloan gréd the heating

OP%% he cooling operatl on and the heating operatl on.
Accordlng to the ninth aspect, since the

[ (ﬁgﬁerﬁé Bfdin % i a!ﬁggi) Eh@ v\#&\{\ﬁ? {r(ﬂuﬁl %lr tlhet A rate 8f refrigerant

pressur OV\BI‘ e exp

ﬁ% ng oF (&h&ﬂ% QW 8?’22% E‘?}grorl lg? ant ? Bgé}é%‘;m using the
ﬂ?@@ HayBRd PRRE ﬁE t@Rchan g&eto @ﬁ%’lﬂn%é’ ggﬁ b@fwée ftﬁé &?ﬁﬁ?&'ﬁm before or after

[low'ng i'nto t e expander uring t e CO00

p%ﬁ{gaﬂﬂ&@h]tﬁe ﬁﬁﬁzalﬁ‘én sife 1026 Bkbharl e (85 NeBvinS Y€ 4n 'efvaﬂoli‘ﬁor and the
nmass Iom1rate refrigerant” passing through ‘“th

réifBeYafSatter tp m?&fgﬂ‘iﬁe hé#t 86vrce Wik Meatt Aehset (1'19 serving as a gas
operation than durl ng the heating operation,

chGlEr. TheFedte, the flae fafl t!hﬁdigﬁﬁiﬂe Ldthredsor (K1 RAA ey ﬂ&v’& Zﬁte through the

can be accordlngly cool e to increase the mass fl ow

ekﬁdnﬂeﬂ\QZPéanf 18f Hall heé ddrinptsoth e coblmbigperitivd YRRKREng operation.

(12) his bal ances both the refrigerant mass fl ow

[0087¢s Afcodifig Methe bifiitle Bspett) Sincexiha Bdeferathz) contidllér(23PAlows to cool
conpressor (11) can be designed to run at high

thef highipeessyredafrigaganb dlolvingd e>wandd the gexpamier §12)osmlprdrihg¢he cooling
heating operation. Furthernore, according to this

opepiat butstaps ehe dveting ofthe high-pressird efrigenant defing therhaating operation,
fl ow ng towards the expander (12) to bypass the

ﬂ@(@msiixe de (of 23frigetaheflpwmer intx the axpadlef (I dunagahe aoaling operation
(12) is not reduced. [00881 According to the tenth

cars pe dncreaded. i Thgrafore, evsolif ty opssiilay mitg Mchef tiefrigerantpassing through
heat 25 exchanger (23) is used to cool the

the epmpresses (V1o beedmesglaregndunyg Hiwaqooling lepergtiomithan duniag the heating
| ow- pressure refrigerant. Thus, through the coolin

operatipw the wehrigsran i beinteduseddntarihe exngnerdl2)conde @gcqr%@gly cooled
expander. (12) only durln? t he cooling operati_on,

torincsease Hig ma%Seﬂqvé rge Me of redpipsrant passing alggvsrgﬂlerﬁxa@gkr (12). This

Bt o SR PRRSTHS bl s e
ctg’@Sf%?ﬂ'}pQﬁ?w o ?’s%leaf Wit Fhie g et ?%{9%33133{5' ﬁath the cooling
oggrta 101% ggd P gg oBera 101, %rt grrl]lgorg haecccr)]r%?rggl {%nd %‘i:%‘ét since there is
not need for the refrigerant flowing towards the expander (12) to bypass the expander (12),
the power extracted from the expander (12) is not reduced.

[0088] According to the tenth aspect, during the cooling operation, the internal heat
exchanger (23) 1s used to cool the high-pressure refrigerant by heat exchange with the low-

pressure refrigerant. Thus, through the cooling of the high-pressure refrigerant flowing

towards the expander (12) only during the cooling operation, the mass flow rate Me of
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5 [0089] According to the el eventh aspect, the

i nternal heat exchanger (23) is configured so that
during the heating operation high-pressure refrigerant
flows through both the chamgels (24, 25) to avoid
heat exchange and that during the cooling operation

hi gh- pressure refrigerant and | ow pressure

AR 6 R TSR ALy e s
39k rﬁ/ﬁ:s%z)eregﬁée{; ﬁ?%fmg{ Livhae 40 iaNatds: th).  Therefore, the

expander ( I'ng the cooling operatio

] i ) ' t : .
r@ggﬁgé‘?“fﬁ% Earlbe ﬁferatéc%vfth?%@{fgc Qfgtfy;dlﬂﬂlg. WY %o{)%% operation

can pe 1 nNncrea nce1t wt

al®ER hebli@opefifonM Of refrigerant passing through the
conpressor (11). Therefore, the refrigeration system

[MF _beAéb%?diﬂé &fl e él@veﬂﬂ%bp@étf {HelifiRmal Hed: d%@h&i@w(ztsbl s configured

cooling operation and the heating operation. 15

sb QRAO HurifpC eHed hé&tin OoﬁeP&ith\ﬁi[gﬁipﬁesﬁﬁﬁeﬁfri%]érﬁﬁ fiW L idBhgh both the
heat exchanger (23) is configured so that during the
chamkisn@40R8Y & a0sidt At Rkelmpé @88 U@ didel B8R &ding operation high-
bypasses it and that during the cooling operation

phstilie réRigbiaghaid RSSpregsure réfrigataiflowbrobfle the associated channels to
| ow- pressure refrigerant flow through the associ ated
alibarieel xdhangd. Thivs, bedugh xhd aogling dhihe highipreygite kdfEigerant flowing
cooling of the high-pressure refrigerant flow ng

tdvomds dee Expanderqapyenly(duzingaht yodlitig ogeritivd, ceohiangflaWw rate Me of
operation, the mass flowrate Me of refrigerant

refaigsianigpasking tighughhe expardde (12) £2) be invréased tonlbalams édwitio the mass
bal ance it with the mass flow rate Mc of refrigerant

floas satagMchrofurngiiirigdrant passinge slwongh( 1h¢ . cohpgessbor(@l). t Meerefore, the
refrigeration systemcan be operated with high
reffigerotiemsystene can brgopsoatéd with highoiffieignaypdirigiboth the goeling operation
heati ng operation. [0091] According to the thirteenth

apd edreatingeperatioar nal heat exchanger (23) is configured

25 so that during the heating operation the )

[9098] prAecordiag tathe ityelfthraspasy,Fhe iuernaltheaterchanger (RY) isepnfigured so
t he cooling agperatign hoth the hi gh-ip_ressure . )
thag dprigg therkicating operationtheJrghraissaire ssiripgrantabipasses #and that during

gh the associated channels to all ow heat

h
ﬂt&xr eARgPeTige. FsURIBb-PRRSSWE SPiriggrat and; they Jqw-pressure refrigerant
R e 5t HESERR o AL eH SR Thi HER R poting of
Sl e Siigseh Sty B TBtardh e AT BT 2EEhe e cooting

r ef assin ugh .t he

obb AR 206 i B SRR P eBAS Bk PR o Spencr 0 cn v
ifBhsOE 18 %gfa%eeﬂ Wy th 'ngalgs %{ofv& “tE WY of refrigerant passing through the

compressor (11). Therefore, the refrigeration system can be operated with high efficiency
during both the cooling operation and the heating operation.

[0091] According to the thirteenth aspect, the internal heat exchanger (23) is configured
so that during the heating operation the low-pressure refrigerant bypasses it and that during
the cooling operation both the high-pressure refrigerant and the low-pressure refrigerant

flow through the associated channels to allow heat exchange. Thus, through the cooling of
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5 during both the cooling operation and the heating
operation. [0092] According to the fourteenth aspect,
during the cooling operation, the high- pressure
refrigerant after passing thgough the heat-source side
heat exchanger (21) is cooled in the internal heat
exchanger (23) by heat exchange with the | ow pressure

5 s, RS E RSEHR B Pc g 0 A e conin
R O o e
IS 0105 o6 ok ChALCRT T PSEU AT ORI v o

dgg@ges%ro(\g’rlf.aflﬁg%eofherergfrfée%ﬁﬁ%srtg@ﬁh% op Hﬁ&ygﬂhgxﬁ@ efficiency

ress (11 Therefore, the rigeration syst

cﬁﬁﬁg%’c%@@élﬁ% etafiol afid the®lchtirtg Seaticur i ng both the

cooli ng operation and the heating operation. 15 [0093]

[66eA" dh@@orﬁﬁhﬁt Petfd thRReAtR APBAC Hurifsthd Goblify ©pPeratiBel the high-
operation, the high-pressure” refrigerant after

(RasGleN il P Odidr NSasHifA tth®ARK GBe HehtesonfR! siaX MRanethanger (21) is
(21) is cooled in the "internal heat exchanger (23) by

dooRid RX e ngerndl hbatt BEchh®ydr P28 DY Bedt edxch@fieanithafhelow-pressure
passing through the utilization side heat exchanger

refidgerand before pavsingghrdugk tieootilizago®bide heat dichinger €22UThus, through
refrigerant flow ng towards the expander (12) only

el coslhgt dfehe highipress@@ refoipeaint lowinighewarisshd éxpandeat(#2)\nly during
of refrigerant passing through the expander (12) can

the coolingr @esatibnt thebmhsarftrav rdte M of telfrbgeras pafdimgvthragh the expander
of refrigerant passing through the conpressor (11).

(TRecaf be ancredred rteflrlapee at with thy shasm foeow rite Mperfakefigerant passing
with high efficiency during both the cooling

thyoagh theorpngmessoh@ 1hekheraforeotbe reftigenatiofn st cawcboeptiraigd with high
to the sixteenth aspect, during the cooling operation,
offieiercy dringibgth the Soglingsengrasionand thydeaing eprgation.

| ow-pressure refrigerant flow_ through the internal .

[823] eAcprdmerto theohfteqnth appelsdwingdthe seelingeperaiionqidy high-pressure
ot her, the high-pressure refrigerant can bhe ) .
rgfrigsgant ger pasgigg twguehrtherhspiosaurceids hept exehapgen (2hyis cooled in the
ioger&tion, the mass flow rate Me of, refrigerant 27

et REaBser: Q) Sphasisrchangs it the lowipressire Jefrigerant after
AT obdn B B pA A0S o 8 SRS Lt of
8 5o VSRS PR biah GE SIHREE AR chig e cooin
(gplelogti’on,t H]% n(iieilslts ffﬁ)gwepaé ﬂe r%ﬁic’g%;a%t ?)zeigs\ﬁ'legetﬂrguhgg tﬂé gpﬁa%idgre(IZ) can be
increased to balance it with the mass flow rate Mc of refrigerant passing through the
compressor (11). Therefore, the refrigeration system can be operated with high efficiency
during both the cooling operation and the heating operation.
[0094] According to the sixteenth aspect, during the cooling operation, since the high-
pressure refrigerant and low-pressure refrigerant flow through the internal heat exchanger

(23) in opposite directions to each other, the high-pressure refrigerant can be effectively

cooled. Therefore, during the cooling operation, the mass flow rate Me of refrigerant
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5 pressure and | owside pressure in the refrigeration
cycle can be increased as conpared with other kinds of
refrigerants. Therefore, the recovery power of the
conpressor (11) can be incmgased, thereby further

i nproving the COP of the refrigeration system [0096]
According to the ei ghteenth aspect, the density de of

oA B0 P ) B R bl o e
MEG) B ok wichgh BR oMFARLES fi“epirxzt 23%%:%

i qui da: : ' . 1.
(BB o SSHIREPS' fiecSelenbbu e el bPGT Miokife IS s s the
Bl A RARBE A O 0 iR BABLAPARIE e st
PRASl R0 Pl B2l Bl L LB gl e wi
oftR? Refds | of Gk HigefAls. BReRRAlraNhe %co%ﬁxéﬁnd%?é?}ﬂf‘ﬁ?é c@mg&?sor (11) can be
desired refrigeration cycle int refrigeratio

i&Y@ds@dPthér@Wﬂﬂﬁthrﬁﬂf@viﬁéﬂﬁrﬁOP@PH@?FMg@raﬁ@ﬁ %&Nié.ng to

this aspect, the refrigerant nmass oW rates and

[8096§ anA bdrdink 36 BRGiMté i hspRat! theQfenbiEdd 6 feli@S@fi fowing into the

bypassi ng the expander. ToO be specific, according to

ekdeef12), 9@, akd Rfigerait Mbss loWahieNe, 08k BERItkeaded b Reat exchange in
expansi on power fromthe expander is reduced and the

tKeChtdrRalt iRt ekohadgd piirt SO WtiwedNC eI IEjuil rdfHigdrBhtSseplrated in the gas-
aspect, since the refrigerant can be fully introduced
liqnidesepdratoe XFDragle the( fkAjgerait tdbe Mhtbaided infol thdexpanidiq 13 P herefore,
can be avoi ded. [0098] Furthernore, according to this

ttaspgicthe Heetexchangexdhraftierinbatt ancapprdphiatd ameird of heat exchange in the
refrigerant separated in the gas-liquid separator (51)

intemhal heat exdhange pan (50)othb eefrigeraptmessdiow mdtes @Vie and Mc) through the
expander (12). Because refrigerant in liquid form has

cempieg$ozr(1d) endilthe bxpanderr @23 frespertivalpneédn be balntddaThis provides a
refrigerants in two-phase formand gas formof the

desgired rririggration cgeln in amefhigeratioresystem. exchanger
efficiency in the internal heat exchange part (50).

[009) ofPnlike Patpat Pequmegs 2a aecording do ithis raepret ¢lie irefrigenanemass flow
expander (12) can be effectively cooled, resulting 28

rates MeanddMegan bedwismeed withoypagtoftthe refrigesanihypassing the expander.
exchan part (50 nd the gas-liquid_ separator (5]1). .
Tp%gf@’fg%sf 195erdRe 10, the edgeerption Fxsteh rrsPﬁglaéch,unteneg, the expansion
as-liqujd separator, (5 ser also as, the internal .
PRYEY ﬁ%‘%&i\%ﬁ’&@%?’sﬁ)f‘?dug‘?ﬁéﬂ)f“@f‘g? COM if dheretp degpaionttpd iceording to this

a8 e%tt, e@ngef tltlehlrgfnaggpa%% tcar(i age k}%lly introduced into the expander (12), such

deterioration in the COP can be avoided.

{0098] Furthermore, according to this aspect, heat is exchanged between the liquid
refrigerant separated in the gas-liquid separator (51) and the refrigerant to be introduced
into the expander (12). Because refrigerant in liquid form has a higher overall heat transfer
coefficient than refrigerants in two-phase form and gas form of the same kind, it can
enhance the heat exchanger efficiency in the internal heat exchange part (50). Therefore,

the refrigerant to be introduced into the expander (12) can be effectively cooled, resulting
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5 downsi zed as conpared wth the case where the

gas-liquid separator (51) and the internal heat

exchanger (50) are separately provided. [0100]

Furthernore, according to tlpgs aspect, the liquid

refrigerant separated in the gas- liquid separator

(51) can be sent to the particular pipe or particular

s ?E%vgﬁééga%ﬂ’fﬂr ctiGeH I 61 B Sl B SR B AR TE0 e gos-tiquid
mapﬁﬁ?se where refrigerant in two-phase formflows
roug he pi pe or the heat exchanger. Furthernore,

[ﬂi@gouﬂn’[ﬂeﬁﬁofel Qé%ﬁi‘m%ﬁ)f thisgi%{J&@tthég N@.u@ Igé}%?atfno Sﬁ? serves also as

through the pipe or t heat exch
A HPEn S HeBOEx Bhinde? (50)IThARIrDARS Eéfﬂgérﬁﬁ&P kate'xﬁ of ﬁup &spect can be

noi ses, this can be preventéd according to th

dBRGSEd ad Eifdred \GAR Y Bdde tvﬂlef@ﬁlergag-@ﬁﬁﬁme?aﬁﬁf QSI) aﬂahﬁe internal

heat exchange control mechani sm (60) 5 provid

he& exEhHniget (S0h Bred ﬁtb roﬁg@i exchange in the |nternal
heat exchange par according to the operating

60Nl tHupihermaB eicef)ﬂirfg, tol tRistd3pect,othé lligGidaefriieray SéRiMated in the gas-
the refrigerant nmass flow rates (Me and M) through

lighil epapit®S &8I dahlbe aerd fohtheepqraner plpt2r paichiar heat exchanger.
bal anced according to changes in the operating
Theredore] the preshire 03k irfthe pihs _an be rddneed, farrdxbmble, as@mnpared with the
the heat transfer tube (50) is provided in the 20
chseqwhete sbfrigegemt $ie two-phaseF3im diowshéhirgaeh-the gipedor the heat exchanger.
separator (51) to surely provide heat exchange
Fuethoveene.t dithongli thegBowmif refoigbmnt it tvomlplhasd fomm chrohgh the pipe or the
expander (12) and the liquid refrigerant separated in
beiteexghanger guilelsepanset spundsaf) refrigesant rassing thrmghentoi heynoises, this
of refrigerant flowing into the expander (12) can be
cgybepievenied acooeding to thislagpast t he refrigerant mass flow

rates (Me and M) through the conpressor (11) and the
[@14in cbgeording to ths nirpiesgih spedts diedgat exchageropemelmechagism (60) is
aspect, heat exchange of refrigerant in the internal
prevadedetocsnntigh theapraoyms of heat exghenegninytheintergl hone exchange part (50)
cool.i ng gperation in which th refrlge ant ., mass fl ow

%ﬁr ginggo therQpgEing ﬁen%&ﬁénab?re o the tef w@m}wflémgm the refrigerant

er tha the erat 29 mass f| ow, rat

ne%ﬁ ahram% ﬁ@i ?w G?HB’F%SIS?JWQIB ant #wgcxa?ﬁ%der (12) can be

RO R@,ﬁﬂﬂ:cg%s S oo

B Rarsie e 045K AR ) N
l%)ﬁ%asqgr%ée gelc%l)n ?%‘ﬂ of rEhe gas-liquid separator (51) to surely provide heat exchange
between the refrigerant to be introduced into the expander (12) and the liquid refrigerant
separated in the gas-liquid separator (51). Therefore, the density of refrigerant flowing into
the expander (12) can be surely increased to balance the refrigerant mass flow rates (Me
and Mc) through the compressor (11) and the expander (12).

[0103] According to the twenty-first aspect, heat exchange of refrigerant in the internal
heat exchange part (50) is made only during the cooling operation in which the refrigerant

mass flow rate Me through the expander (12) is likely to be smaller than the refrigerant
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5 conpressor (11) is designed according to the density
rati o between the density de of refrigerant flow ng
into the expander (12) and the density dc of
refrigerant flowng into theg conpressor (11), the
refrigerant mass flow rates (Me and M) through the
expander (12) and the conpressor (11) can be bal anced

nfdsss ?loma{éqﬁlcgﬁ?oﬁaég g}%eo&ﬁ{glﬁ% sgf gl[) geﬁ'(]:fo‘ﬁ‘.c it 6 ESlingSperation,

nty-secon secd
OGP e 55 080 B T3 B o

f@%ﬁﬁ%%{&( anch addi ti on, the anmount of heat
a

nge | eat transfer tube (50) is controlled

[WMMZO B {ﬂeldtﬁh‘? h'éﬁtf:‘ iPe '&gl'i‘&i%r Qb1ubRGafib betweaR ﬁme%‘?c‘fa@:%r (12) and the

r-operated valves Ther ef or e,

cBﬁﬂ Fdsgisr @ ri?l 71 éﬁédoé%cbﬁilﬁgs té Wﬁe @@ﬁ’snybﬁatlb r\fe@w% tiRedensity de of

aander t he conpressor can be bal anced

rHi‘r oBrahi ﬂ&‘wﬁ;@qﬁtb&ﬁé/e)éﬁﬁ@ér I D)hnidQhd Héhsﬁ Qe JF kdTElgerd flowing into the
colndl tions. [0106] thgr nore, when ?he fi rstg s

cHRpRIss@ RN B ites refapetnt (B4 flow fdidd (MO RED BAL) AR@upil éhe expander (12)
second notor-operated valve (37) I1s fully closed, the

ah@ thd @eipRedso@n) Edntw, batinkyd 4lbé InnBe hbRing@Petatiog.

operation, through the heat transfer tube (50) to
[010%] i decdodihg ax cchangenyisecorsl aspger, ahé . firshendfsecend idogor-operated
sanme operations and effects as according to the
valvent(36f BT tnd 2R dgpas tpipaiiSDearebpravided . as[ i Ohdat exchange control
According to the twenty-third aspect, the four-way
nseehewismor(60n Iy eddifd), thesampountiofideat exshdrige it &wt heak triwasfigretube (50) is
control nechanism (60). In addition, the flow of
coatirolisglebynaontrdlingothe opkmingedf thetfirsteartdhsecondmotaranperatesl valves (36,
allow the flow of refrigerant through the heat
37).dhstefpret thogefrigant wasst finw satest e and M) thiroughtthg pxpander (12) and
tEgsntlon chan?e of the four-way selector valve (32).

cpmerassasr €L1) tasn oy halencedpwitht high achumage ageording to the operating

four-way selector valve (32), the refrigerant can
copgifionsnl y during t he cool i ng operation, through the

heat transfer tube (50 orovi de heat exchapge of

(P8 Jarthsrmone when the, rss alr*ﬁéoro‘m%tﬁ@ REREEC ) @fg’glé't Qpeged and the

according to the 30 first t .
ssfaﬂn&. IH%‘G%OP‘EH@B]V&%(&,(%%‘F Mx gosae tﬁ@ﬁf@f% Bﬁut How, only during the

e sptelin Py Eh;s ga‘é?ﬁd ?O' g, (305 A6 Pt 64 Shange of
{ {
%ﬁrﬁﬁ%‘;@f?a@o?ﬁ% s, QPR o ?I??e@&?‘?f%tas EoRafige S the twenty-frst

aspectt can be ob%l\rllgd

[0107] According to the twenty-third aspect, the four-way selector valve (32) is provided
as the heat exchange control mechanism (60). In addition, the flow of refrigerant can be
changed into either the state to éllow the flow of refrigerant through the heat transfer tube
(50) or the state to inhibit it by position change of the four-way selector valve (32).
Therefore, through the position change of the four-way selector valve (32), the refrigerant
can flow, only during the cooling operation, through the heat transfer tube (50) to provide

heat exchange of refrigerant. Hence, the same operations and effects as according to the
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5 (34) is turned open and the second sol enoi d shut - of f
valve (35) is turned closed, this provides, only
during the cooling operation, the flow of refrigerant
through the heat transfer t3gbe (50) and thereby heat
exchange of refrigerant in the heat transfer tube
(50). Therefore, the sane operations and effects as

el -first aspect can be obtai ned.
t\?%ﬁ?(gff%&?p‘%%% (?%ﬁtﬂ‘%)&{t he twenty-fifth aspect, the
i . NI i LI | . _
88 R Bl St Ryghe . LB o o
i saay( T : h i [
VIRSATEA S B8 b Y S904® G3PRLA 0 1y LB con
nRhadi SR (60) RIRRIC Wb irC1RE LEOIRE cHRrabA thd Mt soIentoliJc%J sehut-off valve

refrigerant can flow through the heat transfer

3P0k afled Shehi 4@ tHeesceond is@lencﬁmhatt&@wamdSm% tiAkd closed, this
fl'ow t hrough the heat transfer 15 tube (50) during the

ph®addsN @nBP ey @b ca_tﬁlﬁ{geﬁgd’r@tiod, hRe &fdve Of Sreffgetdhe through the heat

twenty-first aspect can e obtained with a sinple

t@aster flbel(S0CARINGErebd et dxehirei d@efligeR@t ir0the Heat transfer tube (50).
refrigerant using the refrigerant swtching mechani sm

Théikfore] tht ameApeautidhand effédiead sobiding tocihe taepcfirst hdpect can be
gas refrigerant separated in the gas- |iquid separator
obfaljedcan be sent to the suction side of the conpressor

(11), thereby 20 providing gas injection. Therefore,

[0H9] r efecogingatte ahe swartgdifthanspecn tthopattivelad ggpe dined and the check
superheat of refrigerant to be sucked into the

vabep (8% 831 83,184) ar¢ hmvaded asribe helit ryckange opitrohumechamismo60). Thus,
over the refrigeration cycle. [0111] According to the
through \a cembimatiomsyfethiese tpipe linefuiand rabieek grabhvent (81, 82, 83, 84), the
separated in the gas-liquid separator (51) can be

refzigeration sygens g designedi soethasf the mefrigenant eansibew thropgh the heat transfer
t hereby 25 providing liquid injection. Therefore, the
tlswoéfonbrcd@msﬂlacc@@ﬁm aperetion pad dogsraj-flaw througipthet heat transfer

n be obtained. Furthernore, conbination of

ti(l:t?ﬁ €01 deing:ibe deatingperesntione Therriarey thesyiiects chéb%gf?e%ashérst aspect can
te; hEtDed, R S UPlecHoTGObIO SnEE HE SILIGB EFURD 6y fseerant using
e hidsarilpRCBRE TRSHEREDT 1 (e refri gerani 11 owi ng
oA B S, e S B i e s
lg]gl?gb .Féen u%{)jr ?ﬁ%ac.ragt Be sén% ]tz)’thg os;uE:tri]oen 3 gtc;fo e chocrlnepn(e)sf501I Ialel), thereby
providing gas injection. Therefore, the refrigeration system can control the degree of
superheat of refrigerant to be sucked into the compressor (11), thereby providing an
optimum control over the refrigeration cycle.

[0111] According to the twenty-seventh aspect, the liquid refrigerant separated in the
gas-liquid separator (51) can be sent to the suction side of the compressor (11), thereby
providing liquid injection. Therefore, the same effects as according to the twenty-sixth

aspect can be obtained. Furthermore, combination of gas injection according to the twenty-

sixth aspect and liquid injection according to this aspect provides a finer-tuned control over
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5 [0113] According to the twenty-ei ghth aspect, since
the refrigeration systemis provided wth the
plurality of utilization side heat exchangers (22a,
22b, 22c), it can be appliedqto a so-called
multi-type air conditioner (1). Furthernore, since the
respective flowrates of refrigerant flowng into the
%%IO% i de heat exchangers (22a, 22b, 22c) can
WBIV & by the respective flow control valves

[({{ﬁﬁa F%%Qérp%%g )ac%g%@igtﬂ;us aé@e@% ?&h ?org) t%qnila(?ned in the refrigerant

excnanger

ﬂ?%?hﬁ gfi{_}%s e)hﬁnﬁgf {E U S ﬁ?ﬂéd ncggetﬁ%p@ﬁh tHe hquld refrigerant

I Scase, nce the rigerant

SEBRLEL U A S A 5 e oy )
[@121'3}1 %ﬁcogrd é}ﬁ) ti){-:% g—tg?gg)gﬁ‘cgspp gﬁ@éﬂleyreﬁ Iartlghl g‘%ﬁhris provided

eac W cohtro 61c) r exa

V\ﬁtgl dt P'g%{lﬁfj Lﬁzajcén sﬁferﬂegteééﬂ (%!9 L 2R )] chgﬁ bé Bpplied to a

e connect i on plp at’ tend to

sb-ehiRdd Mﬁltiltytple%gcoﬂ(f‘t%tﬁf eP)S FuRthérasre Odindeethe! 19§editte ABW rates of
noi ses o sounds of refrigerant passing through

e NoRend SatbCRE - utliided st¥leCREA B@hirpefh€22a, 22b, 22¢) can be

twenty-ninth aspect, since carbon dioxide is used as

chitfolled Wy the espBdtive Aovk Béhtiok Valve£(6aAl 611H,/1¢), leadhl AilizatiBe side heat
differential pressure between the hi gh- 'side 20

eREHRBST @2aNd2b0R2 ) e PE dadividRally) coheolledf hd @entéinisodf the cooling
cycle can be increased as conpared with other kinds of
chpdcityger ants. Therefore, the recovery power fromthe
expander (12) can be increased, thereby further

[01md] o\In nigs thse, SakE thie liquéd refifigeraye rsepdratad sty tHeeyus-lignidedeparator (51)
Description of Drawings 25 [0116] [Fig. 1] Figure 1 is

can befsentgoreach utlizationtsidé lzgt axchahgexn(22a,r22bo22¢) ittenBeow rate can be
according to Enmbodinent 1 of the present invention.
epstlygonplled igeach ﬂowstoatrtslodabwdﬁla: 6dby Qhﬁmabxadn}dgmammpmed with
an internal heat exchanger. [Fig. 3] gure 3 1is
refogerageindwo-phasciom. Wi adgitiom ufthanormeptl@mmrzs thattend to be relatively
accordlng to Enbodinent 2. [Fig. 4] Figure 4 is a

lpregt rthey@ressure cliops of wefiiigeigphandmoisps sue tecieunds eh sefrigerant passing
according to Enbodinent 3. 5 [Fig. 5] Figure 5is a

threpgh @’ema‘iﬁ‘flbélr?%l?@ di agram of an air conditioner

accordi ng ¢
[0115] Accordlng to the twenty-ninth aspect, since carbon dioxide is used as the

refrigerant for the refrigerant circuit (10), the differential pressure between the high-side
pressure and low-side pressure in the refrigeration cycle can be increased as compared with
other kinds of refrigerants. Therefore, the recovery power from the expander (12) can be

increased, thereby further improving the COP of the refrigeration system.

Brief Description of Drawings
[0116] [Fig. 1] Figure 1 is a refrigerant circuit diagram of an air conditioner according to
Embodiment 1 of the present invention.

[Fig. 2] Figure 2 is a schematic structural diagram of an internal heat exchanger.
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Enbodi ment 4. [Fig. 6] Figure 6 is a refrigerant

circuit diagramof an air conditioner according to

Embodi nent 5. [Fig. 7] Figure 7 is a refrigerant

circuit diagramof an air cgpditioner according to 10

Enbodi ment 6. [Fig. 8] Figure 8 is a refrigerant

circuit diagramof an air conditioner according to

Enbodi : % €L - Fl j j : ;

ci v cui FEPLEigsrs S o e Eeul g ol OF &l GEE G oner according t
ghémnt 8. 15 [Fig. 10] Figure 10 is a refrigerant

circurt diagramof an air conditioner according to

Embodi ppgnty) Rigubdd % a feld geFdrl eir6uidl diabnPof & dit S&Hd@Mner according to

circuit diagramof an air conditioner according to a

Ehbshim&nd fication of Enbodinent 9. [Fig. 12] Figure

12 is arefrigerant circuit diagramof an air

condi tFRN8) FRmeOs & DbfrigePark Qirduit 81 804 it eaditedhePhiccording to

Enbodi[?r:egg]ntﬂg. [ Fig. 13]&% gure 13 ig?ﬂla refrigerant ¢

Biohbdditnéntdi, agram of an air conditioner according to

Enbodi nent 10. [Fig. 14] Figure 14 is a refrigerant

Ci r cui[Figl is?gtgzm 6s arefiigeram ofichit diapaim atanditeqglitidrer according to

first nodification of Enbodi nent 10. 25 [Fig. 15]

Hmlgpdimerdt$.i s a refrigerant circuit diagramof an air

condi ti oner according to a second nodification of

Enbodi [iFigt7] Fipurd Fisga refibderdrit gircwit dagram af avedir cqyelitioner according to

circuit diagramof an air conditioner according 33 to

Embddimentrodi fi cati on of Enbodi nent 10. [Fig. 17]

Figure 17 is a refrigerant circuit diagramof an air

condi tFen@) Figneo8 a8 arefrigesang cirowit diagranulpf drcait conditidner according to

Enbodi ment 10. [Fig. 18] Figure 18 is a refrigerant

Embaegdiinentdi. agr am of an air conditioner according 5 to

Enmbodi nent _11. . L i . .
[Fig. 9] Figure 9 is a refrigerant circuit diagram of an air conditioner according to

Embodiment 8.

[Fig. 10] Figure 10 is a refrigerant circuit diagram of an air conditioner according
to Embodiment 9.

[Fig. 11] Figure 11 is a refrigerant circuit diagram of an air conditioner according
to a first modification of Embodiment 9.

[Fig. 12] Figure 12 is a refrigerant circuit diagram of an air conditioner according
to a second modification of Embodiment 9.

[Fig. 13] Figure 13 is a refrigerant circuit diagram of an air conditioner according
to Embodiment 10.

[Fig. 14] Figure 14 is a refrigerant circuit diagram of an air conditioner according
to a first modification of Embodiment 10.

[Fig. 15] Figure 15 is a refrigerant circuit diagram of an air conditioner according
to a second modification of Embodiment 10.

[Fig. 16] Figure 16 is a refrigerant circuit diagram of an air conditioner according
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[Fig. 19] Figure 19 is a refrigerant circuit diagram
of an air conditioner according to Enbodi nent 12.
[Fig. 20] Figure 20 is a refrigerant circuit diagram
showi ng the refrigerant flogwgsof Enbodi ment 12 during
a cooling operation. 10 [Fig. 21] Figure 21 is a
refrigerant circuit diagram show ng the refrigerant

bR i, 2 hecti 19 peraiion,
O P EBA P 50 B B e et
st Qleasyaerc ener cccorcl i 1o (o

Ci rcuipg: di ' j: - " .
o 1SRRI Gt e85k gy I itongone sconting

& Eibo8iment 13, @ refrigerant circuit diagram show ng the
refrigerant flow of Enbodinment 13 during a heating

oper atirgN .19 Pighfd B is2Gkfripet Biradft difgram dfahiafiedoRBitioner according
circuit diagramof an air conditioner according to a

toeditbirdddt ep, of Enmbodi ment 13. [Fig. 27] Figure 27 is
a refrigerant circuit diagramof an air conditioner

accor diFig 20} Pigereozdis aeefrigdthnt ¢ifduit diZdrhmsh&Wing tBSrefiSgetant flow of
refrigerant circuit diagram show ng the refrigerant

Hohtswdliént 123ubimp adobkiiy opkfatidal i ng a cool i ng operati on.
[Fig. 29] Figure 29 is a refrigerant circuit diagram

show r{fig. 2¢] Fighrd 2leis antfrigkant citcuitldidpainshowing4heltefii geyant flow of
a heating operation. 34 |[Fig. 30] Figure 30 is a
Brafadimgentat ducing @bietting @gratonof an air condi ti oner
according to a nodification of Enbodi nent 14.
Expl an&ig. @3] BiguRelZsarefrighiame cindwst diagratiof|an hiragonditioner according
condi ti oner %r efrigeration system) 10 refrigerant
te p muagiification of Embodiment 12.
[Fig. 23] Figure 23 is a refrigerant circuit diagram of an air conditioner according
to Embodiment 13.
[Fig. 24] Figure 24 is a refrigerant circuit diagram showing the refrigerant flow of
Embodiment 13 during a cooling operaticn.
[Fig. 25] Figure 25 is a refrigerant circuit diagram showing the refrigerant flow of
Embodiment 13 during a heating operation.
[Fig. 26] Figure 26 is a refrigerant circuit diagram of an air conditioner according
to a modification of Embodiment 13.
[Fig. 27] Figure 27 is a refrigerant circuit diagram of an air conditioner according
to Embodiment 14.
[Fig. 28] Figure 28 is a refrigerant circuit diagram showing the refrigerant flow of
Embodiment 14 during a cooling operation.

[Fig. 291 Figure 29 is a refrigerant circuit diagram showing the refrigerant flow of

Embodiment 14 during a heating operation.




11 conpressor 12 expander (expansion nechanism 13
nmotor 10 21 outdoor heat exchanger (heat-source side
heat exchanger) 22 indoor heat exchanger (utilization
si de heat exchanger) 23 int@rnal heat exchanger
(tenperature controller) 24 inner channel 25 outer
channel 15 26 heat transfer fin 27 first channel 28

secon g hyof ik b $EfrioPrant ¥R0LitSBABEMQT a¥ Aiv@nditioner accordin
(refrﬂg%? G?E¥W%tcﬁlng #@@ hani sm l ﬁﬁsecond four - Vay s

téghﬁiaifﬁfatﬁfﬁ‘bf'ﬁm@ﬁﬁﬁ{enﬁwhange Control mechani sm) 20
hird four-way sel ector valve (refrigerant

SMAtChIng mechani sm) 32a bridge circuit 34 first

sol enoi d shut-off valve 35 second sol enoid shut-of f

PplavRtionbf Réferehcd Winhéruptper at ed val ve 25 37 second
nntor-opera ed valve 38 gas control valve 39 liquid

5 [eprAral  vahkieorditionkh (RYREEAIMATSREF 46 bypass passage
50 heat transfer tube (internal heat exchange part)

51 gapy | i quéfiigeemasiuer 5 52 liquid storage section
53 gas storage section

11 cOmpressor
12 expander (expansion mechanism)
13 motor
10 21 outdoor heat exchanger (heat-source side heat exchanger)
22 indoor heat exchanger (utilization side heat exchanger)
23 internal heat exchanger (temperature controller)
24 inner channel
25 outer channel
15 26 heat transfer fin

27 first channel

28 second channel

31 first four-way selector valve (refrigerant switching mechanism)

32 second four-way selector valve (heat exchange control mechanism)
20 33 third four-way selector valve (refrigerant switching mechanism)

32a  bridge circuit

34 first solenoid shut-off valve

35 second solenoid shut-off valve
36 first motor-operated valve

25 37 second motor-operated valve
38 gas control valve

39 liquid control valve
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55 separated gas pipe (first injection pipe) 57
bypass pipe 59 liquid injection pipe (second injection
pi pe) 10 60 heat exchange control nechanism 61l flow
control valve (6la, 61b, 61gp 81-84 check val ve Best
Mode for Carrying Qut of the Invention 15 [0118]
Enbodi nents of the present invention will be described
bel oy« n d [ | reference to the draw ngs.
[011\3‘]5 <<E oggl%%%éal of the Invention Enbodi nent 1
rel at@s topans@hdssfpandi tioner (1) constituted by a
refrigeration system according to the present

| nveryy on. pAS ;ARUubA (iS4l Beal exdtiafig@pdrycondi ti oner
(1) 20 includes a refrigerant circurt (10). The air
condigyi onepad Hqui®bepardpdi ment 1 is configured to
circulate refrigerant through the refrigerant circuit
(10) snd sgh@atsior@eseqtddnf orm a cooling operation and
a heating operation. [0120] The refrigerant circuit
(10) &3s chggsg@&ag@ ¢datiear bon di oxi de (C02) as
refrigerant. Furthernore, the refrigerant circuit
(10) 35 pr espatheell mistpipe(fieampiectimgipg)11), an expander
25 (12), an outdoor heat exchanger (heat-source side
heat FKchabggsdss pipél), an indoor heat exchanger
(utilization side heat exchanger) (22), an internal
heat #kchatigeid ifj2&jon mpé (sesind ihjectionwipe)sel ect or val ve
(31) and a second four-way sel ector valve (32). 36

[ 012140 The hearpetmagocontrbl meckanisomst i t ut ed, for
exanple, by a rolling piston fluid machine. 1|n other
wor ds6l t he flosmentrelsalve (613, 61b, 6bsist i t ut ed by a
positive displacenment fluid machine having a constant
di spl $lc8kepheckolalvee. [0122] The expander (12) is
constituted, for exanple, by a rolling piston fluid
machine. 5 In other words, the expander (12) is
constituted by a positive displacenent fluid nmachine

Best Moglefor Garxying Oyt ehthedayemion ol une. [0123] Note

(BbI), dosbedinents' o i (iresent avention Wl e desSfibed Below in detail with

reference to the drawings.
[0119] <<Embodiment 1 of the Invention>>

Embodiment 1 relates to an air conditioner (1) constituted by a refrigeration
system according to the present invention. As shown in Figure 1, the air conditioner (1)
includes a refrigerant circuit (10). The air conditioner (1) of Embodiment 1 is configured to
circulate refrigerant through the refrigerant circuit (10) and selectively perform a cooling
operation and a heating operation.
[0120] The refrigerant circuit (10) is charged with carbon dioxide (CO,) as refrigerant.
Furthermore, the refrigerant circuit (10) is provided with a compressor (11), an expander
(12), an outdoor heat exchanger (heat-source side heat exchanger) (21), an indoor heat
exchanger (utilization side heat exchanger) (22), an internal heat exchanger (23), a first

four-way selector valve (31) and a second four-way selector valve (32).
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expander (12) is not limted to rolling piston type
one. For exanple, scroll type positive displacenent
fluid nmachi nes nay be used as the conpressor (11) and
t he expander (12). 10 [0124BgThe conpressor (11) is
mechani cal |y connected to the expander (12) via a
motor (13). The conpressor (11) is driven into

OSB98RS R L o, Sl o mocive

- f . . .
{580 OB ()3 el B g R macio
hﬁﬁﬂ%ér@mgs;u{n‘{ ﬁisgféﬁéﬂxent%ﬁnﬁé‘ ereby al ways have the sane

rotations. Therefore, the displacenment 15

[M‘Qh];ggg? %%‘ti%dgﬁetsm? e dRBERSaMpld bf)a Rfhg!fifon fluid machine.

exp onstant. [0125] The out door ‘heat

e SHEARGRSs, {iRloxphider PIBis Loty bR a_lsﬁ'sﬁﬁle laeglaceMes i@ machine
type fin- and-Pube heat exchanger’. The out door heat

h§ViR$ 3 08RNank displacéméentRBlingd W th outdoor air by an
unshown fan. In the outdoor heat exchanger (21), heat

[0123PX SR A theHNRE hachine coubttlavig 8hdh 6LEHR t@fipragdr (1D and the
refrigerant in the refrigerant circuit (10). 20 [0126]
elp@dendePis headimBed tardigdg Hididh tyse 668 For temhrglepyerall type positive
so-called cross fin type fin- and-tube heat exchanger.
dispRcémétagluidiathigeonanbeised 22 thel conpugodr @) ad the exymnder (12).
alr by an unshown fan. In the indoor heat exchanger

[€123] , The abmipsessorol dniganechetiembncdninected amhaiexparglepi2) eth a motor
and the refrigerant in the refrigerant circuit (10).
(1D 1PH cohsprsbsonil H)ris Biigar intvtatiod byi bl of pBveribtdingdsbyrefrigerant
cross-sectional viewtaken along 25 the line B-B of
efpagsion iDAthe telparidet €1)adndhprawereobddinerhby t@a3)n p§ the motor (13). The
constituted by a doubl e-pi pe heat exchanger in which
campiessez (1 Ehvadrtbe expanyiers(1d) ane connesiedctosanle pthepby agingle drive shaft
di sposed adjacent each other. The internal heat .
ansk dheraberaly®3) havs thensamysu pembeto of Hetations, rThegeferse they displacement
cooling operation, refrigerant after passing through
velvenegatie betvere the corpressgred 1) and)the expaper12kis sopstant.

cooler _is cooled by heat exchange with refri

(00 Thecurdngr RRGHPREER 21y RGOt HEER DR ShAALR Spsin type fi-
S LAy
btk B b s el iy o o
ot 5t Suhthed and i ebwal RaBE S SR o). o

(PR e BESH IRt Bl HHndeF' PR Aluiclel Yy LESBUIA cross fin type fin-

and-tube heat exchanger. The indoor heat exchanger (22) is supplied with room air by an

unshown fan. In the indoor heat exchanger (22), heat is exchanged between the room air
supplied and the refrigerant in the refrigerant circuit (10).

[0127] As shown in Figure 2A and Figure 2B which is a cross-sectional view taken along
the line B-B of Figure 2A, the internal heat exchanger (23) is constituted by a double-pipe
heat exchanger in which an inner channel (24) and an outer channel (25) are disposed

adjacent each other. The internal heat exchanger (23) is configured so that, during the




exchanger (21) serving as an evaporator flows. On the
ot her hand, the outer channel (25) of +the interna
heat exchanger (23) provides, during the cooling
operation, a channel througl710 which refrigerant
after passing through the indoor heat exchanger (22)
serving as an evaporator flows and al so provides,

#’F gpetrgiﬁmh f‘rl FhnP Rgte igaling Q}u%tl?]ﬂ NRE duficRd HeatVekeinger (21)

rant "a passing through e i ndoor heat
e?ml BaRge as(c%%)er %@Edldl&gbfi‘ﬁezﬁ SteBarge Wil reffifcaui afled pafing through
e outer channel (25) 1s provided with heat transfer

tHel 1ﬁ‘§00@ 26at- exgﬁlﬁlgbmgf 8dinp 8dhn evapoX@hanger (23) is

configured, owng to the provision of the heat
[6128]S TT8E ifihedcharfl 29 DftthéinterndUhéap ext:mgaoatsy PEbvides, during the

operation, the heat transfer capacity of the

5 cécﬂfrﬂ'g' SREARY, RAAGRI tHresdhewhich Teftipetant Afigr) pdskingulglough the outdoor
whi ¢h refrigerant after passing through the indoor

hER kg (9 lservirdzds & @aY cbdleffons agd apormboided, Iduvimg ithe heating
hi gher than that of the other refrigerant channel

opérBiGH, £ Rahel tHrddgh whivhoteghgesinitcafiar efassige thwotglaftheoutdoor heat
passi ng through the outdoor heat 20 exchanger (21)

eSEaugdq2 Bssetviggas ansiaporafor Glosvsa@ thehather hand,ithg otgthechannel (25) of
heating operation, the heat transfer capacity of the

{liesihteng# haatt exchapee(23) iprovidescaringethe c2dljng ¢perasiogha whangikl through
refrigerant after passing through the outdoor heat

10 wéiethesfrjgerat? fterspasving ghesigh rthe vingwr sheat ex¢hapger (22) serving as an
| ower than that of the other refrigerant channe
epaporaor fionam aed als@ Hjovidess duig thihesting opeatige eaghengdlthjough which
passing through the indoor heat exchanger %22) serving
refiigeraphsfiarquissng 2ongtothe. inders ke exchanger @A) stniae femges cooler
exchanger (23) is configured to have a | arger anount
flotvs. heat exchange during the cooling operation than

lgﬁ?:?ig hquéet}g%téqlme? Qﬁﬁé ggggﬁld?xylgy\jmher eb%/%? é {%SS'Fhe 1n?emal heat

15 cxAlana (241 1 GENEWPIIHERE g{eﬂgg‘(’)lls’Jf’H%fa‘E el&%&'pr“ fgr.fg@ b, so that

BB e SRS g Sy el (o

Ort 6@5%%15(” t hg ‘ﬁ" gf%ge%ﬁlg ag{ar ¥?§§§1|§3§@81%P \{ﬁ é fdat exchanger
chan er (21

ELYDE a8 (afl%vapgraioa og\gst gd lgﬁeé‘ tﬁ1 tl?a t gotﬁe oﬂ‘l%?tre@gerant channel

(b’glp g PE%A)? ¢ rogal_& gv&ldq} (r)eﬁt?lgg}%g gﬁer é%%mkotmaq %hrt?% %utdoor heat
20 e\);glPanger @;’ sgran rgs engQ c(%lelI H§w§ Gh& @lgatf&ﬂffngvﬂx h%gtkrf‘g%}%ration the

heat transfer capacity of the refrigerant channel (inner channel (24)) through which
refrigerant after passing through the outdoor heat exchanger (21) serving as an evaporator
flows is lower than that of the other refrigerant channel (outer channel (25)) through which

refrigerant after passing through the indoor heat exchanger (22) serving as a gas cooler

25  flows. Therefore, the internal heat exchanger (23) is configured to have a larger amount of
heat exchange during the cooling operation than during the heating operation and thereby

increase the capacity to cool refrigerant flowing towards the expander (12) during the
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connected to the inlet side of the expander (12). The
outlet side of the expander (12) is connected to a
third port (P3) of the first four-way sel ector valve
(31), and a fourth port 10 (3g4) of the first four-way
selector valve (31) is connected to a first end of the
i ndoor heat exchanger (22). A second end of the

Céﬂg‘ﬁﬁgfgf‘%) exchanger (22) is connected via the outer

of the internal heat exchanger (23) to a

[6(1'3.2; dhgﬁléé refkrapl st S(?% Nele fBhaM@Ysids f etk Qompaksser (11) is

a urth port ) of the second four-way

c&?‘e@%ﬁ Qb 2VRisY Bork 3B1) fSthe FRENRGE- Gy Iseleblog valve (B Dnarkl 8léecond port
of the conpressor (11). 15 [0131] The first four-way

(BB SFGEOFirsY 8t SvdySklectorivhlib €31 e tuvarbted t® @ Firstiend of the outdoor heat
which the first port (Pl) is communicated with the

eR@RARY (BP). 1A debild @abfttheoitBddrtheRasxichdrgdy (213 is connected via the inner
conmuni cated with the fourth port (P4) (the position

cBARAN(24N of iR ifiRkriall hédt RRShanPerR2)1oea figst per (PH) qfdise second four-way
in which the first port (P1l) is comunicated with the .
st1edtbf balpe T(32d)( BH) a 3acbndtpost @) ofithepsecond Riy-viay selector valve (32) is
conmuni cated with the third port (P3) (the position ‘
cBhoredi B thiénleR8dd oo Kenedpands (it 2). Aihgurudietl yide of 182¢xprhder (12) is
second four-way selector valve (32) switches between a
cpmsictedan d thindporh(R3) of the fisst fporway $llctirsvabeni@bhiandtatpurth port
wth the second port (P2) and the third port (P3) is .
(Péywiiihe dastefdumivay selemor walve (1) y conoputyd for hErshend of ghe indoor heat
shown in the solid lines in Figure 1) and a position
exchangerc(22). e sédond eng of the (Rloor heatesahangec@Rbis cpnpested wa the outer
fourth port (P4) and 25 the second port (P2) is
chamelR5) af e internal beat exehangerdd3} tﬂ(ﬂlig rd G@ﬁél’%xb%ﬁ the ggpond four-way
shown in the broken lines in Figure ‘Q [01334 - .
selsctonvalyn B2 Band v foprth port (Rdx of the seeerd fpwrvgl Selectaryvglye (32) is
of the behaviors of the air condijioner (1) during
copwsictadgoshrisustian pidg obiecamprsseer (1H134] (Cool i ng

IPBEI e et desrores,sHerior VANE @SOS BBOHn Sopositon in which the
B St i S b P L e om0
it OB RO A7 B i R e g P 1
a%béfgcitstétgo(qli%) \ghi,%ﬂﬁ{efg%é} tg{?rl? &gf‘)‘;i%icc @_Er?u%ca?eidr&fﬂ% the(Q%h port (P4) and
the second port (P2) is communicated with the third port (P3) (the position shown in the
broken lines in Figure 1).

[0132] The second four-way selector valve (32) switches between a position in which the
first port (P1) is communicated with the second port (P2) and the third port (P3) is
communicated with the fourth port (P4) (the position shown in the solid lines in Figure 1)
and a position in which the first port (P1) is communicated with the fourth port (P4) and
the second port (P2) is communicated with the third port (P3) (the position shown in the

broken lines in Figure 1).

[0133] - Operational Behavior —
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Dol

During this operation, the outdoor heat exchanger (21)
serves as a gas cooler and the indoor heat exchanger

(22) serves as an evaporator. The high-side pressure

of the 10 refrigeration cyclggis set higher than the

critical pressure of carbon dioxide which is the
refrigerant. [0135] The conpressor (11) discharges
superqgritical.bigh- r il : W12 :
or eas et £ ReselbRln B EREHIAE, BE MChARBRTE 0 M telllioner (1) during

c8&hﬁq%gﬂm¥?%% eg%&%sand into the outdoor heat
X rnger §b '

n the outdoor heat exchanger (21),

lém&ggg%ﬂge‘?g&éﬁm 15 refrigerant rel eases heat to the

out air ecrease its tenperature. [0136] The

g g?etﬁé g?@lélgggﬁ%ér%ré?féelﬁfstt hul WEYsElBctoMval9é (31€and the second

out do nger ) passes through the i'nner

fm:{l}géeléc?&)vaﬁfe (BPPsiRdHD TRl fk%ﬁéecti@é 65aRGRTsh6%R )in @tolid lines in

duririg the tine, 1s cooled by at exchange with
Ffigfré hIWRAthE HIMNE3) R1teMeA oh e Ay tate, edTApRaht dirkblates through the

after passing through the evaporator. The refrigerant

rbfRidSra POtk (L0 Veheicby MO fiigveart @FOUIE (100 op&rdtes Why refrigeration cycle.
sel’ector valve (32) and then into the expander (12).
Dutidghhi£ spaaie, thd dutdobhBeati éxcharber €2i)hiegves ases gas €ooler and the
refrigerant expands, whereby the internal energy of

ihdisor Nheab -exohaget (B2 edrvépas adit evapocarny ETHee Highrtide posssure of the
of rotation. Because of expansion in the expander
réft@krativheybledh setr lighatrthan dfer irijabptessbee of agrben idiaxide which is the
pressure to change from supercritical to gas-liquid
refdigerpnase form 25 [0137] The | ow pressure refrigerant

after flow ng out of the expander (12) flows through .
[0135]f i Flst capressoml 13 disebarges sppereti¢ad hjgh-pressurewefiigrgads The high-
heat exchanger (22). In the indoor heat exchanger )
preRure tefigdrant flows shrough dhe ifiger fonr-way kselectos aalver 6GHh) and into the
roomair to evaporate. 40 Furthernore, in the indoor

awedror ebxesh anglange2 831). thnethe gundlenr rheat exehanger K34): e high-pressure
| ow-pressure refrigerant and the cooled roomair is

regtzernnt keleases brat fodberputdoaryny tordearepss it irmBeratuge-

[rgiié];%ggﬂit Q%;gsg‘éag!%fgigé‘lg%‘f% Iﬁ%{*’ﬁfgz,&h‘gﬁi@g a‘%mae:ﬁgghanger (21)
L b S e S SRS 4020 A e S . g e
BB GHOER &SP apEpiCa reargRs Nouing Thigeh B Su@ chamnel (29
S5t Paskige Qi i SRPOIET( 555 S ORISR rqugh the second

faﬁﬁw%? "Rlecior Yalve (32) and then into the expander (12). In the expander (12), the

introduced high-pressure refrigerant expands, whereby the internal energy of the high-
pressure refrigerant is converted into power of rotation. Because of expansion in the
expander (12), the high-pressure refrigerant decreases its pressure to change from
supercritical to gas-liquid two-phase form.

[0137] The low-pressure refrigerant after flowing out of the expander (12) flows through
the first four-way selector valve (31) into the indoor heat exchanger (22). In the indoor heat

exchanger (22), the low-pressure refrigerant takes heat from room air to evaporate.
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(11). The refrigerant sucked in the conmpressor (11) is
conpressed to a predeterm ned pressure and then

di scharged fromthe conpressor (11). 10 [01391 In the
i nternal heat exchanger (234p the outer channel (25)
through which refrigerant after passing through the
indoor heat exchanger (22) serving as an evapor at or

%\Bplol({% ! &(?(%)i)h%thr guﬁﬁg \,\iqzhz%é {r[ hip Zsrél n?éd Wthetl&@-pressure
raﬁgaa&%hnﬁ&&ttduas ermﬁb&m srshnger (21

Ving as a gas ool OoWws IS provided no heat

0133 Sfﬁ%é&#ﬁbx‘&%ﬁé ref{%efh‘i{g Eﬁéroﬂbmhg Suf’ P{he 1ﬁé&§flﬁsﬁt exchanger (22)

[coe ficl pressure ga rlgerant after

sstlﬁgu Qudfer Eﬂﬁlﬂeﬂgﬁg of Wﬁt&ﬁﬁhﬁﬁﬂﬂcbﬁgg@ L) and during the |

at Y | ow bu eat transter coefficient of

tlﬁiéo gsgﬁédt% ﬁ)‘;‘hed't &Eﬁaﬂgé Nth ﬂﬁig‘é‘i‘a@mlw trbi R thie channel (24)

out edat exchang i's relatively high. Thu
afley HAAGinl ghﬁroﬁgﬁ’ Itﬂe”&at@&ﬁr}ﬁ:tat @)Ebh dé'bﬁ (21)NtTRE RetrighRat thus heated flows

excnang has an increase eat’ transfer capaC|ty

tirbugt BheOdbSiid fdﬁ]@-% |sele@‘2>5)val\férﬁ31!}] BndMy Bbn lseokediR®SIHE @ompressor

gas refrigerant of "'relatively low heat transfer

(FPEThe Gleferat® shdkewsin (heeofipéstor AU iif Gompeessedoto B predetermined
operation, the supercritical refrigerant flow ng

prddE@y ahd e disthgrged framnae cdmpressop (11 at i vel y
efficiently exchanges heat wth the | ow pressure gas
[0E39i dRr @et intdroaM gt texchangbr (23), ahé eterhelmnatl (29) thasugh which
is thereby conparatively efficiently cooled in the
refigeranahftdraaksing dhaughethe (i2&jor theatrexdhanger (22) speaig acan evaporator
volume. As a result, the anpbunt of refrigerant fl ow ng
flowtsois tpivavided aitticrea( ﬂrﬁ:)sfcxaﬁnSbéZG) D5t thecinperseltannglo@4) through which
(Heating Operation) In the heating operation, the
réfirigstant affier- paasing dreughothevaitdoor @w)exaﬁdlg?h @13 seving asia gas cooler
four-way selector valve (32; switch to their
floaespe ptavidedmodieat tansfes fim(R6). An addition, sheheat frapsfer gogfficient of low-
Figure 1. Wen the notor E(il:fLB) is turned on in this
psesavie, gas aefrigerantafter giapsing Hhreught the dudoer hﬁ%éXPWFTgW&r‘ﬂ relatively
circuit ﬁlO) wher eby the refrlgerant mrcuh
oy elru tlags heah teanster eqeffisisnt; erﬁupesvet@ TERTEETRGE & ?rspassmg through the
operation, the indgor heat e er ;_}22) serve

(2

QpbpoE st chAREcr Rels'sFgladusy e g sacilmg operatwn the
e et B o e S5 e e
(gg ' ml qq:% E){]qg%ﬁé g%% f grég«%ﬂﬁsﬁlﬁrelgtn?gly 109 lilee%rtransfer coefficient
flows. Therefore, during the cooling operation, the supercritical refrigerant flowing
through the inner channel (24) comparatively efficiently exchanges heat with the low-
pressure gas refrigerant flowing through the outer channel (25) and is thereby
comparatively efficiently cooled in the internal heat exchanger (23) to reduce its specific
volume. As a result, the amount of refrigerant flowing into the expander (12) can be
increased.

[0140]) (Heating Operation}

In the heating operation, the first four-way selector valve (31) and the second
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[0141] The conpressor (11) discharges supercritica

hi gh-pressure refrigerant. The high- pressure
refrigerant flows through the first four-way sel ector
valve (31) and into the indagr 10 heat exchanger

(22). In the indoor heat exchanger (22), the

hi gh-pressure refrigerant rel eases heat to roomair to

f«ﬂgg 3 %F‘%ﬁ”&%ﬁr{%ﬁwﬁqg drfég{) %%la {o0E ?o.ﬁh@nst Agl%wnqgggg broken lines
4113%[{15&05 CHAEh er ﬁlfofdrg?ﬁ)?% I 131?&1 _lqhhﬁ tfﬁ? 3lapd & %@?an?bﬁcdlactes through

ack to the roo e high-press

tl{eexfe et 213@3@ t(ﬁl"fstv%gr\glg? OneOpdtri Rrardt R chin d ro pefRAds in a refrigeration

exc es through the out channel

c?&é) Dﬁfm%ﬁ% 6&}eﬁfoﬁa{hehﬁ@60r exahaeRebel ﬁ&g) sﬁ‘@é’s éshzf-‘é’as coo%er and the

rough the second four-way sel ector valve

offddo! N ERSaf g%d?a&(i?rsefv%@as A el Aorat6 PRRA Bightsidd ,présB&e of the

i ntroduced hi pressure refrigerant expands wher eby

réffigeratib® Ef’@é liRNBIEY c&lingpehitioh;: B 1seskiphed thaf thedeftiealt pressure of
is converted into power of rotation. Because of

crbBa Afdx@de Whick ethexgFapéasit. (12), the high-pressure
refrigerant decreases its pressure to 20 change from

[61L43¢ T CThetdofphesb®r @apdiscitiped sip@ciitivas BighqiressutetfderabineThe high-
| ow- pressure refrigerant after flow ng out of the

peospars defirigérhR) fléwotksoughrtbe st faubevayi sekttol oubve (@) and into the indoor
sel ector valve (31) into the outdoor heat exchanger
he@1¢xchhmger (@2 Uindther indberaheat xodobanger (221 xhe high-pressure refrigerant
| ow- pressure refrigerant takes heat fromthe outdoor

releases deatetoapmnatag. to2dedr@kd 4fs Empetatume. pFattemmere, in the indoor heat
refrigerant after flow ng out of the outdoor heat

egstungery@2), tiRlrpomprisis dsated by thythi ghpressine ref peranteind (tzeheated room
of the internal heat exchanger (23), then flows

airiis dddrack kethegeamd f our - way sel ector val ve (32) and is

t hen sucked into the conpressor 42 QB

[0k42] i glehedngh-pressusel refrigermet afisiflowingoeut of the msloor heat exchanger (22)
conpressed to a predeterm ned _pressure and

passes Harpughy ther it thaneed (pPeaf<be ifternpl heap fa@]angw @Aband then flows
t%ﬁ%&&ﬁé S TGRS HIEIOPaga] igfor WFORPINRAID. Tn the
PSR 5 SRR Ak S e 5045 b B s
eBEES gTE Teatsiie BB oS IR BR N g?}ét%rion Because of
POl Treratgs e HRHes R PHEEREET ARSsF It pressure to

c:%anef ft‘ré:nl'n %Qﬁerc?nhcap t0 gas-liquid two-phase form.

[0143] The low-pressure refrigerant after flowing out of the expander (12) flows through
the first four-way selector vaive (31) into the outdoor heat exchanger (21). In the outdoor
heat exchanger (21), the low-pressure refrigerant takes heat from the outdoor air to
evaporate.

[0144] The low-pressure refrigerant after flowing out of the outdoor heat exchanger (21)
passes through the inner channel (24) of the internal heat exchanger (23), then flows

through the second four-way selector valve (32) and is then sucked into the compressor
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pressure gas refrigerant after passing through the

out door heat exchanger (21) is relatively |ow but the

heat transfer coefficient of supercritical refrigerant

after passing through the 1Q4 ndoor heat exchanger

(22) is relatively high. Thus, during the heating

operation, the internal heat exchanger (23) has a | ow
(ﬂﬁ.aﬁ“hé E&&%& t lih %hé& o Fesécﬁr@ﬂ) @J‘@&Bﬁesﬁe@% a predetermined

t hr oug I'C OW- pressure gas refrigerant of

pleShi Lol gf%%al?g&it frbmaRSERhpresf fi1gi ent 1 ous.

erefore, durin he heating operation, the

[FUBE" & ithd Gilerda®Helal @katiingtd Q28)NGhd DR Ithahhél (2Bt Bfough which
channel (25) hardly exchanges heat with the

dFRYEREtE SR @ﬁ%t}{r&'ﬁ | gRliaddor HeatVe i LIy satgigtaien gas cooler
rifﬁ%\éerr tchanr?glS (24). %H0146l] -OrEffectsagéééng{Jdi me%t 1 5

11665 9§ PrGdddowknHRel #Bkfer fins ezs? Bt ihetianaadhahfelt(24) through which
exchanger (23) during the cooling operation,

réfBbérhStedfRn ?as%fﬂg%udin@ﬁ&h@@utﬂ&iﬂt@heidﬁ&néeﬂ @rseRéxd as an evaporator
exchanger (22) serving as an evaporator flows through

flohe iPproeided homesd trdndfe) fiar@e). & addiwem e kdat Ransfarsoeffigient of low-
t hrough 20 the outdoor heat exchanger (21) serving as
pfesgas gaonifitgeridt@fier passimgghroufle tiermedoor haatrexchan@gern(21) Grrelatively
the other hand, in the internal heat exchanger (23)
e bun thet lieat trandfernepefiiicerd tdf supercritdal irefeigenant aftdrgrassing through the
passi ng through the indoor heat exchanger (22) serving
imon hgatsexvhahger (22) anveelattvelyubight Adusudwingethenheating 2ppration, the
and refrigerant after passing through the outdoor heat
irggamhla hepe rex¢ihpes 23) ihag aabovaheat\iegysfeatcopacity cilghe linns ghannel (24)
the inner channel (24). In addition, 25 the outer .
thrhaghwhich 26)-pressye s thiidgsantiof rdatively lomsheat transtey copificient flows.
0147] Thus, during the cooling operatjion, gas .
forgeduring thetheating eReratipn, ke supsTariical weingssant dipwing through the
flows through the outer channe] %1 wher eby ) .
opter chgaieh i5)i hardlycexchpnges bpainvih theslow-pigpsure ‘gas refrigerant flowing
conparatively effjiciently exchanges heat with
thrgugh teinner chapneh@4but er  channel (25) and  the

(BT hobri oot R Sxpander (12). n Lhe. of hor

hen, S OSEHEShER, SPGB M R b ARRE ) dvne
3 SRS PSS RNRE RO o] i 2 ervin
S Th AP0 R 0B ERRGH (8BS s o e
PP A BT Bl T TR i chos
(ﬁuﬂ( A%t Rehet ‘ﬂ%&,r}ﬂ AP fftéthh Heat exchanger (23) during the heating operation,
refrigerant after passing through the indoor heat exchanger (22) serving as a gas cooler
flows through the outer channel (25) and refrigerant after passing through the outdoor heat
exchanger (21) serving as an evaporator flows through the inner channel (24). In addition,
the outer channel (25) is provided with heat transfer fins (26).

[0147] Thus, during the cooling operation, gas refrigerant after passing through the

evaporator flows through the outer channel (25), whereby refrigerant in the inner channel
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refrigerant flow ng towards the expander (12) is
cooled nore than during the heating operation to
reduce its specific volune, which increases the flow
rate of refrigerant into thgil0 expander (12). Hence,
according to this enbodi nent, the specific volune or
flowrate of refrigerant flowng into the expander

i 1019 ek b WA réfsip6ant in@hd &der channel (25) and
A Soa Ay RS0 oAl 1 % B BGRIT kerchannl 29,

tHeQUPEEREI réfili%éraﬁmcielaﬁesﬁ@ftem]a&a@% arld tB¥n fl8We inté MHeQix@hnder (12).
the expander (12) can be bal anced. [0149] Furt hernore,

Ol tBE Stich Bhkd Icﬁuiag tREB&htihg lopeatibh, gk abfigeRnDyfiaSassihg through the
expander (12) 15 during t Ige cool1ng operation in

eWpofdiort fiews BfréihEtha MMnet chaimk B{4YwiirebNiefii gerdrig elic outer channel
than during the heating operation, the recovery power

13) qmgégex&isﬁgésdwat (iR refrigeraat in the daed channlel (24) pneé dendupercritical
t he frombeing deteriorated. [0150] <<Enbodi nent 2

réfigéhigs AlswEintd B8 ekpanBeti ) subsiantallyawitleose changinglifs) teinperature.
additionally disposed in the refrigerant circuit 20

[€148) iThefefbrodinmaid idteinal heatnexchengex (281 dorifd 2he andling @peration,
first four-way selector valve (31). |In other words, .

réffigératio Alowingt todvardshther ependesr (12113 coslediinsqroshah duringidhe heating
outlet side of the expander (12). | 01530 As shown in

obergtioretaedudedtsaptdific veluche, whichhiecresspaithd dlow e of refrigerant into the
connected to an inlet port of the receiver (41) and

eaparget (18). Pence, afcotding toethis ermbodiment, ithe spepific ctobime er flow rate of
the third port 25 (P3) of the first four-way selector

refaigerany Sloyving-into Hbe respander 1(82)s deting thes peplings opegation 1s controlled,
conpressor (11) is connected to a liquid_ injectiqn

viepaby (the ye o garnietdtavyrato through| thiveemprseson £11) apg theaieagent flow rate
(41) and is also connected to a gas vent pipe (43)

throngle thesapander (2) oppls badaged s  of the receiver (41).

The liquid injection pipe (42 [

[P1A9) diusthemaEgeince tetenis o P"re)élt f%ﬁg? 'Egera%&%a%/@gg%ﬁw'ee%mdﬂ (12)
o e e S TS B S B et Ph SRR smpp s arer than
Cf}lglﬁg {tgq?ﬁlgp{q%tgspggg‘aﬁ%ﬁ;ﬁuig gﬁrg%g}g p \geé%%a}ﬁ%ﬁ%p%%lero 25 ot reduced,
S BV O TEOR FPE P TOAY 6 ect or val ve (31) and

IbFEN; S TS BRI 1T the sol1d Tines in

In Embodiment 2, a receiver (41) is additionally disposed in the refrigerant circuit

(10) in Embodiment 1 between the expander (12) and the first four-way selector valve (31).
In other words, in Embodiment 2, the receiver (41) is disposed to the outlet side of the
expander (12).

[0151] As shown in Figure 3, the outlet side of the expander (12) is connected to an inlet
port of the receiver (41) and an outlet port of the receiver (41) is connected to the third port
(P3) of the first four-way selector valve (31). Furthermore, the suction side of the
compressor (11) is connected to a liquid injection pipe (42) connected to the lower end of

the receiver (41) and is also connected to a gas vent pipe (43) connected to the upper end
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Figure 3. Refrigerant discharged fromthe conpressor
(11) in this state sequentially flows through the
first four-way selector valve (31), the outdoor heat
exchanger (21), the inner 1@4channel (24) of the

i nternal heat exchanger (23), the second four-way

sel ector val ve (32), the expander (12), the receiver

of tﬁé )rcceN%? gfli).r Fhe Ji L ua i 2 2 RFPiE §142') aN@theSpak Iént plb@ 543) arc provided

exc e outer channel

witﬂe 'ﬂ}!'ste gr-@%?&e@&ﬁnergﬂu)(%@ aa&@oﬁ&en&sp@;seiated valve (EV2),

our-way s tor val ve 2) and is then sucked into

HGOWPTRSGS Qhlved ok cofiduied {okbadbl the floheraierdfesfigeraheat
changer (23), supercritical refrigerant after

[(ﬁ%i]s' MYe t3f SLEB codPpiriionayiiteame e ai Emyodiarger. (21)
| ows through the inner channel (24) and | ow pressure

[(gggL L@ﬂ@g@hmemMr_ passi ng through the indoor heat
exchanger (22) flows through the outer channel (25).

Ther efipiigs cddifhg Gfetatval et fifst fnirngayt fuletghvalvee (3 raad the second
channel (24) exchanges heat with the refrigerant

féuraviy@lectvt b (B1)esvaichas theframsyelkti¢@pysitiohs ssowa frethe solid lines in
supercritical refrigerant is cooled into a | ow

Figes Bf Refrigatatndischargddefromttler exahprissat (J) d dhig etate( segyentially flows
and then 20 flows in this state into the expander

trd@3h theirSfoubwayy rsglettoe valye (3 Hg thepatdadr dwat me;anger (21), the inner
conpressor (11) can be controlled in terns of th

chimgeb @4 bf thecinteom] dependbangen?d) he stqond f@m oy sql%qtqrrwlve (32),

operation by controlling the opening of th
tirenexpandgo €12}t 8 reediver (1), theefinst four-ovay spleetor @ﬁl‘/ﬁ) {349, the indoor heat
(42). Furthernore, the receiver (41) can be de gus;sed
eghanpert 23), Ithmgutsh@w@pér{ﬂﬁ)g%ﬂw fAperngh ‘?ﬁt%ﬁ@P&?re(g gjd, the second
of the 25 gas vent pipe (43). Furthernore, ?n duri ng
f@}yewaa)t $edﬁ¢tqrwelV@dﬁ%9raé\§§%ﬂw(l ﬂeke# Htp ghegogmrésger (11) again.
apacity, the shortage can b ens te for .
(66340 r dn |t1ilm@tqrh@ wﬁfe?ﬁcwgebmsaﬁé‘l’? crggal r ?)%i‘ élaé%“g through
val ve (EV ofthel |d|n )
hceBaePr et Soua Wahgete B ﬁ%ﬂn%hé"bgg Ipfipressure gas
(43 0156 at in rati
rf%@pr%#tege;%aé&lp%%lhrg gw(]g 9or t Fﬁ@lﬂg%eégz%}) h?\ga I;hroﬁ h the outer
S 6 Gk RO G o REBB: Mg 20 xchnges
hleﬁtr éﬁtgqgagf&lg%{%hﬁ?\gmgy&@ gbttﬁe oﬁ%r ouﬁﬁéﬂ%s@ 1ﬂu§ "he supercritical
4 AL kT s 2 e
nt er the second four-way

ﬂsé’fs 18?@? ﬂa?qb?%%g’%mﬁ h(ii)gxpander (12), the receiver
[gﬁ%%ooltf)&?ngf {HeSoolifY bpdtaors $he EdrfpredsBl Y1) (i be doholled in terms of
the degree of suction superheat and put into an oil return operation by controlling the
opening of the motor-operated valve of the liquid injection pipe (42). Furthermore, the
receiver (41) can be degassed by controlling the opening of the motor-operated valve of the
gas vent pipe (43). Furthermore, when during operation the compressor (11) falls short of

capacity, the shortage can be compensated for by controlling the openings of the first

motor-operated valve (EV1) of the liquid injection pipe (42) and the second motor-
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heat exchanger (21), the inner channel (24) of the

i nternal heat exchanger (23) and the second four-way
sel ector valve (32) and is then sucked into the
conpressor (11) again. 10 [@E57] In the internal heat
exchanger (23), supercritical refrigerant after
passi ng through the indoor heat exchanger (22) flows

oﬁ:e %H%]%ERVQ?’BF{he%Bsﬂoaﬁlpiﬂe%ﬁﬁ).and | ow- pressure gas

rigerant after passing through the outdoor heat

[%%F‘a B%he ©dting destionh bRUARt HG-Wa edlectohadlne (31) 2. the second

efefore, therefrigerant flow ng through the outer
sehanpeleldtor)valar @by switdtCldanéie sespeaive Wobitiohdishown in the broken lines
refri‘gerant flow ng through the inner channel (24).
il HiSure &Y §e i feriitedisdhayed Uperh hé tdofipkess@f (il é alnis state sequentially
passes through the internal heat exchanger (23), it
fidvahroughttRe b fexPRay ecledtdRyalselBh)attei iatdor hwiat roabanger (22), the
changing its tenperature. [0158] - Effects of
JalR QEAATRN253 of MeSiptdrital Hightogkichmiger ©23)dthe isentlfoureway saleptor valve
operation, gas refrigerant after passing through the
@Bzd ﬂﬁrexﬁaﬂier ) hae geeiveR@l),abe fitsh frunsvayrseleetapyelye 631), the outdoor
flows through the outer 20 channel (25). Therefore,
Heef Exdhengent(21)) therimnen omneh @4 alf the dytemalpeat sxrhanger (23) and the
efficiently exchanges heat with refrigerant in the )
sl forhanay stledt@S)alwn@2) fral is tporsocked;intgl the egmprgesog k1) again.
decreases its tenperature to reduce its specificg .
[0d5T]nelnathel irteraal Hidapeschanger (23, sunsrasiticnk wingesant afipupageipg through
(12). On the other hand, during the heati nig oper ati on,
thesndoef heayexehangerf @) floys thypygh thioyteyichanne 655 @B jow-pressure gas
heat exchanger (21) serving as an evaporat_or

ST ik

ﬂ@mel\?@ﬂh TFhsretprse thh refrigereple flp g %}geﬂnt@r: ({uztzf) %ﬂa«% (25) hardly

VB The SRRICTRGU e aBirpasee pue i ot R Srhepees @) 1 flovs

e I e R G T

o5h 22 Ret oI et 3 21 i gorant 1 ow raie thr ough

br cvonimg UK A5AE 1B g oGRS refjacrporaferpassing
lla :

SEGUIC Ty e a0 R L LR B v
E:}?a];ﬁlielgaﬁ.ni"he%fo‘féfirtefrigerant in the inner channel (24) comparatively efficiently
exchanges heat with refrigerant in the outer channel (25) and the supercritical refrigerant
decreases its temperature to reduce its specific volume and then flows in this state into the
expander (12). On the other hand, during the heating operation, gas refrigerant after
passing through the outdoor heat exchanger (21) serving as an evaporator flows through
the inner channel (24). Therefore, refrigerant in the outer channel (25) hardly exchanges
heat with refrigerant in the inner channel (24) and the supercritical refrigerant flows into

the expander (12) substantially without changing its temperature.
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(10) in Enbodinent 1 at a different position from
Enbodi nent 2. The air conditioner according to
Enbodi nent 3 is configured so that supercritica
refrigerant after passing 1Qgt hrough the gas cool er
flows into the internal heat exchanger (23) and

| ow- pressure refrigerant after passing through the

[iﬁ%ﬁo[%h% ds! Qé@@rl'i&ﬂfe QHER, ttﬂi ﬁgé’&ﬁé URTurké hha Mty tARNof refrigerant

_ ~the Tnternal heat exc _eg (23). [0161] As shown
ﬂ&xgﬁ%giﬂf]oe e e&ﬁﬁﬁef RE2F QBRBE tthd Sedolifg SGLPMInCEA BE Ediftrolled by
I ndoor exc

eat anger’ (22) " wth the outer channel

dopRdlRE fbeehiperinal o aRt réﬁ‘i@&ﬁﬁ%&he (réfbigetant PGW i idRd through the
15 wt

a first solenoid valve (SV1l) between the

dg)ﬁ}gﬁ’&fsoﬁﬁﬁ %ﬁﬁ%ﬂ@emﬁ@ Abwartk thbsughthe EXRInd&@L) can be balanced,

hanger and a pipe line branches off fromthe

tREeBy prevEdimghBy COP fidif bhing@eRfibratdieat exchanger (23)

short of the first solenord valve (SV1) and is

[0260)€ CtE-mYddment Néf tHe IBehempi>d val ve (SV3) to the

receiver (41). Furthernore, the pipe connecting the
secondiERdbodineht B aGedeiveg (41)eahddtiaaiin déspoedlin thvd fefrigerant circuit
the i nner channel (24) of the internal heat 20

@o¥ haBgeod{nzedx 1i st prdifféreedpositidn AomeEmbodiseheRoTHe air conditioner
val ve (SV2) between the outdoor heat exchanger (21) _
saordirpetd Bibodizlenh Sais enfigaredeso thaGyperrifical refipgerantrafter passing
branches off fromthe pipe on the way to the interna

themigh ethe hgas garoldr 289 ws o t the f inteingal Swab wuchappen 3y and| lpav-pressure
(SV2) and is connected via a fourth sol enoid val ve

1eSigkrant aftehpassingehrough thel yvappon@ Aowhthroughethg aecefver Y41) and then
has a liquid injection pipe (42) connected thereto and

itoothe dsemablatexchangentd®r - oper at ed val ve (EV) and the

i gui d injection pipe (42) is connected to the .

[9de1l oAs showndn Rigre dorthe insoronpacting the sepandesnslepf theqipdoor heat
al so has a gas _vent pipe (43 connect thereto a . .
exchanges (320 Withpths @utex 9)1ann§f 655% H@dn1ema$ %?%&Xsl?%lﬁ%&g) is provided
lines, Qut of the 47 _ _two branch inﬁs, a first ?{anﬂ% . !
vithe firassplencid valws EXY Bberwegnibe dnrogr heat sxchangers@y) gpd the interna
the internal heat exchanger gs#.via a f.irst chec

st GecherRer)( 24l A0d A RIS inengen B e pige PR Jo Sy to the intemna
e syclmaeciraLatastiof ahe st Sl SERATRYD BB8s btfed via a thind
8 eV R ) PSR Ber kG ocond end
L SR i QoL 57D 08, Sl 9 tofpomat e

exc egre?t(iﬂqglpro%?@e%v&ﬂﬂ a second solenoid valve (SV2) between the outdoor heat

exchanger (21) and the internal heat exchanger (23), and a pipe line branches off from the
pipe on the way to the internal heat exchanger (23) short of the second solenoid valve
(SV2) and is connected via a fourth solenoid valve (SV4) to the receiver (41).

[0162] The receiver (41) has a liquid injection pipe (42) connected thereto and provided
with a motor-operated valve (EV) and the liquid injection pipe (42) is connected to the
suction side of the compressor (11). The receiver (41) also has a gas vent pipe (43)

connected thereto and the gas vent pipe (43) is branched into two branch lines. Out of the
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In the cooling operation, the first four-way sel ector
valve (31) and the second four-way selector valve
(32) switch to their respective positions shown in the
solid lines in 10 Figure 447Furthernore, in the
cooling operation, the first solenoid valve (SVl) and
the fourth sol enoid val ve (Sv4) are closed and the
npi V@ABapROcdnfiectéditd ethe GatedtRingel (25) of the

W\?glcb\?%ﬁ?g%lgg glrﬁgs'[gjg!éﬂr@ l[inc?l S]ﬁRefri gerant di scharged @3
ixﬁtﬁﬁm hbe SRERRFS) (1) firf ek \ahat @¥En@ninhititing the flow of

ows through the first four-way selector valve (31),
rEt*Pi%e:%H{ fRAkdNBRre I ERAAYLANd 2 bcont iRadchriéie (43b) isheumnetted to the
(2 of the internal heat exchanger (23), the second
PR AR &) @€ R intePhal BedtBRhanighe(28) pandsscotd Beck tvakve (CV2) for
first four-way selector valve (31), the indoor heat
iSMBRRAB YRS 14w o refrifdiantitonaidy efe rééelyer (4)e outer channel
(25) of the internal heat exchanger (23) and the
[0 B6) NCThefreétlof BRYconfipeation isvht vand &Ah FartbdirserttHen
sucked into the conpressor (11) again. [0166] In the
[01é4)r naDphedsnat Behaviger (23), supercritical
refrigerant after passing through 20 the outdoor heat
excharigethe (c3d)ing bpevatiomrthel dinstt foar-ivay eelecton valve (BPuynd the second
and | owpressure gas refrigerant after passing o
fobi-aag beltdier valeto@32) keitth wxtbéiareypective Ppsifiprsghowiris dlefhsolid lines in
the outer channel (25). Therefore, the refrigerant
Hiparei - Furthennayk, irhthei snoding oiparation, the zt")rsfe%dﬂmg aalve {8Y{l) and the
with the refrigerant flow ng through the oquter channel .
foash soltheid valviedS¥dparecelpseid andl the serendyaglenpid valve §3Y &hand the third
into a | ow specific volume in the internal heat
soleriobhypdye (B¥P) amrepenhen 25 flows in this state into
t he expander (12). [0167] In the heatiﬂg, ogerati on, ially {1
[omes) i Refrigeraut digehareesl Bemdhe gampresyos {3 1) fhisytate segppgually tlows
four-way selector valve (32) switch to their .
theopgh dhe st Sourr vax BRICEPo " S gubibet bt sxchapger @), the inner

e of e WSSk cheblE BEPUDG SBERLAD B vave 0

S5y AR RGRTGEDE LSt 22
O BRSPS T A AERA o RRRR o esn
CH S Oh S5 Yt B gy ERESRl 1 usin

o368l "B t}\ggﬁ\t%n%f g%‘”i‘ ?Q&{aﬁg&ggz%%‘ﬁ%ra?% Feefil 4y passing through

é‘%’:‘%&dﬁ‘v’gﬁé Pg'a? lf%cl'?agéerv(ﬂ)vﬁo&g’ﬁougtl'lhﬁe ﬁl'ﬂhda%n@le{ﬂ) and low-pressure gas

refrigerant after passing through the indoor heat exchanger (22) flows through the outer

channel (25). Therefore, the refrigerant flowing through the inner channel (24) exchanges

heat with the refrigerant flowing through the outer channel (25). Thus, the supercritical

 refrigerant is cooled into a low specific volume in the internal heat exchanger (23) and then

flows in this state into the expander (12).
[0167] In the heating operation, the first four-way selector valve (31) and the second

four-way selector valve (32) switch to their respective positions shown in the broken lines



10

15

20

25

the receiver (41), the inner channel (24) of the

i nternal heat exchanger (23) and the second four-way

sel ector valve (32) and is then sucked into the

conpressor (11) again. 10 [@B69] In the internal heat
exchanger (23), supercritical refrigerant after

passi ng through the indoor heat exchanger (22) flows

ih frﬁgﬂg B, FhRn@Hos, i i mating 3pdranan] thefrqrsekacidevahas(SV1) and the
refrigerant after passing through the outdoor heat

B aNeRdid Ak (BVaYSrd beaugid thbsedondanlenckiavaied (¢2))and the third
Therefore, the refrigerant flow ng through the outer

olabmslal W3P§feCH}Used.eXChangeS heat with the

refrigerant flow ng through the inner channel (24).

[01068). RMEiRerhht Wheardddefromple compiessair (2B inithisrstate sequentially flows
passes through the 1 nternal heat exchanger (23), it

thicugh thé Ak folewex pelader v{liR)3Hutiet iadodrdiday ewghahgart(22), the outer
changing its tenperature. [0170] - Effects of

diahed i(2Séf tBe ibimal heat Endhangerd2d), te suoichfpurvaycelsrionyalve (32),
operation, gas refrigerant after passin t hrough the

the depindbedr) ahe iast feur-¢223eletorwaing 34).2he evtdpor kaabexchanger (21),
flows through the outer 20 channel (25). Therefore,

the ieceiyer 641), tha inriee chamel (24 hafithe finterma) head pxehanger\@3)and the second
efficiently exchanges heat with refrigerant in the

fout-smy ctlactoevaly2632) andiistthen sigkeskipta the eampressor (Lo agap-
decreases its tenperature to reduce its specifi )
[0a690nelrathe intamal heaswxchianger{23), sepereriticat E?flfl&%”amé%ﬁéﬁ‘&?éﬁng through

é,;gr)l&@?},pégiﬁﬁ;g (223 rf]lgb'aggr;)iaglg tﬁ??ﬁﬁ%&%ﬁi &%%@ﬁé‘gpﬁressm gas
hest sxchanger (21 Sprvi 9,25 20, SXSECCEL 120 e o
Shaanelog2dn Tespfog i reieigerant ioing: TEpugin bt Jusih SRRRECT2s) hardly
Cbpnisa skt S RREROL DoTH R 0% PR ar R pERS Thus, even
TEEAE RS i AN P e
B g e A

(7B} S EIReis o eI 2  erant 1 how rate ¢ hrough

b even it T EEbEpERL s, Egie 8/ \Gitng Bpbiaib s efiigorpat after passing
BRI b A Bty 1 g e
channel (25). Therefore, refrigerant in the inmer channel (24) comparatively efficiently

exchanges heat with refrigerant in the outer channel (25) and the supercritical refrigerant
decreases its temperature to reduce its specific volume and then flows in this state into the
expander (12). On the other hand, during the heating operation, gas refrigerant after
passing through the outdoor heat exchanger (21) serving as an evaporator flows through
the inner channel (24). Therefore, refrigerant in the outer channel (25) hardly exchanges
heat with refrigerant in the inner channel (24) and the supercritical refrigerant flows into

the expander (12) substantially without changing its temperature.
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i nvention configured so that the flows of refrigerant
t hrough the inner channel (24) and the outer channel
(25) of the internal heat exchanger (23) are in
opposite directions (in 10 ggunterflow) to each other
during the cooling operation and are in the sane
direction (in parallel floww th each other) during

@ng%]h egink9 aso H%Eé‘fble&’ rb:bo{lé) 14%,8] sphéifis heoMime ranidi Guwerabe of refrigerant

di ment’” 4, d four- way sel ector valve (33) is
Hhwiy gsﬁﬁo'ﬂﬂe ae)ﬂiaﬁ’&r LQ? deingetie thdingubpaatiothean be controlled by
exchanger (21) 'and the internal heat exchanger (23)
E&tﬂ’oﬁi’rﬁg{j% kdipdrhtamw OF Be treBipessint,r ter fefdgaait flowt kege through the
I nner annel (24) of the 15 internal heat exchanger
é&@%re@s*or (1e #Qangerfisanmttiiay cnellirogglofhe rexparster (12)tdaw be balanced,
heating operation and vice versa. To acconplish this,

HRRbyPeeRdtigg theadOP hemmbeinindmeriveattd exchanger  (21) i's
connected to a first port (P1) of the third four-way

f(ﬂ|72]3t exEModRndnd3)of the Ineaniod>port  (P2) of the third
our-way selector valve (33) is connected via the

i nner Easbvdahent24)is ah dxampld of @nnait chaditionstcitapiging to the present
(23) to a third port (P3) of the third four-way
s8katiéroconfurd o3B3t t2Oflawslofrefragerarty ﬂy@ugh @Pme@ph@qqul (24) and the
third four-way selector valve (33) is connected to S
bitestchparel (26P0f thé inthmmak besnekchanger (&) 8 %PBPO%I gections (in
(32). [0174] The third four-way sel ector vaI ve e e o
suinitedilosv) de teagteother partig the soplingwpessionand §r¢ i fhe;ﬁ?me direction (in
(Pl') is comunicated with the second port (P2) and the
phiailel fow withrarh peher)doring Hedieiing Wec“ﬁlctnhe fourth port

P4 h h h lid
e A

T b e St e G
%Eheapggé:@%l) %@%Elg\é\?heoﬁow ngg n ] Faéli iy @e ﬁlgeli‘ cﬁarﬁ)el (24) of the
el o i 4@5 e
T —

OBk sheaRE y ggqut TR G ROy SDECEPLAIk (337 %%second port
N e of the
C(ﬁggﬁgﬁs éc{ % u} -Hay fsy%ct%r %l% W&ét?({t/ L4 the Qwer chann 1(24) of th

our -way s ctor val ve (31), the

gg? %Fa Sgﬁtchﬂé%ggﬁ% ﬁ(tﬁ&a oft rﬁg%} bi fh@ tfli?le 'ﬁSWay selector valve (33)

e i nh annel
and a fourth port (P4) of the third four-way selector valve (33) is connected to the first port

(P1) of the second four-way selector valve (32).

[0174] The third four-way selector valve (33) switches between a position in which the
first port (P1) is communicated with the second port (P2) and the third port (P3) is
communicated with the fourth port (P4) (the position shown in the solid lines in Figure 5)
and a position in which the first port (P1) is communicated with the third port (P3) and the
second port (P2) is communicated with the fourth port (P4) (the position shown in the

broken lines in Figure 5).
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of the internal heat exchanger (23), the third
four-way selector valve (33), the second four- way
sel ector valve (32), the expander (12), the first
four-way sel ector valve (31)sp the 10 indoor heat
exchanger (22), the outer channel (25) of the internal
heat exchanger (23) and the second four-way sel ector
e £3 ' ; intY 4 ih Bentedimemdsor (11)
lég}asl\lnfhe[%sf'a}’?%ell%n? e Pﬁrtygt%ﬁﬂfdnhﬁgeat exchanger (23),

lQﬁ‘ﬂLgﬁgé%i&%?eﬂgfiﬁm ough the inner channel 11 (24)

sing through the outdoor heat exchanger (21)

and reff g %591%5% %b?&icﬁg tHehfi@tfftr-vidyeselidtor valve gAtig ithe second four-

(25) after pas through the indoor heat exchanger ]
&%@egéét&‘%lv% (33ParRRAORiHdSost-weE sdleutor Vabveq @B switchao thejrrespective
addirtion, supercritical refrigerant flows through the

]% NEhs SRARDE] the 240d ARek i8 Fgure B Refiganint dischasgedHrandhe compressor

e outer channel (25). Therefore, the refrigerant

(el'l?% Mk SO Yeduehbillyi flows thidaginehe (ifst)fout-wayiselaetoy valve (31), the
xcthanges heat wth the refrigerant flowng throu

Oug
5 R8o R el exchapRe (21028} thikhissr-waheclsctoevalve (33 athe inner channel (24)
refrigerant is cooled into a | ow specific volune in

b h@e ibRANRat bedhngx (IBntethit@ Ryr-avay sclester Valyaé33)nthe second four-
this 20 state into the expander (12). [0178) In the
heptseREtop RNt (32N, th hapindes t(12)p the fizgt fout-way selegtgr palve (31), the
(31), the second four- way selector valve (32) and, the 3 and
fridobElhdad Exchangerq22 ) Gtecruteradhaanel §25) ofithe iterng) Hepegychanger (23) an
respective positions shown in the broken |ljnes in .
HegetendTouRehy selentamtalyti (S8 handgs thensyekedpnto t FRIPRIESSOF (11) again.

e o Ll e e
stef euteorchaagl (@5X gggr, P‘!Sﬁ’@go@f‘i‘!’@&}rt e‘&flo‘gx[}??gr'?&\gﬁ%(gﬁrl)a,z) flow m
(he L 10 tour vy, So o) o LS oSk U G e
oo L S T RSB,
TIPSR bl I I e ot i e
ktearh Aaas trolh bl oRJE 9 RYER dchidacesigennt s
gﬁ&s;;‘ggﬂt%{?e@?vasgg@hg &é@ne‘z‘éﬁé oS :hﬁ&tehgﬁe@ﬂégﬁﬁf‘&d then flows in this

state into the expander (12).

[0178] In the heating operation, the first four-way selector valve (31), the second four-
way selector valve (32) and the third four-way selector valve (33) switch to their respective
positions shown in the broken lines in Figure 5. Refrigerant discharged from the
compressor (11) in this state sequentially flows through the first four-way selector valve
(31), the indoor heat exchanger (22), the outer channel (25) of the internal heat exchanger
(23), the second four-way selector valve (32), the expander (12), the first four-way selector

valve (31), the outdoor heat exchanger (21), the third four-way selector valve (33), the
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same direction. In addition, supercritical refrigerant
flows through the outer channel (25) and gas
refrigerant flows through the inner channel (24).
Therefore, the refrigerant fgqow ng through the outer
channel (25) hardly exchanges heat with the
refrigerant flow ng through 10 the i nner channel (24).

ﬂfé&" harfhéf EZWI)? Nhi RRerdHPRdaE kit géh r (28 rtgg ﬂﬁﬂf‘fod? W&lector valve

hr ough t I nternal heat exc ger
(33)tzﬁhdtth@ s@d&ﬁé'fgﬁ{w%l dle i [325 by 1é"’tHeH%UEkéahlﬁﬂﬂih@g:ompressor
its tenperature 180] Specifically, assune that
(IBagai@xchanger effl ci ency between the counterfl ows is
0.8, the heat exchanger efficiency between the

[@Em9R| 118 thd intBal iheatlex3h@iper 1335, RARIRdrt pA&itig thicugh the outer channel
transfer coefficient during the cool i ng operatl on is

(25)3dtet pAREgAtirdugh d8e ARlobNRdat xdtialgert (22) ARPfekEkrant passing through
operation because of the heat transfer area difference

tieeinneechdnhél @4} efterchsing throG@biheasifiddon eleam&hax;glaamglﬂow in the

The heat transfer capacity during the cooling

sarpe datetion. s addigbgrsuparesitiéad réRigeradDflows thrdemth 2% dutdrashannel (25)
as large as that during the heating operation. [0181]

and Bhf efigeraft flows dkibouginthe4nne? @hdiaeb (4. Thetefofethedefiigatant flowing
4, during the cooling operation, gas refrigerant after

tipasgh thg dukercheyinet (25) hadidp exdhangesdeataity die efPderae flomigg through

as an evaporator flows through the outer channel (25)

teenthnee thangelr @4). Thus) beenowhen thehaapaetiti¢ASefrigechnt passes through the

refrigerant in the inner channel (24) flowin

inpekhaat extibangsr (2¥)sit flowsantie the trpandeTi{E2)esubstantially without changing

refrigerant in the inner channel (24) conparatively

itg tgmpsretare y exchanges heat with refrigerant in the

out er channel 25 ZSL and the supercritical

(9180} i Gwerificallye essupnsdbati the heat epehaager efficioneyclriveen thg counterﬂows
cific volume anpd then flows in this state into

1%53&#@&}%@2 s SREnEY RepveRR o il Agveie O thg overall heat

|gerant af t er passing throug

at | %a r ef t he
% Fobre ﬁ@ﬁ% @&l@saﬁf@ Epolmegpezation; if - s times asaharge as that during the
RIFR lort e Y Bere i RERRSE v es che
49e ﬂ% RCEITDE, TPYTSPLRBHES BTG A Lo Foipd praton is
oFhrg ?o:ﬁ%*fw@ R RS B s osion
[‘?@Trcr%ﬁ%&s(& e?tadwt flows into the 5 expander

hout changi ng its tenperature.
ggésﬂ%‘% 1di %to Emﬂgéi?xl{eng ?g%@j?fgvﬁl’e %ﬁngc' Bsé:rla{m'n{: gv réjf';%erant after
passing through the indoor heat exchanger (22) serving as an evaporator flows through the
outer channel (25) and refrigerant in the outer channel (25) and réfrigerant in the inner
channel (24) flow in opposite directions to each other. Therefore, refrigerant in the inner
channel (24) comparatively efficiently exchanges heat with refrigerant in the outer channel
(25) and the supercritical refrigerant decreases its temperature to reduce its specific volume

and then flows in this state into the expander (12). On the other hand, during the heating

operation, gas refrigerant after passing through the outdoor heat exchanger (21) serving as
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flowing into the expander (12) during the cooling
operation can be controlled by controlling the
tenperature of the refrigerant, the refrigerant flow
rate through the conpressd@2 (11) and the refrigerant
flow rate through the expander (12) can be bal anced,
10 thereby preventing the COP from being deteriorated.

aé %@%ﬂtﬁfﬁﬂ%? %ang%lt %1]5 iftfer fcﬂﬁmkf‘iﬁﬁ‘ bh®NutiBe BOGRE "RAigerant in the

I'nst ea e- pl pe heat éexchanger in _
0@[@&9&%5"{251)3 arfd refifeRfit iRYe ﬁﬁ‘)epl:l%ﬁelh%@ i?ﬁ@ﬁﬁﬂﬁeiam&direction.
. i's

used as the’internal heat exchanger (2

ThetedérBakhe RERLe@NC NRAARE bulcd Dhahlidt @5) iHARRY &ORMIERS heat with the

(24) located 'n the center and a first outer channe

rdfPigeraBtin aR€ ifner CARARHIOMW4S landhthB NQlpefcABBal tefAperaiite flows into the
di Sposed adj acent and on either outside of the inner

R ﬂfd@fﬂ{lzg dbstantiMBdithds cﬁ&%ﬂtﬂeﬁp@ﬁtﬁeﬁ, the inner
channe 24) of the internal heat exchanger (23)

[O0823t i SidecSas QRatibg bbeves ald isperifi @bhimeoand Ao aateedf refrigerant
t hrough which refrigerant after passing through the

flowifi@ dhtoh @Rt expidenqe?) dddng ab¢ Woolingsoparaties camolber controlled by
flows, and constitutes, 20 during the heating

copesiihg othe @mpbannel oft theonfigavhitc he etfriggmntrflovafrater through the
passi ng through the outdoor -heat exchanger (21)

conpvéssar (A3) and theapfigatant flbvaat. thittugh skecorpandert(@2) can be balanced,
channel (25B) constitutes, during the cooling

therebyapriewenting thh@ORrom being ghteribiatad. r ef ri gerant after

passi ng through the i ndoor heat exchanger (22) serving

[A38Hn <Embodiment X ofagheInvaniion>eonst it utes, during the

heati ng operation, a channel through which refrigerant

af t er JpaEmbedjmest $.hinstaerhof adonblewine hrabexeheperiigdimbodiment 1, a
(22) serving as a gas cooler flows. The first outer ..
thiearianered plata)heatgrshangar issedier thp intemmal hegbexchanger (23). This internal

operation, a channel through which |o pressure
heat gxchanesn(23) hesan agishagnd k4 &@qatqdﬁe%;ec&am ad Giest outer channel

(ﬁgg?g%a S;elzgg& p{nlgg\c/ﬁagnaﬂﬁﬁgﬁhatf %F glh%hg a5 mgrlljtralng %nteri]tﬁer outside of

the bt SRARHGEAE 24) °F1 ovs. [0165) The first outer

AR Sha 5080 ik 85 SPE el el 80 by e 2

UG RS Bl BR3Pk S el S DBy B e i
SEURTREERR ot SEMBLRLF 5o O, B, s consivs

cﬂfr‘fuﬁ "thé H@aﬁﬂg lop&%ﬁ@,)a b %}oﬂ‘éﬂ Shich refrigerant after passing through the

outdoor heat exchanger (21) serving as an evaporator flows. The second outer channel

(25B) constitutes, during the cooling operation, a channel through which refrigerant after
passing through the indoor heat exchanger (22) serving as an evaporator flows, and
constitutes, during the heating operation, a channel through which refrigerant after passing
through the indoor heat exchanger (22) serving as a gas cooler flows. The first outer
channel (25A) constitutes, during the cooling operation, a channel through which low-

pressure refrigerant after passing through the second outer channel (25B) flows, and
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refrigerant after passing through the indoor heat
exchanger (22) serving as an evaporator flows has a
hi gher heat transfer capacity than the refrigerant
channel (inner channel (24)%3 through which
refrigerant after passing through the outdoor heat
exchanger (21) serving as 10 a gas cooler flows and,

cHAktuRgs, Hﬁﬁné‘ﬁﬁtﬂe #Aton0# chdriel thedugh getieloweieBsied refrigerant
(1 nner “channel hrough which refrigerant after

aﬁé&%ﬁa‘s.{iﬁ t}ﬁél;gmhehﬁ@r émﬂaqmrws exchanger (21)

serving as an evaporator flows has a | ower heat

(6183]s fiRe fegRakdricharded (R SA) & tief integied] Avit exchaigae(23) has'ledat transfer
out er channel (25A)) through which refrigerant after

13 620) Peovideduigits dilesurfabel aovardictht irexe tieangelr(24)2 Through the provision
serving as a gas cooler flows. Therefore, the internal

oh @Rt hekbtr@sdtdi@aL6), AR) intetnal hedtieyuitanders@3) fsatonfigered so that, during
capacity to cool refrigerant flow ng towards the

tlexaauliggropedation] thehiefigerant chamgl (fist outet chapnelp€Sa)) tmough which
than during the heating operation. [0186] In the
refeiferageafeartpasding tiroughlihy indoor hicat exohangentd?) senving as an evaporator
second end of the outdoor heat exchanger (21) is

floors s taddgher desthtearisfen eapaciip il the 2effigefant ¢hanhel ((amen channel (24))
heat exchanger (23) to the first port (P1l) of the
tlsengnd/hfchueﬁrmgans afterassing/ trough(tBodutdper hepbexshanrgss (21) serving as
port 20 (P2) of the second four-way selector valve

a(gas)co¢lsr hewt, during therhsating @zerm@eﬂ@fremranb&f&aﬂ%lérnner channel
é 2). The second end of the indoor heat exchan

(24)) cowongl eichy irefrigerant sfieropassipgttbrough dhn entdoor <'=1to?’“>hamg‘3r (21)
the internal heat exchanger (23?1 othe third p

SeIPEIg af aB [pvapayaEes dlpvrsolns: adgWeieheat tens él'%ac %2;1&%#&3 refrigerant

e b2 0 LRSS0, LM St oush e
5o sk B e i o SREAAS, WS e

e?cf@-f%ng?r &g&segoj{f? ey ol?énﬂ%l&% (ﬁ%ﬁ‘gcg crﬂ)o{ ﬁaﬁ%e&%rﬂefﬂowmg towards the
BB A DL o hion

R Ak ARG A
h{e%’trl%’xtchgngﬁp Z\ZIA% rﬁw&%&‘ l&?anﬁx e{ §%.rﬁ%’.[5% 24 BF QHt ['nﬁ? heat exchanger

ctor va e OUt oor
AR B AP LR B b s

fj OF RS sé’c%}n)!efo(lf)’a)d sefe@ﬁ)r%ﬂ%“?‘? 5 i Je%)mecﬁéiletof {HeStalet side of the
o r-way selector Vi e’ i ndoor heat

RP&HRPILS). (Ré)second end of the indoor heat exchanger (22) is connected via the

second outer channel (25B) of the internal heat exchanger (23) to the third port (P3) of the

second four-way selector valve (32) and the fourth port (P4) of the second four-way

selector valve (32) is connected via the first outer channel (25A) of the internal heat

exchanger (23) to the suction side of the compressor (11).

[0187] The rest of the configuration is the same as in Embodiment 1.

[0188] - Operational Behavior -
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the second outer channel (25B) of the internal heat
exchanger (23), the second four-way selector valve
(32) and the first outer channel (25A) of the interna
heat exchanger (23) and issghen sucked into the
conpressor (11) again. 10 [01891 In the internal heat
exchanger (23) supercritical refrigerant passing

{0 o koA erIANBE! il B LI AR NN 1) Al ne second

xchanger gas re
f&lgiihl&%gle{t: Eggﬂﬁ %ﬂe e g@ogleﬁ%sz{ecm%ggé glwn &f %ggoléd lines in

F#glmeg@. Iﬁ&fifg & Effﬁfn? ﬂfeecoh’xg%r % ?'ir?tl’ﬁ@Etﬁ!e' ®huentially flows

rerore, e anount exchange bet ween

tht.r fhe ﬁ}&”ﬁa #(‘é&llsé‘mls%'vé BN He Rt ®ioP Beatlxchaid€r (21), the inner

rcrl ti ca rigerant passing through the inner

ﬁfﬁ Gf?f’rbe %ag aéatreﬁéﬁdng&r @14, th9 ssshd Sodrwaugiectdisralve (32),

rst o ter c annel (25A) after 'passing through the

HRESQRSeP i BY, ﬂ]&ﬁ@mﬁﬁ &a%%%)ecfb@tvawal (F1))aNeirdobRhGe exchanger (22),
tenperature difference but also are counterfl ows.

OGS AP Butet Ewanaamsss bf @R iAtkmdl Ihe¥Gexchinpe bz:!)hﬂlefsieécﬁid four-way
outer channel (25A). Therefore, the supercritica

sé164tb1 S8V(3R) antbithe figst Gater ERinhtD@BAN bf thkfihteinahhday exchanger (23) and
exchange heat with each othér. 20 Thus, the

istipesieked irtathelc@hipr@gedral) dgaincool ed into a | ow

specific volune in the internal heat exchanger (23)

[6739] t e thd interBali izat Bichasdent(23)| siperdriteabrefidgotant fagdng through the
[0190] In the heating operation, the first four-way

et adhaniie] VE2M4Y eafieB 1assingl thivags etbe nmtddmuheawagxcbmwct(al) and gas
valve (32) switch to their respective positions shown
réfrigerant passikg thrbughethe sdcondrogter ehadnel K2$B) after pagsing through the indoor
di scharged fromthe conpressor (11) in this state
hesqexshanger | (220 Bavd ewsrgehtempgratarisedifference oyt rthcwfayre parallel flows.
sel ector valve (31), the indoor heat exchan ﬁ

Thisesfore sbe Atiobuitas heattrxphasge betmeyn drem ﬁ@ommr@gn%lb’ spal¢ On the other
exchanger (23), the second four-way selector valy

hand)superngtieat sefrigerany paspingithwugh thy sy, Fh%ﬁ9l 2% ] é&‘i 6?5 refrigerant
valve (31), the outdoor 55 heat exchan
pessing thrpwgindie fissh)owsr ¢heangl 28A) Aft eﬁ PapTg. é*HaHé‘b Fhe Second outer

23), the second four-way sel ect vaIv

?IF@{ 2B é}Ot @ﬁkynl}péfp a(lggg)te@pertaﬂge eéﬁ:r}?g“ u?]éé%’ are counterﬂows In
UG Pl G e SRR TR e
#P?é’?‘l%!?%;lg%ﬁlt&ﬂqc th% %fg:‘rBlj éetargﬁtlt %ﬁ@gﬁtﬁﬂwﬂpﬁ%‘-’@e# Nth edch other.
’lllhglgotga é&%ﬁ%ntgcgzgge?ﬁ r'inﬁ % % 5{1 H‘lé %Vé gpe acﬁ‘?]@fl&?éﬂ the internal heat
e?cgltla%rgelp aif nh hoWd pn tilﬂ state into the expander (12).

[0190] In the heating operation, the first four-way selector valve (31) and the second
four-way selector valve (32) switch to their respective positions shown in the broken lines
in Figure 6. Refrigerant discharged from the compressor (11) in this state sequentially
flows through the first four-way selector valve (31), the indoor heat exchanger (22), the
second outer channel (25B) of the intemal heat exchanger (23), the second four-way

selector valve (32), the expander (12), the first four-way selector valve (31), the outdoor
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out door heat exchanger (21) have a | arge tenperature
difference but they are parallel flows. Therefore,

t he amount of heat exchange between themis
conparatively small. In addggi on, gas refrigerant
passi ng through the inner channel and gas refrigerant
passi ng through the 10 first outer channel (25A) after

heR xRN0y Ihe idher tlnnael (ipoihdae iktaveal vat &xaiprgeat(28)ethe second
di fference. Therefore, the anmount of heat exchange

fOatw@e Relebomm vadves (B2 t adt thel fiyst z@ne. chahhels (258)eaf whelinternal heat
the supercritical refrigerant passes through the

ekcHanperaR3 hanl is ehenlsaci@drinto (B3Jompressbt (MMF again.o t he

expander (12) substantially w thout changing its

[0xaTperiatthe inteinAllReal exchiahfer (23), ahpdrorditind] nefrigerant dassing shirough the
in this enbodi nent, during the cooling operation, gas

firstf mitgrechanhel a@26B) aftgragssing thrlonghugie inHeor b exchaegdr (22) and low-
exchanger (22) serving as an evaporator flows through

préseure quat eefrighzant passing 3hroggh ¢he innex clonnelr (2dh afterepassing through the
(25A)) and refrigerant in the first outer channel

ofiReA) heat éxchangery@i pirve iafangs tenpenasnrechifferande fup aheyfare parallel flows.
I n opposite directions to each other. Therefore, the .

Theteforgethgamaunt effeeat exshangethetiviesn thom)is eqsapasetively,engll. In addition,
efficiently exchanges 20 heat- with the refrigerant in

gap ecftiperont passiag thiengh dhe inperghappel and @as tefegerant passipg through the
refrigerant decreases its tenperature to reduce its

fypfeouten ehapspli (S Anafier mapsing Jwgushh theningersehangel havs poy demperature
expander_(12). On the other hand, during t{]_; heati ng .

ditierenge. Jherefers. ther amepmt oh deafr exchangs Retyvery Pbtfg-ﬂlbﬁ‘%@“aﬂy zero.

S o SRS koL g o) Y SRBERL B cxchner
SN N e R W R
R LT N
oo A et Rl e I R e o
PR LR ob R ol AT Al v
R HEpRREED S SHBT 1409 I BRL e e e
EFAPYEE gy 0 B 09 00 e i ot

13%%% :tﬂﬁbgrne:fﬁgerggj 1{1{%@ :i?hr%g ir?%:li&g%? (24| QnBabilivelyl &Hithtly exchanges
heat with the refrigerant in the first outer channel (25A) and the supercritical refrigerant
decreases its temperature to reduce its specific volume and then flows in this state into the
expander (12). On the other hand, during the heating operation, gas refrigerant after
passing through the outdoor heat exchanger (21) serving as an evaporator flows through
the inner channel (24) and the first outer channel (25A) and, during the time, the gas
refrigerant hardly exchanges heat with supercritical refrigerant in the second outer channel

(25B). Therefore, the supercritical refrigerant flows into the expander (12) substantially

without changing its temperature.



10

15

20

25

Enbodi nent 6 is an exanple of an air conditioner
according to the present invention configured so
that, during the cooling operation, refrigerant after
passi ng through the gas cogger and refrigerant before
flowing into the evaporator exchange heat with each

10 other in the internal heat exchanger (23)

[0 gEb|§ '{%ﬁ 5&3 ﬁxﬁlﬁﬂ/@g cf)e pacObIAR SROWDW Rate of refrigerant

'Seh arge Si of the conpressor (11) is

f@%‘ﬂge %ﬁ)d tﬁ }%ﬁﬁeﬂ‘ l{ Bt dﬁ’ﬁ’ﬁ thélchoRhg tdpRratibh Sdan be controlled by

our=way se or va ve and the sécond port (P2)

r e QhntY dhe/ Qefrigédant 1 te thr the
Syl b1 gby s 05 e o e b

S&@E@;E&e@ ) 2&@ the TBBioEREPNEWaRE Bfougheh@eipaadsr (1BREan be balanced,

nge 'S connect ed via the 15 inner channel

the2édy ﬁfevélﬁfﬁ 'tHé@O!Pfﬂonﬁ‘Béih dueHangdr (23) to the first
port (P1) F t he second %our way sel ector valve (32)

[6154)t hecrsRbedeRd of théBivetior>e second four - way

selector valve (32) is connected to the inlet side of

t he expaps@imenild)is athexanle aif &i die ahditivaer ecqoadidgrto the present
(12) is connected to the third port (P3) of the second
iheuntion@ynfB@lred §odthaty dlnieg hd 2polimpnepetrdtienf einigenan after pabging through
of the second four-way sel ector valve (32) is
thOBRedotet andaefriperadDbefutecfiowingrintol th¢ 2Epouston dxshange heat with each
i nternal heat exchanger (23) to the first end of the
dthetao thelirinal deat kacipager((23) (doTle-piedwatexshangst). t he
i ndoor heat exchanger (22) is connected to the third
[P193] (R8yhmén ihBighrer Btthé dischaxge side o€ ﬁteoqonmm@r (131)8 connected to
and the fourth port (P4) of the first four-

the fiest tport (P) vitheFiryt four-wey nelectervale (9 aad,the ﬁ?ﬁmsq ppgt (P2) of the
of the conpressor (11). [0196] Qper at i onal rtla
st (fourtway @d@ttphgiabﬁe(ﬂbllérﬁmﬂﬁ‘éef* ity ghe ffB'EFr cwm? ¢ ‘Gutdoor heat
sel ector valve (31) and the second fo el ector d th
sxghanget 22). The seaend gnd Iﬁ)@ ﬂ?e ?@éﬁ@clﬁ%éx 49 (Zhois SBpsted via the
inthe solid lines in ure rig
aercohans 24) of ibe Reical L SEOIE 17) 1 Th T0tghos (P of the second
sequentlally flows 57 throu h.the our
Gurvei el vehtde) e ey rporateé’@") éﬁ%ﬁa@ﬂ figgsway selector

{aﬁvﬁs e @33%3@6 ol g S5 a6t Spamye [y ThE Dfléhide of the
i R PR -
ex C@]Fr}g &’ﬁé )fPéfe ng}legs%g@r{d - a?gs%l: ?d‘/e%gpeﬁ%nﬁ&%d via the

?lﬁ &}?gflglt @gi hg%e n gair‘l’ %gét §x]cillgn&gg ?ﬁlj to [tgélﬁ@t ch® of % indoor heat
CXCEI T (ﬁ}t Tf?ef, {2bnd gﬁ%ﬂﬂe §ddoBH Bk exchanger (22) is connected to the third

port (P3) of the first four-way selector valve (31) and the fourth port (P4) of the first four-

way selector valve (31) is connected to the suction side of the compressor (1 1).
[0196] - Operational Behavior —

In the cooling operation, the first four-way selector valve (31) and the second
four-way selector valve (32) switch to their respective positions shown in the solid lines in

Figure 7. Refrigerant discharged from the compressor (11) in this state sequentially flows
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t he outdoor heat exchanger (21) flows through the

i nner channel (24) and | ow pressure refrigerant

bef ore passing through the indoor heat exchanger (22)

flows through the outer chénnel (25). Therefore, the

refrigerant flow ng through the inner channel (24)

exchanges 10 heat with the refrigerant flow ng through

trbegPihe SArsCloannal seibibr vaARE T3 IR CuIhe: bkt dxehinger (21), the inner

refrigerant is cooled into a |ow specific volunme in

chdifel (243 bN e ihRaial Buahexoipef 23), thédedohé fourfw/Wselddtor valve (32),

this state into the expander (12). [0198] In the

theeadpander (P2, dlid ®bond foirfwaysdelecon valvey (33 tiecowier strainiel (25) of the

(31) and the second four-way selector valve (32)

iteinblclieat excdhasder (23 sthe tidosoe hen kthanpa (2Roaml the fikdodour-way selector

broken lines 15 in Figure 7. Refrigerant discharged

vhlveii3 1) aad ¢othipn escked infd the comptdsssr (31)adgairsequenti al |y

flows through the first four-way selector valve (31),

[019F] i ol dlwer inteezet] heatcixalmapger (232 )superartica nefeigeratiaaftes passing through

(25) of the internal heat exchanger (23), the second

theoomtdoryhest eedtangerv@ly 8ows 3pugh ez impr clirenel( @4) and Hew-pressure

second four-way selector valve (32), the inner channel

r¢fpigyrant befoieepassing thnenghhibe indope heat @etcha@g@) (22) Aews thraugh the outer

heat exchanger (21) and the first four-way 20

charingk (289. Therefere; gi)refiiagrang flowéng Suerebdhe iner ehasnel (24) exchanges

conpressor (11) ai rt_{ulol%] In the internal heat

heatcviiin gl r lzearams&p@ng gl jthe eytes ghannplt (23)-t Bius, the supercnncal

passi ng, throu h the indoor heat exchan T:??CL

r%fﬁsér@gwsm@e@) e a low spagdic Yodume ghige fuawngk anger (23) and then
erant _before passing through the outdoor heat
%B%Ftatﬂ‘it})ﬂ?‘?%n %(bﬁgh the i nner channel (24).

l@ﬂ’? AR Bo Beating reraton, Dibcfitth JOU Pl AT (1) ahd the second
S S %vg%?ﬂ%*t'lg{bﬁgqﬁ i FRRSEFVG PR TGE,  ga i froken lines
it ﬁ{l s Mt eS8 e TRE PP Rl e ISR Bte,gpauentally

B PR B i ol PAR ¥, 37, e P GRSkl 22), e
OB RS0 S S FICIREAN 5 9EfincBA0R] Utk ADENAAE clctor vave

I'ndo anger S an evapor

(i@???geé&?&tﬁﬁg 'ﬁf){'tﬁe sQhE rfo ?e'llec%%?alve HChfier chagnel (24) of

ant é rnner cha aratively

i {rhi&hMday e)F(?h?HZ%)Q QQ?? lﬂl%ﬁ&ut%&r%éa?@idh%ﬁ%é?rl 1) shd #48 first four-way

out er channe e supercrltlca refrlgeran

sEIBGHE A0S (31? gnd EWﬁEwﬁn{&hé E%ﬁﬁséoﬁ' 18 Bgﬁihf Ic
volunme and then flows in this

[0199] In the internal heat exchanger (23), supercritical refrigerant after passing through

the indoor heat exchanger (22) flows through the outer channel (25) and low-pressure
refrigerant before passing through the outdoor heat exchanger (21) flows through the inner
channel (24). Therefore, the refrigerant flowing through the outer channel (25) hardly
exchanges heat with the refrigerant flowing through the inner channel (24). Thus, even
when the supercritical refrigerant passes through the internal heat exchanger (23), it flows

into the expander (12) substantially without changing its temperature.
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state into the expander (12). On the other hand,
during the heating operation, refrigerant before
passi ng through the outdoor heat exchanger (21)
serving as an evaporator fl®88%s through the inner
channel (24). Therefore, refrigerant in the outer
channel (25) hardly 10 exchanges heat with refrigerant

[qm}o’ hQEMoﬁlﬁﬁHﬁheﬁt?él and the supercritical

refrigerant ows I nto the expander (12)

subst aficbalihg tWENRIAImER26 diithg the dARITRE opkrtitn, feggé)eﬂmt before

Si nce, as described above, the specific volune an

phésW¥ thahugh Whe 7n@b6r 1RAT Stthangdek 09) Rervird £ dnh&afHRARHIRWs through the

(12) during. the cooling operation can be controlled

obder &RRKEIOIAS) NThkREork S FoRIgaiabi 6n Ofhe! Hifler RhARP @8] ,comparatively
the refrigerant flow rate through the 15 conpressor

efficlant@Nékchitfyes abati with adttigérbMinrthé oufeh ER4ab] {239 and the supercritical
expander (1 can be bal anced, thereby preventing the

réfipefah O AR ddGis Oitel Ringek it t6 dedifc@ A3 2pecifErviohong eid thén dfows in this
the Invention In Enbodinent 7, in the refrigerant

staitd {1td the( hhnddr (ERb@xh therithed, haad,bdurihgethe iheatinigt opefAida) refrigerant
is used instead of the second four-way sel ector valve

beRi2g pasdthg O26\igh the omidvon heat dxchanger §21)tseevihg iasiga evaporator flows
circuit (32a) is fornmed by connecting four pipe |ines

through itlkg men ohlarmak (F4)uTherefors, eRigerdd? ,in Pig oBPwY .chdimel (25) hardly
four pipe lines are provided with their respective
extlemies/bday @gth(r€frigeraitén theciohervblames (24)\dndathe sppayerititat refrigerant
in their associated pipe lines to allow the
floafsrinigghaerpahiieanvil 2y whstantiallyiwithoupehangipits teropeaatuire. t he

second port (P2), the refrigerant flowfromthe third .
[O¥Md  (Fiege, tasvdasersbadh abgvsu then spesific (vPhyme apd flow rate of refrigerant
refrigerant 25 flow fromthe third port (P3) towards

flomdng jinter theoexpanden (Bhd dureg the coghing fperatiely ¢anohe t ¢eatrolled by
fourth port (P4) towards the second port (P2), [0204
copiEoling ethe cRmppiature 2of) ther refhgerant: dhe,apingemnt dlovhdpgethrough the

Pt AL e agliperent Jowats ropel g pipsds (Foeen be balanced
e ereisein dis 0P Hom Seiok BRERORES: oo of t he oxpander

7 Sy TatyBe IRIERd L n por 1 (Pl of e

0 L9078 ok S AR Pl RS Bl
@n@ sk r;{?ét%afdho? FORLL LAY shiRciblGais@EB).as 1N

[0203] As shown in Figure 8, the bridge circuit (32a) is formed by connecting four pipe
lines in bridges and has four ports (P1, P2, P3, P4). The four pipe lines are provided with
their respective check valves (CV). The check valves (CV) are provided in their associated
pipe lines to allow the refrigerant flow from the first port (P1) towards the second port (P2),
the refrigerant flow from the third port (P3) towards the fourth port (P4), the refrigerant
flow from the third port (P3) towards the first port (P1) and the refrigerant flow from the
fourth port (P4) towards the second port (P2).

[0204] The inner channel (24) of the internal heat exchanger (23) is connected to the first
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[0206] - Operational Behavior In the cooling

operation, the first four-way sel ector valve (31)

switches to the position shown in the solid lines in

Figure 8. Refrigerant dischagged fromthe conpressor

10 (11) in this state sequentially flows through the

first four-way selector valve (31), the outdoor heat
pex qRraNeLthe(bHidge difeaiti(BREr Théasueald pod(P2ylof theblidgectirmit (32a) is
heat exchanger (23), the bridge circuit (32a), the
cexeardas thel dlet dideeobDthedgpandet €12}t Thd dajlet sile ob thieeexpander (12) is
channel (25) of the internal heat exchanger (23), the
comzord thahé tidxd pan@PB) (L2he aige tdiveuit i(324). The fewrdy port (P4) of the
selector valve (31) and is then sucked into the

beidgep cieasni32a ] i) comgedted tdl the[ RO Thahnel (268 ofithe interdnahleet exchanger
exchanger (23), supercritical refrigerant after

(IWssing through the outdoor heat exchanger (21) flows

t hrough the i nner channel (24) and | ow pressure

[0206] | Jdeaext obthesonfipastomiy thewamegls in Esbodidamt 6heat

exchanger (22) flows through the outer channel (25).

[0206] ef-dPpsratiduel Beliaviager ant f1 owi ng t hrough t he i nner

channel (24) exchanges heat with the refrigerant ,

f | owi Ag thhcoelijig eprsatinm, dhe 6rsarfw§rw:()g splectathyialye (Flg switches to the
supercritical 20 refrigerant is cooled jnto a_low

pegitien shawn i1 thgsolid linpgein; Figanefa Refrégprant ﬁwhﬂrg@i fropithe compressor
and then flows in this state into_the expander

(1020gthis satehwaneielindloyetiaeyabrthetfret foursvay %ﬁﬂqrvo&ilve (31), the

se| ector val ve swtches to the, paqsiti j)g shown

O]gtsl@?nbh?& E’FF}!anf‘é&zl)Pﬂ’Pl IgRAT Ehene Ry Pﬁ@\eaw@rr@ ? Isaiﬁlzj*@ﬂger (23), the
britgRei: Ggh G exmenir () e bageeSrediamy fieniteponel @5) of
ey 5B BHHG SR RBRFTAL Sl Joiech Jete ?chS%%‘%?t(?@ean@ﬁﬁa@gér@ four-way
stisgs ey 317 bt CercRER o Bpromt e D SR o

(BIB9S b B aP ol Pbo B HRATE et Hing toven
t]t?eu?llftggoﬂ Reaf g( ggﬂ‘@&gﬁ% 3t§ujoll 2 The kf?&?l%ﬂ 249 ahliSow-pressure

ernal upercr| Ica

réﬁ%&fgﬁséﬁﬂ%s& 050 PR AR08 o e o

e ou 00T ﬁl’ggef t%{(%&&%%@{@%%i ;11?5 hptgiﬁ }“I‘%ﬂl}g ﬁﬁ%’rn@P&h) exchanges

hbﬂn@fth Thé E@fol B&hnt( BéWing HRAuEH WRE outeP BhdrBET | [@r B\ls, the supercritical

[ ow ng t ugh the outer channel (25) hard

r@ﬂ‘l%@ﬁﬁﬂi%%o&l%@ﬁntéi\ﬂatl&wfs ifiebdlhse irphe it Rkt amw (23) and then
i nner channel Thus, even

ﬂows in this state into the expander (12).

[0208] In the heating operation, the first four-way selector valve (31) switches to the
position shown in the broken lines in Figure 8. Refrigerant discharged from the compressor
(11) in this state sequentially flows through the first four-way selector valve (31), the
indoor heat exchanger (22), the outer channel (25) of the internal heat exchanger (23), the
bridge circuit (32a), the expander (12), the bridge circuit (32a), the inner channel (24) of

the internal heat exchanger (23), the outdoor heat exchanger (21) and the first four-way
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when the supercritical refrigerant passes through the
i nternal heat exchanger (23), it flows into the
expander (12) substantially without changing its
tenperature. [0210] - Effec of Enmbodi ment 7 10
According to Enbodi nent 7, during the cooling
operation, refrigerant before passing through the

s#%%%a%%f@%)g%ﬁ g{éﬂ%ﬁcl&a%ﬁtoﬁﬂ é’dn‘i‘;?‘g%)%r ﬁ?% ayapor at or

out er channel erefore,

[(LZ?H | 9 HRNhtelhl ?}Qﬁ éxa&ﬁlge@digﬂ RBpertritidal $ARERAL Afe@ pissing through

ciently exchanges at wth refrigerant in the

tl%uﬁl%orcﬂ@a@ nﬁkhémé@ gm hdwiethesRAr hei dutéiddhanhd QrZ!S}J ahd dw-pressure
ecreases its tenperature to reduce its specific
KRGk thRWghithe ddtlidor HeatSdxehsngeN{21) Flo®s through the inner
rég(i%tgﬁer ( f%a@ﬁg] the ot her hand, duri ngg % h% heat i ngg
cRRGEPIIHNThERTIrE, OBk A rigeRRl Fovif Uxblgh tHY owgh chdimel (25) hardly
out door "heat exchanger (21) serving as an evapor at or
ekdianBes Rdat QU thehefrigena flohan trodghithe ifhar danet,(24). Thus, even
refrigerant in the outer channel (25) hardly
wheh RN aperdigiahl refrigeran pidsgethevuighithe irtanalrirear exchamgee(23), it flows
(24) and the supercritical refrigerant flows into the
ety PR epandet 2)12)subsimiatlly adithyutvdhahging its kemgpiratgrei t s
tenperature. 20 [0211] Since, as described above, the
(62103 i Effeced offBmbodimEntolv-rat e of refrigerant flowi ng
into the expander (12) during the cooling operation
can beAwordingltd dintmdimentn,r dirinignthet droling mperatipns refidgerant before
the refrigerant, the refrigerant flow rate through the
passing thsmugh thd indoamittat erecharger (2R sarving 4soan gvaperator ghmg Hhrough the
the expander (12) can be bal anced, thereby preventing
ontee d@ANElr (2F)bThatpleres aefrigeranbdn ths jrpen rhannel (24) comparatively
<<Enbodi nent 8 of the Invention Enbodiment 8 is an o
eficienslycexshanges dieat wish aefrigeraet indhe epier shanns! (293 apd dhgsppercritical

i nvention configured so that in the ajr c?nditi er of . .,
refigeuntrdenreapes He tempARAIUTST toTedyce gisr spseifls volyme éﬁfgﬂ’eprfﬁm in this
i nner channel (24% and t he Ol,i_} er ghann I%ZS@ of the £

state srtoahe expandeddibhifgethe qthenhagd.o ngo‘g‘ﬁ fiing operation, refrigerant
directions to each other durin% t he ol ing operation tor fl
bt essHE, tReeh B ABGROF Rt SYRDERRSF (G Vb e vaporator flows
operatjon. [0213 shown_.in Fi.gure 9, in Enbodi nent

tbr,ough ithg dnper (‘}ﬁ?‘m%ﬁ}i@f@e H’gterleg}re,v r?.rggil thg oug? Oc?)g%t%)eg 4%5) hardly
in the refrigerant circuit. (10), of odi nent s .
aphangen bt S he nber s BRRRLTRY spffgortical refrigerant

tjmrla\tzs:%{]qat ﬁgg;?atndgrxﬁg)aa%%rémge&%)wi!ﬂ?ouE gﬁa?]rgﬁ'% i{sqgmﬁérgéﬂre.

[0211) Since, as described above, the specific volume and flow rate of refrigerant

flowing into the expander (12) during the cooling operation can be controlled by
controlling the temperature of the refrigerant, the refrigerant flow rate through the
compressor (11) and the refrigerant flow rate through the expander (12) can be balanced,
thereby preventing the COP from being deteriorated.
[0212] <<Embodiment 8 of the Invention>>

Embodiment 8 is an example of an air conditioner according to the present

invention configured so that in the air conditioner of Embodiment 6 the flows of refrigerant
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refrigerant in the outer channel (25) of the interna
heat exchanger (23) but hold the flow direction of
refrigerant in the inner channel (24) thereof when the
air conditioner swtches fgam the cooling operation
to the heating operation and vice versa. To acconplish
this, the 10 second end of the outdoor heat exchanger

thrédgh te mASNGRhRS ©4) ad i ut? Vhbnddr(25)5f thOntbfal Heat exchanger
2 ve (P2) of

four-way selector Vv (33), a second port

(23)eark Hh o pbdater di@doSeloe &R othér | dfing IR coolingCPRARIBREMd are in the
via the inner channel (24) of the Internal "heat

sEe dreghn dufiay thehaatihpbpdatt (P3) of the third
four-way selector valve (33) and a fourth port (P4) of
[021S] t My showalin- Figitre % 6h Eaitodintett \8S a(tBidd foue-waNRR&tAValve (33) is
to the first port (Pl) of the second four-way sel ector
dispbsedl il Ghe IAyigelal? btuiT (E0)Y bf (Bnbsdimeiay betvesit @ie outdoor heat
val ve (33) switches between a position in which the
ekehanperp@1) #nkdl thei intetmeiThent eritrdgon (23) titbaes@so st PO direction of
(P2) and the third port (P3) is communicated with the
réfoigemaht jmotht ofifed chfrtnek (250 of theointesitad \keati exchirges (@3) dut hold the flow
lines in Figure 9) and a position in which the first
dpection( ¢ refrigecamtninuthie daner dhawrteh (240 ¢herénfrwhepahé aif R8hditiomkr switches
the 20 second port (P2) is communicated with the
fopy theteopbing opepatjon( totthe hesting ioperatioroamd vine vérea. Tor axkemplish this, the
lines in Figure 9). [0215] The rest of the
seeonl iegd of theorntdapr that exghanges(2Lh isropoetitedstota Brst p§ro PRB) of the third
- Qperational Behavior |In the cooling operation, the _
foyrrway selaptaryalveddB)ea sesond apttdP2Rafjthe thind fowt wayl sélentor valve (33) is
25 way sel ector valve (32%1 and the third four-way
copiestedgiia thg)igrer chanek (34 ehthe dntersal heat exgharger (23) to a third port (P3)
ositio shown in the solid lines in Figure 9, )
oRdhs iﬁ@ré{] gcmr-vmysaq%%tcge\salver 6} rand %(f%?be%‘g (P4) of the third four-way

this stat equentially flows through the first

SEIGEIPT VRl &93 é%‘t“B‘n“e‘i}%A {pethe Siyst ,Po{trfﬁb?‘h thg 536986 foufaugy selector valve
changer (21), the third four-way sel ector val ve

(%3), the inner channel (24) of the internal heat

05 B B a5 R SV n i e
TR A2 ISERER S JRSEHRY 2R BB Bl e o @) i
BRSNS b 0%, DORRPD, s S SRR P 5
SRS SRS RO 5814 g AR b 193)an e

sédon@ Yokt {P% ik RBRMURRARASYith the fourth port (P4) (the position shown in the

broken lines in Figure 9).

[0215] The rest of the configuration is the same as in Embodiment 6.
[0216] -~ Operational Behavior —

In the cooling operation, the first four-way selector valve (31), the second four-
way selector valve (32) and the third four-way selector valve (33) switch to their respective
positions shown in the solid lines in Figure 9. Refrigerant discharged from the compressor

(11) in this state sequentially flows through the first four-way selector valve (31), the
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(24) after passing through the outdoor heat exchanger
(21) and refrigerant passing through the outer
channel (25) before passing through the indoor heat
exchanger (22) flowin oppggite directions to each
other. In addition, supercritical refrigerant flows
t hrough the 10 inner channel (24) and | ow pressure
fobs 3 inner channel (24
ofydlobt g%?gﬁ%ﬁ%&ﬁépt MeQHGE fhiewBLdeRictdthaneeB3), 2R) (24)

ere efTigerant flow ng through the inner
of iR gé&tfelﬁéﬂahﬁéﬁﬁgj, YheSthir R FBGOFaMctorWialve (BB the second four-

refrrigerant ow ng through the outer channel (25).

Us%lecwf_evaf\}ép(QQF Ithd eg@inder @RY, e s8dIndi foucwey seleitot oalee (32), the
| ow specific volunme in the internal heat exchanger

o3 khA] {52'3? iof tHe! i@4Endl Redtliixeh:migat @3),Ahoiridber leapaxchanger (22) and
(12). , 1 0218] In the heating operation, the first

thO st RRY-wi§|sBIeEOF valad (31) bidd js, théhaickedinmuitht oompressoy (11) again.
sel ector valve (32) and the third four-way sel ector

[WEd7 € 16389 intethilQteat éxchigier (2D)spfidgdrae pagsirg thraugh thdgwer channel
in the broken lines in Figure 9. Refrigerant

(st paathg thivigh e oetdoqrtesisochrbty (310 abdiefrigerantepassing through
sequentially flows through the first four-way sel ector )
tielourr chddnel (2$lebéfortopassingahragh Hthagadoof 22t exdhangart(@2) flow in
channel (25) of the internal heat exchanger 20 (23),
dppesikediesutiohotor eavhyotbal b eddition| supercatiyal refrigeranp Hawes through the
(12), the second four-way selector val vepg(éZ), t he

inierr chafinelr (24 pnd dbwetrensurgatefinger @y) flowh ghrpyghe thec ptanh ghannel (25).
(24) of the internal heat exchanger (232, the . third
Thenfowathegefrigetant flowingahroagl thetiprer sharnsbi24heficiently exchanges heat
exchanger (21) and the first four-way sel ectqr val ve .
Wi )therrefrigeranh dipvaing ktrpught et outer chingek rQlihilia) the supercritical
again. 25 [0219] In the internal heat exchanger (23

rebigeraps issooeleddntoialgwispelig Nolupe iy alieelptesfr?igf:?é XC‘F%SS‘)(”) and then
after passing through the_indoor heat exchanger (22)
ﬂﬁ%ﬂéﬁ’ﬁisﬁﬁlﬂmmﬁﬁwﬂﬁr@m-ough t he i nner channel

(53501 LBt Bt B S i ) S Rbond o
RBSHER ) 8L Ao RA5 B 3, o i v
SRHECAG 6 SRR Skl 3 el e om
e LIPS A O ot ALy 84 o v
P b BB SFEF Bl ARSI b fcmal bt cxchanger
%ﬁ%@ ¢ :{eaénéd?}our-%ﬁgsstemwra\Lall‘ye Y425 DBl expRANE1 (18), ithS second four-way
selector valve (32), the third four-way selector valve (33), the inner channel (24) of the
internal heat exchanger (23), the third four-way selector valve (33), the outdoor heat
exchanger (21) and the first four-way selector valve (31) and is then sucked into the
compressor (11) again.

[0219] In the internal heat exchanger (23), refrigerant passing through the outer channel
(25) after passing through the indoor heat exchanger (22) and refrigerant passing through

the inner channel (24) before passing through the outdoor heat exchanger (21) flow in the
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[0220] - Effects of Enbodinment 8 According to

Enbodi nent 8, during the cooling operation,

| ow- pressure refrigerant before passing through the
I ndoor heat exchanger (22) ggrving as an evaporator
10 flows through the outer channel (25) and
refrigerant in the outer channel (25) and refrigerant

sdrfle HREHOANE] addi@ét) Shpdrédtical kéPigdrBntOfes thrGughi the Gute RBannel (25)
to each ot her. There]f)ore, refrigerant in the inner

afiABAEredseft) rEFERARAHOWR! YhrBhgH Qhehhet ekaihaNn(R4). WEkdrefore, the
wth Trefrigerant in the outer channel (25) and the

rSTHP&REY ioWed) thieligh B¢ uterdetnaels €25)i hadlyt exqirngdsuheat with the
to reduce its specific volunme and then flows in this
réftigént NbRidghBrQuphameeinnérl Hanndl5(2d). Thes, evlerwhvanthe supercritical
during the heating operation, |ow pressure refrigerant

r %@d’aﬁt Passithough Hedbi@gal heateutidnger (2851t Rowhingére expander (12)
(21) serving as an evaporator flows through the inner
sehanially ¢G2ddputashangitg its eghpetueurei ne, refrigerant in the

outer channel (25) and refrigerant in the inner

[6220) nel Effétds of Embodiment8e- sane direction. Therefore,

the refrigerant in the outer channel (25) hardly
exchangesrdiggt towiEntbodineent e 8y idyeingnthei goeling iapawition, low-pressure
channel (24) and the 20 supercritical refrigerant

réfrigemmni beforetpassing haougsbrth¢ i@lposhdat exehangdr|(J2hdervieg as an evaporator
changing its tenperature. [02211%_ Since, as described

ey throughe thepewtef ichanns] (3 awd refrigeranhte the outer channel (25) and
refrigerant flowing into the expander (12) during the
refpigianyinotbe rianer shanngh (30 floonin epnosite Bifectiopste srqh other. Therefore,
the tenperature of the refrigerant, the_refrigerant

refrigaranatie therisngh chanaeb§24)orempaaiively efficignily @xghanges heat with
refrigerant flow rate through, the expander %&%éﬁgﬂndggeﬁes ‘s

rpfaigareabdn the hewteth whannel, d22) Apd (the wERIFIERh

(PTG IS 16 ST BANPE i BAD RGeS BEHD Hhe Skpander (12).
G St S B0 A SRS TG e o
e e adees pRBRREET 213 5o S S apiylf fighys chiobie e suner
L AP £ Cp—
8 Pt BB ) g RS EGirePid® PRS0 ehlhermny iyt over
c%érgliell 2%%3 hsa?élgfe}(%ﬁ’naﬁlgéfs REE (A he rGRELARGInNARE §iitfet QRarRA(23) and the

oper
supercritical refrigerant flows into the expander (12) substantially without changing its

temperature.

[0221] Since, as described above, the specific volume and flow rate of refrigerant
flowing into the expander (12) during the cooling operation can be controlled by
controlling the temperature of the refrigerant, the refrigerant flow rate through the
compressor (11) and the refrigerant flow rate through the expander (12) can be balanced,
thereby preventing the COP from being deteriorated.

[0222]) <<Embodiment 9 of the Invention>>
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[02231 The refrigerant circuit (10) is charged with
carbon dioxide (C02) as refrigerant. Furthernore, the
refrigerant circuit (10) is provided with a conpressor
(11), an expander (12), anggutdoor heat exchanger
(heat - source side heat exchanger) (21), an indoor heat
10 exchanger (utilization side heat exchanger) (22),

an in %ﬁh?éh‘%aé( ﬁ;ﬁ‘é?%‘%f aif 28nditindri (15 tcondtRbted 3y a refrigeration

sel ector valve and a second four-way sel ector

s%s)?én‘( gc&ﬁ&%ﬁ % Belftdsehh e RIGH. 955Pbwn ik Figité 10N he air conditioner (1)

pander are constituted by individual rotary
i frb iR CRYcRR SUORVTRY reRizRREt Iciteuis P@0) fdperates in a vapor
“@3‘1%%%3%5 %fgl umes. cThZ( cgnpressofga(ll) and the

RSrccRTBE Edrfipredsin e@drid éxito Bypdrixitical form. The air
Cr o?%tgéliglaregﬁé%r? ofcyz} rmtorxﬁl?m) gﬁ?ﬁﬁ(;g 15 conpressor (11)

chidifibderen) i ¢t EnftRtiabdneng hy doafibued pOvEculabt @itigetarythrough the
refrigerant expansion in the expander (12) (expansion

t @R4it PPOYRInd Qbleét dforinld dooting operhtien aralt aohieating operation.
r?%%&.ra}l [022g1 Si nce th"e&g%rrpressor (%1])5 and the )
G203 NCAe e Rerat €iretn (18) tie dhdrgedewith catboerdidside (€@:) as refrigerant.
rotation shaft, they always have the same nunber of
Fusthadn 26 the TéfEgeahar drcuit (10 provfled gathantompressat (11), an expander
(10), the ratio (Ve/Vc) between the circulation vol une

(VB), ah dueddor heataeichafpep dbsitsgurchsisiadieat Fechergrah (), an dndoor heat
and the circulation volunme Vc of refrigerant passing

ek blizmggh(utiieatiomnyide heatrexchiangei)s(22), fanxiggrmah haat exchanger (23), a first

determ ned by the cylinder volune ratio between the

fhhivay ssedtomadve((31) antiz) secatidefousway edectoovaliyi(32ht i o i s

designed so that the ratio Ve/Vc is equal .to the .

[6224]1 ¢ Ther comipresser (1) o ithey expraderedR) A enpatitieddyy dividual rotary

the air conditioner (1) between the densjt d$ of 11

pigon iflgéd anachiheohdvileg FISPertivR ép@?)%fi‘éﬁbﬂ]éﬂdef YQ;““gFﬁd he, gompressor ( )

density dc 25 of refrigerant, sucked into .th

a0 eipsnier (V2)are pormected ip g2k OHER BY HEdE PR shafLefes Togeor (13). The

of refrigerant passing.thyo t.he expande 12). is .

@qrmssvro(lgh@ driyen iytp 69\99%!} H@E&F I &%@‘8’?@}%’} r%?i%%rﬁ‘ﬁ‘ge"l’a“sm

through the conpressor (11). . 65 26],Note th

it PR (EGHETED BOVRY PRABR Bt AR b b Bf v Hyor 13)

and_the expander (12) .iS t limte Q '

1924310 ngm%@ed}qg}pr pr e}}gﬁlb(P gl,e egcgp%:feir ?%i))paéé g%ﬁge?tlge lo each other by
i spl acenent fluid machine .

tgg nrg];aélgg gia%,lﬁey a% ayy, a\éexé-g:gg%rrlg ?T%%gld ofggl%{}?ns_rh'[éherefore, in the

oyt door hea changer ' i .

rggr_l%eézmt ggmgf QE@ (FF K {oy%%?%)nﬂegwcgeg{}_ﬁ% ﬁg‘gﬁlﬁg)él?\yolﬁne Ve of refrigerant

exchanger ., The outdoo : i : | .

OHE S S G20 R AR GRS, (e G S IRBIAR pasing

%reda&ghefﬁg NARGELsséPin) iDGixddSvAKE RBRARR® By BE tliR&er volume ratio
between the fluid machines (11, 12). The cylinder volume ratio is designed so that the ratio
Ve/Ve is equal to the density ratio de/dc during the heating operation of the air conditioner
(1) between the density de of refrigerant flowing into the expander (12) and the density dc
of refrigerant sucked into the compressor (11), ie., so that the mass flow rate Me of
refrigerant passing through the expander (12) is equal to the mass flow rate Mc of

refrigerant passing through the compressor (11).
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outdoor air supplied and the refrigerant in the

refrigerant circuit (10). [0228] The indoor heat

exchanger (22) is constituted by a so-called cross fin

type fin- and-tube heat exclggnger. The indoor heat

exchanger (22) is supplied with roomair by an 10

unshown fan. In the indoor heat exchanger (22), heat

[0R6%x Naagled the thiubd machmercastitating eselp pf ited campretdoe (11) and the

refrigerant in the refrigerant circuit (10). [0229]

eXpandenld) mahothlemited foc todlimpe pis(od3ypé no¢. Utbe £xample; sdroll type positive

channel (27) and a second channel (28) disposed

dispjagement fluid machines hmey banstdias theoroimpyessex(1d parskthe axpander (12).

of exchanging heat between refrigerant flow ng

(02277 u Gretcwedofor heat exihbanget (4127 cmgt\mﬁ by gsp-aalled ¢rowi fig type fin-

15 through the second channel (28). The internal heat

ans-therheat exchayger.<Thel exsdens hentgxchangen (219 msuppHed with aurdor air by

cool i ng operation, high-pressure refrigerant is cool ed

apurshewn dawhlnghe owideor hes exckanger @l)egpatglértawhanged between the
[0230], The_internal heat exchanger (23) is also

Oetslﬁf»r @la puplied andt Borefaigerant inthe te%reg%mcuﬁlgt (Mer at i on,
counterfl ow arrangenment in which h- pressure

l ?@rﬂa | gTé&edmqun%e% ARSI DN Copitne By & Fochellad Grosyyfin type fin

{) gxilljgr; ” I tgrrl%aegt E)Fc,hl ogl&gmqrzgj{:{)?lg %Qpélhe v%tehcrgor(])m air by an

“é&wﬁén 51 b S s A e o
seped hﬁa%ﬁ@fs’”re #n? ki Zﬂffei?{gﬁghou??tn';

172317 s B e S i 3%%}1 ff“?éeit £ EREREC R 70¢ @ second
S50 e Py ST @%%g -
hEfEhetiva %1 %Qﬁt ﬁ&sﬂgqgf‘o[ugﬂ 2(1@ ﬁ?&r g}a%l ?izfg%d refrigerant flowing

evaporato oper

tlﬁ{éﬁ He eE&{J 5&?5%]&8?f”ﬂﬁr m&?ﬁaﬁ'lﬁgt é %‘r&p (gﬁ:f}eis AHO¥nfigured so

exc anger serving as a

ﬂ%@qw@rﬂ@ ﬂ’aleldboflhé"ﬁfﬁenraﬁ&?%@lg s&@?@[&%_ ﬁﬁﬁtmhgdolédzﬁg) h8ft%xchange

the first channel " (27) in"e

wWiitBwPresar efrfgtant.0er ant is not cooled. [0231] In the
refrigerant circuit (10), the discharge side of the

[62B0p" e Ghtefnhlhedt SxcHaRpdIqE3)Ed alse c@nﬁ%t[ré déﬂgbldé Pdtﬁ-mgfthe cooling

the first four-way sel ector valve second

opéxation,a douRterfifw hltgndelient inf Whith ‘!@‘h—]&@ésﬁfét refrigéddny Bows Hrough the
is connected to a first end of the outdoor heat

festchan@ge (27) 244 lovApfeeane tef petamti fldwiethfiiig @y seB@dl channel (28) in an
exchanger (21) is connected to a first
opposite direction to the high-pressure refrigerant and provide, during the heating

operation, a parallel flow arrangement in which high-pressure refrigerant flows through
both the channels (27, 28) in the same direction. During the cooling operation, high-
pressure refrigerant after passing through the outdoor heat exchanger (21) serving as a gas
cooler is cooled by heat exchange with low-pressure refrigerant before passing through the
indoor heat exchanger (22) serving as an evaporator. During the heating operation, high-

pressure refrigerant after passing through the indoor heat exchanger (22) serving as a gas
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port (Pl) of the second four-way selector valve (32),
and a second port (P2) of the second four-way

sel ector valve (32) is connected via the first channe
(27) of the internal heat e@gchanger (23) to the inlet
side of the expander (12). The outlet side of the
expander (12) is 10 connected to a third port (P3) of

C(E)Jggrt s%&l%%gllfr ?H{Nﬁ ‘ﬁ‘ﬂ’)ﬂu@\eﬂl@ cdcBhd ¥RAn¥El ((Zg?lnd he ‘i‘irﬁ cﬁﬁerI §27) in each

e se d four-way selector valve

of %hﬁﬁ%%ﬁgﬂéé%ﬂetr&ﬁ eS80 docdoanael (28) of the

I nter t exchanger (23) to a first end of the

[02r3 POy hRAteSiEeRAN 8Euil 3?‘)) the SReBge £a oPfthé RBm gressor (11) is

oor heat exchanger is connected to a thir

cﬁﬁfe&teﬁ Ft’§)a st pére (Pl)r&tthé Fét-foRwayp 8LlegtbPvalvel(yB 4ndld second port

and a fourth port (‘P4) of the first four-way sel ector

B offhd Bt fdud-waleRRR VEIVE BI)Gs Ediiesivd td 2 first iefl@ oDfhetduedoor heat
conpressor (11). [0232] The first four-way sel ector

ei(cﬂiaﬁ%er(@i) 55 %kdonib @ad Etthe eitdsoriRat xdianger (B4 fshconhected to a first
first port (Pl) is comunicated with the second port

pb 2P Porthe Beconb ifd-way deldcRvalhve (32 aidi b isecvind gonti(PR) divke second
fourth port (P4) (the position shown in the solid

foirnesy sdledtorguales (32) is @omhedtedoda theofirst whaviriet I27)hef the risternal heat
port (Pl) is communicated with the third port (P3) and
ckdlangd (2B)ctonhk indut tide B2 jhei exparalen(ii).CEitecuitlet sitle ofthe expander (12) is
fourth port (P4) (the position shown in the broken
cbnneetedito aFhigd pert (BB) of the)288)d fone vay seladtof valve (A2), and a fourth port
sel ector valve (32) switches between a position in

()i aftihe seeond fausiwayoelkectoPyalve 23 imgomned véxd the segondehannel (28) of
second port (P2) and the third ortp& i's

theointemmal deateekchanghr €23 tq o dirst ieng of the(ipdgor (hepicexshanger G3)- A second
shown in the solid lines in Figure 10) 25 and a

epd sf thednddon heatiezphanger @2) @tCOBQﬁCted(tP’f)t 4 pot PN Al dhe gt four-way

th the third port (P3) and th nd port (P2
selopiHuNvB 34 i fsty buF C9BH the By Tpwess, sdFsipofive (31) i

shown in the broken lines in Flﬂsre 10). 67 [0234] -
C%“E@%HBHS“B%%W#%? the £pmpresPEEHDi ption is given of

g@%ﬂ b a\%r ?@g—{vqatﬁgs%@g%}? é(c vsﬂéi) Tovg\%% %Q%g{l: nﬁg)sition in which the
R o8 %@% | °¥g¢£n@a i g 9 5
cé%ﬁﬁ%@vgﬁ%%@ﬁ Rcért ?943 gp pOF]l gn ShSR I tile ¥§lid lines in Figure 10)
and a position in which the first port (P1) is communicated with the third port (P3) and the
second port (P2) is communicated with the fourth port (P4) (the position shown in the
broken lines in Figure 10).

[0233] The second four-way selector valve (32) switches between a position in which the
first port (P1) is communicated with the second port (P2) and the third port (P3) is
communicated with the fourth port (P4) (the position shown in the solid lines in Figure 10)
and a position in which the first port (P1) is communicated with the third port (P3) and the
second port (P2) is communicated with the fourth port (P4) (the position shown in the

broken lines in Figure 10).
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Figure 10. Wen the notor (13) is turned on in this

state, refrigerant circulates through the refrigerant
circuit (10), whereby the refrigerant circuit (10)

operates in a refrigerationggycle. During this

operation, the outdoor heat exchanger (21) serves as a

gas cooler and the 10 i ndoor heat exchanger (22)

[6E34Y €S- @ferafioRY BERAVAdrar . The hi gh-side pressure of the
refrigeration cycle is set higher than the critical
pressuNéxt0h desdription ds @isied oWt Mehindors e the i é@ittoner (1) during
[0236] The conpressor (11) discharges supercritical

cbolidy pidamatifigopeitionger ant . As shown in the solid

arrows, the high-pressure refrigerant flows through

[02B5]f i(CoblifigOperatign)sel ector 15 val ve (31) and into

t he outdoor heat exchanger (21). In the outdoor heat
excharigethe (c3dling bperatiorg hhg fies Sonrewae teleger salve (31)easlethe second
heat to the outdoor air to decrease its tenperature.

pr28a} séléntorvalpe (B2 pewitnhetorthdir regpecime padfitiars shbwwiimthesolid lines in
of the outdoor heat exchanger (21) passes through the

Rauredd. When theamote (180 tiDturnesl ancin(tBi8 state; deftigenant dirculatgs through the
the first channel (27) of the internal heat exchanger

r¢figprant eirquiite(10); twheredly igexart sivoait (102 gperates in hifefiigeration cycle.
ressure refrigerant is cooled by heat exchange w th
wingpthiss sperations fthe guidanat hegtomichapger B DugHves s & @apaepler and the

.channel (28). The_ high-pressure refrigerant then flows

indnos hase exehangar 622)( 3eryes ph anhevapeperd ekhe( high-side pressure of the
i ntroduced high-pressure refrjgerant expands, y\,h,erebl\]/j .

refigeration cygle it St jgheartham thergriical pressing ef parben dioagst which is the
i s. converted into power of rotation. Because of

TeX)8&18on in the expander (12), the high-pressure
5P L G SRR R G s
RGBS, A FAAElL B i B A st
edanhind iy sl heRCERN sty Wlaln g o mel shaveer 2,
T -
T M e -
dagee thib{igh {h%"g'e{?%n%sl%yf-ﬁrayz E@%ﬁtng@zﬁ@@ t32)ake Ehéﬁetﬂxt 61%{1 ‘ﬂg@eﬁrst channel

roomalr-to evaporate. ernore, rn the in at

(?7 Y€ Bﬁnﬁ?erméizl‘?e%t ,eiéh%n%é?%k)’e‘im the ifeRlaP HedlYexththger (23), the high-
W pressure refrigerant and the cooled room air Is
pré&QuRafefrifRaritNg dRRA by heat exchange with low-pressure refrigerant flowing
through the second channel (28). The high-pressure refrigerant then flows into the
expander (12). In the expander (12), the introduced high-pressure refrigerant expands,
whereby the internal energy of the high-pressure refrigerant is converted into power of
rotation. Because of expansion in the expander (12), the high-pressure refrigerant
decreases its pressure to change from supercritical to gas-liquid two-phase form.

[0238] The low-pressure refrigerant after flowing out of the expander (12) passes via the

second four-way selector valve (32) through the second channel (28) of the internal heat
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[0239] The | owpressure refrigerant after fl ow ng out

of the indoor heat exchanger (22) flows through the

first four-way selector valve (31) and is then sucked

into the conpressor (11). ®ge refrigerant sucked in

the conpressor (11) is conpressed to a predeterm ned

10 pressure and then di scharged fromthe conpressor

[ ( ratl | SAkngdedwith high-pressure

ey (59 Sl L, S b, o S i

oper t fourZway selector valve

réfﬂgerﬁﬁtcﬁ’Mn ftﬂt‘d[lgﬂ‘@ié 1581 &hREl (29). e (SWpréssireabfrigerant flows into

respe tlve positions shown in the broken |ines

o8 heatl S chiiiRn IXOther inddah) hédt dxdhaiR@r 22), thé Now-pressure
ﬂléené@ggyhg?tr%cgr ant (%lt]fcul at elg t hr ough 15:&%%CQ X

réREELACHARL Heal Bt rbdd) air WaeERDYrdid eFurterimgey dnt the indoor heat
circurt (10) operates in a refrigeration cycle.

ellahP& (2B, theXB6Madis 18Rooled By ook plegsate efitgermgand (l2Zooled room
serves as a gas cooler and the outdoor heat exchanger

af{r3d fedIREN BSthafoch. evaporator. The high-side pressure
of the refrigeration cycle, like in the cooling

@ml[])atmnowqﬁeﬁeie irigeeint khanflowingant bf del info@dwar exchanger (22)
carbon di oxide which is the refrigerant. 20 [0241] The
floMENhREER the(fird) fodi-sap atlgasr walpe(3d) and isgtherhsugkedhingss thercompressor
refrigerant. As shown in the broken arrows, the

(b g The rrefriuerant rseékedginr thatcofrppessort () g leomipesssadr tor a predetermined
four-way selector valve (31) and into the indoor heat
peossirangé thep22charged from the dooprebswal(lloxchanger (22), the

hi gh-pressure refrigerant rel eases heat to roomair to

[a240] e BleatingsOpeanfp@n)at ure. Furthernore, in the indoor

heat exchanger (22), the roomair is heated by

hi gh- pinetbe theating:ppdrafianathe fipss fawrdwen selpear walve 6%% g the second
is fed back to the room [0242] The hi gh-pressure

fowst why selegter velvee32) wiignig theif respeqiiye PORHERT shpady in the broken lines

SECRTvbenn hia SR ok S B g o
i zef;.@;g:&a%;%r{a&“ PUIAL S TG XE  MLAEL——
1 i T TERBLLA BB B 36 o o
SHachdheat saiREHe ) E%efwraﬁ%séhg%%%‘?&ggfahih% HFEP Bifsure of the
R ESRER TR o ) AR el e o
carbonth o>zlldé %vr}uc%r}sa &%?Lfn&glja)ﬂ of the
[0241] The compressor (11) discharges supercritical high-pressure refrigerant. As shown
in the broken arrows, the high-pressure refrigerant flows through the first four-way selector
valve (31) and into the indoor heat exchanger (22). In the indoor heat exchanger (22), the
high-pressure refrigerant releases heat to room air to decrease its temperature. Furthermore,
in the indoor heat exchanger (22), the room air is heated by the high-pressure refrigerant
and the heated room air is fed back to the room.

[0242] The high-pressure refrigerant after flowing out of the indoor heat exchanger (22)

passes through the second channel (28) of the internal heat exchanger (23) and then flows
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i nternal heat exchanger (23) flows into the expander

(12). In the expander (12), the introduced

hi gh-pressure refrigerant expands, whereby the

internal energy of the highggoressure refrigerant is
converted into power of rotation. Because of expansion

in the 10 expander (12), the high-pressure refrigerant

e cliecarend fdub-viiyesidéta? valvedB2gRodghotie fhstpeiasnidl (2T)pdf the internal
to gas-liquid tw-phase form [0244] The | ow pressure

lieat ekngat (23h.t Parihg ke Mighep Uke @éfrigbrane kpgresire(ih2)he internal heat
flows through the second four-way sel ector valve (32)
éxthangeh €230 dbekoiut chale stnce hlenkjgh-pteddyre réfhigetaat aftur tfibodng out of the
heat exchanger (21), the | ow pressure refrigerant
indé@heheadchingen(22h sequettitbiyrflows the secbbd elvaaynel @8randTthe first channel
| ow- pressure refrigerant after flow ng out of the

@.door heat exchanger (21) flows through the first

four-way selector valve (31) and is then sucked into

10243} cBhe highgwess(kliefrigenant rafifer iflgeizgndutsel thedfiish cidnpel (27) of the
conpressor (11) is conpressed to a predetern ned

inteesad Ueat @rchanpemn(23) Sidvey ipgel the enpander blipdesbe rexpmiﬁr (12), the
[ 0245] - Effects of Enbodiment 9 20 Accordin
\irodeteddngh-presiure refsigerant expands esthereboc Hienijéern 2¢zyergy of the high-
during the cooling operation, high-pressure

Pressure eafeigerantf iseponyased irjo tReveEsi g xokationy Beewise Hfagxpansion in the
exchanger (21) serving as a gas cooler f]ows through

expendary gh2).c then digh- Ierzssyrea RefrIgBRAnt Sleereases elty dresSHer &htchange from
bef ore aSS|nP t.hrough the indoor heat exchanger (22)
Ywerrrifigalde gam Q‘E‘Jé‘%‘m?s@rmﬂ' -ows through the second

BRI s festipregsyig %ﬁéﬁ%@%ﬁaﬂa‘%@pr eﬁgﬁae ey O Bws through

Cha?*%gg"a”&‘z : yr: tcjorali St s SRGSE b F%LFd‘ﬁh%’WSr @1). In the
22

%ng‘gfgﬁ’?f*eat b s B hrese é@@%ﬁﬁ&ﬁ(gﬁ A 5852 e guoor air to

channel

?]vagﬂra't glgulp Qrgﬁsp.re ref] a%etrgnao-gtgre ﬁg%ﬂ? glﬁc A {: outdoor heat exchanger

PETRRRA e 20 GDE?H?%' gy a0e gélo)hmf %s%%na&gﬁéd into the
A?ﬁrggsgf ZH)d Ufﬁe”?efﬁ%%@"alck iRRkE hﬂﬁ’ess&" g{}g Essed to a

r1ger to be | duce into t expa

%??t?xglgﬁgﬁl‘égﬁu?@addﬂﬁ&%%&ah%ﬁ ﬁt@men%n&?ese& an,

owng Intot 5 expa (12).
[02a5) T . Bifabiske Ehiedmiay gt i onal refrigeration syst em
in

[ ch during the cooling operation, the mass flow
rate W&c@cﬁrdfn%f fo 881H8BmdnArQUANhE NBteRRAIMHERS sfdhahdel) (2BF during the
cooling operation, high-pressure refrigerant after passing through the outdoor heat
exchanger (21) serving as a gas cooler flows through the first channel (27) and low-
pressure refrigerant before passing through the indoor heat exchanger (22) serving as an
evaporator flows through the second channel (28). Therefore, the high-pressure refrigerant
is cooled. On the other hand, in the internal heat exchanger (23) during the heating

operation, high-pressure refrigerant after passing through the indoor heat exchanger (22)

serving as a gas cooler sequentially flows through the second channel (28) and the first
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| arger than the mass flow rate Me of refrigerant

t hrough the expander (12) for the above- nentioned

reason, the refrigeration system of Enbodi nent 9 can
increase the mass flow ratepgWe of refrigerant passing

t hrough the expander (12) to bal ance the refrigerant

mass 10 flow rates Mc and Me. [0247] Furthernore,

chaael (7)JlHeoefBireh the ihighapreQsurd teérigegdnt idges st changs dtsftgrapgrature.
rates Me and M are bal anced w thout part of the )
[0246]i gEnmnthe nterasidieatiexchangsx () denctionpynly Puepg thercgoling operation.
unli ke the conventional case in which part of . .
Thefeforgedurintg thy paslingsopetasion i ghrireassyre ;ggt%g@rantr techgdatredyged into the
expansi on power fromthe expander (12) and thereb .
etptmmler (12)t eant bee c¥dRd te Hecraase the depityads gh reffigerant éf’wmg into the
this enbodi nent can introduce all the refrigerant,i nho ;
exhandex fE)dAs a feaul), unkkethsi epnventional lTigraliqnotystsm fwhich, during
COP. [0248] Al though in Enbadi nent 9 the he .
th e@ra%xgeqpewnm Resgs dawiTAg Mipet EuEsTag thms@fl the mpressor (1) is

enhanced by al |l ow ng _hi gh-pr.essure refrjgeran
Ipxger thes dhe mass Be irgleMe Ot 1 SR RraED ﬁbﬂge’m‘?@éﬁ?g& {ox the above-
heat exchanger (23) in opp(t)si

te _di ti t.h
mmt@nﬁglpeqq@tatthg @cfgg%tﬁgwg &YS e(nzgf EHIH{;) G érg:}f‘%aﬁglggreg% the mass flow
oV TR e B 5 e O, P BRI gaerant mass

t&ecaus hed W pressure refrigerant is liquid
Q¥ 3t A ore passing through the evaporator and

@3%@2 fﬁﬂpeﬁ?lgf?ﬂ patdis B pubf ‘%n%i%lﬁ%ﬁﬂé tofff by et HoW rates Me and
ecies eelgnihny bt e sERPRRC Fliesitog 0 piganls (12) Therefore,
T e
x%éﬁ%egt%? %é§£t%ioﬁlalgg¥‘|& fon? rﬁ%g%agcﬂer (1D Und BB ietidrate the COP, the

er wWo In the first nodification,
| ( GFkhis LR 288 i@ dh&tealPite r6frig8iadeings the expander
{eﬁggggtgogln%g{em(c?%{s e?x%)bzogidl]§ As slhovvn in Fi gurr elgll, 1the ° o

fﬁ? tfivoid B8 dpferibR@ioRsPaRAHP.(12) is connected to an
nfet port of the receiver (41) and an outlet port of

Ediﬁs}” eagh¥&dh (ft BinHodirk&l e e Hedt Cexchngeb effivi¢rdy pdring the cooling
P3)" of the second four-way selector valve (32). )
Spurhdf ifeARanced By Bl ing Rightessafe refrigecanmpndeoprefsity refrigerant to
i's connected to a liquid injection pipe (42) connected

newt fheodg@VRE iBRehal heat exchanger (23) in opposite directions, the internal heat

exchanger (23) may be arranged so that high-pressure refrigerant and low-pressure
refrigerant flow therethrough in the same direction, because the low-pressure refrigerant is
liquid refrigerant before passing through the evaporator and has a high heat transfer
coefficient. Also in this case, the high-pressure refrigerant can be cooled.
[0249] - Modifications of Embodiment 9 —
(First Modification)
In a first modification of Embodiment 9, a receiver (41) is additionally disposed in

the refrigerant circuit (10) in Embodiment 9 between the expander (12) and the second
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of the receiver (41) and is also connected to a gas
vent pipe (43) connected to an upper part of the
receiver (41). The liquid injection pipe (42) and the
gas vent pipe (43) are provipged wth a first

not or - operated val ve (EV1) and a second notor-operated
valve (EV2), 10 respectively. These val ves are

IPBQ-%)E? ﬂﬁlﬁgof Yal¢€ g#f)ﬂ;ll $thé \P&GW ihAhE ARk nidlifida86h,ABE receiver (41) is

rest econlgdratlonlst € Ssane as I n

FIRA HARL o BRI Spfidep (. [0252] I the

I'ng operation, e first ur-way sel ector valve

@3%] and shfiGn SCERRATe 11.06E oMY S8¢ BF HRY eMARNIS (ﬂﬁ)ﬁ?s connected to an

wt'ch to their respective positions shown in the
ﬁﬁlt idri JMRS réééiveF'{mr £hdleh oUtRi pbAIFans rébereh 41088 chimedted to the
the conpressor (11) 'in this state sequentially flows

thadpBRQPIYof the sééohatfoﬁrwdz%r Whbtor VaRel(32). FakN&mo2d, the dudtion side of
out door heat exchanger (Z1), the second four-way

B8 lcBmbRissof A Vs crnectelig aflighiEltinfebaar pipe (£2))cohectddeto the lower end
intcer%)alSS hgapeigxchaeﬁger (2§), t%e eglgagﬂr (12), the

6268 tateivek 1) and RQIDaLANEIdIN a-gaB YeRgIiSC@8) cotmksted to an upper part
(32), the second channel (28) of the internal heat

604tBb ar@Rier (413) The hguidl ivjedtionlpipd (42X efdithgaras (aR)pipa(#3) hee provided
first four-way selector valve (31) and is then sucked

withoa tfiet moeFpemtyd (Al @Yd)nand2@ {e0@TBmdtor-opesated valve (EV2),

i nternal heat exchanger (23), high-pressure

respactigely aTtiesavalees grasenfigprediozogtiol the ovuaged refhigerant.

exchanger (21) flows through the first channel (27)

H241) oTheresseiithe configurdtiparintie steé os i Pabedimgnt hshowghin Figure 10.

t he i ndoor heat exchanger (22) flows through the

B252hdIn tieacnoding (@8jatiomhthe dirsh four-wiay selegterjrabies(@y and the second

refrigerant exchanges heat with the | ow pressure, e .

fout-wWaysekeotor vaine 63 %tsn@tch tqtheisirespsetive positiong sheyrt iny the solid lines in

cooled in the internal heat exchanger éﬁS) .25 and )

Figare 1. Qefriganans dissharasd frpmcthe pampresson £537in s staty seaventially flows

ok S G oG (1 68 Saner a1 e s

Ecglgfv;agfq%{eﬁé?g g%%i)?@%é’%?}@a%@erl E%’érq:q'i tﬁ£ %rtgr}lél%%atbélxchanger (23), the

not or.- o ated val ve ) of t |iquid.injectio

E,mj'lgd?rdfé%, Lﬁcgq}}éqrnﬁglil _&Fhséc?‘@rc] gqt\:;-éy%y( ﬂsct A FRlES I232), the second
egass by .controlling the o j\ng of .the seco

e O P it dep Lo Ch. fhecndisiineif Ry 02) and the
ur t.her nore en durj.ng.operation..the c r .

P RS S L G 5 B SOPBERARD s

nsap,ed for 5.60ntr I To Iy | :

FEBBE 505 B B AP A RSP APl Bsing trugh

o o : ) or . ]

91%{ Qe/l.g&(%cg{be)ap g?ﬁlagge’rg@?glg%e%fo%gﬁ ?g%;f%t $iallh& (§t7fa dnd low pressure

refrigerant before passing through the indoor heat exchanger (22) flows through the second

channel (28). Therefore, the high-pressure refrigerant exchanges heat with the low-pressure
refrigerant. Thus, the high-pressure refrigerant is cooled in the internal heat exchanger (23)
and then flows into the expander (12).

[0254] During the cooling operation, the compressor (11) can be controlled in terms of

the degree of suction superheat and put into an oil return operation by controlling the
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[0255] In the heating operation, the first four-way

sel ector valve (31) and the second four-way sel ector

valve (32) switch to their respective positions shown

in the broken lines in Figgme 11. Refrigerant

di scharged fromthe conpressor (11) in this state

sequentially 10 flows through the first four-way

RhBEt Of tNalfte (Rldr-opeRed RAEr (KBt ofxhhdngit ifi22jon pipe (42).

the “second channel (28) of the internal heat

BXGHRARGE! (HeZ3deivdrN@1 s &oblddgassed Wayconabinizathe wptning of the second

(32), the first channel (27) of the internal heat _

R¥eRBP&aIed (V3R% (V23 of theansiednt pi)(43). Fertherammed, wéten (d4fijg operation

the second four-way sel ector valve (32), the outdoor

the alonfrehanger) fald)shancof édpacify, rihe shomagewean belcentpensated for by

valve (31) and is then sucked into the conpressor (11)

@@@oNinglthe [0peBiaps bf thehfirst nicoregderdtehvalex (RYAYof tie2Byyid injection

hi gh-pressure refrigerant after passing through the

pipel o12) ah@ e sexanidangter-op@pd salve (IBY2)hef the gaesvenbpipe (43).

sequentially flows through the second channel g28)

[9285]t hin fHer lsdating apemtion, 2y firfihfone ey selectoe valve (31) and the second

hi gh-pressure refrigerant does not change its )

foarmeay atlecter valve §32)tshatch taythejsirespeotive pasitiong ke irf thghgoken lines

into the expander (12) w thout being cooled. 20 )

inOBigiie 1. Refrigeranti discharierli frem it compressor (& iz thifesipte sequentially

exchanger (23) functions only during  the cooling

Bprs dupogh theHansefowr-avay gelecioy velve @bbthe jrdgprehent icgphanger (22), the

hi gh-pressure refrigerant to be introduced [pto the al

sxpahelnngl(3§) efdhe RerldeeFXChPIERE Phdbe $9qandy i way Sglgotor valve
refrigerant flow ng into

&&éuthte,ﬁr@h Fhanaek ) 4, %ﬁ??@lﬁfaggqtg(’&ﬁgégg{%ﬁl@yéispgﬁﬁlﬂ (12), the
FeaEeRA Lo s SACp R EEY CRIEHIL KV G DOE DD JE8] S hafeds 21 and
AR ST X e el AR ) e

3380 "o inetial bt ook T iR FESRUS b Bnd iy passing through
RO W R
(LES, ol g?é\fﬁ]éi[ ﬁéft?rl]stg EHEhDCETR! PherdfbRE the highSressure refrigerant
g&s""h& RALAC RS t%h%gfréﬁe( g'gu?s, ﬁﬁee tﬂigme-;)&fsgdra GbA{Yerant flows into the

ypassi ng the expa rigerati on system

?&%ﬁ%mw@%&g%iﬁgo({@ﬁ introduce all the refrigerant

expan 12) to avoid the deterioration

25t e A in L mBhifleaRGO e MRghd] nea dxeRanger (23) functions only during

the cooling operation. Therefore, during the cooling operation, high-pressure refrigerant to

be introduced into the expander (12) can be cooled to increase the density de of refrigerant
flowing into the expander (12). As a result, unlike the conventional refrigeration system in
which, during the cooling operation, the mass flow rate Mc of refrigerant through the
compressor (11) is larger than the mass flow rate Me of refrigerant through the expander
(12) for the above-mentioned reason, the refrigeration system according to the first

modification of Embodiment 9 can increase the mass flow rate Me of refrigerant through



10

15

20

25

In a second nodification of Enbodinment 9, in the
refrigerant circuit (10) of Enbodinent 9, a bridge
circuit (32a) is used instead of the second four-way
sel ector valve (32). 10 [0260] As shown in Figure 12,
the bridge circuit (32a) is fornmed by connecting four
pipe lines in bridges and has four ports (P, P2, P3,

Bé)ex ahr (ﬁ@}i{1 o e }Her}@ﬁ (g@faﬁt ﬁ%&Vﬂ&G el VAR and RES T

ective ves he check valves (CV)

?258 Pr Pﬁ{r‘tlfé%{ofen sin@@' er@?ﬁ@&dﬁh‘éﬁ@ 1Bk REfrigkABEmals AblvGdtes Me and
he refrigerant flow fromthe first port (Pl) towards

Meeare 62RO WithoM2 bart dthehe' @éﬁlg&%ﬁﬁﬂiy%)ﬁsﬂlg {fHeOBXpdh@er (12), the
third port (P3) towards the fourth por P4), the

fef der & Rnayy tedhPoffthid WhddiRdmtibh @an Rinfodugoall t%'?@ﬁlg%ﬁmlﬁfmthe expander
the first port (Pl) and the refrigerant flow fromthe

{rQ)deJVORDﬂlEdGBﬁbrah@M@fﬂﬁG@R second port (P2). [0261]
he second end of the outdoor heat exchanger (21) is

PasgiectRdoddMobHichtisyt port (Pl) of the bridge
circuit (32a). The second port (P2) of the bridge

Ci rcui In @3Radnd modifivaties tof Ebalimbet 9,i insthectefiigeednt (Grehit (10) of
of the internal heat exchanger (23) to the inlet side
Binbadintehe9 exmidpdairc(it 232a) Thsed udsteat ofitlkeseoénd foar-way selector valve
expander (12) is connected to the third port (P3) of

@2g bridge circuit (32a). The fourth port (P4) of the

bridge circuit (32a) is connected via the second

[PR6OheAs By of Fighee §2ntherbrisige kizatit GRahinrfgemed B3gonnecting four pipe
the first end of the indoor heat exchanger (22).

g6 brifipes anddtas gpurtponts (BhiF2 LBSatPAb ﬁfhesfompeéms a8 proyided with
Enbodi ment 9 shown in Figure 10. 0263] In the
theisirespgctiysenhaek walvest(GY)f %h%@hepls Uﬁh’wa ¥hare @f%de\ﬁdp\ﬁl@“ associated

(31) switches to the position shown in the solid

pippdiges 1 alogiherefgermfiovgipaythe 8rss pora (RBdovardaihergcond port (P2),
G g o o DRSO P Bt s
s e g @hg?n?‘éq“fi‘%%nwaa% s it A S e ek b fom the
e e ;xgﬁ;agérthe
(BB S5 A S Lty g
1, SR G158, o) B o, SbB580, Lot DTt 20 5
R SRR BB OB 2 e e
the expander (12). The outlet side of the expander (12) is connected to the third port (P3)
of the bridge circuit (32a). The fourth port (P4) of the bridge circuit (32a) is connected via
the second channel (28) of the internal heat exchanger (23) to the first end of the indoor
heat exchanger (22).
[0262] The rest of the configuration is the same as in Embodiment 9 shown in Figure 10.
[0263] In the cooling operation, the first four-way selector valve (31) switches to the
position shown in the solid lines in Figure 12. Refrigerant discharged from the compressor

(11) in this state sequentially flows through the first four-way selector valve (31), the
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refrigerant before passing through the indoor heat
exchanger (22) flows through the second channel (28).
Therefore, the high-pressure refrigerant exchanges
heat with the | ow pressure 7gefrigerant. Thus, the

hi gh-pressure refrigerant is cooled in the interna
heat exchanger (23) 10 and then flows into the

SutdsH? q‘lf%ét dxtRanget gllaﬁ%e bﬂdéehﬁrd%?tg(%lﬂﬂ tIRPRsBERRel gg}?of the internal

first four-way sel éctor val ve Switches to't

RAB xkchRfe? (B3)Nthe Bxpdh@e(12K e bridiRcidchit (32 e 3&oond channel (28) of
Refrigerant discharged fromthe conpressor (11) in

thBiifteffafheatSxeHARet 813)Y thel iaWSort thda0e@éhahbe [@2) ahd the first four-way
four-way selector valve (31), the indoor heat

RIehanape ($D2hd id then 5@ked thte HRdeprése®) (10f agale
i nternal heat exchanger 15 (23), the bridge circuit

[0384) . Irt the irftétnaltheahexehaiget @B), High-plegsure tedrigerhnthudiet passing through
exchanger (23), the expander (12), the bridge circuit

1h3 Zakdook Neavettcender (2HL flews Maoggh tHe2 fijst @halutehg27)i arsk low-pressure
four- way selector valve (31) and is then sucked into
teftpeeambefoss passing Hroagaihe indodP Bédt ekchahper (22t Bowsthrdughtthe second
exchanger (23), high-pressure refrigerant after
¢mandl(28) Therefpie, thelsigh-pseure hefeigeremotxahayees bk with the low-pressure
serving as a gas cool er sequentially flows through the
2frigeeas rihushthe high-gr2@renetrigerant fS copieddn smiskernal hpat exchanger (23)
Therefore, the high-pressure refrigerant does not
aldthgellows inte theexpander(12Yhus, t he hi gh-pressure
refrigerant flows into the expander (12) w thout i
W25y botieckeating ppaption.sthe ifiastt fobr wiap delertonvialyg, (3t héwitches to the
i nternal heat exchanger (23) functions only durjn
positiao showy isptheabioken linesriaf Bigare ddr iRadrigerantc étﬁpﬁ?q%ged from the
operation, high-pressure refrigerant to %5 be
pampraRsat 6H)iin s istte esaysmiady flovss theonghyfhe fisy) far-yay selector valve
éqligrtg;%gﬁéglfea? ;n gﬁg&g 25%),? graqeclg);ulzl gﬁ;{qgglg@%i%tg %tér?lgl%eat exchanger
venti.gnal, refrjgeration. sys [ whi ch,. .durin
O B by Gt othe ArrhAtRel DA BePlerml p! &xChanger (23),the
refrigerant. thrpugh the 7 conpresso 1) i ar g€
OB e s el D378 f SPRPSTRES shihibpdrSabiihe first fous-
expander 12 or,.the abave-nentioned rea .he
PP pelgpre L) Sk Mo B B e PR wadif
Lfication of. Enbodi nen Ny, | . .
PSS | 7lRefe P BB (1Rl SRS FR R b En B0 pysine through
J t.he. Iager l.o t : .

8 Bty Pfhablty 35 SBMing B B s ML ERcHR AT A trough he
' f r I :
PR SFRAR! (ARG, G0 e P o B el ey refrgerant
dde?) not laﬁange its temperature. Thus, the high-pressure refrigerant flows into the

expander (12) without being cooled.

[0267] Also in this modification, the internal heat exchanger (23) functions only during
the cooling operation. Therefore, during the cooling operation, high-pressure refrigerant to
be introduced into the expander (12) can be cooled to increase the density de of refrigerant
flowing into the expander (12). As a result, unlike the conventional refrigeration system in

which, during the cooling operation, the mass flow rate Mc of refrigerant through the
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refrigeration systemof this nodification can
introduce all the refrigerant into the expander (12)
to avoid the deterioration of the COP. [0269]

<<Enbodi ment 10 of the Invemgi on 10 As shown in Figure
13, Enbodinment 10 is different in the configuration of
the refrigerant circuit (10) from Enbodinent 9. In

. . - ! ool |
Ce&?ﬁgﬁg@?ﬂ( fgg?rfgf:rs fh'céil? ftlgegﬁl'aés' 06w @hte NI of [HigraR! thRgh the expander

rent fromthat in Enbodi nent 9

(ﬁ{)gﬁﬁl Y Qﬁé&-ﬂ?@?&?‘?ﬁ rehsdn) tHeSretigd¥atiiR0systent Recrdi@pao the second

pressure gerant to bypass thé internal heat

HSRGE 'of EaribodsiHért WednBcRgRtthe thadP AbwiraMe ¥ ré@igd@ht through
n the refrigerant circuit (10), the discharge side of

R G paRIR | £510 balahde) thé Sefrig@BMasise HloWwarated 8d addsiepor t
(Pl)pof the first four-way selector valve (31) and the

[ Nhyp@Etmort Pahced ikt MBntddirfiént f9) Wiie wiigaitanissrilovakates Me and
(31) is connected to the first end of the outdoor

M€ adre SytiirBgewithRit) partl 8 Gecefidpeend bfpatding ahie dowpander (12), the
heat exchanger (21) is connected to the first port
réfilobratibn kfiRerf ©F €l modificailery caeintrodure allahe seffig@antant the expander
the second port (P2) of the 20 second four-way

($2) 1B avoid thadsteri¢raon ofthe @Pect ed via the first channel

(27) of the internal heat exchanger (23) to the inlet

[02659 of<Brhieodimpatriderf thellhyentjod3?1] A first shut-off

valve (SV1) is disposed in a pipe |ine between the )
secondApshdwn (PPjgucf 13,Hembatiment b isr diffasent &1 theteonfiguration of the
val ve (32) and the first channel (27) of the internal
refriperank cirauig i0) #8n Eorwdineht 3. Inhthih ppbediment sthgeposition of the
(45) wth a second shut-off valve 25 (SV2) is

intermab beas exchangen(23p ispdiffarsahfromethatda dimabqsinent Goand gpypass passage
the second four-way selector valve (32) and the first

(@huts @rovided w@uq}s\a{lpws Thigh-prasape gsfrigsrant He yRsgs dhe internal heat
passage (45) . joins a pipe connecting between the

exchangec@dn dwing the heyingtaperatiger nal heat exchanger (23)

[;g@]g% tﬁgegf’g!ée%‘?tséigfg‘itg&ﬂg’nh g@reé‘g&ndg%r gi(dé é‘%ﬁ] Q%toécg%%rgssor an) is
S P, 230y Oy 5T LB e PR Bt
O B b GRREE B g o o
AR ﬁgeesteh&?cgé’r{%o:}ﬁﬁ‘et( @;ﬁ&gi@ kbl (21) is connected to the
b T G 68 3n éﬁ’rgxég{)g%ep%c?&\‘jvgﬁ{/é:(sﬁ? W theRRESnd(fH (P2) of the
second four-way selector valve (32) is connected via the first channel (27) of the internal

heat exchanger (23) to the inlet side of the expander (12).

[0271] A first shut-off valve (SV1) is disposed in a pipe line between the second port
(P2) of the second four-way selector valve (32) and the first channel (27) of the internal
heat exchanger (23). One end of the bypass passage (45) with a second shut-off valve
(SV?2) is connected to a pipe between the second port (P2) of the second four-way selector
valve (32) and the first shut-off valve (SV1). The other end of the bypass passage (45)

joins a pipe connecting between the first channel (27) of the internal heat exchanger (23)
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(31) is connected via the second channel (28) of the
i nternal heat exchanger (23) to the suction side of
the conpressor (11). [0273] Wth the above
configuration, the internal 7geat exchanger (23) is
configured so 10 that, during the cooling operation,
hi gh-pressure refrigerant flows through the first

ad @B ekt sidelobth@Bkbah@w-(RI)essure refrigerant flows
t hrough the second channel (28). Furthernore, during

[0272] CTBE iohflet0Na¢ F itiNexpahddt-(ILLEStiRetted o gy tiid wirt €P3) of the
passi ng through the outdoor heat exchanger (21) iIs

sé€c0fd Feurdyay gélkectox GapB g@2\ahd the veyptte pon r@4) of thgsesnt four-way
after passing through the indoor heat exchanger (22).

seléctdrOvalvd (32) it kenmdetdetocthea fiirgumdt ofothe iadeeIleaoexthanger (22). The
shut-off valve or a notor-operated valve my be used ,

seoné andoDthe tifdvof heat texcanperd®?) iv @abmeecfe8\a theathitd tpbet (P3) of the first
second shut-off valve (SV2). The first shut-off valve

fuBWilly sebegtdrevatliesBas et thetfoerth ppet(Pdpof the fitstfont-wagrselettor valve
the internal heat exchanger (23). [0275] -

(3 es avimeazld VBe ity scoond 2Bannel (28 of dled inteynagewatiexabanger (23) to the
first four-way selector valve (31) and the second

stiadion sideof thel comtppesso(lik (32) switch to their

respective positions shown in the solid lines in

[027§Er &Vitls themahowh eonBgusatiorh dhe interpaldhegt exshpnges| (93 isopnfigured so
I's opened and the second shut-off valve (SV2) is

that, shieing tregaoligs operatien, highaprgesyre refgaras Hovyihrougly the first channel
(11) in this state sequentially flows through the

(FDrapd Jopupresmiye sfrigerans flows Whropzh the sqcand ghamist (3fqfurthermore,
25 exchanger (21), the second four-way_sel ector valv

dprng they ¢poling operagippigh-pressyre seingpant phigrahassipg Hugpeh the outdoor

ST NN GO - A LIPLA EEENE T
bbb St gshier vaLve, (31) and Lhe second
[%glil(s?n ﬁ%e%psgiccﬁfel E‘i‘fgﬁti&hé‘gfte(ﬂ%&%ﬁgtﬁé%?f wgla aa}lq()qiot[l(‘)perated valve
RS T BRI o e v
TSRk £ R 01 SRSl BB bl of
S g, chenel (20), Therelore; the

[0298) PL&S5tfonal Behavior -

In the cooling operation, the first four-way selector valve (31) and the second
four-way selector valve (32) switch to their respective positions shown in the solid lines in
Figure 13. Furthermore, the first shut-off valve (SV1) is opened and the second shut-off
valve (SV2) is closed. Refrigerant discharged from the compressor (11) in this state
sequentially flows through the first four-way selector valve (31), the outdoor heat
exchanger (21), the second four-way selector valve (32), the first channel (27) of the

internal heat exchanger (23), the expander (12), the second four-way selector valve (32),

the indoor heat exchanger (22), the first four-way selector valve (31) and the second
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refrigerant. Thus, the high-pressure refrigerant is
cooled in the internal heat exchanger (23) and then
flows into the expander (12). [0277] In the heating
operation, the first four-wegy selector valve (31) and
the second 10 four-way selector valve (32) switch to
their respective positions shown in the broken |ines
¢haniil d28)eofl the iRternah dveatoexehartger (33)rant is Hhen pickeds altw ¢he compressor
(SV1) is closed and the second shut-off valve (SV2)
(13) gggémed. Refrigerant discharged fromthe conpressor
(11) in this state sequentially flows through the
f02velt Inothe amynalslaate@tct;angwa(zﬁé Kiglt-pressure réfrigeramt dfienpassing through
exchanger the second four-way sel ector valve
the utdoon élebty p’s@gnms(gb)g oy shrougln shee fips rebianne] 127), angslow-pressure
the second four-way sel ector valve (32), the outdoor
refrigeran @fampassing thipugh fe ipdoagthep angey (2| farsghrough the second
val ve i@hihand the second channel (28) of the interna

¢hagrel g@forf 215 highrprespuye refeigerantgashangss beat path the low-pressure
c npr essor (11) again. [0278] In the internal heat
reinigestieFhuspthe highprssyreusfigesant és ¢qolgsh iathe wforpal heat exchanger (23)
door heat exchanger (22) does

%%ttﬁérpgwa’g{fgggﬁleﬁ‘%% n'jéssu;]e refri %erant after 20

Eﬂ_ﬂ?'éugﬂi s E%]E?agre% ¢ frglg %r-%iﬁéfe&og,v 31 B8 the second
BRSS! SohE LD B RO A e e e
£l [ l.ed.

e 13 Bprh leX@?l]eEﬁm%Jrﬁeﬁt% v Rl Aee feond shtoff
4 SP2L G, S5 RIE AABRond S A z?xg%g U i i s
e R0 0RO B RS A ARl s exchanger

Yrtﬁ§§é3co @?m%e\%%} ¢ cgcﬁ 3 ver(?i)r 'tlﬁéﬁ?ﬁ{%& ?{?Ls@é" (@8), HY &pander (12),

e expande ares

@1@ QY ESH! ﬁ[ha'wag SElLQEVAIVE 982)S YRt &ﬁib& Heat e%@g}chﬁ%b{ @Y, D first four-

t ecoomgoeratlon t he ‘nmass ow ra

fv@f Sd1SR63 R ve (Biféiﬁhh& BRond CHRLESE ) of(tﬂél)ntérﬁall H@ﬁﬁé{changer (23) and

than the mass flow rate Me of refrigerant throug

RfRANEKed ihflthe c&x‘ﬂﬁre&&? (ng%gahl on system of EnbOdl ment
10 can increase the nass flow rate Me of refrigerant

(o278 gth the %t%mﬁéxchﬂ{%% r {23) Uﬂ%l@-gfe%sdra eeffigdrantdPleRPissing through
mass flow rates M and 5 10280] Furthernore,

thie nia@oorl hde® XORMPENTEID) dhestdve i) Hug @bl lowpsssidrt efrigerant after
rates Me and M are bal anced without part of the

paaing gledoagh theypadsiriigat Sehexgea(2Br flgwsIhroighethe second channel (28).

Therefore, the high-pressure refrigerant does not change its temperature, Thus, the high-
pressure refrigerant flows into the expander (12) without being cooled.
[0279] - Effects of Embodiment 10 —

Also in Embodiment 10, the internal heat exchanger (23) functions only during
the cooling operation. Therefore, during the cooling operation, high-pressure refrigerant to

be introduced into the expander (12) can be cooled to increase the density de of refrigerant

flowing into the expander (12). As a result, unlike the conventional refrigeration system in
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refrigeration systemof this enbodi nent can introduce
all the refrigerant into the expander (12) to avoid
the deterioration of the COP. [0281] - Modifications
of Enbodi nent 10- 10 (First 7@bdification) In a first
nodi fication of Enbodi nent 10, a receiver (41) is
additionally disposed in the refrigerant circuit (10)

wilcEENe iRt cobfing lpwatibn) the Ghase flav Betevide roft fefrigetnit ahrough the
side of the evaporator and the | ow pressure side of

dotfprésabL1n s tipnchangss flodate MO2AT2birigeranh tirougdhnthe expander
Figure 14, the fourth port (P4) of the first four-way

32), 864 Bsfriy@hien systent 31 Enithdanamnaot € inorease thalnedss flawt rate Me of
of the receiver (41) and an outlet port of the

iR thréddh the iegpapdan@e) cbakinae teaefiperantimaisafiowve rates Mc and Me.
ﬁp% of the internal heat exchanger (23) to the
[9280]i OFurtteinEerep kinté diledbmbatisment §,1thy reffigetahiemassy Bowtrates Me and
suction side of the conpressor (11) is connected to a
Mcqatedbilapeeadt indihopti pert (@f2}hec oefrigetand bypassing thewexpasder (12), the
of the receiver (41). The liquid injection pipe (42)
fefrigeraiondystemi dfithia ehibodimend can intnodncet allithe atfrigeraminjo the expander
and 20 configured to control the flow rate of
{12J tol ayeidathe defefid@Bpn bhtheiQP.nodi fi cati on, saturated
gas cones out of the outl et Fort of the receiver (41).
[ﬂﬂ&l]efemdlﬁmmnmoéﬁmhdldlm@mt Gexchanger (23) is
configured so that, during the cooling operation,
hi gh- pEIé&Mcéllﬁ@Flpnberant and | ow pressure refr| ger ant
flowin opposite directions to each other.

T e S S 0 T s
@db? rq;"%i@stﬁ@rﬁeoan:g% glnﬂgtnh Egﬁfg%ﬁenf b rhwym?%?eaéﬁ’e‘mw ghe outlet side
gW? g¥apoFteand,the L%E@Pq%swﬁ%gisﬁ gﬁ@%@%g,&h@% (23).
B o "B Frs 1 g8 i OB P S Joul e petr vabe
PIVEREYINER VST it S
U 05 3 T BE AP o e i
F‘ﬁl S0 RinrestS i, ERt GG, O3RN (8 ordbe 'fipressor (11) is
cét%d 4g ‘e{r@@ [ﬁ‘%ltlgﬁ tp?ﬂs?t (‘A?Lx&n(et?éh 1o tﬁehﬁvdef‘ Q&F bt fRakceiver (41).

ur-way selector va

(l"ﬁé)quuquﬁué'c‘?i‘c\sﬁ'p\fﬁé' (423@ p?cWined with a first motor-operated valve (EV1) and

configured to control the flow rate of refrigerant.

[0283] In this modification, saturated gas comes out of the outlet port of the receiver (41).
Therefore, the internal heat exchanger (23) is configured so that, during the cooling
operation, high-pressure refrigerant and low-pressure refrigerant flow in opposite
directions to each other.

[0284] The rest of the configuration is the same as in Embodiment 10 shown in Figure 13.
[0285] In the cooling operation, the first four-way selector valve (31) and the second

four-way selector valve (32) switch to their respective positions shown in the solid lines in
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the second channel (28) of the internal heat exchanger
(23) and is then sucked into the conpressor (11)
again. [0286] In the internal heat exchanger (23),

hi gh-pressure refrigerant affger passing through 10

t he out door heat exchanger (21) flows through the
first channel (27) and | ow pressure refrigerant after

masei1a9 Fﬁ]"ﬂ]ié?ﬁlﬁfh tRefitsn dRatofh 0ave ¢SV IRROPenéLdnd eetkebtrl shut-off
receiver (41) flows through the second channel (28).

vhher @fva)eis d1bRdhiReRgbraf Sdischarpell r@fr thetcotpeBMQERl) in this state

heat wth the | ow pressure refrigerant. Thus, the

sBiEbRti BINYE FRowWse thr6high gy dibt fauromyl eeledtor tvalve (311)etmealoutdoor heat
heat exchanger (23) and then flows into the expander

efxd@angerl 1) 082 7decdml fhe-wBabdlegoropalvat(32)n the fiest fahamiel (27) of the

four-way selector valve (31) and the second four-way

isRehat hedt exahanger @3), thavekpdndto(12hethe secwap dotri-way selector valve (32),

posi tions shown in the broken lines in Figure 14.

theliridber Inaar exchaiger (22)sthe Thsttfoat-way sdlecdor(@We) (i} thd wseder (41) and

and the second shut-off valve (SV2) is opened.

tRe Sedogé rchmtned!i(28) hafr the dntermahheadt eexcloamgee 30 and 14 Yhenrsucked into the

this state sequentially flows through the first
dompressay(1tpdgast. or val ve (31), the indoor heat

exchanger 20 (22), the second four-way sel ector valve

[0286), Initke injqrnalheptzexchapger @3), highhpressuprsdiegerqnt after passiag through

second four- maK sel ector valve (32), the outdoor heat
thg omtsloge hegtoachange (zl)r@@wsr thupu st sbangel () \aad 10W-pressure
(31), the receiver é% and the second channel (28),

&

refiigerant @ftmqasmthml@k inger heabgxcharper €22) RB% ﬂgegek%er (41) flows
|nto t he co ressor %1léw ain., [0288] In th |ntern
theoxe éb&:f?&ﬁ ehaupgh (28, pes dher ighs @Fqsﬁ‘g'érr e@m Bxc Banges heat
$ledher o premis e biRTap Sy iee SREPTERLR GURARENL R gpoled in the
th heat (21) and
ireal B evrnge Y aen L @ﬁéﬁpag@%o@a chén?}&
é%@]cﬁgnﬁs?{e%é%sée“r&%ﬂﬂaﬁéﬁiﬁﬁr%ﬁaé Sopfge VAl (Fand the second

{%}in?-}qlg‘ztsgl #%gal\rregg& g ar ﬁ&%ﬁ‘?\é%pé g FPO{Sthmgg( %%eirn tﬁe} %)oken lines
I]Hﬁ!%f L93LEQ errtlrlhreer kh%tf%rs{] %él ﬂ Y op {loge%%d the second shut-off

IOﬂS only du

|
rgk?e r fg(;]‘gir)arr?t %né@gRée K {r)gi g%aégaf%%ﬂ tﬂ%e ansger §f)ligf this state
n@i?ﬂl A8L& ?l’lnB H M€ FRATGurl ey &?ﬁ%’é\%ﬁl\%ﬁ%fi th/gsin%oor heat exchanger

r| ge ant ng into the ‘expan
?gﬁ Whd secHid EdtR-vidySeRRdY SARe QIR tHelyphfiefaRtde 145y Be@Tpander (12),
the second four-way selector valve (32), the outdoor heat exchanger (21), the first four-
way selector valve (31), the receiver (41) and the second channel (28) of the internal heat
exchanger (23) and is then sucked into the compressor (11) again.
[0288] In the interna) heat exchanger (23), high-pressure refrigerant after passing through
the indoor heat exchanger (22) does not flow but only low-pressure refrigerant after

passing through the outdoor heat exchanger (21) and the receiver (41) flows through the

second channel (28). Therefore, the high-pressure refrigerant does not change its



10

15

20

25

whi ch, during the cooling operation, the mass fl ow
rate Mc of refrigerant through the conpressor (11) is
| arger than the mass flow rate Me of refrigerant
t hrough the expander (12), 8®e refrigeration system
of this nodification can increase the mass flow rate
Me of 10 refrigerant through the expander (12) to
Ralpepeae! Tiais! Bk higheprassird R fipetdnd Wowva g6 théexpanddyil2) without being
[0290] Furthernore, since, |iIke Enbodinent 9, the
twfled.gerant mass flow rates Me and M are bal anced
W t hout part of the refrigerant bypassing the expander
[0289] M inrthisrrhedifiedtionnthe)isterml héattelitlanged(28) Gatctioms only during
can introduce all the refrigerant into the expander
the 2poling apevatibnt Therdfoirerdusing theotvotihg bhera®@R highbpieed tefrigerant to
(Second Modification) A second nodification of
BerinmididoedtintbGhé exprnderdil 2) et texcanisddo dfcredse the density de of refrigerant
configuration in which refrigerant bypasses the ] ]
flowengnato the akpander@dd)y exs 4 @3Ylt,iumlikérthe qopvyentigaalanfrigeration system in
circuit (10) in Enbodinent 10 shown in Figure 13.
Moizb durdsg shrovepling dliegaiion, I8, masseflovr rate &%wf trfrigsrantyrough the
(SV1) in the refrigerant circuyit (10) 20 is not in a
pompresson €1Dds Wsger tha theaness dlovotate Mg okiefrigarant thigpgle the expander
&3&3) and the first channel d(27)' of the internal hﬁat
htha gefrigeratipn syiem o this meodifigtion opr ingaeas the magy flpw rate Me of
(10) is not provided wth the bypass passage
(i v el Ehespcgendy G2 do palancs s refiigsyant anash R rrigs Mo and Me.
Fiqure 13 for allow ng, during the heaﬁln oper atj on,
Al pFB’étg‘?IF@r?:émch‘ég Fmbpedingeph 9 the refigefant fasy flowafes Me and

M iz e ApOr, Rty P B RSN QTS sy eRpender (12), the
NGO R BT e (A —
SRR pelrioelina E0R1 by pass passage) (46)

I SRR e, 2 Fr

o0 BEbeF QUHEHEE (6 K @ifhiheyd 5% ERNS bgpple of o
Lo, BF AP SEHERRLE AR, e e bpdasir 0 i o
PfbLA QiR éﬁfl) il BS HORIRR 36 Shovirl i Figmel18294] The rest

e con ationis the same as rn Enbodi ment 10

T, 78 S, 1 G2 T gy v 10
is not in a pipe line between the second four-way selector valve (32) and the first channel
(27) of the internal heat exchanger (23). Furthermore, the refrigerant circuit (10) is not
provided with the bypass passage (high-pressure side bypass passage) (45) as shown in
Figure 13 for allowing, during the heating operation, high-pressure refrigerant to bypass
the first channel (27).

[0293] The first shut-off valve (SV1) is instead disposed in a pipe line between the fourth
port (P4) of the first four-way selector valve (31) and the second channel (28) of the

internal heat exchanger (23). Furthermore, one end of a bypass passage (low-pressure side
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four-way selector valve (32) switch to their

respective positions shown in the solid lines in

Figure 15. Furthernore, the first shut-off valve (SV1)

is opened and the second shygt+off valve (SV2) is

cl osed. Refrigerant discharged fromthe conpressor

(11) in this state 10 sequentially flows through the

b%?(ﬁs% g)a.ésggé)'(ﬂ@%/wﬁﬁ!ﬁ&!oﬁﬂ shalofevAlveiS V) hgcsmbele@to HEipk between the
changer (271),

the second four-way sel ector val ve

6@ port M)Edéfgt'g}é fifsh 8RSy (seibkto balvB €31)iaRtl €lieBist BRI valve (SV1).

exchanger t he expander (12), the second four-way

15! &RéOEnd/ BF VIR bydrbs padshge (48JG6ins fhegipe@bﬁh&ﬂi@grbe(\ﬁékh, the second
the first four-way selector valve (31) and the second

BRI EI8) 62 Re iBferdal Bedt Bk Hafgdr (MPadndakesintion sidé 3Bhe@othpressor (11).
is then sucked into the conpressor 15 (11) agai n.

[099 6] THevekthd thedonfigatatibe it the xaheaga En{td@iment 10 shown in Figure 13.
hi gh- pressure refrigerant after passing through the
[0285]00R theabokXE bpsrgkion, (R4 Xirdt| fowswanselacthr tvhlee f(B1)sand the second
channel (27) and |l ow pressure refrigerant after _
fpaswhy gelediopuaite (323 switdowrthéie etspestivh posjdony dywnfih dwssolid lines in
t hrough the second channel (28). Therefore, the

Higngh-15 Fasthiermarefthe giest shut-eff ohlva dS¥ 1) ésaopened land tie second shut-off
| ow-pressure 20 refrigerant. Thus, the high-pressure )
vabfer ($}é2)aist cliosedc Rudfidgerant disehaigedefrom| theecommursshmlbr in this state
(23) and then flows into the expander (12). [0297] In
setpeentiely | figwo shroagh che fitse fourrway fselgetonaplvee (ot dhe outdoor heat
valve (31) and the second four-way sel ector_ valve
xghangeni(21Dh theo sechad fowrewpe selesier FalyE t(3dh she Kisstrchapngl 27) of the
broken lines in Figure 15. Furthernore, eJ‘f‘?he first

igtetnal beat exshanger G3)) the expansise (2 nthe sReendleBrway felectst yalve (32),
25 valve (SV2) is opened. Refrigerant dischar fro

they dndagpheat suehapger) (22), the; farsts foyrways sedertor: yalye ;fllrh the second
t hrough the first four-way sel ector valve (3 .th

Ghaprsd %Zﬁ)ea’i theipieaag deat ?ngﬂmgef ﬁ?és T ah%ﬁglﬁﬁ%ﬁaﬁt" the compressor
ail ector valve (32), the first channel (27) of the

1Lt 3838 heat 82 exchanger (23), the expander (12),

T ] I e T -
b 08 e GRABEET HERPORE b0l 308 bRD AC AR s
RSSO S5 e B LB P Rpg R e sond
e

SRR ds2the 1L reSMAte feiPW¥rant REESAL 1B the internal heat exchanger (23)

and then flows into the expander (12).

[0297] In the heating operation, the first four-way selector valve (31) and the second
four-way selector valve (32) switch to their respective positions shown in the broken lines
in Figure 15. Furthermore, the first shut-off valve (SV1) is closed and the second shut-off
valve (SV2) is opened. Refrigerant discharged from the compressor (11) in this state
sequentially flows through the first four-way selector valve (31), the indoor heat exchanger

(22), the second four-way selector valve (32), the first channel (27) of the internal heat
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t he hi gh-pressure refrigerant does not change its
tenperature. Thus, the high-pressure refrigerant
flows into the expander (12) w thout being cool ed.
[0299] Also in this nodificaaon, the internal heat
exchanger (23) functions only during 10 the cooling
operation. Therefore, during the cooling operation,

dRCEHigBf €I Uhe dxPhrided E1DNthet ecoiefdubivag idietbr ivatve (Bh)a the outdoor
expander 12) can be cooled to increase the density de

Heht &ehingge (2] the fFirQ fburgwayndefectdie/abeqangid thd Bypaséd\pasdage (46) and
result, unlike the conventional refrigeration system
ik thenwhtledd, intduhé egnprBsoc @A) hgegn.oper ati on, the mass fl ow
rate Mc of refrigerant through the conpressor (11) is
[p298]er Intthaintérhal heatsskchdrper (23),chi Meprebsurefefiigreamafter passing through
t hrough the expander 15 (12), the refrigeration system
tb¢ ihdvos heatiekelmapdrof22y dlowsnthraghethehfirstrebannk] §27)r bitelow-pressure
Me of refrigerant through the expander (12) to
refxigerane aftérepassifig thyeughrthe netdsorf heatvexchamger (&1)alods it flow. Therefore,
tLO3OO] Furthernore, since, |ike Enbodi nent 9, the

efhighypreaswre mefsigerahibdogsaneischvbgeants temperature.bBhusy dhel high-pressure
wi thout part of the refrigerant bypassing the expander
refiigerant Hews i thegpxpanden ﬁl2g_wthem logfing ¢riodedarodi f i cat i on
can introduce all the refrigerant into the expander
[9299]1 24 Ispdn his impdificatigat the inserael kaat exchanger (2P, funetigns)only during
tEﬁglrd Modification) A third nodification of

erlingetneration; Ehegefors, dusingthsicoghing pperatingg mgihmﬁ@ssuterrefngerant to
whi ch the second four-way sel ector valve (32)

Rrsiptiodueed o thst pipgdes (12) cap b icpoled to ingisass thﬁﬁ@nfm ot refrigerant

hown _i n Fi re 13, .25 [030 own in F
f?%ﬂf]& émP élFelr %@P@ﬁﬁt@?&r Aol rFs"ﬁ] 9@5 ket cg%V@aHaf'l Hifgprafippsystem in
u t ex (21) is connecte v t hi
it e USRS ANEo1itte the eSS (U1K 1, MY 18, Sfebyand through the

c@%&%‘ﬁg@r “?i%t) gk SR ol Bovralsoligiotirrisiedted ﬂlagqgth e expander
AP idtREcERon Bistat PP "@ﬁ&c%ﬂ’e}a?%’e}“?%\%%r 31?39%.5'3 AP rate Me of
‘Qﬁ*e%”fﬁ‘@ OBt SR gD BREUBER e PbbranPiids Ao el Mo and Me.
OFISCH ek 52 0 BRRRAHE UGs (b Arbliend s Me and

end of e |n exc anger ernore,
t k
0EeuE"fuSh, bl BROSBlot byl o Bysect oo, e

ehffekatioal s‘fﬁeﬁ&;\f@ﬂls atﬂﬁhﬁ&ﬁoh BQ?H]"troHﬁ&t al BPhE RANgErand 188 the expander
The ot her “end

(12) to avoid the deterioration of the COP.

[0301] (Third Modification)

A third modification of Embodiment 10 is an example of an air conditioner in
which the second four-way selector valve (32) is not used in the refrigerant circuit in
Embodiment 10 shown in Figure 13.

[0302] As shown in Figure 16, in the refrigerant circuit (10), the second end of the

outdoor heat exchanger (21) is connected via a third check valve (CV3) and the first

channel (27) of the internal heat exchanger (23) to the inlet side of the expander (12). The
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bypass passage (45) joins a pipe connecting between
the first channel (27) of the internal heat exchanger
(23) and the inlet side of the expander (21). [0303]
The first check valve (CV1l) ggd the second check val ve
(CV2) are valves 10 allowi ng the outfl ow of
refrigerant fromthe expander (12). Alternatively,

aitleersidey BE Shed bxpandérv (2) HiskidheSntdOlvNthek. né oDfilie branch lines is
val ves, may be substituted for them and configured to

sohinbeibd viaed firspeheak valpe sCVilpid @pipt betvalen figeovtdsvinhielteexchanger (21)
cooling operation to the heating operation and vice

MeY the. thifehtdk vave (EVR), wellileethe Gitdr laathtlie i wonhécted via a second
check valve (Cv4) are valves allow ng the inflow of

cletk valor 40V 2) ti the i ead pfubdendgot Ryat eRthanpera22 ) Euthermore, one end
like the 15 first check valve (CVl) and the second

cfh® bkpass passageQMB) withtahfourth chesk wilver @' V4)Sis cemtduteasto a pipe between
sol enoi d shut-of f val ves, may be substituted for them

{he 38ddndTtteck esltve (CV2h@nd diref ingoorbéad exclmngdre(28 hiheasthémend of the
Enbodi nent 10 shown in Figure 13. [0305] -

Byressaipassagel (48E frand o pipe [canndeting betvieay thepBrstichamnel (2% of the internal
first four-way selector valve (31) switches to the 20

heat exdhanger{@randtha intet side pftheienpanden(2t).qgur e 16

Refrigerant discharged fromthe conpressor [

{0803 oiThe dirsc assht e YCVTpvaod the st Recki valré (CV2) are valves

four-way sel ector valve (31), the outdoor heat

dlloviar dee oyfley, of 1eirigerant drash dskexpande (w\/@ltemwérem Pﬁler types of
channel (27 of the internal heat exchan th
walyesn queh Q.slgglenqlqh shuteaff) H@v%é@y %p@l@up@;ig or tglm and conﬁgured to
UG thir GOPL PpIgn ght ahq ﬁéaeecﬁﬂ%' 6 R90RE (oTRjetion togte hestng
h | h (2 d
%mﬁ?@%ct”nwtn%fd?%ﬁsow%%éoﬁfe%ﬁ 51 V99 00 st otk apive (CVA)
heat exc ﬁ’@gthé 2@?@" ﬁ%@ﬁz@?%&ef r |% :(f{ﬁtzf?tf t eﬁm]y’ like the
hr 05%3 gﬂ{e (VD anf R RRnd FiSigher &Y SR g OF valves, such as
SPIRSRL-SiERhvdy BAT bt SBiBRA B pRgeCnd  channel (26).

ere ure re r| gérant exchanges

L@'ﬁ&] \Mﬂlg réspgf &9}9’?&9@?@%&%5 tHe's g.? rP’ExInP%-EHlléﬁ 14 ﬁ)%wn in Figure 13.

pressure re 'S COo0 e |n erna

P?g exq?}%g% and then fl ows into the expander

? %’a nthe heatlng operation, the first
four- b&diin 168, {8 rsS Wk SRS SselRidr ValveP@3) tsWiBhes to the
shown | nﬂﬁﬁ &g gko ﬁh nes i anFlmgur e 1S§ Ref r |Vge6r3§?1
Hbs3ehPeHI%6 ih"tREd1#a%ines in Figure 16. Refrigerant discharged from the compressor
(11) in this state sequentially flows through the first four-way selector valve (31), the
outdoor heat exchanger (21), the third check valve (CV3), the first channel (27) of the
internal heat exchanger (23), the expander (12), the second check valve (CV2), the indoor
heat exchanger (22), the first four-way selector valve (31) and the second channel (28) of

the internal heat exchanger (23) and is then sucked into the compressor (11) again.

[0306] In the internal heat exchanger (23), high-pressure refrigerant after passing through

the outdoor heat exchanger (21) flows through the first channel (27) and low-pressure
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conpressor (11) in this state sequentially flows
through the first four-way selector valve (31), the
i ndoor heat exchanger (22), the bypass passage (45)
(the fourth check valve (C@4)), the expander (12),
the first check valve (CVl), the outdoor heat
exchanger (21), 10 the first four-way sel ector valve
réfAiddrafnsidr MasSHC onchighae Dedoof Béd: exthanper @2) Aowskthrbegl the second
exchanger (23) and is then sucked into the conpressor
chdnhk] @83 TherdfOROGE high-prossutdvetigepdnt beciangesdieangith the low-pressure
(23), high-pressure refrigerant after passing through
réfiigerand Thus, hieskigh-pedsaung ecfrigeiant i cosled af thblimernalibeat exchanger (23)
| ow- pressure refrigerant after passing through the
aod tibadlowsdafo tha ctpandar(1221) fl ows through the second
channel (28). Therefore, 15 the high-pressure
[03077] i Jarthntheatpsopenationh shregirst tfeurtweapp eeledton walvea i3, switvbes to the
hi gh-pressure refrigerant flows into the expander
podifipn viholwmu in k¢ rigolemoliees if O¥g@E 16.sBefrigerant sdischarged from the
nodi fi cation, the internal heat exchanger (23)
chopotstam(@ 1pin thidstatersgquentially Slowis rirovgle thet fixsh four-way selector valve
Therefore, during the cooling operation, high-pressure
(31X theyardant heas exsbanger (3w gl bypass pessese fans fqurth) check valve
can be cooled to increase the density de of
(E¥), e exmandey (AXhhenfrst pleskvaly dihe quidoor heat exchanger (21),
result, unlike the conventional refrigeratiqgn system
the, firgtHosway selepigr vave (8b) prd) thep sscqand shanneh, ézsr}a%fsfﬁ‘ﬂ 1gigrmal heat
rate Mc_of refrigerant through the c¢oupressor (11) is
exghapger @Ahend i drengucked iptg the cemppesssr (1 €3Ber ant

the refri stem

LA N G PR N T EIE
LSRRI P R R —
NI RN A T
AL B  ci,  CORB: ERPRAR PR e

FbyB AR il Pieefilfi i) MR Niare “TE30Y)

[Egn@(‘lalt%%ﬁ/?g %E Gk RAiof tfl? gﬁt&?a]n%k Ek&@ﬁ% 129 functions only during

IS an exafrrp of an alr conditi‘oner

tﬁ? gid_l%lg;o?graﬁgn.t efofll th{l]lgga%lg Ro5RRY !)ﬂkgat%,eﬁfégiﬂ%bsure refrigerant to

sure rerrigeran | owpriessure

U'CQBgr&ﬁﬁE@ fHto e phille? () chR Be LBIBA RincfABR! the BERRAH AR Of refrigerant
(23) 1n opposite directiions in the refrigerant

fidwifig irdto (L expafddE TP I AR REsul) usine e chnvehBbHaE réffgeration system in
which, during the cooling operation, the mass flow rate Mc of refrigerant through the
compressor (11) is larger than the mass flow rate Me of refrigerant through the expander
(12), the refrigeration system of this modification can increase the mass flow rate Me of
refrigerant through the expander (12) to balance the refrigerant mass flow rates Mc and Me.
[0310] Furthermore, since, like Embodiment 9, the refrigerant mass flow rates Me and

Mc are balanced without part of the refrigerant bypassing the expander (12), the

refrigeration system of this modification can introduce all the refrigerant into the expander
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[0312] As shown in Figure 17, the second port (P2) of
the second four-way selector valve (32) is connected,
as opposed to the case in Figure 13, to the right end
of the first channel (27) gk the internal heat
exchanger (23) when viewed in the figure. The left end
of 10 the first channel (27) of the internal heat

(12% D ARLihe (R} 0ViSH oY HRWEOP. N Figure 17 is connect ed
via the first shut-off valve (SV1) to the inlet side

[mﬁlghgﬁﬁ%ﬁ@n&ﬂﬁc&ﬁﬁ). Furt hernore, the bypass passage
(45) with the second shut-off valve (SV2) is connected
to aAkRethbebdERAtid6f Fatoaingorno isRR) exunplé @f sacandonditioner
four-way sel ector valve (32) and the internal heat
cEnfippddge thdt 2dringtHe Sodling ®pbativg eiighi-presduire sfrigdranit-and low-pressure
valve (SV1l) and the 15 expander (12). [0313] The rest
reffigdrh@ Gowfth@uehtthenintemal heatsexeharger (28)Embophositatdirétions in the
shown in Figure 13. [0314] According to this
refigérfmt@irciio (10) il Embadiment 1@ sicsvain Figureddi ng to
Enbodi nent 10 shown in Figure 13 can be exhibited. In
[03d2] t iAsnshosinnineFiginghl T riks sevoad ekt (RPrefrthe ssacbridofour-way selector
pressure refrigerant flow in opposite directions to
velae i32)tiheoniectethes opriosedhtd theaase axEigareghk, tothe dght end of the first
during the cooling operation, the high-pressure
chaphel @) afthe daternpkheat exchages €23)wettop viewssl iadhe figaresThe left end of
<<Enbodi nent 11 of the Invention As shown in Figure_. )
thegfirsEchadich 31 of 1the dntewnpl beas xchangen 230 oMrangviewed dm Fagure 17 is
the refrigerant circuit (10) from Enbodi nents 9 and
cammectzd Via3he] first shuteoff ariviege Vit toc thec tilet pdg)of thp eexpander (12).

di scharge side of the conpressor (11) is. con ed to
Fabermiors theglymasg m;agsf(ﬁ)ﬁngiﬂf theSSFCéTGLgm Vi Q8T gF s conected to
valve (31) .and the secgnd rt (P2) of the first
afRif Defrpers Hicctecand pat (B2Y 1§’eis§°(8’6‘n’??8’é'f"’@ﬁ selgeiongalve (33) and the

.end of the outdogr. 86. heat .exchanger. (2 e.se

inipgaloheat KSR GD) Hod e DR &SR %Brgti Hot g i i V) and e
the, K fj %St port (Pl) of the second four-way sel ector

€ %ﬁnggre(l $) and the second port (P2) of the second

AL 3K 1 o e Sy B Fopt s 28 T R BiglenR 1 S in Figure 13,
Il ' f / .
T
i P3 ] ' ; -
A L P oy, K B S v o
pt‘e%wré \P@E}(igérghteﬁ(gvg fn Xﬁﬂo\éﬁe directions to each other in the internal heat exchanger

(23) during the cooling operation, the high-pressure refrigerant can be more effectively
cooled.
[0315] <<Embodiment 11 of the Invention>>

As shown in Figure 18, Embodiment 11 is different in the configuration of the
refrigerant circuit (10) from Embodiments 9 and 10.
[0316] In the refrigerant circuit (10), the discharge side of the compressor (11) is
connected to the first port (P1) of the first four-way selector valve (31) and the second port

(P2) of the first four-way selector valve (31) is connected to the first end of the outdoor
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(31) is connected to the first end of the indoor heat
exchanger (22). The second end of the indoor heat
exchanger (22) is connected to the third port (P3) of
the second four-way select@p valve (32) and the
fourth port (P4) of the second four-way sel ector valve
(32) is 10 connected via the second channel (28) of

' i(D1) is SordRcted to th
o 5 0 o kbt g s

ﬁéﬁﬁ%teqﬁ) 5 g@&%&ind fouR vl Relebto SalRe (3B amdtthe seee@drt (P2) of the

of the internal heat exchanger (23) and
séé%gld%‘@rwvé’;n sabdsr Yllvd (32) ePeannesed via(thd Xirst chbtiideh €2 7ywfeabe internal
a bypass passage (46) wth a second shut-off valve
h@a?‘é?{):hdn%exc(%ﬂﬁﬁth&ﬂllét%i@ oEhedixpendee(¥®en the fourth
port (P4) of the second four-way sel ector valve (32)
[9{31101@1t hihe cuBe0ade 6h@BRRPantE&BN2pTs dohsecken terthathitdgatt (P3) of the first
exchanger (23) and a pipe between the first shut- off
fyalway (REr vk (319 aad clid fourthipder @) ofichecHrspf@sanmy selector valve
(11). [0319] Wth the above configuration, the
(3ntickomiectaab texfikaagbef the F)dobshead ekélgnged22) The setond end of the
during the cooling operation, high-pressure
inddor ihger exvhahgeo@2) Iy cangbctediéo ther tiirdcparh (B3) oD the(s2zgnd four-way
and | ow pressure refrigerant flows through the second .
seleaton ehlvé 28). anduthe Heurthopart (R#)rdfribe sévend doriway sclector valve (32) is
operation, high-pressure refrigerant after passin .
cohneztrgihvia ke serodd chanriek 28) @f dhaingernal(lreay ex@a@gﬁm@% fgythe suction
heat exchange with | ow pressure refrigerant after
spsditmgconpressagll)he i ndoor heat exchanger (22).
[0320] Each of the first four-way selector valve (31)
[318]t h fissisbnidoff yaive (BY1)sis disppssd in 2 pieingcbetwesn the second channel
swi tches between a position in which the first port
(@8) pf ithe insemal heastcxahaneeh (23 rAadstbe Hgtigy side (Pothe gpgpressor (11).

o T e S e (O e
LIRS R ORI R E
P Ghelar 8) o1 SURBRIESPh CRTETES (RO e DR ef e, st shut
df bt VD wsbpErertbesrphet dfiner (12) or

B b YR SRR SRR 100 ot s
tﬁlﬁtg SW?V@) %%Scogﬁlfég@e?%}éo%gbi 1 Seﬁ&re%ﬂl’é@%&‘gﬂ)ﬁ% H‘E@G’ghotile first channel

pressur passag

6295 Ghd %w-rb?gstsm%xt%ﬂ?&gﬁ{t Ay thmghbﬁnecs@%ﬂdgéﬁaﬁﬂel (28). Furthermore,

during the cooling operation, high-pressure refrigerant after passing through the outdoor

heat exchanger (21) is cooled by heat exchange with low-pressure refrigerant after passing
through the indoor heat exchanger (22).

[0320] Each of the first four-way selector valve (31) and the second four-way selector
valve (32) switches between a position in which the first port (P1) is communicated with
the second port (P2) and the third port (P3) is communicated with the fourth port (P4) (the

position shown in the solid lines in Figure 18) and a position in which the first port (P1)is
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to provide, during the cooling operation, a

counterflow arrangenent in which high- pressure

refrigerant and | ow pressure refrigerant flow in

opposite directions. [0322] g7 Operati onal Behavior 10

In the cooling operation, the first four-way sel ector

valve (31) and the second four-way selector valve

comunsaitddoRith thet fHitl pére S Ghd e 061d prn@P23 hssinrhinitdied with the

solid lines in Figure 18. Furthernore, the first

thifdIpor® {P3 ) ee\isitiol thows irpthe beskea lided incFigee a8y shut - of f

valve (SV2) is closed. Refrigerant discharged fromthe

[0321)r eslsorin (Brbodimenthl § &tedbiver smaguisntispbdeyt tblthevoutlet side of the

through the first four-way selector valve (31), the

eapirdieo (12)eat bdveax diranaporal® land thb doweresaaref sider ofrthe internal heat

sel ector valve (32), the first channel (27) of the

exohiaug e (23heA thighxplessuge sidé Bgpass phesagx @dh dery Helipyidedimstead of the

first four-way selector valve (31), the indoor heat

lewerrensgeersided®passt frassage ¢46) dT. lﬁmtemdylemdmneﬂ (#3) may be configured

(32) and the second channel (28) of the internal heat

texprhuidge duieg)tharedoling ohemtignck egunterfiow rerapgemenésisowhich high-

(11) again. 20 [0323] In the internal heat exchanger

Rressyte refrigerant andslomepressurg igigenant pwdn oppesitedifeetimsugh

t he out door heat exchanger (21) flows through the

(P332t <Pnenatipnal Behavidid- | ow- pressure refri gerant after

passin throu h the i ndoor heat exchan (22)

t hr oug]% thgecog %ﬁaeraewarrh% firgtolgyr-way éP]gFTSF dalvg r(él) and the second
gh-pressure refrigerant exchanges heat, with th

fpwar sdegipvalye32) suitehhio th qiﬁ ERSPEqiive Pﬂ?l&ﬂnsp%begeur the solid lines in
5y S o8 o SV €350 s o
vﬂw&%‘iﬁt 'sr?e%edt %f@é%%ﬁddls%sée'd&ﬁ @,Ufwre%gr FE°hn s sar

% %‘é‘ﬁwﬁ{ t}g% © & fqur Tl t(ét'o?rgv%év hfm fqler &u?door heat
Sy Offl a' Ve ?11) 'gtgf' 0S8 dl *@2 SO SHULAET B7) of th
e ange é’g Yy selecior valve, (:f\ € fits el ) of the

geran arged from

ﬁﬁ?@ﬂ ﬁ%&oehgﬂ%r]g ttﬂé x Vga&ﬁéﬁ 125,360 BR 'f&lr'»ﬁ‘l%e ¥ valve (31), the

our tor valve

lh&kﬁ)e gl{ieglrﬂ ee?&?a?%&h @erth e?cﬁuri Sf%){fxg F.gt()g q;é[ e\f"@&% and the second
d}lﬁﬁr%i r{?%)u@leﬁ’l% 1§te 'ﬂ@&’cgﬁ&h&%@ 23? %d Eiﬁ RERAREkddlRlo tHeh®mpressor

I rst r-way selector val e outdoor heat
@ nger (21), the second four may sel ector val ve
and t he bypass passage (46) and is

[0323] In the internal heat exchanger (23), high-pressure refrigerant after passing through
the outdoor heat exchanger (21) flows through the first channel (27) and low-pressure
refrigerant after passing through the indoor heat exchanger (22) flows through the second
channel (28). Therefore, the high-pressure refrigerant exchanges heat with the low-pressure
refrigerant. Thus, the high-pressure refrigerant is cooled in the internal heat exchanger (23)
and then flows into the expander (12).

[0324] In the heating operation, the first four-way selector valve (31) and the second

four-way selector valve (32) switch to their respective positions shown in the broken lines
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t hen sucked into the conpressor (11) again. [0325] In

the internal heat exchanger (23), high-pressure

refrigerant after passing through the indoor heat

exchanger (22) flows througlggthe first channel (27)

but | ow pressure 10 refrigerant after passing through

t he outdoor heat exchanger (21) does not flow through

it PRuSE £ TLrhBARe) thé £8t shitheff @hive €SVIie chisgd and @fessecend shut-off
refrigerant does not change its tenperature. Thus,

vhle (Sva)-irapendd. RofebdringedisadHardedofiomi thie cconfpeessamp étiein this state
(12) without being cooled. [0326] - Effects of

sEateadiinenswd troukh t fiet fourbmyadleomnvalid (3hthe imtoer hedt exchanger
heat exchanger (23) functions only during the cooling
(OPetRs seebnd Thervedyosetectad wal veg(32hethe divdti chgnug) 22X oBthe internal heat
hi gh-pressure refrigerant to be introduced into the
eRpanee23), Ry exmpaddrg12)) dieefirst fovrvayeskestor valvd 3L, the @adoor heat
of refrigerant flowng into the expander (12). As a )
exelsmgtr, (20)) Ith&kecombfonnmag stlectnnvalve (32) ged theibypass\passage (46) and is
in which, during the cooling operation, the nass fl ow

thext suckéd info thecoingessmi1k)agangh t he 20 conpressor (11)

is larger than the mass flow rate Me of refri%erant )
[0325judin thdrimterng) dnaterchange (23), high-pressurpiefigesnt aijen pagsing through
of Enbodi ment 11 can increase the mass flow rate M of
thefindagerheat ex¢hangayh(22hSlomsptirengh the Ajrst ghanaek ke ffelow-pressure
refrigerant mass flow rates M and Me. hﬁBﬁ?]

refiigerent pfiereassingdeoughitheowtdesdieatesychanger wd) degsmay Sogifhrough the
mass flow rates Me and M are bal anced, wi t hout part .
sseondh ehansrel | @8)- a hherpfprr s dien fighrrrcssiis, fefage b )d,oe{) Hpt pghange its
refrigeration systemof this enbQdi nent can intr ce .
temperafyse. (i, the RightPresiys refrigerRRbIAwR 1o thfffpfms*ea@gb’ Jithout being
the deterioration of the COP. [0328] <<Enbodi nent 12

©®P*%he Invention 89 A refrigeration system according

nmbodi 2.1 j ed [ diti 1).
RSTai 7 CESAPE FkRRioh) 11 < cont | gured to sel cotively
f .caol ] ti f ' .

et | B Braehempr L dit iyl hsa Bishied 458 @bhs by doring

h .1n Fi 19 h ' i1 . L .
AP e By LR Bl i oot
lgeli%Fro @c%ﬁ%ﬁ%hé ‘g‘é’ Je2hPh GRBRCE5RE ‘Pﬂid'ci%faﬁé @€ '348hdi e of refrigerant
cyclhe by "Circu I'ng ‘refrigerant therethrough. The

ﬂg\LfnngStroElﬂé efilahfdt (12 AQ)a feSul€ DARELHe Wohitnidhdl 9éfrigeration system in

which, during the cooling operation, the mass flow rate Mc of refrigerant through the
compressor (11) is larger than the mass flow rate Me of refrigerant through the expander
(12), the refrigeration system of Embodiment 11 can increase the mass flow rate Me of
refrigerant through the expander (12) to balance the refrigerant mass flow rates Mc and Me.
[0327] Furthermore, since, like Embodiment 9, the refrigerant mass flow rates Me and
Mc are balanced without part of the refrigerant bypassing the expander (12), the
refrigeration system of this embodiment can introduce all the refrigerant into the expander
(12) to avoid the deterioration of the COP.

[0328] <<Embodiment 12 of the Invention>>
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di oxi de (C02) as refrigerant. [0330] Furthernore, the
refrigerant circuit (10) includes a conpressor (11),
an expander (12), an outdoor heat exchanger (21), an
i ndoor heat exchanger (22), ggas-liquid separator 10
(51), a first four-way selector valve (31) and a
second four-way selector valve (32) which are
conneciedeftigeratonm. sybem3 hbcoftlig COMBnetsslahert 112 i@ngpglieé to an air
expander (12) are constituted by individual rotary
¢ongditivief (DI dhevih cagBitididy (1Y iy esiiikdd & s¢letivklyCperform a cooling
cylinder volunes. The conpressor (11) and the
epepativaiebr ¢doling arreorm and e hestihgt apeeatioh fateatindthe trbem.
rotation shaft of a nmotor (13). The 15 conpressor (11)
0329 i ke rhowh dn Fiphedt 19 nhdyir konditicder gbwiacludés arefeagerayt circuit (10).
refrigerant expansion in the expander (12) (expansion
Posveefrigaradt pireeit @B} apemtbsbin tauvapoo ncomfprédsimnmpdfrigeration cycle by
(13). Since the conpressor (11) and the expander (12)
ciraalatimg e fri gedartt cherathtough hdhe bgfrighmnt ciotwt (1) is khatged with carbon
t hey al ways have the sane nunber of rotations.
diomide (GOg) asirpfrigamant.ef ri gerant circuit (10), the ratio
(V@/Vb% between the circul ati on vol une Ve of
[0880) gEwalrrmpores dhawgfrigerant ciyanjh (10 éncdydsamcrempgassyr @AY an expander
the circul ation volune Vc of refrigerant passing
€13, ;agtutddes heat sxphangerg21), anjindoor heatiexelpngey (22), a gas-llqmd separator
deternmined by the cylinder volume ratio between
(S agfirstriuivRysseleetpr vabyy (3prand ey secomribfouiay r?éleF@F N@lvr: §32) which
designed so that the ratio Ve/Vc is equal to the
yesemasstadAherginge/ dc during the heating operatl on of

condi tioner (1), between the densit

f”gguaé@?ammﬂeéwrr@lx ﬁtdo&? ifepandsn ke arg mstlﬁmde Py éndlvidual rotary
5135 i Gacineg Faying Teshetsvensmeci o s Yol Jie spgpressor (L1

?fe%%a%?ﬁraﬂha%?%? oA 4P Baheotgr by ofe REBPR b flaibger (13). The
%‘B{‘ﬁ%%f“ (5 SRR IRGIPlanbT Py Ratt et %%ﬁﬁ%%ﬁ%ﬁ By fheifglfint expansion
Xt‘ﬁ'e‘ t%an%de( ﬁﬁi ﬁ%(%?nsg&{‘ﬁédv{r%&&’ B ob%é%xﬁﬁe ¥, S EhPtine motor (13).

&xch anger oor hea
I
ShEpa el AL PRl o
LoRatfon gl%}a fi CQHE doRL nﬁ‘hf)er"ﬂ?‘iiot%@éﬂs' Phe §'e ifPhe refrigerant
t he ot I ndoor heat exchanger

SivRR (1@9 t‘% QtlJ WV@} 'betl%ée R BRAPMOn! @humé Ve Gﬁrefngerant passing
I ndoor heat exc anger heat 1s exchanged between

1PABhAhE eRRda&qliz) 4RI RS El-rculatlon volume Ve of refrigerant passing through the
compressor (11) is a fixed value determined by the cylinder volume ratio between the fluid
machines (11, 12). The cylinder volume ratio is designed so that the ratio Ve/Vc¢ is equal to
the density ratio de/dc during the heating operation of the air conditioner (1) between the
density de of refrigerant flowing into the expander (12) and the density dc of refrigerant

sucked into the compressor (11), i.e., so that the mass flow rate Me of refrigerant passing

through the expander (12) is equal to the mass flow rate Mc of refrigerant passing through

the compressor (11).
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[0333] The outlet side of the expander (12) is

connected to the gas-liquid separator (51). The

gas-liquid separator (51) is a closed container for
separating two-phase refrigegant expanded by the

expander (12) into a liquid refrigerant and a gas
refrigerant. The interior 10 of the gas-liquid

[6333r Eaok of THe oltdsorahdat @idHAngdrqR D ands thet indoor(Ked) exchanger (22) is

formed in a | ower space thereof to store the

comgtiauted ¢ d barcdlltdr@bds G et finand-atgalseat exnctaggers &bt ionrdoor heat
(53) formed in an upper space thereof to store the

eschapat @) dasupsifedi with aovitdoor G388} abhenshogmi fins fwrthgeutdoor heat
section (52) of the gas-liquid separator (51) is

exchangat(2t), heatds eschaaget ietweéngatitdbquiajreandFéfrigernt.|@n theeother hand,
gas storage section (53) thereof is connected to a 15

tixcipdoatledt gachaggep €2) 56 3upplibd withpaomtaicby drquistiopn ggn. In the indoor
(54) is a pipe for sending the liquid refrigerant

hsapackenger 39), hhat ig ecschhngpdi twespaoamair and r3frigetant. t he

second four-way selector valve (32). The separated

[0333] piTihe quelsY sidesofiths @xpmdbem@; tsconngated foothe gaphiqyid separator (S1).

first injection for sending the gas refrigerant

Theeesdiquul saparatny &Ak iy pcplosed seplaingt der sepatating ttyothase refrigerant

suction side of the conpressor (11). The separated gas

eppasded b%)the expapderi(@24inig e hiquidgsEigemnt gpd p @es wfrlg%rar(tts ghe interior

for controlling the flow rate of as refrigerant
thepgasdicid pepeirter{S1) Basce ﬂlewdsﬁtfaegeomg% (30 fpracs gy a lower space
(11). [0335] Furthernore, the gas-liquid separat? .

thasegf tp §t0¢s¢ thyisgearatgsl diguid rfiigeraof apcke g7 viorpee Sqeiigy (53) formed in an

passi ng ough the interiqr of .the gas-liquid

UPBF P4 er(egélj'% stge %%P?Haﬁcﬁ &% 1ei88™ et or age secti on
(8 o et et Atrp CRLOEHE d5tTioYd ehaipr (BN dn gamected to o
sl reg 8 e @t el (10 RERRT g v o
AL B o B S e e e
SRR APl ol S 0001 50 8t B gy st

?‘?5%%3*%. bS] B SRS BAe ot ision
S t%glt Qéé,d%gxr% 3k gg%fnm afrétéétb RAE as-ﬁ%hlh &p&}%ﬁgﬂ into the

e COﬁ'p ess

sﬁ&ﬁ)glnﬁdep BF thel c%%ﬂ%eé\sep (‘ﬁ?t e sQath& Qﬁszﬁbe ?9535 i9 fréstl&ed with a gas

out door heat exchanger (21), the thrrd port

cBRRS1CFARA(ISY thhEortiéfid Igoi)hesﬂdiz? reﬁé off fige g&'ﬁéﬁ@g‘e‘izﬁft t6 lﬂe)sent into the

and the fourth port connected to  one end of the

sb&ﬂﬁ%ﬁdé&&he&%ﬁﬁé@gﬁ 11§.22) . The second four-way
sel ector valve (32) has the

[0335] Furthermore, the gas-liquid separator (51) is provided with a heat transfer tube
(50) passing through the interior of the gas-liquid separator (51) to adjoin the liquid storage
section (52). One end of the heat transfer tube (50) is connected to one end of the outdoor
heat exchanger (21) and the other end is connected to the second four-way selector valve

(32). The heat transfer tube (50) constitutes an internal heat exchange part for exchanging

liquid refrigerant in the liquid storage section (52) with refrigerant in the heat transfer tube.




10

15

20

25

first port (Pl) connected via the separated |iquid
pipe (54) to the liquid storage section (52) of the
gas-liquid separator (51), the second port (P2)
connected to the heat transfg{ tube (50) of the
gas-liquid separator (51), the third port (P3)
connected to the inlet side of the 10 expander (12)

[0836]t NRachQuiT the MRarfbukWéy seleabe ¢4106 313 4deth® sEid FBek-Rhy selector
t he i ndoor heat exchanger (22). [0337] Each of the

ValveS(32 PRk HRERNIuiR pbrivVebhe TRbtSOhLvaY 8Elé&6r (alde (333 hat the first port
configured to be swtchable between a first position

(P1) Wohsidetdd€o fthe ischagt il Dof ithe cRRPicisera (B, \thd Bedohd port (P2)
second port (P2) and the third port (P3) is

coanEasd eatthel ofhdr herddnef ftied bitdopo heat( Bchafigene(21% the third port (P3)
position shown in the solid lines in Figure 19) and a
oanene pabke tudionisidevdfithdicarhipreisor 611) pad the fokith pos (P4) connected to
communi cated with the fourth port (P4) and the second

qerend OPHe indoar hieanexichaiged(22)iThe sedvadtfbir-waysidctqrR@)ve (32) has the
(the position shown in the broken lines in Figure 19).

fiesaaET (Pih eofinacst] viothe sopayated liguitl pipev(a# )i thgliquid storage section (52)
constitutes a refrigerant switching mechanismfor

ofvihe ghs-higuitlrseparatoc ($ 1t thersedondepart GM2)ofonnedfted tpethariteat wansfer tube
sel ectively provide 20 either the cooling operation

@P) ohthergaadignigl ssparator i(Bh), therthirg @ot(R3) conmeeted tthe inlet side of the
second four way sel ector valve (32) constitutes a heat

wxpendandd2) end it fovethnpert SRX eamested tetihngithey endid the indoor heat

anpunt of heat exchange of refrigerant in the internal

B r oot o ehe host Cransier Fabo o0} oy ot

(EY g@?‘ihrﬂf the)fest and srropd fquaavay selecion d'(akvp% (e 3¥)1§S.002§gured to be
SiFBAble beprre ol PO EToR Wheh 3¢ lish RGP s copponicated with the
SeSRL AT SR TRE ) s us SR AR G b9 e e
Rt o BecBBi P ik DD LE G RT RO USH iAghidh g first por
B Rl s G R o dRaTAR IR BRI P 2yrsgpromunicated
PR e ot 2 e P o R RoR Roinbipore 10k

fﬂ%gga] r'g}ee.rt%@y g%)&@wﬁyefsre?e%.ﬁﬁggéliv%i {3?#: donsfithidh Qpr%?ﬁ%eﬁéﬂ switching

rigeration cycle g S operation

AELARM RGAwihH 2B Eirculation direction of refrigerant to selectively provide
either the cooling operation or the heating operation. On the other hand, the second four-
way selector valve (32) constitutes a heat exchange control mechanism (60) for changing
the amount of heat exchange Qf refrigerant in the internal heat exchange part (50) and
allows heat exchange of refrigerant in the heat transfer tube (50) only during the cooling
operation of the air conditioner (1).
[0339] - Operational Behavior —

Next, a description is given of the behaviors of the air conditioner (1) according

to Embodiment 12 during cooling and heating operations.
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(21) serves as a gas cooler and the indoor heat
exchanger (22) serves as an evaporator. The high-side
pressure of the refrigeration cycle is set higher than
the critical pressure of cagpon dioxide which is the
refrigerant. 10 [03411 The conpressor (11) discharges
supercritical high-pressure refrigerant. The high-

[03403SYTBoh&S Opdafignt flows through the first four-way
sel ector valve (31) and into the outdoor heat

exchamaieé chdaihl-opkfatibRah® HitsH fRfr- WAk 1210t VaRg ?Slt) (@Adkhe second four-

the high-pressure refrigerant réleases heat to

vyt ggledtorivalve 1334 2ake TR CRINY DL TSN Eoéif?(ﬁrf 288" RB1 second position,
havi ng rel eased heat in the outdoor heat exchanger 15

réspédtiviel oW sHowauBN Fighee R@atWHehahs fibtol Y0P {sDRInddNod B this state,
gas-liquid separator (51). During the tine, the

réfrigbrapr esallstes Gebighgteadfridefant et aiel (10), Reaieb§tEd #THBerant circuit
with the liquid refrigerant stored in the l1quid

(Bd)oopegressch irefrigérafign ofcle.NBuGas thid apérotiGe pRe ahtdbor Bekt exchanger
The hi gh-pressure refrigerant after flow ng out of
(2Deseheats 4 ganafober ahd lte 0869 hiehtosssharlpe (@2 sérhes Se@@vdporator. The
four- way selector valve (32) into the expander (12).
high-sifke pessparn defr the Ii2jrigetdtion hiygle- j3r &3 stigher 2Barr éfer Exftiabphessure of
expands, whereby the internal energy of the
caibgh dipyxédeswhieh issthe refdgeratt. i s converted into power of
rotation for the conpressor (11). Because of expansion
[9341] hdhecoprreseer (11 pdischarges sipgreniticas bighepresstuei rgfrigarant. The high-
decreases its pressure to change from supercritical
rressyasefriggrang fapes gengh ther first fog4say Felectbowalye e@$limad into the
refrigérant obtai ned by pressure reduction in the )
outdgan deat exchangers(2d).olgs theyoutdepe heatnexghaager of21),hthe high-pressure
g}%s-l iqujd separator._ (51). In the gas-Iliquid separator
rqiggsrant releases Aatip eukigpkaif.of ri gerant in gas-1iquid
- se.formis separated jnto a liquid refrigerant
[@[gg] gh@lsﬁﬂ%mﬁsg@ 'Eegerﬁﬂﬂ al"’@&fﬁlleé%?éd}%ét njthe Patdogr heat exchanger
frigerant,stored. in the liguid 93 storage section .
({13 50“%&5#@5{1&@6 i feen st éﬁ@éﬂfﬁ? Bat Heif Separgipieci iy IQuring the
refrigerant flow t hr ou t.he heat transfer tuybe, )
e iR P HePbeuahliis Sohled) Qe caciinge 340 te Ha%id refigerant
I nt., stored in S storage secti (23),.
st oG Pl e "Cetich (EaP B8 55 Pl iaisroton b1 Bhd migh-pressure
' [ f e ressor eng,n h as
e bRl e b o GRERC TSt P UL ABFL PR $86ond four
wa I afel [ e ph.eS el Iy Ly
rZFSrE fég{é’? ant i QEF etoltgeaélégdm ér%}oggg'e ns%lgteggéindf %g&j’p%slggh pressure
refrigerant expands, whereby the internal energy of the high-pressure refrigerant is
converted into power of rotation for the compressor (11). Because of expansion in the
expander (12), the high-pressure refrigerant decreases its pressure to change from
supercritical to gas-liquid two-phase form.
[0343] The low-pressure refrigerant obtained by pressure reduction in the expander (12)
flows into the container of the gas-liquid separator (51). In the gas-liquid separator (51),
the low-pressure refrigerant in gas-liquid two-phase form is separated into a liquid

refrigerant and a gas refrigerant. The low-pressure liquid refrigerant stored in the liquid
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through the separated liquid pipe (54) and the second
four-way selector valve (32) and then flows into the

i ndoor heat exchanger (22). In the indoor heat

exchanger (22), the low pregsure refrigerant takes

heat fromroomair to evaporate. Then, the roomair

cooled by 10 the lowpressure refrigerant is fed to
stonegersection (B2 id loatedrtgsisat exdhahgd gith alid highapasareedfrigerant flowing
t he i ndoor heat exchanger (22) passes through the

thirongh tifeobrat waysfertubet(60). \Oil e ¢tBdr) hadd theslow-pessuse ghe eefrigerant
into the conpressor (11). [0345] (Heating Qperation)

stored imshé gast storggo peetian (53) flowsghfough thef separated \gas pipe {58y back to the
valve (31) and the second 15 four-way selector valve

sy@mn sidecofdhe eanprdssoo (k1) dy pening theossis control avatiet(A8) thi anstppropriate
position, respectively, as shown in Figure 21. \Wen
OPeEng Bk apprqpI@ie timest urned on in this state,

refrigerant circulates through the refrigerant circuit

[034d) , Theelosbpresshes digpid; trdrigarantcin thei tiquid199ragpeectians (52) passes
in arefrigeration cycle. During this operation, the
thrapglbthe separated gad ginte (B4)and thesegend fauravayasslecionvalve 320 and then
t he out doar heat exchanger (21) serves as an

floWs jBioaths rindags cheah exghgnees i (@) Jp dhe indoop thegthexchanger (22), the low-
refri ge ati on@gzcge, like in the cooling operation, is
PESFUrh Efrﬁ‘@FmPh s peat from FQoEh AL 3P S¥aRATEC of heaip hsorpom air cooled by
di.oxide which.is the.refrigerant, [0346] The _, i
EdRpTRESre f(e?fiser%ﬂt defdrigde @Bﬁ’eh@fﬂ' OV PHSSE gHTigrreaLeyagorated in

refrigerant.. The h- pressure refrigerant fl ows .
e pdongiheptiaichanegr %@Pﬁ% Qushdbe st ryway sglsctofplve (31) and is
jnt e_j ndoor heat changer (22). In the indoor

d#gas °‘Eee>|§éﬂ"83§ee?°“(‘%§sf’fgﬁi hi g%-prc(ass?ﬂe refri glerant 25

a tQ.roomair. Then, the roomair heated
[(LS?I'SIE h zﬁg%tg%%pqera&l on

essure refrigerant is fed to the room

0347 i - K ' .
[heat ?I%Tﬁgg%t%go 2 ?%lég{ ﬁlg;ig éﬁ%@{@iﬁrﬂeﬁﬁy‘%ﬁ%@ 54 the second
f Q.- | . (32). int "
f%%%ﬁ%é%%@r ﬁgg)@&)légykﬁl\é@%gigaﬁ%t@%&e ?ﬁ%o}éﬁio%eﬁd the" st position,

réabaéaw@ryg% Wh8wh %ri?igﬁ{gaﬁ% ﬁﬁ@ﬁf{ﬂé m&&eggﬁwstrhﬁed on in this state,

i nternal energy of I gh-pressure rrgerant 1s

iR t [ (TN i , i o
T R the et AR eriO(10) hEEEP U *ffgerant circui

(m'% @Pefcs 35 b keTrib &hfidDOfcR) DRRE RS SBSralid s R MAEHHLCexcRanger (22)
change from supercritical to gas-Tiquid two-phase

sdrogsnas 4 @@t &doldrnmdl a¥oRidesS HER e&a{a&]'g&eezza%erom & Beevddbrator. The
pressure reduction in the expander (12)

high-side pressure of the refrigeration cycle, like in the cooling operation, is set higher than
the critical pressure of carbon dioxide which is the refrigerant.

[0346] The compressor (11) discharges supercritical high-pressure refrigerant. The high-
pressure refrigerant flows through the first four-way selector valve (31) and into the indoor
heat exchanger (22). In the indoor heat exchanger (22), the high-pressure refrigerant
releases heat to room air. Then, the room air heated by the high-pressure refrigerant is fed

to the room:.

[0347] The high-pressure refrigerant having released heat in the indoor heat exchanger
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flows into the container of the gas-liquid separator

(51). In the gas-liquid separator (51), the

| ow- pressure refrigerant in gas-liquid two-phase form

IS separated into a liquid ggefrigerant and a gas

refrigerant. The | ow pressure |liquid refrigerant

stored in the liquid 10 storage section (52) passes

(22) rfvgghthtdugh sy sacand fourivepyi stleptopevalve4{B2pinth theeexpamiznl2). In the

four-way selector valve (32) and then flows through

expradtred2).t thahsdhepressutrerefiigirant |expadilss whersby thdimterhalogriecgy of the

refrigerant in the liquid storage section (52) and the

highepresuree fafiigarantnis ¢omvertes ndatpower adigbtation Uore & @pmpressor (11).

have substantially the sane tenperature and,

Bepayse fofrexpansiond iy thexetnander (18hathe iighhpreasime oefhigerant Secreases its

[0349] The lowpressure refrigerant after flow ng out

pesssurpito ¢haage fromrypercritieabéo gad)quid evgsphasefam: he out door

heat exchanger (21). In the outdoor heat exchanger

[93:48) | Thdowanesswredeliigerant ebtpingd by pressuk sedustion irf therexpander (12)

outdoor air to evaporate. The | ow pressure refrigerant

fleys gatoathe gontainehaf @ma%élﬂuwe?&pa@m Kakig &t theogas-liquidseparator (51),

through the first four-way selector valve (31) and is . .

then loy-DrrsREE fefrigsTant dncgasgiud dorphese form pg Feparated into a liquid
fects of Enbodi nent I n Enbodi pren 2, the ) ..

refHgerptyd e gahERIHEYRNY ﬁ«; Iq\g-pmsawdwctvr%geﬂie%?red in the liquid

SRR aER ) Basees Bl B e PR Gt bt (SR AB0 dergngnd four-way
seRepRYign (Hloine et imgdiioeh i SR aPstsE il (00 ol i case, the
PR OE SLE R LSt 5 150l LR n e e
' =L g ! 51) o b j L]
LA e LR D e B VBB b
. rin e cooling operation, refrigeran
h%%%g}(%?%hggcedgi nto the exganger (12) can be gool ed
: ; o ,
(80)"PREASE LRt ol 8 AEE AP ) v

nﬁﬁ @Yee(mt{i&ﬂ‘ﬂeat Jx@f]e[dggle(ﬂ?lqlﬁ The YU el é@é&h%r g%lr),' R low-pressure

the cool 1 ng operation, € nass ow rate

réfAbérhACiARE A 0GR HRBoGORRT RS Whpdrdtd) The lcﬁ[f-??erssﬂrg AR frigerant
the mass flowrate Me of refrigerant through the

e PadARete in the2dutd Wt Hebe:dhRYRr TBNL IGRE thrb RASHR, firkh four-way selector
refrigeration systemof this 5 enbodi nent can increase

vhlve (31 28d id tvn fitked Mio Bk coRbfdsgRi(BNt passi ng through
the expander to balance the refrigerant nass flow
(03508 s EffathiWnbobigéflore, the
In Embodiment 12, the gas-liquid separator (51) is provided with a heat transfer
tube (50) as an internal heat exchange part. In addition, the refrigeration system of
Embodiment 12 is configured to allow, only during the cooling operation, heat exchange
between refrigerant flowing through the heat transfer tube (50) for introduction into the

expander (12) and liquid refrigerant separated in the gas-liquid separator (51) by position

change of the second four-way selector valve (32). Therefore, during the cooling operation,

refrigerant to be introduced into the expander (12) can be cooled to increase the density de
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refrigeration systemcan operate in a desired

refrigeration cycle. [0351] According to this

enbodi ment, the refrigerant mass flow rates Me and M

are bal anced, unlike the t®@shnique in Patent Docunent

2, wthout part of the refrigerant 10 bypassing the
expander (12). Therefore, unlike the refrigeration

of ysfraggeraat fRatiagt infdo cherenparder {1 Ad at esubx maliké abe conventional
power fromthe expander (12) is reduced to deteriorate
refhiger@ibh sydtemriaf whigkr durimpntieystoding wpetativs, thebmalisnibow rate Mc of
can introduce all the refrigerant into the expander
réftiggraniotheonghdhe bempresser (Idr) as laoger dliantthe m@&Pflowaae Nle of refrigerant
According to this enbodi nent, heat is exchanged

throughethe exhandet (2 donrtbé nbayermentiontd renspra the redrigaratidpesystem of this
gas-liquid separator (51) and the refrigerant to be
embpdivetnt edn| incrsasehthe mepadldsy rite dyle efercdiigerant passing through the
refrigerant in liquid formhas a higher overall heat

expandsr dp balences thei eefrigenanh mass r flgwr mtess Mgy ando M athberefore, the
formand gas formof the same kind, it can enhance
refrigergian sYsiaoh aﬁg@ervéqe n & desiey refFigeraiéon ¢Hcls: nal heat

exchange part (50). Therefore, the refrigerant to

03 o éﬂiﬂil&wi‘bﬂlﬂh émésszawat@r e( 1efyigerant Wasscllow aatey Mfg/ and M are

cool ed, su t| n 20 i n_prov d| ng a corrpact desi

H@ce,dml@,h &l Ehlgn%eg rﬁ pCYNERRY ,[\@1{31-5)31} part ofg !Bw refrigerant
F
byBss G e ew%ﬁ?rgi(gb CEhpeiom vuiikeqtheo riteeHHoR lEmaiof Patent
Iﬁ[gyat q hanﬁicé m(eé%%lﬁ]-qrgff\{'eggﬁnb g%@sﬁﬁ\e{)féi?:rlzag g.sreguced to deteriorate
g@ ﬁ'ﬁ r%‘%n@ell' ?mﬁ er & bﬂ%ﬂ%&f ca%é%%é%pé%ﬂ%ea }e?rrigerant into
el d. 354 , di
GBS é@%é.%ﬁ?‘} dae%bo[r%m%faf G0 ot on can be-
[gga%?f &(}éoig’ﬁlggk a&l]a ! %ﬁbc?@*%eﬁtre Lfﬁtq?ﬁe Su%ﬁ)%rt@g gltayllq?ﬂ?refrlgeram
st atgc‘l)qﬁgﬁesg étﬁi})se%a-ll;gtgf ggg df{lggref ekdr9 85 Ae! Rfroduced into the

stemc perheat 0

eﬁﬁix{ %si%ntBetc sgereﬁjfé‘e‘fﬁﬂ ﬁinflﬁ:tlng gﬁ{lﬁg@gsgﬁgﬂeﬁ(&ﬂe}all heat transfer

roviding an’ optl mu

cB@ffﬁHeﬂﬁ ki fé&é‘e‘:‘aﬁﬁ@ in &\Q@%ﬁhéﬁ@ﬂ' §ddC@ds! RmObS the same kind, it can

nbodi nent 12> a description is given of a

ehﬁéxfch 98¢ Bdat ‘éﬁclfa}ir%ér%ﬁié‘i%ﬁé%f Bi 16 iherndl R ickieaht part (50)9Therefore,
Enbodi ment 12 e refrigeration systemaccording to

theWefri go4tit ftb baiatRubaTintsl @R ekpartle (BY)ichy b ffeil@Bl cdvat, resulting
exchangers as utilization side heat exchangers of an

iRprovidingla tbBp&t design of the internal heat exchange part (50).

[0353] Furthermore, according to this embodiment, the gas-liquid separator (51) serves
also as the internal heat exchanger (50). Therefore, the refrigeration system of this
embodiment can be downsized as compared with the case where the gas-liquid separator
(51) and the internal heat exchanger (50) are separately provided.

[0354] Furthermore, according to this embodiment, a so-called gas injection can be made

by sending the gas refrigerant separated by the gas-liquid separator (51) into the suction

side of the compressor (11). Therefore, the refrigeration system can control the degree of
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(1). In other words, the refrigeration systemof this
nodi fication is applied to a nulti-type air
conditioner. The follow ng description is given of
different points from Enbodiggent 12. [0356] In the
refrigerant circuit (10) in this nodification, first
to third indoor heat 10 exchangers (22a, 22b, 22c) are
sGpetn@sR t Freliiiodpait abl B sidked iBRC theo&fiﬁﬁress-ﬁhQllﬁ%&ébf‘%wdmg an
exchangers (22a, 22b, 22c) are provided with thei
optifiRarédntel 6w shdefiition tyelel ndoor  heat exchangers
(22a, 22b, 22c) are supplied with roomair by the
[0335) Cc i<Medifit@ivn. of Poibddhgédrare, the refrigerant circuit
(10) includes first to third flow control val ves (61a,
61b, Qdext, ddeofipiireid givenroftdvefidetfiontsystei dcdoriditpa@ra modification
heat exchangers (22a, 22b, 22c), 15 respectively. Each
of | Embaibnesitol 2. VEev sefXi gekationd dystend hegordmg ctonthisgimodifichtion includes a
individually control the flow rate of refrigerant
phurality e dhdoof heatierchanpérs at helizsioncidatheat exobagershdfain air conditioner
exchanger (22a, 22b, 22c). The operational behaviors
(b). In bther modisf iheatirigeration sydtem sdithes asodificatibntioappliedto 4 Zaulti-type
except that refrigerant branchedly flows into the
ap] agnditiongr. Bhe follvwong desaripticnds igivey @f diffe@@u poliebirod Xpbodiment 12.
and the branched flows then nerge together. 20 [0357]
(93560 iIn thpirsfrigsant i cirgit GA0) dwirthisgmodificating), ifirgt to third indoor heat
operation, refrigerant to be introduced into the _
eéﬁlp?ag@rér(na,zzﬂc charecessmeeied an ipaatlel witht each cdlesi The drdoor heat
refrlgerant flow ng into the expander (12) by heat

eé%l@ﬁaﬁgé . 22b5 22¢)eare proviided: with ey respestive danstwishown. The indoor

50 Therefore therefrlgerant mass fl ow rates

Wéljmgqﬁ? éygqa 12he 226hsre supptied1with iogm gife JéilﬁFaﬁﬁﬁ@FlatEd fans.

dfLosal B8 ARl S8 BEPL N s
aPnalty E%B%IB%?”\% bt Hsrs&s{rﬁgm‘ Frdod st Beshsipech (£ 220, 226),
CE R Pty N e e D —
O ekl YRR o OS5 st exchnger
(?ﬁathﬁ)x% 9¢he fO&)g'l%abnﬁzlpd agl%ﬁ) of qgl(s@og‘ﬁg&rc% l ed)thbé/ same as in

reépec | ve ow contr

PRI T P S e
eﬁﬁ%%rgxz%”?zeﬁfz?gieélgﬂnttﬁé‘@@%s@m e egiier 1

e ;2%%‘? 152 5!21%113 qggﬁsﬁgaztlé)?e rHuri‘ﬁg ﬂ'{%g\?vodrlg%gg cgﬁﬁ , rcfn%erant to be
1&?&1uké’d into the expander (12) can be cooled to increase the density de of refrigerant
flowing into the expander (12) by heat exchange of refrigerant in the heat transfer tube (50).
Therefore, the refrigerant.mass flow rates (Mc and Me) through the compressor (11) and
the expander (12) can be balanced, whereby the refrigeration system can operate in a

desired refrigeration cycle.

[0358] Furthermore, according to this modification, since the refrigeration system is

provided with the plurality of indoor heat exchangers (22a, 22b, 22¢), it can be applied to a
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controlled in each flow control valve (6la, 61b, 61c)

as conpared with those of refrigerants in two-phase
formand gas form [0359] Because nmulti-type air
conditioners are generally lgkely to have a | ong

connection 10 pipe between each of the indoor heat
exchangers (22a, 22b, 22c) and the outdoor heat

se¥ARanaehi-ypd Jair édiditionem(1f Fasheringse, asiticei the tregpegth@sfow rates of
formthrough the connection pipe could be likely to
rdffigdr@asfowing iptoale idoot hel eathangérsi(Q24,22b, ade) cnUbredsontrolled by
of refrigerant passing through the connection pipe
theauspetdee flow loyptrdlovaess {61 5 &b, 61v)canch hadvior hedtrexehanger (22a, 22b,
according to this nodification the liquid refrigerant
23@pan dedadividubbye cgarolled du itams ef dica¢amling Sapacitgranfl heatiigScapacity.
t hrough the connection pipe, pressure |oss and noi ses
Irnthisrease] sinexdthedigoid cfrigdrant sepdretetliin ¢hey gaseligiod depar886(H1) can be
<<Enbodi ment 13 of the Invention Next, a refrigeration )
sany 3o evack dodood i hegt exchEngard22en22hl 223, ideflow el camibe more easily
refrigeration system of Enbodinent 13 is different in
cottmliednini gashatfiown cofitralhealve f(flayeplint 61Q0ag icomppred( with those of
fromthe refrigeration system of Enbodi nent 12. The

réfig¢rants iytvaeplase forimoand; gas fomyen of different points

from Enbodi ment 12. [0361] As shown in Figure 23, |ike )
[4358D d iBeeanse mpultittype aiegondijiongrsaregenetally likely) tojhake adpng connection
a conpressor (11), an expander (12 an_out door heat
pipgcheamessy each19f theindacadisit exchangeesc33an b, $20))and ghe outdoor heat
gas-liquid separatq , a first four-\sﬁy sel ect or

exehapger((31), thpdlow oB sigghicny BtarPhasy femn dhioygh (hy genmection pipe
ol b et Shesoe i ik g isb A Ak e s
b EBiehton 8 sofve Bl 6 of Rt 5 35BSl o s
QiR e 1k RO il 8. bbbl PP con o
ol e, oot Pipty trbstul O RRERAMR 1" miehfeg stgre ean be

k2RI RiLg he flow of refrigerant through the heat
etf?@n‘}s%b{a}reggclfgé (50). Furthernore, one end of a bypass

(R3QRF, (RGNS B R thledddfi2 ! AUl d T ow pl pe (56)

rst solenoid shut-off valve (34) and

the s f?ﬂ,dafx‘aﬂ{ag'e%nsgsf(%% )QEcoYﬁh &o(BRbodimERE 19t 8€described. The

end o e bypass pip I's connected to the inlet
rfti@6rafibn 5P er 0P FERNirhd?)13 ik Rifferent in the configuration of the refrigerant

circuit (10) from the refrigeration system of Embodiment 12. The following description is
given of different points from Embodiment 12.

[0361] As shown in Figure 23, like Embodiment 12, the refrigerant circuit (10) includes
a compressor (11), an expander (12), an outdoor heat exchanger (21), an indoor heat
exchanger (22), a gas-liquid separator (51), a first four-way selector valve (31) and a
second four-way selector valve (33) which are connected therein.

[0362] Unlike Embodiment 12, in the gas-liquid separator (51) in Embodiment 13, one

end of the heat transfer tube (50) is connected to the inlet side of the expander and the
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ot her words, the bypass pipe (57) is a pipe for
allowing refrigerant to bypass the heat transfer tube
(50) and to be introduced into the expander (12).
Furthernore, the bypass pipg (57) is provided with a
second sol enoi d shut-off valve (35) selectively
allowing or 10 inhibiting the flow of refrigerant

othét dddb coifeclRPaS 8 liguidein{llow)pipa/{6h td the securidi four-aky eelector valve
as described so far, the bypass pipe (57) and the

(3B).r' e anﬁidslﬁﬂowdp@al(misdprshidtd ofith wdfirgesoléidd sh@ff valve (34)
constitute a heat exchange control nechanism (60) for

seldedngiy aowitg armhibiting thehbaw of midgmangehohgh tkhegtaranfer tube (50).
in the heat transfer tube (50) and all ows heat

Fexehaoge oné end of ra pgmsnpipe (S5Ths donaected antfeciquidimeflow pipe (56)
(50) only during the cooling operation of the air 15

betweh the dinstrsolchpid heiB6FvaFar(34)andvhe second fdve-vEybsstictos valve (33).
12, the first four-way selector valve (31) has the

The other qudrdf thbypasopipe 3B ds canneeted th the hnletridesofithe expanter (12). In
conpressor (11), the second portaéPZ) connected to

otberewerdts, dfe bypEs® pipgo57) heatpips & lpaving refyigerepfetor biypags the heat
port (P3) connected to the suction side of the

transfgrtabs (50) (and) tohedingraduded lintohthg @p(par(dﬂn)(l?aoﬁh@leqr@@r% dhe bypass
one end of the 20 indoor heat, exchanger

pl@@c(é?m)dlsmgvld%w@ea 8e00nd sqlgneid Sélseﬁ'ffwa&vet (ﬁég f’rl?félt"ebo?llowmg or
n§1 1) connected via the se arated i qui dgﬁl‘ﬁ i}l?l ntf

Hiting theifipve obrefjecraricthr ko bypsss pivs (§2s - With iguration as
e sl ggg HESUBPaLEH ﬁﬁgﬁfrﬁrés@?%m%”e%m% ot atves (34,
5L B e SRS M el R s o
e?f%f@%%? Gefigeiaehgn ohe rat HAEEr Wisa (U ERa ATGT: ?1%@% Bxchange of
0 E h f.th d f
4% 08 Sy G e B0 R AL R s gl f e o

tsvvlltr gable between the first position and the
boﬁl& glsmion 99 Furthernore, the first and second

[63%#[ i Gor aéﬁ'?xo?é: 43 1k%@4‘n¥>8&im(e§1112 %@ PR '\Jagtsae&or Falve (31) has the

ani Sﬁ] or swt

ﬁ?s't gSH é?i)‘ gété t!hQ 'als?lfl g@glﬁé gle{}@rgomg)?es?ﬁ e(?ﬁ); 'tﬁé.eéebfond port (P2)

e coo operati on

%&EE@& P Bne EIQ&)’ Qﬁﬂhe ou@%%f ﬂ%dt QRManBaNAY), Ahe th%d'}k%}'flt (P3§‘ connected to

cription 1s given of e behaviors”of the air

ﬂﬁ%ﬂ?ﬁ&d SAE6f 1 &é Lodbfe®ot (19 and theHORAK bHR (B4) e3nkléiddE one end of the
cool 1 ng an eat 1 hg operati ons.

indoor heat exchanger (22). The second four-way selector valve (33) has the first port (P1)
connected via the separated liquid pipe (54) to the liquid storage section (52) of the gas-
liquid separator (51), the second port (P2) connected to the other end of the outdoor heat
exchanger (21), the third port (P3) connected via the liquid inflow pipe (56) to the heat
transfer tube (50) of the gas-liquid separator (51) and the fourth port (P4) connected to the
other end of the indoor heat exchanger (22).

[0364] Each of the first and second four-way selector valves (31, 33) is configured, like

Embodiment 12, to be switchable between the first position and the second position.
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[0366] (Cooling Operation) In the cooling operation,
the first four-way selector valve (31) and the second
four-way selector valve (33) are selected to the first
position and the second posiggon, 10 respectively, as
shown in Figure 24. Furthernore, the first sol enoid
shut-off valve (34) is turned open and the second

BRIRRALA, ﬁféLﬁrstoc{nfd s\é@(&n\ﬂefo(lﬁar)iy kSledthf Gﬁ%%@?ﬂj-co%ﬁﬁ‘te a refrigerant

t he not or is turned on"in this st

§v€iﬁdh|1r£gefn@€l§an§s'n{ ¢oH Aifthirghthe Widulahien [AReEAGES PV gdramtUblselectively
(10), whereby the refriigerant circuit (10) operates

pﬂ@vﬂereﬁﬁéﬂtaee&dlingr@pwﬁb@ortlaulhbatm gldpefatioper ati on, the
out door heat exchanger (21) serves as a gas cooler and

HBGS]ndQﬁknﬁ@ﬁﬂlﬁﬁﬁh@ﬂger (22) 15 serves as an
evaporator. The high-side pressure of the

refri gblest, aciesaiption is givesof Meghhaviohasr thé B conditiosd! (1) according
pressure of carbon dioxide which is the refrigerant.
fo(EOFddirhbet 13adping 2e6ling dnl)hedtiscbpigmssupercri ti cal
hi gh-pressure refrigerant. The high- pressure
[0866] g&Tauling fOpevaionjr ough the first four-way sel ector
valve (31) and into the outdoor heat exchanger (21).
I n t helnthedomlinp eperatinc,hthadest {odi-wayt dekector glalver @4 and the second
20 refrigerant rel eases heat to outdoor air. [0368]
fome- waly gielastor sailivee (33 fard geleciad thahd figst rpeksitian eabdhtbatse¢and position,
the outdoor heat exchanger (21) passes through the
rspashively oas shaay indliguwre @4. TaithermoB3 Yheafinst sdlendid gouteptf valve (34) is
i nflow pipe (56) and then flows through the heat
turnpdsdpsn and ke gesond satgnoidshutdesl Yalve3q) 1% turnsd glosedheWhen the motor
heat transfer tube (50 t he hi gh-pressure
(13) iy funeshen jin tip stale) teyigreant caglalan garowgh the neangeaamsnrcmt (10),
refrigerant. stored in the liquid storage sectign
whereh thegstrigernnt @r%tdapb?nﬁrate%@)a refpgeratignclsy Eggne E!ns operation,
refr| erant after f] out of the he nst er

eiidben ezt echianesr @ 1) ¥ WéVCS@maaﬁ!aéPO mda the indape heat exchanger (22)

L R A

g hit %ﬂﬁbﬁ%&@'&%ﬁ S GoRkte Hich %&%%&g?g?r@% af AR

(BN oThe b éfefﬁ%iyﬂr%'“cb%ggii%%r\&@%lr#@% Lt rofiggragt, The high-
Sru.rég 2@5‘5%%1“5““@%1§W§5§'%§5 The, G5 Bhr-B§ RS FATH L8 and into the

M T —

{e\;\iéé_eéﬁgse%swﬂéaﬂc?&ﬁ%o‘?af of rigerant in gas-Iiquid

ormis separated into a liquid
[0368] The high-pressure refrigerant having released heat in the outdoor heat exchanger

(21) passes through the second four-way selector valve (33) and the liquid inflow pipe (56)
and then flows through the heat transfer tube (50). During the flowing through the heat
transfer tube (50), the high-pressure refrigerant is cooled by heat exchange with liquid
refrigerant stored in the liquid storage section (52) of the gas-liquid separator (51). The
high-pressure refrigerant after flowing out of the heat transfer tube (50) flows into the

expander (12). In the expander (12), the high-pressure refrigerant expands, whereby the
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refrigerant and a gas refrigerant. The | ow pressure
liquid refrigerant stored in the liquid storage
section (52) is heated by heat exchange with the
hi gh-pressure refrigerant flqggng through the heat
transfer tube (50). On the other hand, the
| ow- pressure gas refrigerant 10 stored in the gas
BiteRtid ¥hegy Oifithnhighpreskirewsfrigeraatihconhertsicinay pdvest (fastation for the
pi pe (55) back to the suction side of the conpressor
¢obdpresyyr (K9NBeQuiehsf Gpansianinythé expdnder (1238)thée highrpressure refrigerant
appropriate opening at appropriate tines. [0370] The
dexveapesisspressute tg chashge dfom gepeeuniticalrtotghslifuiduwd-phase fage.
section (52) passes through the separated |iquid pipe
[0869] aiitle ldvepessoe deffigemntvabyainel ke presswra kedacti@Bin thadxpander (12)
then 15 flows into the indoor heat exchanger (22). In
flones iintd dloe chreanerexfcthagehiqid 2pparatoe (F1)winpthe gasrliguid separator (51),
refrigerant takes heat fromroomair to evaporate.
theelow-piessuro orfrigerant éo| gag-logpid twe-phase- forms duseparated into a liquid
refrigerant is fed to the room The |ow pressure
reffigaradrandta gasoysigerand. The lavivpresside diquidersfrigerasit stged in the liquid
(22) passes through the first four-way selector valve
sterage seliond 52 lnéanatsdj bk dati exchangp avithothe héghspriesgure yefrigegant flowing
%371] (Heating Qperation) In the heating operation,

eughj the theptotransfgsytube K%Bt @.n tha jofker (t@ng, hAdowHREessuEoRRg refrigerant
four-way selector valv are selected to the
steredrin tlpfo&q»'atsms%geaﬁeatl%@3) iﬂngﬁ thsgugh the separgted g%scmw @59 back to the
as shown in Figure 25. Furthernore, the flrst enoi
Sietien s of thacompessor A1) by, pRranecihe gaticonte! value Z‘é&&ﬁan appropriate
sol enoi d shut-off valve (35) is turned open. Wien the

ARAEHE Bapprepsiatedimes, ned on in th| s state, refrigerant
lihabLodhe Nehrisrte i et T ue 1 cbgfo‘ggge? section (52) passes

ot %g‘%’{a‘a&?@@%@%ﬂ%ﬁé IR 2SR YA selguPyal s ) and then
b0 SocIBndkp e BARASE ATk ML B8 KER Aindiller 22), the low-

e 1n
eva 8to ssure o

xggs;dé? ?%fﬂé#{%‘t t é"sl k?e k’r'ohlero'o[h £1F % e a%%l‘dt@ gﬂ%ﬁe{h@tﬂogﬁ air cooled by

critica

ATh frigerant ted i

?gﬁ%ﬁ@z%?*%@ E%ﬁg{* AL e [heg R s vaporated n
fihd @R P SePhESRH e Fifk FIB& 1ef {09%1 31) and is

t rlough t exﬂﬂr}% @EPE‘ ey select or1 val ve (31) © ve (31) and1

tHeh Qudiaa nhtﬂqméom %Br ﬁlfhangef (22). In the i ndoor

heat exchanger e” hi gh-pressure refrigerant

[0371] (Heating Operatlon)

In the heating operation, the first four-way selector valve (31) and the second
four-way selector valve (33) are selected to the second position and the first position,
respectively, as shown in Figure 25. Furthermore, the first solenoid shut-off valve (34) is
turned closed and the second solenoid shut-off valve (35) is turned open. When the motor
(13) is turned on in this state, refrigerant circulates through the refrigerant circuit (10),

whereby the refrigerant circuit (10) operates in a refrigeration cycle. During this operation,

the indoor heat exchanger (22) serves as a gas cooler and the outdoor heat exchanger (21)
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rel eases heat to roomair. Then, the roomair heated

by the high-pressure refrigerant is fed to the room

[0373] The high-pressure refrigerant having rel eased

heat in the indoor heat exchgpyger 10 (22) passes

t hrough the second four-way sel ector valve (33) and

the bypass pipe (57) and then flows into the expander

séivdy aslan éVipomxgamierhighi-gile présuti ghther efisguration cycle, like in the
refrigerant expands, whereby the internal energy of
cbbénghbpdratiore 8 sut ehiglek thagetharditicsl presyvsy dfchrbant dioxjievwehich is the
of rotation for the conpressor (11). Because of

refxigaraat.on in the expander (12), the high-pressure
refrigerant decreases its pressure to change from

[83723r CFhetdongiressor Ak disclopnged supdrctitianl plghspredsoremefrfgeddd The high-
The | ow pressure refrigerant obtai ned by pressure
pressuretrefoigeiant flines txepughdbe fi¢st Fur-waymetectontvel ve I§21) and into the indoor

contai ner of the gas-liquid separator (51). In the _
l'gafs exihgongad @8pamather ingsan) heatt éxghdngar ,152@3 digh-pressure refrigerant
refrigerant in gas-liquid two-phase formis separated

relgasss Aedtitquoam aireThing drcanopmarithentesbly thethighyprieasire refiagerant is fed
this case, refrigerant does not flow through the heat
tothetroamsf er tube (50). Therefore, the liquid

refrigerant in the liquid storage section (52

d

[AB13] e xieahigh-presaure refnigersnt hadng siegsed deatia the %mlpgre heat exchanger
refrigerant jn the I|]j gui d storage section (52). passes

(EPrrnsts throweh disaregoniiour-auay delsrive velsa (3B mad the birass ptpe (57) and
tét%tj rglegg yiﬁé)zlfh%get;g&rarg%gleg\ﬁz. (21%)3 t?he ?%%@1};&? ?{&%{j L}g%%r%sstu?ee refrigerant
SRS, FHRreBl (el SHESER o8 16 RED Presiire) GRG d ghverted int
R} o Fsion o KRRmireor (L0 Heshiee il aale R e gt 12), the
g Wtibotil GRERE b SPREERRR bR isd 6 ns-tquia

e.refgigeration systemis configured to all ow heat
t{édaglr%lg%gfgn%bf refrigerant in the heat transfer tube

[gﬁgﬂ ofﬁeylo o ﬂe%i%eg%ﬁg;egﬂt io@&it%ﬁ?gﬁ&gle&ﬂrﬁ)é ﬁ’&ﬁhti#l% expander (12)

ge of t secon nol d shut - of

ARVt {hi%onpiier of R gisglécﬁ%c? gg{ea%d?& @i? IR t?fg{ﬁ-ﬁtgmli separator (51),

operati on, the densit rigerant

thd Qo RARERERT rdfdddratiSin 258 8BS wo-Hsé foBA Ust sephfdfed into a liquid
refrigerant massS flow rates (M and Me) through the
16R915RFa86 88d a(ghd refdigfrant. In this case, refrigerant does not flow through the heat
transfer tube (50). Therefore, the liquid refrigerant in the liquid storage section (52) does
not exchange heat. |

[0375] The low-pressure liquid refrigerant in the liquid storage section (52) passes
through the separated liquid pipe (54) and the second four-way selector valve (33) and then
flows into the outdoor heat exchanger (21). In the outdoor heat exchanger (21), the low-
pressure refrigerant takes heat from outdoor air to evaporate. The low-pressure refrigerant

evaporated in the outdoor heat exchanger (21) flows through the first four-way selector

valve (31) and is then sucked into the compressor (11).
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t he expander (12) can be bal anced, whereby the

refrigeration systemcan operate in a desired

refrigeration cycle. [0377] <Modification of

Enbodi nent 13> 10 Next, a degyxiption is given of a

refrigeration systemaccording to a nodification of

Enbodi nent 13. In the refrigeration systemof the

[0BT6)f i -€Effects of Embsdinmntdi3econd notor- operated val ves

(36, 37) are provided in place of the first and second

sol enoindEmbedimeht 13, lad refisgefRibn s35tpmi is cEnfipntedrndllolBheat exchange

The follow ng description is given of different points

dfrrefrigerdmodh thertieafl Banstér thBSTRN) odly dimingnthie reoblimgipper@fion by position

in the refrigerant circuit (10) of this nodification,

dhiarge bf thei first RAd cecqndpldnsl) shw-offt valivere B4Ani3Sh Eherefoss, during the

not or - oper ated val ve (36) having a variable opening.

CPloting operatiom ther denpity de¢ efirefrigevant (196)ing miw thefexpander (X2) is increased.

be capabl e of controlling the flow rate of

Avt resylir thatrefrigennhmasshilowigites Odc andMe) thnovgh thet qpmpressor (11) and

ti?gO). The bypass pipe (57) is provided with a second )
tegpansise (bd)eernvbg balapeed) whetabiicthe rofiigeration syplemi paj operate in a

The second 20 notor-operated valve (37) is configured

degirebreftagraion @flecontrol 1ing the flow rate of

refrigerant flow ng through the bypass pipe (57).

1937 tIh eF Mg dicationeofifirpedimeptl3>(57) "and the first and

second_ not or - oper.at ed val ves (36, 37) constituie a . )

heat eXEHaRJESERHOR & EiVepeehmifEssreiens) sysEm %%s%ﬁ@%@ ¢ pedification

‘%ﬁ%g‘%déﬁg’fe? } Zh‘( gl)ﬁ(;:rgf?%greaflgg ;y?efr;rgbg fﬁq&sg{l]th@h?%}ofxlﬁﬁgs? gltld second motor-
SRR A L o Con 2 oty SR Te Base (0D B A5 GO Gengid shut-off
R0 in FREP B O I S0JOV0% ABATIPOPR 4,6 vFh T aferent poiats
@%ﬁ@rﬁ%ﬁﬁémgge first and second 103 notor-operated

VES ). Therefore, the refrigerant mass flow

8185 VS0 A S AR AR ESSAT [ g b, e
RS 00 4415 PRFTEY A, £8R0 ek e () boving et

%%2?‘5??@"’ hikst dt&ﬂ%rﬁw ?ﬁé"? f@ggvlfst %o?lggg{]eki{iﬁ bk Rép£bROPH Altrolling the

n, refrig e heat

fisvanst ef r&ﬂ%gﬂt%ﬁ?ﬂuo%&ﬁ@ RER uhRstkr &BE g?i)gygé’bfﬁélsé Pipe (57) is

opening the first noitor-operated valve (3
provided with a second motor-operated valve (37) having a variable opening. The second

motor-operated valve (37) is configured to be capable of controlling the flow rate of
refrigerant flowing through the bypass pipe (57). Furthermore, the bypass pipe (57) and the
first and second motor-operated valves (36, 37) constitute a heat exchange control
mechanism (60) for changing the amount of heat exchange of refrigerant in the heat
transfer tube (50).

{0379] According to this modification, the flow rate of refrigerant flowing through the
heat transfer tube (50) can be controlled to control the amount of heat exchange of

refrigerant in the heat transfer tube (50) by controlling the openings of the first and second
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concurrently fully closing the second notor-operated

valve (37). [0381] <<Enbodi nent 14 of the Invention

Next, a refrigeration system according to Enmbodi nent

14 is described. The 10 refqgagerati on system of

Enbodi ment 14 is different in the configuration of the
refrigerant circuit (10) fromthe refrigeration
nyGEtaperadd ftbead(36e87). Thercfore, thelrefrigerayt dess flopt fates (Me and Mc)
given of different points from Embodi nent 12. [0382]
tihsugththercompréssou(ld) aid theexpaederi (@) eart be ibrlontad yitlh highhaccuracy
Enbodi nent 14 is provided wth a four-way sel ector
awardiag (Bthe openatih@conditianse first four-way sel ector

valve in 15 Enbodi ment 12 but, unlike Enbodi nent 12,

[0380] p Fortherewbreyi threfihgeratamoystemmgconding todhis sagificptipy enables, only
(32). The four-way sel ector valve (31) constitutes a
duehg thyecomling opetation g irigesat dniflow thspughnihe dispinigansfes tube (50) and
circulation direction of refrigerant to selectivel
eprhougel cheat thhisin tty Felip] IReBingp Seatifein Tetor pRETHed Yaly (36) and
operation. [0383] In this enbodi ment, the outdoor heat
cenaumgnide fullyxiysingte serond mpderronceaied valve Slehanger (22)

are connected to each other, by a first pipe (71). The

[03813 ¢ <siEpebodimgntild of hedpyedanidth a first check val ve

(55) 952t o Lovards Lhe outcogr heok xghangt, (31 s o
TN Ml v
CEREE R0 107 He R EoTn G 1ER AMBFIHE 1 G0 £ oqppd ffcription i
g?‘%ﬁ%i&iégr?ég’ghﬁgéogﬁﬂ%&g?‘%grﬁg(nedegg ? Let Ega? e? ﬁ ansf er

ARy B R el R g B 14 s rovies
B e A A S o e
HARRBR Lo e CQONECERTBlnoRl 9200 PRRAEAT wich Ak MBeond four-way

St or ag€ section as- i qui

s?l%%[' @%R/E (Q?j}il;r@g@%lp\nggﬂ %?l%gcgl]; Jhive r(@l)owlﬁﬁtult&rﬁjEég?%érgﬁdswitching

I'rst pipe I rst check val ve

ﬁ&ﬁaﬁ%ﬁ%@,s@ﬁﬁ?@gﬂav&r@faﬁgﬁ difebtid OF FofkiBerafN @ SélectiVely provide

€
a second pipe I's connected to the first pipe (71)

RABEMBE Bolidg BpeRioR %gt}féflﬁﬁtlﬁlgﬁ@eyﬁioﬁ.s 2) and the indoor

heat exchangér (22). The other end of the second pipe
[038)] IR A8 REHoaMNdR, e bRRoSOMBAC ExdM@ngRt P randhthe indoor heat

inlet side of the expander
exchanger (22) are connected to each other by a first pipe (71). The first pipe (71) is
provided with a first check valve (81) located towards the outdoor heat exchanger (21) and
a second check valve (82) located towards the indoor heat exchanger (22). One end of the
liquid inflow pipe (56) is connected to the first pipe (71) between the outdoor heat
exchanger (21) and the first check valve (81). The other end of the liquid inflow pipe (56)
is connected to one end of the heat transfer tube (50). The other end of the heat transfer

tube (50) is connected to the inlet side of the expander (12). Furthermore, the liquid inflow

pipe (56) is provided with a third check valve (83).
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(12) and the gas-liquid separator (51). The second
pipe (72) is provided with a fourth check valve (84).
[0385] The first check valve (81) allows only the flow
of refrigerant froma connecfgfng 10 point of the
first pipe (71) wth the separated |iquid pipe (54)
towards a connecting point thereof with the liquid
(0B84PWThE pepat 6] hqﬂih ?qfee(sm)rﬁel this eatbodimhes® i ddhedéd Svdhe end thereof
only the flow of rigerant fromthe connecting
pothetliqofd stdregd sercﬁbn B2pef thélghs-Niqhid separatve B1) ahé donrieated dt the other
pi pe (54) towards a connecting point thereof with the
s\t tnthepfinsepipéd 171) Bdiwedrhihe dirsthelekk walveg81) 8Rr) thal seomml check valve
only the flow of refrigerant fromthe first pipe (71)
{82)alfutthetthereherst ertdrafiastemd Iipet (TRPis(cobnectette theofrst pipe (71) between
check valve (84) allows only the flow of refrigerant
theosecomk chécksvalvep(§29 ahd Ihe timdomr disatt évehangeet(22)i dde afther end of the
the expander (12). [0386] Thus, since the refrigerant
s¢aond ipipe((¥Q) isi qontévite] ®rebpige wemtecting betdeen thesolst side ofiithe expander
formed by connecting the first pipe (71), the second
(120 end we)gasliquid separatdr (¥1)1 Bw ssiqral 4ig6§72) sptovided withta fourth check
transfer pipe (50) and provided with the check val ves
vaye (8. 83, 84) the sub 20 circuit constitutes a
circuit resenbling a so-called brid circuit.
F0385h e The st abrek Velie (85) elloms osbitbe tlay ekreigan fom  comesting
exchange control_rmechani sm (60) for. chan
T 3&91‘ fugtepipe (Blckiththe ssparpted digyd ping (343 t?Wéfdﬁ @onnecting point
tran%fer t ube (SOé and al |l ows heat exchan
Jéthathe liapidipndow eie Ephde éfscqné&beqlsm%veom/ alipivs oRjy the flow

e .cool i eration of the_air cond (1
ngéﬁ@ﬁmﬂt% thel omar<Bg pa 6f e xipiPs IV it  fpirafed liquid pipe
&C‘égn of, the behaviors of the air co ndj t.i o

P = SOBNEBE AR ATIof Wl HReSBH) PG (T Hird gheck valve
068tk oﬁsa%w o et g TuePE B TR lbedilipe gat wanster
e@@ﬁ b chesk v 33 Bl 3™ o B fefilt Bom the i

FK"%‘?’%‘&;* ﬂ%‘éﬂ‘f S S e QAR AT T el L 28T 10)
gggﬁgt qfﬁué 5'1 ¢hd ki o%&ﬁlﬁa&kﬁﬂ ﬁxerhls%ﬂﬂ'aﬂnérﬁ lifcludes a sub-circuit

tion, e out eat e anger serves as a
| r ,
L

and the heat transfer pipe (50) and provided with the check valves (81, 82, 83, 84), the sub-
circuit constitutes a circuit resembling a so-called bridge circuit. Furthermore, the sub-
circuit constitutes a heat exchange control mechanism (60) for changing the amount of heat
exchange of refrigerant in the heat transfer tube (50) and allows heat exchange of
refrigerant in the heat transfer tube (50) only during the cooling operation of the air
conditioner (1).
[0387] - Operational Behavior -

Next, a description is given of the behaviors of the air conditioner (1) according

to Embodiment 14 during cooling and heating operations.
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pressure of the refrigeration cycle is set higher than
the critical pressure of carbon dioxide which is the
refrigerant. [0389] The conpressor (11) discharges
supercritical high-pressure f@grigerant. The high- 10
pressure refrigerant flows through the four-way
sel ector valve (31) and into the outdoor heat
f038BR N edoling Dperdtiony he out door heat exchanger (21),
the high-pressure refrigerant releases heat to
out dooiln gef coolifg 9p¢railbre the Gursselsceornalvel @ty Bndelected to the first
havi ng rel eased heat in the outdoor heat exchanger
péstfiorpasshesmtih Rigigé 28 'Wheh itliedmotoe (3 )\iskurged &3 )n ihis stie, refrigerant
liquid inflow pipe (56) and then flows 15 through the
tieaflates thnsfohrthé refiegdrad)circlin (10)gwhereby tmwiefrigetrdmt oirglit (10) operates
the heat transfer tube (50), the high-pressure
med rdfiggarativin ¢yslec Goiriagd thy operatiostbhamdeonhenhexchguged (21) serves as a
refrigerant stored in the |liquid storage section (52)
gds téndergarst thegindoorsbgat reatiomg¢oA2) sttves has gin- pvapemtore The high-side
refrigerant after flow ng out of the heat transfer
prebaurg sOthe frefrigeratinn oyeleiés sex bigheiethan @) critical pressaire of carbon dioxide
expander (12), the high-pressure refrigerant expands,
whiochdihetrpfsigerankr nal energy of 20 the hi gh-pressure
refrigerant is converted into power of rotation for X
10389k o Abe eempresyor {11) digharggs sunsreridicplish-orespie refaigerant. The high-
expander_(12), the high-pressure refrigerant decreases
pregsure refigernt Hows Hepegh &Pcfﬁ\lrs\yﬁlé selester ¥alve (31) and into the outdoor
gas-l iquid tw-phase form [0391] The | ow pressure )
et rxglangrt (Bt & sy owigoss B%lﬁ"@ﬂlwﬂﬁ W) ohe; ghppgessure refrigerant
ex%gm er t(@12 flows into the container of the

S¢S Rt fafor (51). Then, the | ow pressure

GE08) TRt g RS R bor ket xctaner
CAS PSS B TR S s ARG A s e v
B8l B SRR e, Bl BV L8 st e 0.
0350 g, LSS cHOBal OBt s
W REESELR RN0PIED (IShOBRASY LBFuRH (10 S

%’eﬁlll}r%ﬁ'aﬂt%t)grg g]@w%%e(iﬁ RIFRRY Bt EM%THE?@? FRRRAR th@kEpander (12). In

OW- pressure efrigerant in

inR€exlphitiéh ¢15) ﬂ{eaﬁigh%?é\sg%r%}eﬁé@anp espuRds, wherEyoid hnfeﬁ?l energy of

separated li'quid pipe ( and the second chéck val v

{8 Nigh-Brekfie kitigtrahi RohveHed iﬁ%d%d\ﬂﬁrbffrb@ﬁ@n ifoX e cbfpressor (11).
i ndoor “ heat exchanger (22). In the indoor heat

By&ad @€ lexpandion ihthe expander (12), the high-pressure refrigerant decreases its
pressure to change from supercritical to gas-liquid two-phase form.

[0391] The low-pressure refrigerant obtained by pressure reduction in the expander (12)
flows into the container of the gas-liquid separator (51). Then, the low-pressure refrigerant
in gas-liquid two-phase form is separated into a liquid refrigerant and a gas refrigerant. The

low-pressure liquid refrigerant stored in the liquid storage section (52) is heated by heat

exchange with the high-pressure refrigerant flowing through the heat transfer tube (50). On
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| ow pressure refrigerant takes heat fromroomair to
evaporate. Then, the roomair cooled by the
| ow-pressure refrigerant is fed to the room The
| ow- pressure refrigerant evaggrated in the indoor
heat exchanger (22) passes through the four-way
selector valve (31) and is 10 then sucked into the
tHeQTre8A@ thé foh)-pres§i3d ds refifRtdnt Stofddshakd £4¥)stdrigd f8tion (53) flows
heati ng operation, the four-way selector valve (31) is
tisehghCthe Ghep&ralel pas §EHN(55) Ppaslk to et artish@ide dfMthEic@Hipfessor (11) by
29. Wien the notor (13) is turned on in this state,
opeitig Biegantontol Valvé 38 S0 hhaPasitidid\epenalg dt @pprapiiate times.
circuit (10), whereby the refrigerant circuit (10)
[0392] aThs lbW-prossare Gifjuidgmsfidgdran iaytHeeliqrdtdiggd Re&ion (52) passes
operation, the indoor heat exchanger (22) serves as a
thyesghothe keparaatiliquié pipet(8dmdhbasecend ik onlve 29)) if eiev@St pipe (71)
as an evaporator. The high-side pressure of the
andthen dlomatintorthe yrddoer heat leecliangéri(@2) dw thienigdapdreat éxehanges (22), the
set higher than the «critical pressure of carbon
ladv-pressime wfrigérantstakdscheat froingopairdir to ©3pdijateT Aden, the room air cooled
conpressor (11) discharges supercritical high-pressure
by dier loyeprassure rEfregerdng fis- feddo theasemr Ehe bfw-pryesuae reffiawst evaporated
_through the four-way selector valve ﬁ(31) and into the
ir} ﬂ)@d@goqxé@at exchangen §23) gassey thriongh the fonttwey skisator valve (31) and is
exchanger (22), the hi gih- pressure refrigerant rel eases
theasucked intodhs eampresspedl)t he room air heated by the
hi gh-pressure refrigerant is fed to the room [0395]
[Dﬁ?g] hideatisgLperation) ef r i ger ant  havi ng rel eased heat in
t he indqor, heat exchanger. 25 (22) passes_through the
first &'ﬁé‘ee'fﬁl% opeReliOn Derfetir vaY ekttt wphie 31X 18 s51ested torte second

P%Sitgé)l{]gﬁ ﬁ‘liog\f%eingﬁé%ﬁ gg(rj“}(hgg;h}g rlfngvg\ﬁ‘ ﬁl} thlg B&gg%gfl( Ena{f'l?sesrtate, refrigerant
ottt ieEnaE R HELTANDY PcteBy BeBharrbaleR 9O opesis
R e RhiOT o B e, GoSRio b PR B berves s o
obE LR e EARRIEN HAlBT B b FORNEREE Top e sie
plsgH 0 of Y P RELD LA LLLER Lol BB it sber tan

08 PleR&ie Bf cdrbi$h &ﬁﬁ'd% gﬁ:;’éhqs ?‘E@E@fr%&%t( 51). In the

gas-Tiquid separator ressure

[039H] | a86 ?%PI(‘?@SCQ P10 diStihaibel WhePRARE High BrdsSurs SOREEREM The high-

Into
pressure refrigerant flows through the four-way selector valve (31) and into the indoor heat

exchanger (22). In the indoor heat exchanger (22), the high-pressure refrigerant releases
heat to room air. Then, the room air heated by the high-pressure refrigerant is fed to the
room.

[0395] The high-pressure refrigerant having released heat in the indoor heat exchanger
(22) passes through the first pipe (71) and the fourth check valve (84) in the second pipe
(72) and then flows into the expander (12). In the expander (12), the high-pressure

refrigerant expands, whereby the internal energy of the high-pressure refrigerant is
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refrigerant and a gas refrigerant. In this case,

refrigerant does not flow through the heat transfer

tube (50). Therefore, the liquid refrigerant in the

liquid storage section (52)4pprdly exchanges heat. 10
[0397] The | owpressure liquid refrigerant in the

liquid storage section (52) passes through the

comeatdtind povwediod mpiagtien (for jheacuingrbssof (119t Bebmsk of @ikpasion in the
(81) inthe first pipe (71) and then flows into the
expandaoi(1)eahe chighhpregarre (2frjgerdnt ddevecasest disoprebsmat to change from
exchanger (21), the | ow pressure refrigerant takes
stipeadriticalotn gasHidowinwaiphaseofoevapor at e. The | ow pressure
refrigerant evaporated in the outdoor heat exchanger

[036) fThedsw4phessurg hrefrigeranbabtained by psesswieacdustion il the expander (12)
(31) and is then sucked into the conpressor (11).

floes98p the Epriteines obfhemgasdidiideseparatdr (Abk dn diengpstlisjuid separator (51),
Enbodi ment 14, heat exchange of refrigerant in the o
thee daw-pressin¢ aefrigerané in5g9s-liguid bwornhdee genny iglfeparated hiato a liquid
cool ing operation through a conbination of the

reftigerentudngr a gapeefriperant. hnthis pesecredidgerqnt| dpss npg flowgthrough the heat
83, 84). Therefore, during the cooling, 20 _operation,

trepsferdrhe (30) Therefores dterliqyed rofticqrantun thy ligid stopage section (52) hardly
expander (12) is increased. As a result, the

cxeepgesdieaht nass flow rates (M and Me) through the

PR, 38 o b Bl e SEBERIE BB ol s
O el e L L b b OO SRS e
N TIPS NA R NS LN Sp——
SRR Mo RESLERLAR, A MG A5F hBof D51 AR B resr
Ak el B 55 B RO 0 SBERMT o
SR TR BnS PR TR TSRl e P oo

Inventi on ow ng - conrl rations.

[g%§@1L45@%§§§2§§g :m@hdough the first to el eventh

di men ribe exanples in 5 which an internal

heat e ] ' navi t
ﬁ&fc@?ﬁ?@ fo Efrbbdinten?"19) P&? %xﬂﬁm@e DRl B the heat transfer

contro at can contro e tenperature of

tl{iB;e‘;T%S'g? Stélﬁrlgg rhadVbrilg duBNE RS cddlmgCHRAARMAN thickgh.a Edibination of the
particular pipe lines and the check valves (81, 82, 83, 84). Therefore, during the cooling
operation, the density de of refrigerant flowing into the expander (12) is increased. As a
result, the refrigerant mass flow rates (Mc and Me) through the compressor (11) and the
expander (12) can be balanced, whereby the refrigeration system can operate in a desired
refrigeration cycle.

[0399] According to this embodiment, heat exchange of refrigerant in the heat transfer
tube (50) can be selectively executed or not according to the switching between the cooling

operation and the heating operation simply by position change control over the four-way

selector valve (31). This provides an easy control operation of the refrigerant circuit (10).
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controller may be any device for controlling the
refrigerant tenperature other than the internal heat
exchanger (23). [0402] Furthernore, the tenperature
controller is not limted tojgghose by which the 10
capacity to cool refrigerant flow ng towards the
expander (12) during the cooling operation is
{0400 r erDtlier Pmbddaherdsri ng t he heati ng operation. For
exanpl e, the tenperature controller may be configured
t o contlhel alidve émbdsdigentanst tiempassaitu freiifi@n nid}e have the following
operating conditions of the refrigerant circuit (10)
chrefipyeation®403] | n Enbodi nents 12 to 14, the
refrigeration systemis configured to send gas 15
[0401] g®omekamplpaaldtongh ithe fikst tgateventhuerbaipaniatdescribs lgxamples in
t hrough the separated gas pipe (55 to the suction
shith @f intéraak begt rezslemger @B) .is pnsiidealdasot températuael domtiadler that can
to this, aliquid injection pipe may be provided for
samuhil e teiperature off réigigerant floemgrtawasdsithe expandas(1R), due tmperature
separator (51) to the suction side of the conpressor
gantyollef urysbe mnyydeeicador eatittollingstharrefigerait deperature hther than the
the refrigeration systemof Enbodinent 20 13 is
piterualcheat eichangen@3bove |iquid injection pipe (second
09] ection pipe) 15359) The liquid injection pipe
[0402h  Faethermoze, 15a demperature cepifolles ia not pieméqﬁnﬁe@tqsvnday which the
between the |iquid storage section (ﬁkz and
§4§’é‘6‘ﬁ§ﬂt°f“cﬂ9ﬂ refeigerant flavting taperdecthe gupang labﬁwertatéa cgqling operation
@ ot hetgr end to the suction pipe_for the conpr essor
erep{ fromdhasiuging thecheatipg, peeratigne For @fﬁnm f)éhf( pergtyre controller
|dedW|thaI| id control valve l?n
Fd’PFﬁ%?}e@ Héccrl}t%\f, {ragrant mnegaéw&n\tf enzfge ©R#13tigg conditions of

ﬁv&fﬂ‘ st poi (0L Reke Peq T hu 507‘2fLCYYLE can bo ¢

388, ﬁhiﬁnd@gﬂ?ﬁ 2 d&‘{ bhrEGAPIRG G § FIREER R send

A R 5 e SBF oo

e OFAE SRR TR ST g6 it o
y(g%fl'd\@(;?ddfo Qérﬁﬁ‘ﬁéo Wré Eﬁﬁt %ép%tcgi &O{Ne &%L-(l)lalé]rd separator

ereby  pr |ng noplrrumcon

ggﬁt&ﬁlfersh&ﬁfnastldeocfftﬁé@ingpreé:sw ﬂiﬁ.frmre, conbi nation of 5

as i1njection using t gas ection pipe (55) and

[0404] d Figthr&8h irhoatS AL xhBle ih PHich {hBI r@ﬁfg’e Pon R $6n 0P Bhmbodiment

provides a finer-tuned control over rigeration
¢y & Srovikbd WRrA® hBovellliBid injection pipe (second injection pipe) (59). The liquid

injection pipe (59) is connected at one end thereof to a pipe connecting between the liquid
storage section (52) and the second four-way selector valve (33) and connected at the other
end to the suction pipe for the compressor (11). Furthermore, the liquid injection pipe (59)
is provided with a liquid control valve (39) for controlling the flow rate of refrigerant
through the liquid injection pipe (59).

[0405] With the above configuration, a so-called liquid injection can be made by sending

liquid refrigerant separated in the gas-liquid separator (51) through the liquid injection pipe
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liquid injection pipe (59) can be used as a so-called

oil return pipe for returning refrigerator oil

contained in refrigerant flow ng out of the expander

(12), together with the liqygd refrigerant separated

in the gas-liquid separator (51), to the suction side

of the conpressor 10 (11). [0406] Furthernore,

(B9t toalgRudtidnt side ey RopPRASIrN@ Y. Durtkg 8O HRlee RieOfefrigetdtion system

and the expander (12) are constituted by rotary

cpn sbmtrol ftheldebremeihiuperbeatiof esfriger@notbel subkdddiol the E@hpreysor (11) by

pi ston fluid machi nes. For exanple, they may be

connsitihg the cinkunp @f i liquick i eciohasithethée liguid dontfsEchilve$39), thereby

such as scroll type, swing type or nulti-vane type, or

prasyding anosyinmimitcedtrélyover e padriferaidn oycle fFuathemngre esadisination of

and an expander of different two types selected from

gahjectionweingithé gasdnfectiomeipe (F5) pod lituid énjeétiml wingrtke tiquid injection

fluid machines (also including rotary piston type

pipee §59) [ 34 0idEs Bufindréunedr enntral oveutite refirigdnaticmboyote. Furthermore, the

enbodi nents carbon dioxide is used as refrigerant,

ligwisl ingsction pipa(39)eer be usedrasta soiaalled ol refumniyiipe foFpaturning refrigerator

exanpl e, HFC refrigerant, HC 20 refrigerant or

oflagantzined éf refpigerant flowinghoutsofntheeexpandar (32), dopasiirawith the liquid

may be used. Industrial Applicability [0408] As seen

refriggianheeparsiraein the, gaspliquid separaioneidil), 4o thessugest sitle pHtheompressor

refrigeration system which includes a refrigerant

(tr cui t operating in a vapor conpression refrigeration

cycle 25 and in which an expander constituting an

l%{l{sﬂnsﬁ%weﬂ%@ﬁahhﬂmgh An (the apeyer ergbodiments jthe, gpmpregsor (11) and the

nechani cal ly connected to a conpressar. in_the ..

¥R e@@&i AtE qomptitied by 1aigry isigp %ﬂfxnas&nw they @reqt digited to rotary
m.i ncl udi a refrigerant circuj

R ﬁ?f{aﬁ@ééa?ch(ffi-) or gxarfplg, 1 bR e pibsied Y é&%ﬁ%@éﬁgce?nem fluid
riehises SR 40 SRR B e af £ AR Bath omBY b fesipued by o
YRERPO TR S5 BB b Sy St red 5B G om o
s STERTLAAD BRI honl e AR AN Ly pison

tgﬁym{e ssor (11), the refrigeration system further
onprising a tenperature controller (23) capable of

(6407 " GhirinBindrBe HRIREAT B! HeCattve GHEIDGERD lcarbon dioxide is used as

refrigerant, the refrigerant used is not limited to this. For example, HFC refrigerant, HC

refrigerant or natural refrigerant, such as water, air or ammonia, may be used.

Industrial Applicability

[0408] As seen from the above, the present invention is useful for a refrigeration system
which includes a refrigerant circuit operating in a vapor compression refrigeration cycle
and in which an expander constituting an expansion mechanism in the refrigerant circuit is

mechanically connected to a compressor in the refrigerant circuit.
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10 flow ng towards the expander (12). 2. The

refrigeration systemof claiml1l, wherein the

refrigerant circuit (10) is configured to be capable

of a heating operation in wppch refrigerant flow ng

through the utilization side heat exchanger (22)

rel eases heat and 15 a cooling operation in which
refrigerant flow ng throughQGlmmsutilization side heat
exchanger (22) takes heat, and the tenperature

controller (23) is configured to have a higher

capacity to cool refrigerant flow ng towards th
lextpesfrigerationsystear ibelyding @ rebigerang copst d0) snwhichm C@mnreﬁ@or (11), a
the heating operation. 20 3. The refrlgeratlon syste
heat-sonegerpide heph exehangar K21) engepansignanechanis| (12} aI(dza}ltllléatlon side
constituted by an internal heat exchanger (23) .in

hepli ewhanggr (229 2rheonaewed HyPopisled YapAr com@ﬁwb?e&ﬁgeratwn cycle, the
after passing through the heat-source side

csR@IRgBechenisn dé) Wh@ censtigigrhly ap gxpagler @%@agéaersyng power by
(SRR OPn Y TSGR {0 R BHET ALDn Biibe CResBagely (omjested to th

4.. The refr.i.gerati on system

cggp\éésg‘% rﬁ? g) aﬁf@%’%@%@% g{’ﬁtﬁ’é‘ é&u#mf Cﬂ‘é‘B’PS]E& changer (23)
111 .
operat feﬁPon Sermgler4a virafif o Yhnes\fing dRclsPheshet gh reigeran

qﬁnch ref erant béﬁ e or after passing through the
VY’WE’:}{Y‘F xchanger (22) serving as an
evaporat or fl ovvs has a hi gher heat transfer capacity
than a refrigerant channel (24) thereof through which

2;1% hgﬁé%ﬁona{;‘sﬁhﬁﬁhpp Jikgyah the heat-source side

serving as a gas cooler flows

dt t
?2 fri {}Egr a&%%Hﬁg%HEe £ gﬁqg' %ﬂﬁ& \?é] g Eapratbibe?ié %rhg%tmg operation in
v@‘l’ﬁf:l’?fe% axﬁfffo%lzgﬂ? é Hﬁl‘?ibgign"sﬂ‘l@ h2Sakeha ?E&r (;29) ﬁ:‘l&‘é‘es heat and

heat exchanger erving as an evaporato

#eoofNE bpdigdin ﬁlr\ﬁﬂéﬁ m%&ﬁﬁ%ﬂlﬂ ﬂﬁ&&httﬁ@uﬁl?{ahbﬂ Side 'ﬁEat exchanger

channel " (25) through ich refrigerant after passing

LBy 1akGheat, BEd Ut 1 | i zati on side heat exchanger (22)
serving as a gas cooler flows. 10 5. The refrigeration

Syst effeObmpératuit 4onttélRE q2®) isheonifighidn@l hdvead highehaggeity to cool
(23) includes a
refrigerant flowing towards the expander (12) during the cooling operation than during the

heating operation.

3. The refrigeration system of claim 2, wherein the temperature controller (23) is
constituted by an internal heat exchanger (23) in which, during the cooling operation,
refrigerant after passing through the heat-source side heat exchanger (21) serving as a gas
cooler is cooled by heat exchange with refrigerant before or after passing through the

utilization side heat exchanger (22) serving as an evaporator.

4. The refrigeration system of claim 3, wherein the internal heat exchanger (23) is
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heat transfer fin (26) provided on the refrigerant

channel (25) through which, during the cooling

operation, refrigerant before or after passing through

the utilization side heat ex¢hanger (22) serving as

an evaporator flows and, during the heating operation,

15 refrigerant after passing through the utilization

configurbdad tlex cluaing e odBipg speratiorg aasfrigetms chaamel @6) thereof through

flows. 6. The refrigeration systemof claim3, wherein

wikieh reftigemant bdferatoreafich pagmg th&Righithe utibrition widedheno exchanger (22)

that, during the cooling operation, refrigerant before

servirgf 4sean qyapaatog flotvs bagdhighér heattrartsidricapecity thagi adre frifgeadnt channel

exchanger (22) serving as an evaporator and

(R€X thegpof thtough tvehiclp asfsigagnt hfterupdssingethiemh - the theaesmircke side heat
heat exchanger (21) serving as a gas cooler flow

exbleangeth 2d) ghrving app@ss ceoleti flews and that,odwingththe theatingaoperation, the

that, during the heating operation, refrigerant

rpigorant ehanaéek(@4) theanghrwhichresugsnant thefare ar aftey passingihgengh the heat-
heat exchanger (21) serving as an evaporator and

spuice sifier hegt exghpager (Abkssenygng las 60 ghanasetonflpws has rdawer bkat transfer
heat exchanger, 25 (22) serving as a gas_ cooler flow,

cepsityttha thgeltigerant channel @S) Bweyghwhiph rafigerant after passing through
efrigeratjon systemof claim3, wherein the interna

theutilizatien sidg beatexdhanger (23 pserapg ay 3 gap glep flows.

doubl e- pi pe heat exchanger including an inner channe

(24) and an outer channel (25) disposed adjacent each

eration m,.of clJaim3, whe

LB FSfrghriPt At B EAAR o hirisy of Sermalisal picDaResd (6f) includes a
i RSB B PR PG RR Bhor ) o8 Vi, uring e
B Eaih B lech? IR oS Sk 28 Aot side bea
FORRE BB SiBSen it auiBing TCend dbing 6 daipe operaton
"SR ot e CBORORS etk e bt AERRRC RS Bompe s 0

BOfr AoWki | i zation side heat exchanger (22) are
connected to provide a vapor conpression refrigeration
cycle, the refrigerant circuit (10) being configured
to be capable of a heating operation in which

g. eflel egtigdthtidd QY SNERUAM tRRerkdinl tHe? BldrAR Al CexldR@ger (23) is
exchanger (22) releases heat and a cooling operation

coffipditd Bo fRf, [dubifg ﬁ{étcoﬁlif(?%\g})&gaﬁd?ﬂ PefHl Berhftehelidre lok 2R f8sing through

si de heat exchanger 15 t akes heat, the expansion

tllrga(:; ?ﬁﬁﬁtﬁﬁl §id& helebRBaRAL2Y Ereilg N6 8D ePadRREE bnd Fefkigerant after
passing through the heat-source side heat exchanger (21) serving as a gas cooler flow
therethrough in opposite directions to each other and that, during the heating operation,
refrigerant before or after passing through the heat-source side heat exchanger (21) serving

as an evaporator and refrigerant after passing through the utilization side heat exchanger

(22) serving as a gas cooler flow therethrough in the same direction.

7. The refrigeration system of claim 3, wherein the internal heat exchanger (23) is
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generating power by the expansion of refrigerant, the
expander (12) being nechanically connected to the
conpressor (11), the refrigeration systemfurther
conprising a tenperature confqoller (23) capable of
controlling the tenperature of high- pressure

"refrigerant flow ng towards the expander (12), 20 the

cogstivetea by raeddibid-pipk hedt dxéhgngeeinehdapndr Buécchahfelq@4) and an outer
t he high-pressure refrigerant only during the cooling

chpateh {250 dispuseduidpeiiteacicohbs. ng of the hi gh-pressure
refrigerant during the heating operation. 10. The
refrigeration systemof claim9, wherein the

tenperature controller (23) is 25 constituted by an

§. ifter neftigéretion exstermngeclajid3), wherein die dtemalg hedieexchanger (23) is
cooling operation the high-pressure refrigerant is

constitetdd by athede-leyarediplgte wiat exdhengep imdwding an afnei gleanaelt (24), a first
113 11. The refrigeration systemof claim 10, wherein

cuter chanred (28A hdisposed efjacant an (0285)de ofcthe darer ghéinek (24) and a second
channel (27) and a second channel (28) and is

ceitrn cheuneb @SBy dispossdpdisicentahothereutsisie hbihg énrise chasoel (24).
refrigerant flow ng through the first channel (27)

and refrigerant flow ng through the second channe

(28), .and_ 5 the internal heat exchanger (23

% éntetgpratipnsyy siepnincluding sgirigreant 6Byl @1% W tthﬁpompressor (11),a
hi gh-pressure refrigerant flows throu the firs

heatsnvese S(léezsleaaﬁaaChaaaﬁrpmél;@ereépwm ed %émsm ﬁ‘l%\?&d a utilization side
t hr ough t he _second channel and that, duri

hﬁ’éfa?"i"%@n&'ibz"r Z O RONEFIGH %P@éfwraevappép?ma@ﬁsam toggraton cycle, the

h bot.h ch 7,.28 0 . .
A ,d@egfe ol i b chinble of & neRlis apeptian in which
first channel

et eﬁ@hw%ﬁr i 5%)” Stﬁﬁggf% Sids Ry g %@:g%??gf:ﬁd%ea‘ and a
PR Bherftin A EieR ESRS ARt Ao bR TP E InTHBRticy SRk ey pechanser
%%Saﬁgscﬁ&g Q%Q na%l 104%:%%%1&!{11 0(132* g&ﬂ?ﬁoﬁ]s?% g'ﬁﬁ%%?{nder (12) for

I's cdn CO0T
HEM L T i NE T
h:? dttB tﬁ)éj&nnﬁrgsnsoxs gﬁ?u fie 1t ﬁkon( %m ﬁﬂgertéa $rlsmg

rigeration syste r conprlses a bypas

passag Qefcthtubd) Aontréittr | (}QQ tcﬁﬁablé"' %?tdoﬂﬂoﬂ’iﬂgrl?% 'ete&perature of high-

al  ows high-pressure refrigerant to bypas
ﬁrégsﬁlreriéfng@ﬁﬁﬁ f16%HRAB@ENds the expander (12),

the temperature controller (23) being configured to cool the high-pressure
refrigerant only during the cooling operation but stop the cooling of the high-pressure

refrigerant during the heating operation.

10. The refrigeration system of claim 9, wherein the temperature controller (23) is
constituted by an internal heat exchanger (23) in which during the cooling operation the

high-pressure refrigerant is cooled by heat exchange with low-pressure refrigerant.
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(23). 20 13. The refrigeration systemof claim 10,

wherein the internal heat exchanger (23) includes a

first channel (27) and a second channel (28) and is
configured to be capabl e of fagat exchange bet ween

refrigerant flow ng through the first channel (27)

and refrigerant flow ng through the second channel

112&he reffigéringorn syiseeimaf cliignl0, evhetedmnger (23) is

configured so that, during the cooling operation,

hi gh- predaRiiad heatfexélgpapan23y inolded 4 fiest ghartnk(27) asd a second channel
channel (27) and | ow pressure refrigerant flows

(2B)y adois coiegised bk cipableelf héd &xchangel bétiveen réfegerant flowing through
refrigeration systemfurther conprises a bypass

the Siss gharné b2 7) fuat refrigeram flowires themighnle sspendathiapnet (28), and
allows | owpressure refrigerant to bypass the internal )
heat thedhtermpéheat e2angs (23) is Torfigueéd sqibetadimirg the speling operation,
of claim 10, wherein the internal heat exchanger (23) ]
ligh-possiire gefrigerastoflowa throughr the dirst ishawed (3 1) gnd fewpressyre refrigerant
hi gh-pressure refrigerant after passing through the.

fleus theonghdke ssicoed ehanneldA8randghat, during the heasipr operatian.dyigh-pressure
by heat exchange with |ow pressure refrigerant before

retrigerang flows dhrghgh beth the ¢hapnals @, 2%)de heat exchanger

(22). 10 15. The refrigeration systemof claim 10,

wherein the internal heat exchanger (23) is

configured so that, during the cooling operation,

- dike pelpigergtion systenp @g‘l‘lé‘ﬁ‘t ?%f"'fq@Fe‘ﬁbassi ng through the

I (T R A RO K CEI
B3 ind BsonEnda s Peedhishls L RoATEE PG FATREG) Dowing through
BT T QP e R Tt g~ pe e o s paf sl 29)

o SR G AL By ovrion
005700 b TR R oy e

f;“rc"]‘gf ﬁ’g?%rtgg%gﬂjﬁéﬁa%el (%ﬁ),aﬁi refrigeration system

erant  ci’'rcuit (10) in which a

conpr : t ﬁﬁ-{}%{-’%rﬁ istks depiadd §¢that, during the
(21), %ﬁ&@ ez]af\%ac?élr é}/(‘;fgrf and a u?rll%%zat)?b%n g%g}ﬂ@a? g
heating operation, allows high-pressure refrigerant to bypass the internal heat exchanger

(23).

13. The refrigeration system of claim 10, wherein

the internal heat exchanger (23) includes a first channel (27) and a second channel
(28) and is configured to be capable of heat exchange between refrigerant flowing through
the first channel (27) and refrigerant flowing through the second channel (28),

the internal heat exchanger (23) is configured so that, during the cooling operation,
high-pressure refrigerant flows through the first channel (27) and low-pressure refrigerant

flows through the second channel (28), and
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exchanger (22) are connected to provide a
refrigeration cycle, the conpressor (11) being 25
nmechani cal |y connected to the expander (12) to recover
expansi on power fromthe expander (12), the
refrigeration systemfurther conprising a gas-liquid
separator (51) for separating refrigerant expanded by
t he etheamftierdtibh sygted) furtherocamprisgs iacbypessr pagsagar(#6athdt, luring the
gas refrigerant and tenporarily storing the |iquid and
lgating eperagen, atlows loweprgsure! iefrigenians gp rypassrthe Snfpmal heat exchanger
conprising an internal heat exchange part (50) for
@3xhangi ng heat between the liquid refrigerant
separated in the gas-liquid separator (51) 5 and
refrigerant to be introduced into the expander (12).
19. The refrigeration systemof claim18, further )
Horihei eefingeratione sitstanx o iejm EGnwherein thechigmal nheabgyclagger (23) is
changi ng the anount of heat exchange of refrigerant 4&; .

r passing

conéigihned esonthpt, dysiag th eprligeonsastiony Dugh-pressyFuraigesrantt

operating conditions. 10 20. The refrigerati.o yst e )
tbfou@hah%ﬁq@-,sovm@ sidehepthexchanger (il C%@aiﬂa%? T’Q’i’fﬁ“ exchange with
further conprises liquid storage sectjon,{’2) fo

loPoRTESRYTS 16 E1REEHH Psi%éedwﬁlaa thiovgls P g@ﬁ%ﬂﬂonélff?i&%fr@‘ﬁf‘anger (22).
transfer tube (50) which is disposed adjacent the

liquid storage section (52) and through which the

{4 ST FesBeratien STt 1 A PRPTERL A PRiGTAIROA Ekehanger (23) is
ttiRisg: o b Jiori b eho Mo CTsFaitn My Pregur, firiggrapt,afier passing
TGRS
%S'{’%Frﬁ“ggg‘e% i %Jﬁ%‘g% é#&’% gﬁg& e gvﬁwh%bgﬁfi g{}ﬁ{hﬁ%&%ﬁd}fga 2).

(0]

circulation direction refrigerant in the
refrigerant circuit (10) to selectively provide either

%%&Ogﬂig&aﬁwgﬁﬁé&% Qhind 16, BRBtei Qheoﬁﬁérﬁﬁli Rt exchanger (23) is
n tne nmec

erel eat” exchange control ani sm ( 60)

& drégfiﬁate NB&cling % e{aggrg,ihgﬁi-ﬁi@ksui’é‘re‘ﬁlﬂ%ﬁ%nt and low-pressure

I nterna heat exchange par only during
P98 dratd fRRPIhatekRBugh in opposite directions to each other.

17. The refrigeration system of claim 9, wherein refrigerant in the refrigerant circuit (10) is

carbon dioxide.

18. A refrigeration system including a refrigerant circuit (10) in which a compressor (11), a
heat-source side heat exchanger (21), an expander (12) and a utilization side heat
exchanger (22) are connected to provide a refrigeration cycle, the compressor (11) being
mechanically connected to the expander (12) to recover expansion power from the
expander (12), the refrigeration system further comprising

a gas-liquid separator (51) for separating refrigerant expanded by the expander
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22. The refrigeration systemof claim2l, wherein the

heat exchange control nechanism 116 (60) is

constituted by a bypass pipe (57) allow ng refrigerant

to bypass the heat transfer q{q5ube (50) and then fl ow

into the expander (12), a first notor-operated val ve

(36) for controlling the flowrate of refrigerant

(12)aintong lighidore@iperdn® ahé at gak refiyerint td eenffo@irily andting the liquid and
second not or-operated valve (37) for controlling the

ght mfrigeats,of refrigerant through the 5 bypass pipe

(57). 23. The refrigeration systemof claim 21,

wher ethe gakdighidageparattingftjecamnpmiising andntbaial heat gx6bdnge part (50) for
constituted by a four-way sel ector valve (32). 10 24.
eXtlmngmrhege beticem theybquwdnrefiigetant sapatatedninctheigasiqeidhseparator (51)
exchange control nechanism (60) is constituted by a

aby pefdgempitte beimyoducédinathe eppanidgeflapt t o bypass the

heat transfer tube (50) and then flow into the

expander (12), a first solenoid shut-off valve (34)
selectively allowing or inhibiting the flow of

19efibp gefriggrationr visgm ohelaimals,t fugther eemprigieg @Sleat exelragige control
a second sol enoid shut-off valve (35) selectively )
mgchaifa 60} farrrharging thy ameurt|of\heaf exchangeesl feffégeaant in the internal
t hrough the bypass pi pe &57). 25. The refrigeration

hegtex Fpéﬂég agqordipgde Biepperating éandiieushange cont r ol
mechani sm (60) is constituted by a conbination of

pi pes and check valves (81, 82, 83, 84). 20 26. The

o (IO
R S e i L ML
e R I R PO Bt S e
S A58 SRR RSB0 VB AP e e
P ST HLGRS © pocond o et o0 b pe (59
ROk St e AT SRS pARCOBR'ERdihae . o

eﬁa{é}lggk!ﬂeggbétﬂ’%eﬁ Itl%Wic{L?% gsfﬁgexrfg{ fniTﬁng rli?]ggd MH&%E’ g@ctfoﬂe(&) and the

seco injection pipe ) _ rigefation
rét¥igbam Mith&hdh Fadder tibiefse).n @ plurality of said
uti'lization side heat exchangers (22a, 22b, 22c) are
connected in

21. The refrigeration system of claim 20, further comprising

a refrigerant switching mechanism (31, 33) for switching the circulation direction
of refrigerant in the refrigerant circuit (10) to selectively provide either the cooling
operation or the heating operation,

wherein the heat exchange control mechanism (60) allows heat exchange of

refrigerant in the internal heat exchange part (50) only during the cooling operation.

22. The refrigeration system of claim 21, wherein the heat exchange control mechanism
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5 parallel with each other in the refrigerant circuit
(10), and the refrigeration systemfurther conprises a
plurality of flow control valves (6la, 61b, 61c) each
for controlling the flow rayggof refrigerant flow ng
into an associated one of the plurality of
utilization side heat exchangers (22a, 22b, 22c). 10

@0) isTewmstiratdd Geh diypas éﬁﬂé(ﬂﬂmaﬂﬁwﬁigaﬂefﬁgk&ntwmﬁﬁ the heat transfer
carbon dioxide is used as the refrigerant in the

thbé (bgeimntheni flewiihto( ) expander (12), a first motor-operated valve (36) for
controlling the flow rate of refrigerant flowing through the heat transfer tube (50), and a

second motor-operated valve (37) for controlling the flow rate of refrigerant through the

bypass pipe (57).

23. The refrigeration system of claim 21, wherein the heat exchange control mechanism

(60) is constituted by a four-way selector valve (32).

24. The refrigeration system of claim 21, wherein the heat exchange control mechanism
(60) is constituted by a bypass pipe (57) allowing refrigerant to bypass the heat transfer
tube (50) and then flow into the expander (12), a first solenoid shut-off valve (34)
selectively allowing or inhibiting the flow of refrigerant through the heat transfer tube (50),
and a second solenoid shut-off valve (35) selectively allowing or inhibiting the flow of

refrigerant through the bypass pipe (57).

25. The refrigeration system of claim 21, wherein the heat exchange control mechanism

(60) is constituted by a combination of pipes and check valves (81, 82, 83, 84).

26. The refrigeration system of claim 18, wherein the refrigerant circuit (10) further
includes a first injection pipe (55) for sending the gas refrigerant in the gas-liquid separator
(51) to the suction side of the compressor (11) and a gas control valve (38) for controlling

the flow rate of refrigerant through the first injection pipe (55).

27. The refrigeration system of claim 18, wherein the refrigerant circuit (10) further
includes a second injection pipe (59) for sending the liquid refrigerant in the gas-liquid

separator (51} to the suction side of the compressor (11) and a liquid control valve (39) for
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controlling the flow rate of refrigerant through the second injection pipe (59).

28. The refrigeration system of claim 18, wherein

a plurality of said utilization side heat exchangers (22a, 22b, 22c) are connected in
parallel with each other in the refrigerant circuit (10), and

the refrigeration system further comprises a plurality of flow control valves (61a,
61b, 61c) each for controlling the flow rate of refrigerant flowing into an associated one of

the plurality of utilization side heat exchangers (22a, 22b, 22¢).

29. The refrigeration system of claim 18, wherein carbon dioxide is used as the refrigerant

in the refrigerant circuit (10).



