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1 Description REFRI GERATI ON SYSTEM 5 Technical Field

[0001] This invention relates to refrigeration systens

that operate in a refrigeration cycle having a

hi gh-side refrigerant pressute set equal to or above

the critical pressure of the refrigerant. 10

Background Art [0002] Refrigeration systens have been

conventional Iy known thaf . Qpgkahe in a refrigeration

cycle by circulating refrigerant through a refrigerant

circuit that is a closed circuit and are w dely used,

for exanple, as air conditioners. As disclosed, for

exanpl e, in PateREmRORUWRATION $V€TEM S known a

refrigeration systemof such kind in which the high 15

side refrigerant pressure of a refrigeration cycle is

set above the critical pressure of the refrigerant.
TechRRal Eield ger ati on system includes an expander as an

expansi on mechanismfor the refrigerant. Further, in
[0061e TeEIMGEH I PNeSYTERIerAibe sPxRANGRT opeFate AN aFtigelafiéh cycle

a conpressor by a shaft and energy obtained fromthe
hav@xRandarsideSrefis@aarit dreksineeset RGual aO P rads 8O the dritRAEBYssure of the

i mproving the COP ?Eoefficient of performance). 20
refrigafa@nt Docunent 1: Unexanpl ed Japanese Patent

Publ i cati on No. 2001-107881 Disclosure of the

I nvention Problens to be Solved by the Invention

[0003] In designing the above refrigeration system
BachkgidumanAexpander, the specification of 25 the

expander nust be defined. In particular, in the case
[00a] uRbfhgeasioh heysexpamdes t®en déispeaoeadnt kfdwi dhataohéme in a

of a type in which a fluid chanber form ng a cl osed
refrigpeation icyclevigr ¢iatlaginigrrefrigetame throtghi 8 refeigessaciycuiothat is a closed

specify the volunme of the fluid chanber just after the '
circgit apd i wigelf dsedf fof pxanaple.casraindonditionersf Adisklosed, fdregxample, in

channel (i.e., at the starting point of fluid . ) i
Pateny Poquinont §.Aherhés fpayyna etieagreron system REsued| kb irowhich ghe high-

fluid chanber just before the » .
side refrigerant pressure of a refrigeration cycle is set above the critical pressure of the

refrigerant. The refrigeration system includes an expander as an expansion mechanism for
the refrigerant. Further, in the refrigeration system, the expander is conmected to a
compressor by a shaft and energy obtained from the expander is used to drive the
compressor, thereby improving the ClOP (coefficient of performance).

Patent Document 1: Unexampled Japanese Patent Publication No. 2001-107881

Disclosure of the Invention

Problems to be Solved by the Invention

[0003] In designing the above refrigeration system with an expander, the specification of
the expander must be defined. In particular, in the case of using as the expander a
displacement fluid machine of a type in which a fluid chamber forming a closed space is.

variable in volume, it is necessary to specify the volume of the fluid chamber just after the
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provision of fluid conmunication with its outl et
channel (i.e., at the end point of fluid expansion in
the fluid chanber). In order to specify these val ues,
it is necessary to 5 previously set the refrigerant
conditions at both the entrance and exit of the
expander. In the case where the expander and the

cloS PN 85 Bld *InSnEABARG B BY iReStRfitel e th8hd LikRingDoint of fluid
that the rotational speed ratio between themis

exphiskdin e ﬂ§idabl§a%%g)‘3§§(§ﬂ{eY\’élﬁm‘éocﬁfsihgeﬂuiH h@aM8kUfRe before the
the conpressor. [0004] Then, when the capacity desired

pro¥igibn tTEi € fcb hBRAden wins tteBut1s: aRasdfi.ed.at theendl Point of fluid
desi gn val ue of the volunme of the conpressor can be

expSBlorAGe ORI Yhafibdr$ NBY ordehed dpbafy arpd ivadleson @f ndcb&ary to
refrigeration systemis specified, an object to be

pre@bivedy shiahé rdfyigéhst conadftiongar Beth the efgaice @hd eRit @fjiecédpander. In
and an object to be taken heat by the refrigerant (a

the b@atwhetathe Bxphjdecind Baboipredss drthnn&déd Bxasiifeor thb@keso that
the refrigeration systemforns an air conditioner and

the yhgtivnial spesd raiodoktangheped fkddyit,is hRe nbeatargtovemsiae; tetvolume
is outdoor air and the 15 heat-taken object is room

of tld camrt€B80L] When the tenperature condition of the
heat - gi ven object is fixed, as shown in the Mollier

[00@H] agThen, (vpliteds Bitr pedityhdésipgd dbagreargfri gifratkingsyseend 15 spdeéfied, the
evaporation tenperature T, of the refrigerant can be

desigetvaheocd e vglumeantthei contpuessgr ¢dnebedees iageordiaglye Fofthethevhen the
| ow-side pressure PL of a refrigeration cycle can be )

appdetion nifnthd . re@igerdtmnotyisem raspkcifwideantdigechitgrbe2@iven deat by the
pressure of the refrigeration cycle reaches or exceeds

refrigheant (4 héat-giveprabssstir andofn ethect te &t tikgarhgat by theeefrigerant (a heat-
hi gh- pressure refrigerant rel eases heat but does not

tak ierisean rhessemetel or evaplatidiere He redigsegtipnusystem forms an air
condition of the heat-given object is fixed, only the

condigpperFad avften it Brip 6pelingr aerpions the heaieuyenr ab ¢k o wénprgE and the
set accordingly. In other words, it is determ ned

healsigkgn pliggt 15 40N} f-ri gerant condition after heat rel ease

ies.on the isothermal curve for the 25 tenperatur )
[0065) ~ Wdredhe tepwerndyr gandigpr el Ge hFﬁegl}ﬁ‘?”gq’PJ%ﬁtéseg’ﬁ%eé%gfoévn in the
f the refri%eration cycl e _cannot [

Mo 15§ gpﬁ{aﬁb@re Wba&y %égr@m) i 1%%52'[}{? h\gzijpeﬁl tion temperature T
o A GELEY HOT P S S SRERRE P SRR i
pres%Xr%l }?L S aagelgr?gergtgoneg(y% eec(:ja% bteh&tecrgrjirtxeid(.: e)ln the other hand, when the high-
side pressure of the refrigeration cycle reaches or exceeds the critical pressure of the
refrigerant, the high-pressure refrigerant releases heat but does not condense. Therefore,
even when the temperature condition of the heat-given object is fixed, only the refrigerant
temperature T, after heat release can be set accordingly. In other words, it is determined
only that the refrigerant condition after heat release lies on the isothermal curve for the
temperature T,. Hence, the design value of the high-side pressure of the refrigeration cycle
cannot be uniquely determined.

[0006] As described above, in the refrigeration system with an expander in which the
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pressure of the refrigerant, the design value of the
hi gh-si de pressure of the refrigeration cycle cannot
be set sinply by specifying the application of the
refrigeration system Furtlger, if the high-side
pressure of the refrigeration cycle is not fixed, then
the refrigerant 5 condition at the entrance of the

hlghesma?&ﬁgeréﬁth Bre@ el dfi He@XprE66ad clRy rdaehdit oX ekeclt ghi ritical
11) can not be set and, in turn, the refrigerant

pres§RO A {coRfidderdMetheXeti gﬁfvaIuE efaxy ﬁi’g@%ﬁde( pieesur€ oNdiet fefitperation
expressed by p0|nt Y in Figure 11) can not be set. .
cycld RehRft OB sett HMPKNOWNspetifing OR¢ abplddtidy Séfethch@srigeration system.
probl emthat the specification of the expander does
FurtRe@! if tREEIQR Salel fryssteedf thheftigeatondicld iomst fited, lieen the refrigerant
refrigeration system and efficiency inprovenent 10
conditieh 4tQhé Bierap anthe fexpatieolths efdditdinesxiplassdaebyppani Heanl Figure 11)
[0007] The present invention has been nade in view of
can hbe bt aeegnad,ng o, nths rafitkerant hendifion eyt th¢ sxohbjfet dxpandsr (the
provide a refrigeration systemthat includes an
conditpargpessd ety mpgint tYianopignat i Ngcaondi beows Ofierefoee, the known
refrigeration system and provi des high efficiency.
refrigranisn fsgsteBohas mgptobéenPribagl thes sk8if]c@008]of Ak exgrander does not
solution of the invention is directed to a _ ]
neceseiily geehe ore syditems oftleudiriggration spdierm gad aftcigicy gmprovement
(15) in which a conpressor (50), a gas cooler (16), an
due BxthapsEmd¢Bonnermifiamtipvegoedtel. (17) are connect ed,
the refrigeration systemoperating in a refrlgeratlon
[000gy clEhe heesemginzetiioghhasi Heenr sfade gerday of diwsfiregaigg gomts and,
to or above the critical pressure of the refrigerant
thergfygree itp ohieat isrig pravede efaliigaplen syskm thehnckikles ap P?‘l@@éhdslhmeetmg
circuit (15). Further, the 20 conpressor (50 nd the
the epepraingerndigoys afrtbe eddgcrainmpvsien ord rRovdepigh shisiney-
fluid nmachine whose fluid chanber is variable in
Meayg (o lvirgiihg lsoRiettfiect ed one to the other with the
rotati onal speed ratio of the o to t e other fi

[0008h A HEstsotieg Qf2hg pivendon 18&@%?&%&? *aefﬁtwﬂéyﬂem ¥ %etuding a
re gAML L SR B AROTAIESTo G mar oot £ o sxga&éertcgm and
on AP g 8 B R B
sl SRS AL 2 1 GOAOL (ISR of
refriBEERCHY egg{lla‘{ng%e,rpl{eerfe Lﬁ%le[n"i‘tthr%ﬁ%}? 1%3' efl"ilgeq%rﬁhﬁrcmt (15), Further, the

era e at t

comg)re%;ml{gﬁi) nd tEg: g}[p%'ﬂﬁ% (gg)egr@'éé&gco%nposed of a displacement fluid machine

whose fluid chamber is variable in volume and are connected one to the other with the
rotational speed ratio of the one to the other fixed, and the volume v; of the fluid chamber
in the expander (60) just after the closing off of fluid communication from an inlet channel
thereof is set to va=p;vi1/pz and the volume v3 of the fluid chamber in the expander (60).
just before the provision of fluid communication with an outlet channel thereof is set to
v3=pyva/p3, where: the low-side refrigerant pressure of the refrigeration cycle and the

refrigerant temperature at the exit of the gas cooler (16) under reference operating
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conditions serving as a design standard are enpl oyed
as a reference |low pressure and a reference
refrigerant tenperature, respectively; the high-side
refrigerant pressure of the4refrigeration cycle at
whi ch the coefficient of performance of the
refrigeration cycle reaches a maxi num val ue under the
condigfer endeg aper ddsigngstaalac firlecansplogedenyph ofednes v Pressure and a
reference high pressure; pl is the density of
refeatalretipeagaenpefatirgerapdctiatlyt e hphaidneérigamt pressure of the
pressure; P2 is the density of refrigerant at the
refripehore ryelchitgivhphegs ucceffameht t dfeperéfrerreac ef thefrefrigeration cycle
tenperature; p3 is the density of refrigerant
reachei abadiicmil yalex pawde thef rafencace oparaintg omdpfiortshis employed as a
reference high pressure and the reference refrigerant
refeteeopbightiuesuienpo isathe clondiyt dfcratwodted Iges redifi grrarice thowference low
pressure; vl is the volunme of the fluid chanber in the
presqifie;conisr s slonsi(ys®) refrigstanafat gre tefreensieds glngresfiufre ahd fthairederence
communi cation froma suction channel thereof; and r
refrigeratth genxpsrattiieo mal is she ddnsitat ploraffigeraet ebaptieslboexgBdyd from a
to the expander (60). [0009] A second solution of the
condifigie af itenrofercriier igh @aesswe tand the referenes Lﬁfmzﬂﬁalarfemperatwe into a
characterlzed inthat the refrigerant circuit (15) is
condiienyiofi e wpferenge @ dirgssyre] ¥8)is Hex velame ¢fhdediypid C:kna@@er in the
of the evaporator (17) and the suction sjide of th
com@wé st( gﬁgr the Slopgg :péq oiaflyigi qognnayicatios FerS’P at5ﬁl§t10n channel
invention is directed to the first sol ution

thereqdaanglt 16 theatptiopg] spepskratip af Pecpmgeissmd @utP@Eﬁ %Xpéli%ﬁ)f %Y.
rovi ded th_an internal heat e
IOO@J o%dﬁfﬁ@rvl“%e%?éuw'cn n@e M%véln 15? § %E t%h% ffm fglution and

fromthe gas.coo ds t he, .expander . 6
i e LR e ng et 5%%&5‘&6»& FIEPRT (18) betveen

the G SHEST b §¥a%§£3%fﬁrf@2ﬁ5ndﬁﬁ§s Hpy .Sl&% nghg&ﬁ@%?@ 5Bho)
00fBgF 1 & fF i Fint Suh HisBhorEr ¥EREie B FRlRll P cipgoterved
n thaef‘ftfle %f?%?_rtg}] Icfgg u E}:)S:) rovuﬁ %;Jgfhthtan nte rn£l lga%{ %{géhapger (20) for

circu supercritica

e B o S PRl s v
expgh%glt (é?)h a'hﬁereﬁ'}/g%pa% Qfo gbé %r%)n {h% n_g&%{o?t(g’i’) L%va?d’écéﬁ%dcompressox

e conp resse
(S)agaln The expander (60) |s connected to the
conpressor (50) so that energy recovered fromthe
(001§ ri genAmdsby the expander (60) is used to drive the
conpr essor

In the first solution, the refrigeration system (10) operates in a refrigeration cycle
by circulating refrigerant through the refrigerant circuit (15). The refrigerant circulating
through the refrigerant circuit (15) is compressed into a supercritical state by the
compressor (50), then releases heat at the gas cooler (16), expands in the expander (60),
takes heat at the evaporator (17) to evaporate, is sucked into the compressor (50) and
compressed therein again. The expander (60) is connected to the compressor (50) so that

energy recovered from the refrigerant by the expander (60) is used to drive the compressor
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5 (50). In the refrigeration system (10), the
rotati onal speed ratio of the expander (60) to the
conpressor (50) is fixed. For exanple, the rotationa
speed ratio is "1" when thes conpressor (50) and the
expander (60) are directly connected by a single
shaft. Wien they are connected via a speed reducer,

(50)1 hahé Ak syRREE I 0) 3thk SothiForRl bted rtid HEthE @ApeHdEO®O) to the
gear 5 ratio of the speed reducer. [0012] In

comBR&I0gNi50Y it NdkelefHol 98fadiplQ Nths Visk£ionill @peedt RgioVil UITE wHen the
of the fluid chanber in the conpressor (50) just

comBfet i (40)ne tRsépen@hf(6®faré btk dlyconneuntct 4 singlershafti When they
suction channel, i.e., the suction volunme of the

are GRARREPSIAr {26 redtiddt, He reRtiod epédi mgo ineduabtodibsireddtion gear
value of its capacity corresponding to the

ratior &fthd gRE@tddngercapaci ty. Further, when the 10
application of the refrigeration system (10) is

[001gpedhfdesigning e tedeahiien press W0y thé vohene vief thegBuidtdhember in

cycle, i.e., the reference | ow pressure, and the _
the c@hpieger aM) huenplerathar@dostg bifeof Bxidt coofimtimeatyasiromoltesuction
(16), i.e., the reference refrigerant tenperature, can

charinel, dlet érersunigeh vddasedf dre coppreasarr(§0) omdbd sed ascoedipg bt g desired
fromthe application. However, the high-side pressure

valuefoft fite caphaiiygepatspondioy cloethearafidgerhiéngd semaciy nédrthgronhen the
only the reference ow 15 pressure and the reference

applicefipi gdrhntrefrmepioat wsem (HBnist dpecifigd Giedvpride pupssuss of the
the refrigeration cycle and the refrigerant

refrigemapen aydle.o.eatthe hefersrie loyf prepairganddde refie¢ras!) tegypgrature at the
set, the high-side pressure of the refrigeration .

exit @f ¢he gat cagirc 6L He.» cbe referenentelidgerperiemperaiee cap opjetermined
reaches a maxi num val ue under the operatin conditiops .

basedapn WeerEns raonAdians Cxpesitsh fram JisepRitlicARon: dpwayerqthe high-side
simul ati on _under the_ operating conditjgns. 20 [001

presyge afhibgvisfigeraion; gyels F%ﬂﬂ@&bst@%?ﬂmm?dg’f)mt R Yréﬁfeng%ﬁ%‘&e low
operating conditions in which th om#sigf gressure £ th

presgire1and WEFIe{egaIcEt ICHHRCEAPE [[EMBHAM eV hER thegMpgnyde presstre of the

tenperatyre at the exit of the ggs cooler (16 r
refiEEiRDP B A MM SEC SRt PR PEFLTEOD ol PEaPaft (16) are et
enperature, r ect.ively, th I gh-si.de pressure
the bBies pittaie o R ey te SRR VhEh G e ASRIL ftormance
rformance thereof .reaches.a maximaum val. [ -
OB G RuporhEav5 HRo AP LRy B pe dgigmined
speci fication of the expan 6 I: s
robBFF} e B Ry ey FEAERL ot bR, ¢ e
f °r§ na;(::ﬁielvg Vt\ﬁig,r fiooH! %olu*iloj& LSRE B et RlL 'og%ﬁﬁg conditions in
nmper ature,
which the low-side pressure of the refrigeration cycle and the refrigerant temperature at the
exit of the gas cooler (16) are a reference low pressure and a reference refrigerant
temperature, respectively, the high-side pressure of the refrigeration cycle at which the
coefficient of performance thereof reaches a maximum value is employed as a reference
high pressure. Further, the specification of the expander (60) in the refrigeration system

(10) is defined based on the reference low pressure, the reference refrigerant temperature,

the reference high pressure and the material properties of refrigerant charged in the
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the reference high pressure and the materia
properties of refrigerant charged in the 6
refrigerant circuit (15). Specifically, the volunme v2
of the fluid chanber in the@xpander (60) just after
t he closing off of fluid comunication fromits inlet
channel (i.e., just before the start of refrigerant

refri?é‘rﬁﬁ‘tnékﬂﬁ (1 B)h thecificMiyd 16 adThfle) v,aTkht MRid Shdhier U3 1R expander
| uid anber in the expander (60) just before

(60) 1 aREOVE SloSi g Qff dfl fUiidl c6AMIHTACA from W ihlt thasindl (Dbl Just before
channel (i.e., just after the end of refrigerant

the Q¥ TSk Bpetdht eRgankioni @ Gbarhiechadbe) satl thbaskeheon; bhehe fluid
above factors including the reference high pressure.

charh ¥ 1| thd Bxpdnelers @OY ekt Hekdst it provivéor ef fglecamhugicatton tvith its
(15) is provided wth a receiver (18). Wthin the

outlétebennce (1., 183t afipAthe «afi of edfripganiaedpandian getteifluid tieamber) are set
refrigerant circuit (15) is stored in the form of

basediofithélalfoat fages andudivhen réfosnasrbightpraturel qui d
refrigerant in the receiver (18) 10 increases or

[001d¢ crleabesscondsolatinm) e refrigeeft cgariafls) o provided vy a receiver (18).
through the refrigerant circuit (15) varies

Witldo clor chiceigeny(18 T ipertrod cefirigerant( dB)gddsindhes pdisgtans elinamie 91 $)he stored
exit side of the- evaporator (17) and the suction side

in theffotrhefl tomp refigeran( o)en the atnhentrdfliqugbrefimgerait i thetreceiver (18)
(15), refrigerant having flowed out of the evaporator

iner¢agdy o1 decieatasothecetbunhbbrefiigeragsaicviating igyughnide refrigerant circuit
refrigerant in the receiver (18) is sucked into the

(15)cmrmse@csgrdu(5@) Theirpessvari 8 ds radsnose batreen 5the xgxdt §1dr: nOf the-
the receiver (18), refrigerant in the receiver (18). t

evappeatgudieand ieguetinn donpf ‘g@s;@mprqssm)ﬁﬂ)s Ip Hleareﬁaemﬂétctf aﬂﬂ (15),
state. [0015] In the third solution, the refrjigeran

refrigprapt v ingriy wadsous pb eaaparpion (1 15 wiredyesr infe élre Fecéver (18) and
exchanger (20). In_the internal heat exch é %

refrlg@ﬁm l@éh@rﬁceww%s $uckd the theLompssiser 5 ?1%5“3% Waf gedrigerant

expander & is cool ed by heaé exchang %

e’ﬂsrséfl thesraner b\ﬁ?fﬁéefﬁrlblﬁrtb%)f‘ftcﬁlé’ere it bg B %dmto the compressor
t.owards the conpressor (50). The refrigerant flow ng

(SUW%wbﬂagm‘Wg slal&pander (60) decreases its enthal py by

003 PN B P B8 SRR (5 o e e
c SHTETSH LB TS T AN Bl e
(lﬁ)gﬁgvgggtﬂé% ?%/;Eeaﬂtglero(;%l)% ﬁst B r())ynhefﬁ exgn l{%g q\rlfﬂ reﬁ‘lgerant flowing from
the evaporator (17) towards the compressor (50). The refrigerant flowing towards the
expander (60) decreases its enthalpy by being cooled in the internal heat exchanger (20).
The refrigerant sent from the expander (60) to the evaporator (17) also decreases its
enthalpy accordingly.

Effects of the Invention

[0016] In the present invention, attention is focused on a characteristic of the
refrigeration system (10) that under conditions in which the low-side pressure of a

refrigeration cycle (the reference low pressure) and the refrigerant temperature at the exit
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refrigeration system (10) that under conditions in
which the I owside pressure of a refrigeration cycle
(the reference | ow pressure) and the refrigerant
tenperature at the exit 7 @f the gas cooler (16) (the
reference refrigerant tenperature) are fixed, the
hi gh-side pressure of the refrigeration cycle (the
of thelkgd @psier l@n?)?%]gé SEfSHNEd rétigWRhC lfblﬁﬁaeamﬁffafre Gixemt tHef high-side
performance ) reaches its maxi mumvalue is
preséitt @B eleyreft ﬁftf(ﬁhr&ﬁﬁl’e (R efch@ce xpansiessure) @b QhichRRE bddfBelent of
usi ng the above characteristic is provided in the
perf6@fant@eCoPr) gackyStsamu(idn vaud bantd ol e detaesiaediang thoexpander.
the present invention, the expander (60) having a
(60)speafitd asihf O abRetdhagiclelistidiBeprooiddd th drsre@igetdi®n system (10).
refrigeration system (10) can be used and energy can
Thefeéore r &dcbathgy td @eopetad ifivaativn.efhei gpnater () hdeng a specification
expander (60) to enhance the COP of the refrigeration
mee8S tiemse Londitip0d7the kefripéretice o $H)utn da usddhand energy can be
refrigeration systemis configured to introduce 10
reliabbf rdogeerattirdm viefrigefdnovigrdtheuexpahiddrh@0® wa pmhatoer the 1ICPP of the
into the receiver (18) and allow the conpressor (50)
refriparasackysteef (i0ger ant fromthe receiver (18). Therefore,
even under an operating condition in which
[0017§f ringtheasdcond mmiutgnoube offrighwtion apoteat oy configured tp ningroduce
superheated state, the conpressor (50) sucks saturated
refrigefani psizmnflowad oheof deeiveperaicl §17) intdethe accedice A8l argl alpw the
this solution, the condition of refrigerant to be
compresseedSPhto stube raffigewnpiioss die (Boiver 4B)bd hmslwheavapi wirder an
the condition expected in designing the refrigeration .
opergijag «pndition  inwwvihich wiagirey Bewiiel pelael dke svapdsgior (17) is in a
refrigeration cycle in_the refrigerant system (10).,
superlraeg] stpts. theecerpiessos dPOX fusks seeateereirigeaanin e ggsiver (18).
(15) is_provided with the internal heat exchanger )
Henpoypccpisliggodt this ol gemariie cPomiery of G eprat épndegked into the
60) and thereby decrease the . 20 enthal .of . .
comga@ﬁ%qréé@aq@p éﬁ%/tclfqdo\mﬂf ﬁ@ CORALIAR gf;p?céqji)am? sigpigg the refrigeration

e rato 17). Therefor the .refrigerant ent
systET T Br SHED SBbles 8O THE Bty b BarEa U b (TR e bt system

10evaporator (17) can be increased, thereby inproving
(0} he cool i ng capacity when the object is cooled in the

[OOl%Yapl%rtﬁet: rird( sloQtion',zgne%E%n%gralrlec‘c;’i(r:guiilp ﬁis?{‘s pqgvi%c? Wiitﬂ%% internal heat
exchanger (20) to cool refrigerant flowing into the expander (60) and thereby decrease the
enthalpy of refrigerant sent from the expander (60) to the evaporator (17). Therefore, the
refrigerant enthalpy difference between the entrance and exit of the evaporator (17) can be
increased, thereby improving the cooling capacity when the object is cooled in the

evaporator (17).

Brief Description of Drawings
[0019] [Figure 1] Figure 1 is a schematic block diagram showing a refrigerant circuit of

an air conditioner of Embodiment 1.
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[0019] [Figure 1] Figure 1 is a schematic bl ock
di agram showing a refrigerant circuit of an air
condi tioner of Enbodinent 1. 8 [Figure 2] Figure 2 is
a schematic cross-sectional &iew of a
conpr essi on/ expansi on unit in Enbodinent 1. [Figure 3]
Figure 3 is an enlarged view of an essential part of
an grpapden)i nFighrbodi menta 1.scherhdticQuesdbechbgalr evidw of a
illustrates cross-sectional views showi ng the states
com@feskioh/@kyansivaGiagih Ebodfmdnineé. expander in Enbodi ment 1
at every 90 of shaft rotation. [Figure 5] Figure 5 is
a MFidues 3PFagran it phessatpel eirivhal py eshicagalamt shawexgander in
a refrigeration cycle in the refrigerant circuit.
EmHddimgentd. 6] Figure 6 is a graph showing the rel ation
bet ween hi gh-side pressure 10 and COP when the
| ow-[Figlee B} Enmuy ¢ ibundrateh erasefsedtpaplantws shpeingtte eates of rotary
the exit of the gas cooler in a supercritical cycle
mechmasthi xBitte ekpdanglar @ Frhbddigentel & everye?0S ofi et iotatibh.ock
di agram showing a refrigerant circuit of an air .
condFiduon 8} FefurEihodiMelhtr @agfafi (uessuigientiabnyr dlagaing showing a
schemati c bl ock di agram showing a refrigerant circuit
refrigeratios cpale & the cdfndemiionenitof Enbodi ment 3. [Figure 9]
Figure 9 is a schematic bl ock di agram showing a |
r ef rlFigraf} Figure Giis aofraptashavipg denilatiankstwien high-side pressure
nodi fication of Enbodi nent 3. é%Fi gure 10] Figure 10
and QR sthemtheslovcHidnnrcsare pk thegelsigrnk lemyiceanere ok 8k Gv of the gas
the structure and behaviors of an expander in
coolerisorsupsreritigal cyolefars fueke 11] Figure 11 is a Mllier
di agram (pressure-enthal py diagram) showng a.. .
charl&ésuss v bFissreoT ise sthsentis plock diagsqrs sRowing gy tafigeragh cireuit of
of Reference Nunerals [0020] 15 refrigerant circuit
an alrecogggloggd;féﬁmbodlmem 2.

[Figure 8] Figure 8 is a schematic block diagram showing a refrigerant circuit of
an air conditioner of Embodiment 3.

[Figure 9] Figure 9 is a schematic block diagram showing a refrigerant circuit of
an air conditioner in a modification of Embodiment 3.

[Figure 10] Figure 10 illustrates schematic cross-sectional views showing the
structure and behaviors of an expander in Embodiment 4.

[Figure 11] Figure 11 is a Mollier diagram (pressure-enthalpy diagram) showing
a characteristic of a supercritical cycle.
Explanation of Reference Numerals
[0020] 15  refrigerant circuit

16  gas cooler

17 evaporator

18  receiver

20  internal heat exchanger
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25 17 evaporator 18 receiver 20 internal heat
exchanger 9 50 conpressor 53 conpression chanber 60
expander 72 first fluid chanber 5 73 first

hi gh- pressure chanber 74 forst | ow pressure chanber
82 second fluid chanmber 83 second hi gh-pressure
chanmber 84 second | ow pressure chanber 10 95 first
chasber Qtmgmegond chanber Best Mdde for Carrying Cut
the I nvention [0021] Enbodi ments of the present

i NVERt i oconpredsidmechdeder i bed bel ow in detail with 15
reference to the drawi ngs. [0022] <<Enbodi nent | of

t he 60nvestpanderA description is given to Enbodi nent |
of the present invention. An air conditioner (10) of
t he 7pr esént fleidxbdmbent i s conposed of a refrigeration
system 20 according to the present invention. [0023]
As §SBownfiishhighguessurk,chamberai r condi ti oner (10)
includes a refrigerant circuit (15). The refrigerant
cirddit {ubb)owi-preshvae geanbeict h car bon di oxi de (C02) as a
refrigerant. Further, the refrigerant circuit (15) is
pr o¥2dedsespichflaidghsmberol er (16), an evaporator (17)
and a conpression/expansion unit (30). The gas cool er
(1683i s wopmebighdrenmueisbabir ance side to a 25

di scharge pipe (36) for the conpression/ expansion unit
( 30 B4andsesomhlsocprgsone elvantsxi t si de

95 first chamber

96 second chamber

Best Mode for Carrying Out the Invention
[0021] Embodiments of the present invention will be described below in detail with

reference to the drawings.

[0022] <<Embodiment 1 of the Invention>>

A description is given to Embodiment 1 of the present invention. An air
conditioner (10) of the present embodiment is composed of a refrigeration system
according to the present invention.
[0023] As shown in Figure 1, the air conditioner (10) includes a refrigerant circuit (15).
The refrigerant circuit (15) is charged with carbon dioxide (CO,) as a refrigerant. Further,
the refrigerant circuit (15) is provided with a gas cooler (16), an evaporator (17) and a
compression/expansion unit (30). The gas cooler (16) is connected on the entrance side to a
discharge pipe (36) for the compression/expansion unit (30) and connected on the exit side
to an inlet port (34) of the compression/expansion unit (30). The evaporator (17) is

connected on the entrance side to an outlet port (35) of the compression/expansion unit
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to an inlet port (34) of the conpressi on/ expansi on
unit (30). The evaporator (17) is connected on the
entrance side to an outlet port (35) of the

conpr essi on/ expansion unit H® (30) and connected on
the exit side to a suction port (32) of the
conpressi on/ expansion - unit (30). The gas cool er (16)

(30) 204 chbhfecReRP iRt &lit §1@3 )co alshewerd E&t (Ehrdfane @Bﬁlﬁfe@&bﬂ/@xpansmn -
refrigerant circuit to exchange ‘heat with air

unit [(@@)241‘11&?@ Rewver I(mﬁ)Flaﬂcu [tBe Zwabdi@of QDY @S&W Ofé ExeRELRSAeNin the

uni't includes a casing (31) 5 that is a
refn% ﬁﬁt'cﬁ@ﬁﬁmﬂe‘@@@xc}ﬁlﬁéd 3t wexdlair. cl osed contai ner. |nside
he casing (31), a conpressor (50), an electric notor
[0026/5)A BdMdwann SXaaa dehe OB preadien/atfaarngs dnit (B ahdiadastaaasing (31)
top order. [0025] The discharge pipe (36) is attached
that {sta Vdi€c41BSlong dyBhiricalh@osdii sohaige Ipsipe tHe3@ying$31), a compressor
| ocated between the electric notor (45) and the
(50) expdeches mipG)(45)nthd ea rerpiat deatedy ami drfanpdiein Hortnerto Sgracer.
of the casing (31). 10 [0026] The electric notor (45)
[0026F diteptisbdrgenspad@oaid anghddudithatdsingni3dpTdeplarchingn pgfe (36) is
the <casing (31). The electric notor (45) is fornmed of
locatad deaten thedElectandnator GSY and %ig)expditer §40atand codsinidaged with the
fixed to the casing (31). The rotor (47) is placed
innet symcelef thheash@atdn. (46). Further, a' nmin spindle (44)
of a shaft (40) concentrically passes through the
[0026Dt cFhe(edqyric PROAAPSThelistvadd ingigip)a longistdinallyeniddle portion of the
rotati on shaft. The shaft (40) is forned at its | ower
casig5(3d hdlwi ¢lecttivmdtowdp) sdeentd pica pator $4¢)58d %@}Ora(ﬂ’d’) The stator
formed at its upper end with two | arge- dianete .
(46) ez Espd t¢ Ehepepsing (@11)1 Thgaytor (HDAgplarae 1&% ﬂhéw@ﬁor (46). Further, a
eccentric parts (58, 59) are forned to have a Iarger
manumrpﬁét: ) vhashatt )ﬁamq@n%alrhvdp%‘ssi%hyougb Hhe llo&x/éi‘ of
emconstitutes a first | ower eccentric (58é and
wozahe Tt @Bhsenstines uEsoHan) Ewha&e@ﬁ roemﬁ i over
The first [ ower eccentric par@ and
end %@ow 1oRiRE ot PS8 ary %@9501’1?1 at Bfo Bgfirtﬁ‘él it oo large-
di rections of ﬁidfntrICIty with respect to the axis
diamgtereReentrls PRrts; (44) . [0029] The two

00zgf & v geer esieamevers (Gt ﬁ%“fﬁgv%zigpl%%%ﬁég{ggﬁ abter than
the %%ﬁshwﬁ? bR SR T pRer edtet Sl L B ana e
upper cogs%ltutesa g%&taceornd?g\%eernetcgen%lg 1% (§9[)l.21\he first lower eccentric part (58) and
the second lower eccentric part (59) bave opposite directions of eccentricity with respect to
the axis of the main spindle (44).

[0029] The two large-diameter eccentric parts (41, 42) are formed to have a larger
diameter than the main spindle (44), the lower of them constitutes a first large—diametef
eccentric part (41) and the upper constitutes a second large-diameter eccentric part (42).

The first large-diameter eccentric part (41) and the second large-diameter eccentric part

(42) have the same direction of eccentricity. The second large-diameter eccentric part (42)

has a larger outer diameter than the first large-diameter eccentric part (41). Further, in
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25 The first | arge-dianmeter eccentric part (41) and
the second | arge-di aneter eccentric part (42) have
the sane direction of eccentricity. The second
| ar ge- di aneter eccentric part1 (42) has a |arger outer
diameter than the first |arge-diameter eccentric part
(41). Further, in 11 terns of degree of eccentricity
termiof Kicgres pbetcentoicith svithxiespeot tottheaxiaphiths phael pringled$4), thﬁéecond
second |arge-dianmeter eccentric_part (42) is |arger
large-Hiametdigctdntise paradisdiganther thedietrpigedipagter qegantiic part (41).
[0030] The conpressor (50) is constituted by a rolling
[0039] st Bre eonpiessoe ¢Hprie sopstituted &y @@@&bﬂé%@n (Eay Compfessor The
includes two cylinders (51, 52) and two pistons
compresgdid S@bimshgss vro sqursi@ys (SA ﬁ%)a%n f@é@dplé‘@55 (57t)h@'f rcé?fnpfessm'
cyl i nder ), a mddle t he_se
(50)c§ rgandrend gm)ﬂﬂe & Céllﬁ¢ﬁ‘érﬁ§1)hééi‘@id‘élslpjat%%)s aéw&du%lmdef (52)
bottomto top order. [0031] In the inside of each of
and g fint h@asit(%}me Seeksddn ﬁ‘i)fﬁd%F%P @ea: 52), a si ngI e

i ndri cal iston (5 is dis d.. Tho
1003 oul th%IQS%ﬂgéﬁcwféé%%&ﬁ%%og‘f YT (8] )< pelg g¥lindsica
t he pi ston S su

PisUBLET) tSodlfn?éeda@aE%lhfﬁéggew T@Eﬁa{ %@96 %%ﬂodé%h s ide MBtace of
57

the PRn7B7AE: lav?ﬂpﬁo%eé%@ﬁéla%gﬁl?g Pl Bpe SRESERL inder 1, 52)

one 0 0 o 5, S0 1% BLSLR AR iy MBS o

o B P B e

the §e§ gﬂ %I ﬁ%gg%rqgmp?%§§% oaftotgd sfaegwgﬁ{ﬂ) e}%&%”&fr thg lpﬁs‘rf'tgnts (@5 857) slides

er

w1t}f|).ﬁsr ﬁrfﬂher Chferjg HE tlaésglﬁ r@%e%%tﬂg ﬁgs&égl i ééleﬁ gacentrlc part (58,

npreSS|on c bet wee

59) tElItD(F slfdr‘%:g ‘%‘Jnhﬂf‘s%&&ﬁ:@%}‘?&; %ﬁl?}lfé lﬁlf]el‘ é)eh ferl o%c}'i% cgc"i_’a%ed gﬂDnder (51,

nner |nder

52).('%5 2 %2) {*egggg]cha fer f(ﬁ%flts d%ﬂgeds@&%g‘l gyl dlﬂé}eﬂeﬁpﬁé’}% of each of

l e suction ports

the %ﬁ)ﬂ? Sffj \59 ¥nd tﬁ@ﬁ‘[?lelsﬁ&tﬂh@ﬂ/ cHQM as(sgéﬁteﬂ @thrﬂjek YSIPQQ}S es

"t he associ ated ‘cyl’i nder 52) and opens at
[Oﬁjﬂe @hs Ef‘gt aﬁ&‘ gec‘oﬂ& Q}\él‘irnfeﬁ 3R 952)%«% f&ﬁh@ﬂ Wi sifidl€ suction ports (33),

cyl i nder urther, each 20 suction port (33)

StifX %@ﬁ@ J;th;vh 38) RERAY bRssthrouhShé essoéiateb@ylinder (51, 52)
Ieﬂ%aélﬁ% (31)u 8%g? ?%e froE?ﬁhead %%4) aﬁdlthe rear

andpess 4502 dane efn@ LB dhMinbr SérRGks 6k the kakigkr PBY,152). Further, each
respectively. The discharge port in the front head

sucti@fporb (I3 Gsextidific€ AIPIGSSHiOR tchamhslde df i) casingt(BE).

second cylinder (52) i1nto comrunication wth the inner
[0033]aCEhOFrohtigead d54)n@d (KEljear head (55) are formed with single discharge ports,
respectively. The discharge port in the front head (54) brings the compression chamber
(53) in the second cylinder (52) into communication with the inner space of the casing (31).
The discharge port in the rear head (55) brings the compression chamber (33) in the first

cylinder (51) into communication with the inner space of the casing (31). Further, each

discharge port is provided at the distal end with a discharge valve formed of a lead valve

and configured to be opened and closed by the discharge valve. In Figure 2, the discharge
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The di scharge port in the rear head (55) brings the
conpression chanber (53) in the first 25 cylinder (51)
i nto conmuni cation with the i nner space of the casing
(31). Further, each dischange port is provided at the
distal end wwth a discharge valve forned of a |ead
valve and configured to be opened and cl osed by the
portstirdchisshggevalvee ard ot Fgigur Sa refiiberadi distharged fi@n thorgspressor
and di scharge valves are not given. Gas refrigerant
(50) thts ahdnge dpideantihesitrpt es satt ou( Bijughrtho disbiergnpige (36) from
space of the casing (31) is sent out through the
the ceinpeREsGexRingien (B8B)Y3Mr om the conpressi on/ expansi on
unit (30). [0034] The expander (60) is constituted by
[0034] s@heakpader @0 ingnpiitstedrbyf4 sd-chlivegbiling pisToreflu machine. The
expander (60) is provided with two cylinders (71, 72)
expaadid (68)ds prosidedsvi(7so @Spdérm (TWGE2paidrisio pisthes @Rpndetwo pairs.
(60) is also provided with a front head (61), a mddle
The ptpabder((68) isanieh provislad witheafop6ad (E0R35iddl Pl (63) and a rear
expander (60), the front head (61), the first cylinder
head((®2)), the mddle plate (63), the second cylinder (81)
and the rear head (62) are stacked in bottomto t
[0035f déw thel expander (6)sthstizans heach@ 19, the firss py hinslge |(71()711£1)e m@dle plate
cl osed at the |lower end surface by the front head (61)
(63).ahelsasond exlinger (4o anp ﬂ@rre@rnlapaw%)a%@ siggkadHa heftam tg top ofder. In
plate (63). On the other hand, the second Cyllﬁ?
this ztstt) thedfiral @diaderat71} Heclpispert tenlpvest end surisse phtheiqg hgad (61)

and fleserl ‘a%ﬁ%%&éjndﬂn‘éﬁi?eﬂ@?%heirﬁ@d@ﬁ%%@63338@1@“)%&%% g Second
cyhnﬂﬁ%f‘séﬁas @%%‘e?a%t;lb%{é‘%?eﬁqﬂ F‘f‘g 56 btygl . mlfsaﬁf sl g kg e e
15
upp€§ 8%%%%%9r¥]2%e§?eg{%ﬁf)j](é@dhnﬁlégp g"seecrc[) gggf%c% %g]t)ﬂlgf aéﬁ;r%er inner
0 3
d‘amFF?é Yyaindi %r: §f/f@?ﬁn 5 DRt aﬂbe%ﬁ%fdtwo B ey g ton, me
71

s RSP S LSBT i e 9y 500 g o
hat% ; %%Sf 85) are forned in an annul ar or

t §I?ﬁ8?1 “THape. The first piston (75) 20 and the
[OOSEFC?{] ?:H%Igﬁlt 1?% étg g 3 AB 2y tgh@%ﬁg%; opq%#)r? 6753 ta%ﬁ%%é?on&— E%ton (85) are
A A SR T 4 RSt 1 s
secoﬁ@@s}c&nﬁﬁi §55 IREEHLYElVan Afhuld @ Eﬂ/lﬁrﬁfncﬁﬂﬂaﬁgeﬂle(ﬂr%‘r) piston (753)

and the second piston (85) have equal outer diameters. The first piston (75) and the second
piston (85) are passed through by the first large-diameter eccentric part (41) and the second
large-diameter eccentric part (42), respectively. In the first cylinder (71), ils iner
periphery defines a first fluid chamber (72) together with the outer periphery of the first
piston (75). In the second cylinder (81), its inner periphery defines a second fluid chamber
(82) together with the outer periphery of the second piston (85).

[0037} The first and second pistons (75, 85) are integrally formed with single blades (76,

86), respectively. Each blade (76, 86) is formed into a plate extending radially from the
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peri phery defines a first fluid chanber (72) together
wWth the outer periphery of the first piston (75). In
the second cylinder (81), its inner periphery defines
a second fluid chanber 25 (82) together with the
outer periphery of the second piston (85). [0037] The
first and second pistons (75, 85) are integrally
assotRtedgdstvh (15, B5Ngh® ebbadbasutlaid, from3 Be ouwteSpepheyadfthe piston (75,
Each bl ade (76, 86) is forned into a plate extending
g8s)radially fromthe 13 associated piston (75, 85) and
extends outward fromthe outer periphery of the piston
[0038]5, TheB2ylindePO3IB1, Fhe amy Iprovikids with1sinBlt) parse opriasheded’7, 87),
wth single pairs of bushes (77, 87), respectively.
respE@Blelyb iabh bdsh (78737) 5 assnsdiiapibcepfoaned forthueds sizidehatfatd & plane
inside surface is plane 5 and its outside surface is
and dtscoiatide shefade pakmcuaé. Badhpsr 07 busled) (78r 87dbsepdispebed with the
with the associated blade (76, 86) sandw ched between
assothaenth blade 76y 8Sh s{kifyiclgEd) besiveaheemi. tHach fvesh (Tsi8de slides with the
surface on the associ ated bl ade (76, 86) and slides
insidd urfachendbe sssdeiagdriflabe(76Nn86)end dsls wiitht thel ovtsiderrgieiace on the
(71, 81). Each blade (76, 86) integral with the piston
assotiafd 8@indes (7kuplotiae Hdeo(Tgh 86 hentagrsbevitht &g pstohelds. 85) is
(77, 87) to the associated cylinder (71, 81) and 10
supifared thrwughdghd assbeiatedeskasddv., 8Bxipehd aﬁi@t:@tedrwlwéw @dt 81) and
fromthe cylinder (71, 81). The first _cylinder ( i
free gpangHarly awondbey Erided it ayd muackhirpribeaylindep 6Lk ddesThe first
in which the circunferential relative positions
cylipder wddh adethe saondi atledepadsast apgsdsin Wstum) maMéﬂch the
the sanme. [0039] The first fluid_chanber é 2£
circpmiegentiay Fglaer posItipns bstwsap their asaesdatpd prireok hyshes (717.537) are the
bl ade (76) integral with the first piston (75); a
SaME-egi on thereof to the left of the first blade (76) in

ooy U R 88 B P PSR o s
blade A it s b bt P4 b TFEPRTTYET o il 85k st blade
<76>5§%§’ﬁ%3”&%‘9&&“@%@3’%wsﬁwe B RSP o
AR BRI T P I
(74) fS rﬁﬁgvggg r s%%%?flfriee %econ(? i e%%%%: Bifll)]e ! I%::]S tllﬁ(éer (81)
is pgﬁﬁl%ﬂgd by the second blade (86) integral with the second piston (85); a region
thereof to the left of the second blade (86) in Figure 4 provides a second high-pressure
chamber (83) of relatively high pressure and a region thereof to the right of the second.
blade (86) provides a second low-pressure chamber (84) of relatively low pressure.

[0040] The first cylinder (71) is formed with the inlet port (34). The inlet port (34) opens
into the inner periphery of the first cylinder (71) slightly to the left of the bushes (77) in
Figures 3 and 4. The inlet port (34) is communicable with the first high-pressure chamber

(73). On the other hand, the second chamber (81) is formed with the outlet port (35). The

outlet port (35) opens into the inner periphery of the second cylinder (81) slightly to the
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bl ade (86) provides a second | ow pressure chanber (84)
of relatively |ow pressure. [0040] The first cylinder
(71) is fornmed with the inlet port (34). The inlet
port (34) opens into the inaer periphery of the first
cylinder (71) slightly to the left of the bushes (77)
in 25 Figures 3 and 4. The inlet port (34) is
righCOMMKL BLERR (&7 )\Wh tHiodrBes bhd 4t T SltteR HBEIYS)8s ebmhi@icable with the
(73). On the other hand, the second chamber (81) is
secoh@ 6otk chiifb@ygdet port (35). The outlet port
(35) opens into the inner periphery of the second .
[0041}84 imdemifdd) platel @it iy foemédevilid a tofitiniebtinghehfisheed). The
(87) in Figures 3 and 4. The outlet port (35) is
com@RITGdih€ akingeMict Npdshe theask e rhidvt &6 $63)én cleahRRfiess direction.
(84). [0041] The mddle plate (63) is fornmed with a
In tBORTMAeCAt tHegmedman pidte (63h) facibaethe ClM¥Mdiigkt i(MY), cihanmel of the
(64) passes through the mddle plate (63) in the
comblin@ls08S Shainele@U) 0pens £ al positiea t6 wlid Agle fthd fiest viaadl(26). In the
plate (63) facing the first cylinder (71), one end of
surfideeofCthermiddbaplang (63) afaciap th&4g¢comgendinder @lpokhetdter ¢ml of the
the right of the first blade (76). In the surface of
comirtvaicaiidg lchaplebt(€4) 6@ nsfaci pgsitidre ts elcotedt of Ithendeond 813de (86).
the other end of the conmunicating channel (64) opens
Furth¢r, as pbswi iioFigwe t3nehd edhmohichtieg slewond(dd) adtend86pliquely with
Further, as shown in Figure 3, the conmunicating o
respetianék th4hessxdimation olfl theyueidglewplete ®3) raad plotvst epnrhenication
t hi ckness direction of the mddle plate (63) and
betvegeh dweslirsbivmupriessard dramblge(Tdeemd thasedand i gh-pespredranter (83).
chanber (74) and the second hi gh-pressure chanber _
[004283)In th¢ eawpfer|(A0) dvafianisdnel eescriben) akoyas ¢ Gist edarygnechanism (70)
. described above, a first rotary mechani sm (70 IS
is conshgiad ot e fisy oy hederi(7andyhe #reiated byshgn g/ Phirst piston (75) and
associ ated bushes (77), first _piston 355) and firs%
firstiplagdse (1676} urtlmssy & Hiepondarad@e gRerhepsar (Bode kapitdyed &) the second
constituted by the second 15 cylinder

cylingdes 48 atnduthe Fsreinteg hyshes é%7anaecspétpb%ﬁm§ gﬁ];"} agﬁgfééog@o?}ade (86)
SR PN TR Y FORT S
eSS i TR L LIS BT L o e
o RGP Shr TR YR b i
chm%ﬂgéﬁgﬁye' in the expander (60), the timng when the

[0043] As can be seen from the above, in the expander (60), the timing when the first
blade (76) retracts to the maximum to the outside of the first cylinder (71) is synchronized
with the timing when the second blade (86) retracts to the maximum to the outside of the
second cylinder (81). In other words, the stroke of the first rotary mechanism (70) during
which the volume of the first low-pressure chamber (74) is decreasing is synchronized with_
the stroke of the second rotary mechanism (80) during which the volume of the second
high-pressure chamber (83) is increasing (see Figure 4). As described above, the first low-

pressure chamber (74) of the first rotary mechanism (70) is communicated through the




10

15

20

25

bl ade (76) retracts to the maxinumto the outside of
the first cylinder (71) is synchronized wth the
ti m ng when the second blade (86) retracts to the
maxi mumto the outside of th& second cylinder (81).
In other words, the stroke of the first rotary
mechani sm (70) during which the volune of the first
comrowiqaties sharmet ahberth (rajecprd dibrrrassurgychamber (83) of the second
synchroni zed with. 25 the stroke of the second rotary
rotaryeketranism (890)) Tlku firsh dowpiashure lsbamberu(é), she epramyaiceivg channel
hi gh- pressure chanber (83) is increasing (see Figure
(64)9nd s sest hisdepraporeeshanther (8)sdefinsgra prelstiessd space and the
chanmber (74) of the first rotary nmechanism (70) is
closed prrgn cortibtes air ypgsiehehander ﬁﬁégmuni cati ng channel
(64) with the second hi gh-pressure chanber (83) of the
second rotary nechanism (80). The first | ow pressure
chanber (74), the communi cating channel (64) and the
[004ld c onBPria A Bebavipe— chanber (83) defines a single
cl osed space and the closed space copstitutes ?n } )
expahts #vvemanbeidiiesy (18 prsopiay n a(ﬁﬁglfgéfqtﬁﬁaqyc e by circulating
Behavi or _The above air pggﬁitioner élO%.opqratgs in a1
refriggiant Gequeh) thnredyeqrantsirepit (il 1BiGoREne PRI Y Figfeirigerant releases

et SRR S LORESE L] A0 L0y 508! bR i snt
e OB L R A Sob S SR B SRR e
orelh3, TRTHELb 5 T Sy b S L gy s
D5 A RS S5 1P BSRSRRb e B e
o0 RIP2EBH gl ookl FLBABPEA LS oomatr Lo

G 4 YR PLLPY PSR O R LA 50 19 v
el LA e 16, WP SL LRI B Enpuns gl by
OO AT 0 A B8 o By o

co g?és@&g(%ﬁﬁgﬁ tﬂencozi‘rgﬁ%gf {509 S RoMBeratt iRQI ddhdifioh Shown at point A is

onpressed into conditi'on shown at point B. In the
conpRRdid 1:RH SHAMIAL st Bint BE In PR sSMi®orPEhown at point B, the

refrigerant is higher than its critical pressure Pc.

preskti® belétigemants ihsHeP&han its critical pressure Pc. The refrigerant in the
condition shown at point B is discharged from the compressor (50) and sent to the gas
cooler (16). In the gas cooler (16), the refrigerant in the condition shown at point B
releases heat to air and decreases its enthalpy while keeping the pressure constant, resulting
in entering a condition shown at point C. During a transition period from the condition
shown at point B from the condition shown at point C, the refrigerant temperature
gradually decreases.

[0047] The refrigerant in the condition shown at point C flows out of the gas cooler (16)

and is then introduced into the expander (60). In the expander (60), the refrigerant in the
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20 condition shown at point B is discharged fromthe
conpressor (50) and sent to the gas <cooler (16). In
the gas cooler (16), the refrigerant in the condition
shown at point B releases h&t to air and decreases
its enthal py while keeping the pressure constant,
resulting in entering a condition shown at point C
condidri RPo&n tdtapshtt Condipedticallly fespands handc enddiy iiorecBmdnirom the
at point B fromthe condition shown at point C, the
refrip@bfill DetharkpiRiep At the eclri@aragrddigds|fyond éeroeadieion shown at point
[0047] The refrigerant in the condition shown at point
C toG ddndivenahbwafat phiat Dagneably efong k6 )isenangicilimet Nenrefrigerant in the
i ntroduced into the expander (60). In the expander
condifi€)) shéwe tefaintgPr Antvsi sut tdfethtGexpandidi (G0prang hewhemtsent to the
poi nt C adi abatically expands and energy is recovered
evaporaon {17¢ Inriaé eivgmrant (17)ntht herigxpandethe (68gition lskown at point D
refrigerant changes fromthe condition shown at point
takeChta feone ein@dhd iomessroinerabal po ivhile Begemeitapieysuat ongtaanh resulting
isentropic line. The refrigerant in the condition -
in eisthong thet copdition sBovhangomtith. dhuringes Esopatigepericddyorankk ¢andition
then sent to the 5 evaporator (17). In the evaporator
showyil &) poinh® teefhei qpardion shawn e pooridi.t thenefsigownt mpssitwe is kept
D takes heat fromair and increases its enthal py .
conshit] BhdasEpderant iin heppadisor shaygnaitnentt A flews pei ofghe gygporator (17),
~_entering the condition shown at point A During a
is thep syrkied insn teegoimpaesspiotdl el CoNUESEOHCIEdmagtn-at poi nt D
to the condition shown at point A the refrigerant
[00484 el etagios of EXRasger™ const ant. The refrigerant in the
condition shown at point A flows out of the evaporator._,
(17 descriptips s EHeep Bk Behavir 61 thses<porst é@%a\fl&(rs enghép Figure
conpressed therein again. [0048] <Behavi or of
Expander> A description is given of the behavior of

ooe SR GEL 0L AR, LT Ence Lol o R L0
e BEBGE S 4 e DR GRR B BT SERT b Bl 0
R D S5 T b0 IS0 R i
e RS B3 A Bl U3 in o e
inlett( ﬁ’c?% &%ﬁ sioﬂtggtl l?lifglg-t%'re%él?r? Sf%fg%flrag{ Béé%%r %nthqﬂrioﬂgh b ifnke(?‘ffort 34)
into the first high-pressure chamber (73). Then, as the angle of rotation of the shaft (40)-
gradually increases to 90°, 180° and 270°, high-pressure refrigerant flows more into the
first high-pressure chamber (73). The flow of the high-pressure refrigerant into the first
high-pressure chamber (73) continues until the angle of rotation of the shaft (40) reaches
360°.

[0050] Next, a description is given of the course of refrigerant expansion in the expander
(60). When the shaft (40) rotates slightly from an angle of rotation of 0°, the first low-

pressure chamber (74) is communicated through the communicating channel (64) with the

second high-pressure chamber (83) so that the refrigerant begins to flow from the first low-
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into the first high-pressure chanber (73). Then, as
the angle of rotation of the shaft (40) 20 gradually
i ncreases to 90, 180 and 270, high-pressure
refrigerant flows nore intoivhe first high-pressure
chanmber (73). The flow of the high-pressure
refrigerant into the first high-pressure chanber (73)
pressuRNERaRRS (T tihdo thB8ecvngliggloprebir@thaibap{(83)h@hemalktthe angle of -
(40) reaches 360. [0050] Next, a description is given
rotath JfiBe CIQMT @6) ofadually ingRnaditto @YPAIEDF and 2M0T, hie: Brxpiovderessure
25 (60). When the shaft (40) rotates slightly from an
chan@Rg (B dradw@tl atdeORaRt 119, volilige fnd, Sbnboventlpy the Secamd high-pressure
chanber (74) is conmunicated through the comruni cating
chan(RABH| gridid)ly Whdrbaskh@s veRGeN desnltif-ipreesdutle indreastngr volume of
(83) so that the refrigerant begins to flow fromthe
the dkpfisfor ehindbér (§6)eTaticresanbelc (Adineiafttbe ehpanswoarhdmber (66)
hi gh- pressure chanber (83). Then, as the angle of ‘
contihoéatntinhofngdlb el shafdn (A0} shafadeBlkbychendéEadbs refog@@nt in the
1800 and 270, the first | ow pressure chanber (74) )
expagsianl ehitherdé6y egseds ivhde vetramgngitsl prasome doriegtheyincrchge in the
second hi gh-pressure chanber (83) gradually increases
volumesofitb¢ exmensioe shibmberg(6i6h Kyrtdyaht yntemalr prassurrydifisraige between
of 5 the expansi on chanber (66). The increase in the
the frot ngh-pEswbe chapbars(7dh aoh ahbdirsi Bey-presowe ichaaberymd) |and the
the angle of rotation of the shaft (40) reaches 360.
interTlepressfinei dyerance hetwednethe esconh bighrprepsarerdpmpen3 baskihg second
whil e decreasing its pressure during the increase.in i
low-piessury ghamiger ¢84) predeseparisicohne tfaﬁf#egm(e@él}e. shadiy @dfle gnto rotation.
the internal pressure difference between _the first .
Thusyj §i5- pelaigeiane ioh &l sy A8y -mipukehehrnpgt (THwdjsres dipoush the
chanber (74) and the 10 internal pressure differenc )
companiratng eiransle@dhanditkr- ipioedis reeondhigharessys)chamber %3) while
second | ow pressure chanber (84) produce torque. The
expapigingue drives the shaft (40) into rotation. Thus, the

oo eSS SRR
o B SSRGS ShATEen ARPEALL e o s
0 055 L BRI TR 88 e
o GEELRE TSROk R S e, o
refribGOM ROl o8 o |iFendM&Rnd Tow-pressure chamber (84) to the outlet port
(35). Then, during the period when the angle of rotation of the shaft (40) gradually
increases to 90°, 180° and 270° and until it reaches 360°, low-pressure refrigerant obtained

by expansion flows out of the second low-pressure chamber (84).

[0052] - Specification of Expander ~
As described above, in the expander (60), the second rotary mechanism (80) has a
larger displacement volume than the first rotary mechanism (70). The displacement volume

of the first rotary mechanism (70) is the maximum volume of the first fluid chamber (72),
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the shaft (40) is at an angle of rotation of 0. In

ot her words, fromthat point of tine, the refrigerant
starts to flow out of the second | ow pressure chanber
(84) to the outlet port 20 (135). Then, during the
peri od when the angle of rotation of the shaft (40)
gradually increases to 90, 180 and 270 and until it

ie., MBACHREMSER ORI BN Uintbef (7 BEfantaf@bt Bk N@esindYoff of fluid
expansion flows out of the second | ow pressure chanber

comhBlcatibD922] the BREPoftl GaS.1 THe @bplEPRREebunZboAthe second rotary

descri bed above, in the expander (60), the second

mech8fi&h YSOTBE 1 RSt (801 BAS o fthe kédoge Tlugt aRhare B} i.c., the volume
vol ume than the first rotary nmechanism (70). The

of tHI 58 B RICRITE Bhar¥i¥r U8B ju@fbefdre el protisioatod fyiidEeathisaion with the.
(70) is the maxi mum volune of the first fluid chanber

Ouﬂ&?@%ﬂggﬁ i.e., the volune of the first fluid chanber
(72) just after the closing off of fluid

[00F3P MAINicgaipitR s @Red Merel of abwpbetdifBddemefheolume of each rotary
di spl acenent vol une of the second rotary mechanism

mech&QIm (0, BORInBX bopsmisalome sef the second fluid chanber
(82), i.e., the volume of the second fluid chanber

[005482)1nj tet albedoatRionke (ppvhsirefigefant lini e cowmenvilgatiégnand the
wth the, 5 outlet port (35). [0053] A descriptionis

eva@iraten (B8 excfianhew lehe wiits ploame menor vaitders oit. daghthis purpose,
rotary mechanism (70, 80) in the expander (60) is

consséxratidri® hetlde bfirddneaiaiand cadaddrt dioeradit{on®fq sqt e low-side pressure of
refrigerant in the gas cooler (16) and the evaporator

the fefitjeretmhaynie Gefeeatce Wp wipressomn B rand iho tafd swantalieppepgire at the
this purpose, 10 consideration is nade of roomair )

exit afi theogas dooler Hit (bmericeirofigetapt waperdigre|lowadeg geference operating
f(essure of the_refrlgeration cycle (reference | .

condionipredagpea fesierasiandart Fugher, fehapir cordiperag Gracly desired for
the exit of the gas cooler (16) (reference

the figcpngjtipnait(1cismerumnask dherpocesfpermpert el éﬁ%@eﬁ'ﬁb kil iflgy rate of
conditions serving as a design standgrd. Further, if d ai

refiigpgne) Firobiial (WORERGHE ABHEFTAH S 5t dp OftRE ey assumed air

condi tioner (10) is .assuped, the necessar nount of .
cong BPRIG BN EnCFPIRRT ol R SrEUDS YRIFFgar hi)e compressor is set
s g P LA L LA O ST L S 8hal e ) by
el e TS PO e LU SISO e o
rotajtiosns(.: nn (r)]t 1grt vevgrdts,othé po%at‘i:o%a gpee% ?z{tio(rSOq)thebgon?pressor (50) to the expander
(60) is “1”.

[0055] As described above, in a refrigeration cycle having a high-side refrigerant
pressure equal to or above the critical pressure of the refrigerant (in a so-called
supercritical cycle), the high-side pressure of the refrigeration cycle cannot be determined
only in consideration of room air and outdoor air conditions. On the other hand, as shown
in Figure 6, if in a supercritical cycle the low-side pressure of the refrigeration cycle and

the refrigerant temperature at the exit of the gas cooler (16) are fixed, the COP (coctfficient

of performance) of the refrigeration cycle varies according to the high-side pressure of the
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single shaft (40), the expander (60) and the
conpressor (50) have the sane nunber of rotations. In
ot her words, the rotational speed ratio r of the
conpressor (50) to the expamger 20 (60) is "1".
[ 0055] As described above, in a refrigeration cycle
having a high-side refrigerant pressure equal to or
refrigQlaNén Eft@e OWhérd G@lhigH-6186 Preesi0é rdablgesrefditi @gdrantue( tHe @OP of the
so-called supercritical cycle), the high-side
refri%&rﬁﬁ&ﬂ_ﬁﬁl@fsaﬁﬁh@ ifls@hdvigemakhen cycle cannot be
etermined only in consideration of roomair and
[0058Yt AT ordinfateCaMBE bla@hsShovan it NiguRtdraididars the @OPSHOWCa2d where
in Figure 6, if in a supercritical cycle the | owside
the ¢V &3 skt byt e ghetddl e af reinthe YOTEis@Rpresdel®y Ahpc/(Ahpa-Ahep).
refrigerant tenperature at the exit of the gas cooler
As sbd e iRFRutd % ethpcldbeot€Re @anahf dfdtieandiverofropatfrgermnmahe object
of the refrigeration cycle varies according to the
in tHei @b -csblde (1% eslsjdrdenotes theeentfry reqhirddgercatripodss Clyctedigerant in the
When the high-side pressure reaches a particul ar
compiestig antl vd - COhoods thd energefecogeedfromnhe yedligeraac esexiptusier, all|
maxi mum val ue. [0056] The ordi nate of the graph shown
of thiem Faiggiexré&sedipirdatedgeftigera®OP in t he case where the
object is heated by the gas cooler (16) and the COP is
[0056% pries ededpandirBEH0( AHfBAe Arent efnbadimsdmowatiénioRi gufogugd on a
AhBC denotes the ambunt of heat given fromrefrigerant
charagetifie objhectupereritind gate dwvol dr the 16y;sigghBRsHen of @srefihgeration
energy required to conpress the refrigerant in the )
cycle gng tesrstigesand thBagendttbe cxihef tyegagyoeler dve pediixadpihe high-
_the refrigerant in the expander, all. of them being
Slded)@ﬁrsé@sféd”gfp@? thegCOP reaches ye maptmup oeb®)is paiqualy determined”, and
_ expander (60) of the present enbodinent, attention is
this cheragtedstisnisaised (o setdhadiselacempr wiume ef gapveiosay tmecgpnism (70,
cycle that "if the |l owside pressure of a
O)-refrigeration cycle and the refrigerant tenperature

t the exit of the gas cooler (16) are fixed, th
[0053] gn defagled presigliee ‘Sa‘%w%?gctﬁe b Sqapty A3RHHAE fHad the compressor

o TRk TR BNk SRR S0 LS
R U RO TR A W W
or e B S RTRO SR8y P R AR ROR ae
(plv?)"é%%éi%%g' %57 multiplying the density p; of saturated gas refrigerant at the reference
low pressure by the suction volume v, of the compressor. Assume that p; is the density of
refrigerant at the reference high pressure and the reference refrigerant temperature, i.e., the
density of refrigerant introduced into the expander (60). Ideally speaking, the amount of
refrigerant introduced into the expander (60) should be equal to the amount of refrigerant
discharged from the compressor (50). Therefore, the displacement volume of the first
rotary mechanism (70), or the maximum volume v, of the first fluid chamber (72), is set at
Va=pIvIr/pa.

[0059] Assuming that the refrigerant adiabatically expands in the expander (60), the
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(50) is the density pi of saturated gas refrigerant at
the reference | ow pressure. The anobunt of refrigerant
di scharged per each rotation of the conpressor (50) is
expressed by the value. (ppgl) obtained by
mul tiplying the density pi of saturated gas
refrigerant at the reference 20 | ow pressure by the
refrigdiaiti ddnskplgyna tht ofit bhehec expaness @0) iAskuwimidddatlhpZameunt of
the density of refrigerant at the reference high
refrigares silivveing ot bieha efpanéac@0y &f alwges antal tenpemaunt ef refrigerant
i.e., the density of refrigerant introduced into the
introdugariderth¢ 6Q)andérd68). Mhesfreakha displabenanwulumneodf the second rotary
refrigerant introduced into the expander (60) should
meclpmisag (&), bottecheadammniolomeref ofi hersannd ftiid chanbad82). omset at
the conpressor (50). Therefore, the displacenent
vi=pya¥mme of the first 25 rotary nechanism (70), or the
maxi mum vol ume v2 of the first fluid chanber (72), is
[0068Ft AntconuRtepenamplp2f thO0bO}e Asteierd dgscription tifielescribed below. A
refrigerant adi abatically expands in the expander )
desc(ipidyn isteireend@re of thetasedrean tundensieranep 8pantingheondyticns g¢rving as
t he expander (60) is determ ned. The anount of ,
a degigh ptagdardnthe fi¢fogkmgt oupostion tempexpriede set(@ 0 Ciand dhevepfisgerant
equal to the mount of refrigerant introduced into the
tempssavar i rthg 68 .of Theges eeder (19 it it 308heht thin cigge thsf reference
the second rotary nechanism (80), or the nmaxinmm
refrigespinempgraiire ihect 6 3He Thaurederersniont Prespye is set gbp pagssure of
5 v3=p2v2/ P3 [0060], A concrete exanpl e of the above, ’
3.5MRa & Mhirhdibs cHRpeTREeR ['[SNRREERES BEgabep slipxide (COy) serving as the
.description is given here of the ;ase wpere, under
refrigerandr isaehes dhér éﬁwerfbené@h @t oBrded \gah geiggeragt geajrgfprence low

pesShE AL i B 8 A 21201 B 00 ATRSLLES,
o SIS SR80 £ N e RSBt DS e i
s s ORI 5 BRLRBSERMFS, i sl BeDRBRRHE 1. 0o
BB R b R 5 AP AT RS B b rtrnc
e SO 4 SSRFACE i B SPSUR of 5 FPRS

Furtl?é;rf fe Ei%ﬁs‘%‘t&fpﬂfo‘% ﬁepflreigé’\{agtr a%si’aso%{igqgg ex?ﬁrgdgﬁ ?rgoﬁt?g icgrécfiﬁéx?&e{]&?erence

rrgera e ature o
high r&%ﬁrléro% %Pm&gré@rﬁn&q@ﬁ%eﬁﬁrﬁ ?erﬁﬁ&&h&%f@?@qn@@&ﬁldition of
eaches I1ts nmaxi mum 1.¢e., e
a refrigerant low pressure of 3.5MPa is 220 kg/m’. Therefore, the displacement volume v,

of the first rotary mechanism (70) is set at v;=(97.32/662.5)v;=0.15v, and the displacement

volume v3 of the second rotary mechanism (80) is set at v3=(662.5/220)v,=0.44v.

[0061] - Effects of Embodiment 1 -
In the present embodiment, attention is focused on a characteristic of the
supercritical cycle that under conditions in which the low-side pressure of a refrigeration

cycle (the reference low pressure) and the refrigerant temperature at the exit of the gas
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reference high pressure, is 9WPa (see Figure 6). The

refrigerant density P2 at a reference high pressure

of 9MPa and a reference refrigerant tenperature of 35C

is 662.5 kg/nB. Further, tl2¢ density p3 of

refrigerant adiabatically expanded froma condition of

a reference high pressure of 9MPa and a reference
cooleef16) gér anferdneapefrigérantetenipe36Ee) ot dixadctadiigh-side pfes@@e of the

a refrigerant | ow pressure of 3.5MPa is 220 kg/ nB.
refrigbatiod oyde (theeeftrapk adgnmerssuwal aighivl2 theof OPhigadlies gt maximum

rotary nechanism (70) is set at .
valug 2 5 97i BRIY6 6R1GImnied0 . 4y jthearrkpedrier d{&dp| sreeifiedt using| thee above

v3 of the second rotary nechanism (80) is set at
chara@e(i8B2is5pR20lpd An0hd 4w cor{digdiet (10)Efergog sisof refrigeration system.

Enbodiment 1 25 In the present enbodi nent, attention
Theiegorkpetwedingrio dhe magsanit enbatingnipfthe Fepandeip &0 rhiavingagn optimal

cycle that under conditions in which the | owside
speqpfiesionfer aferaingspndigenseftbhair egudidorner () can be afdeandghy energy

pressure) and the refrigerant tenperature at the exit
recogfret Heong e 2irigecod brthg ea)anden@0) ednebeincreapek oj gbprgstthe COP

temperature) are fixed, the high-side pressure of the
of theefir gagditionedOdycl e (the reference high pressure) at

whi ch the COP reaches its maxi mum value is uniquely

determ ned, and the expander (60) specified using the

ve characteristic is provided in the air

abo :

(0062 gF T 8RRt menD) o5BE VEglaR™a refrigeration system 5
Therefore, according to _the present r\%)odi ment, the An g
expah deF O gy 9 qdtgent gp%fgit G HPFYnERton. An ar

per at i ndi ti ons .of _the.ai,r condjtioner (10Q),.can
confota d4DEHEDE i seor g a5 Bi-eDRS b eherrsry Gy dages fom

b tr%)e ex aqder (60) can be increased to enhance the
that@\égm air conditioner (10). 10 [0062]

o0 ISR oy R BB R 5
i L 10 f~th . [ ' s

oo BRE o B L ThLE BB oF TR Syt g v

closg(g:?:grigtlam P%x%dl%ﬂséo%gg ?Ltﬁéx)l ﬁ%}?é’%?%%@e gf’ BH1Ga dratgﬂ glr7) fri%)the suction

rrgera alr conditi

sidei( %fss}n%?csompgégsgxe&low Wt h%cl%lzéﬂféra((léé)partTQﬂererfxf?g&%:r}{e&fhar ed in the

_ ried 1'n the shape o I"i'ndri ca ose
refrp@RLAINE ‘f(‘{.&% di s%&@&éﬁg (REFNREDF TiRBiderekkgethr e VRient € amount of
vapor at or 71) and the suction

liquid refrigerant in the receiver (18) increases or decreases, the amount of refrigerant
circulating through the refrigerant circuit (15) varies accordingly.

[0064] 1In the refrigerant circuit (15) of the present embodiment, the refrigerant having
flowed out of the evaporator (17) is introduced into the receiver (18) and the refrigerant in
the receiver (18) is sucked into the compressor (50). Since liquid refrigerant exists within
the receiver (18), the refrigerant in the receiver (18) to be sucked into the compressor (50)_
is in a saturated state. Therefore, even under an operating condition in which the refrigerant
is in a superheated state at the exit of the evaporator (17), the refrigerant to be sucked into

the compressor (50) 1s kept saturated.
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side of the conpressor (50). Wthin the receiver (18),

part of refrigerant charged in the refrigerant

circuit (15) is stored in the formof |iquid

refrigerant. Wen the amoun@2of liquid refrigerant in

the receiver (18) increases or decreases, the anount

of refrigerant 20 circulating through the refrigerant
[0068] r ousi hiréally) dasaribeels iraticodelicrigtign of O0GUddiment Ae the displacement

refrigerant circuit (15) of the present enbodi nent,
voluinbefreatlt rgeryantchaisiny0, 80 pineilie guparcir (G0 ievetpor the @ssumption

(17) is introduced into the receiver (18) and the )
that tlef rdfiggeramt toi he stdiedrieteiheeconiii8isor 5@ uisketirptnd 2as hefrigerant.

conpressor (50). Since liquid refrigerant exists
Theraford)iin the lveser ebeievibe r¢ckB)er (1Meisrdispaseditabeer Metlsfigerant to be

receiver (18) to be sucked into the conpressor (50) 25
suckpa iritm the @atpresbed03 ine satuftsl wdto regardess of wnaaking gonditions, the

operating condition in which the refrigerant is in a
condgtinmerdfehe edrigtraten eitcle hethexefrigerant piscualvdPdean by appryyimated tor

the refrigerant to be sucked into the conpressor (50)
operptingk sprdisanurcapened 22 dsRoen] Uns refrigemign dusEn. begichnenables

t he description of Enmbodiment 1, the di spl acenent
stabiligatipmeofdhe widgerpimamyples dhramsiraterqr oircgbilS)n t he

expander (60) is set on the assunption that the

refrigerant to be sucked into the conpressor (50) is

saturated gas refrigerant. Therefore, in the case

[006h e reEpRodiraerdi 3R H8FMi@~di sposed to keep the
refrigerant to be 5 sucked into the _conpressor,
firboulesmt char

a sdt CCETEYiont it 8IVER RAr dimgnt a n@feé%]ﬁd?“t(’;‘gi?%z hn air
condjier GG PR EHOOdy ek S M5 fuicet pbderences from
that SEFPBUGRRT G system whi ch enabl ao otabili zati on of
0 ST B S B 5T om0 5
o RSP Ty ARl BB s
i ST TR SEREH OB T8, 5055 ol et on
i O DS AL 9ok B AR50 EORI 00 o
o 35T 1B TS O s
evapordeSt (19D 8EInne&td oh TheQBNESE B thbReceiver (18) to the suction port
(32) of the compressor (50).

[0068] In the internal heat exchanger (20), the refrigerant flowing from the gas cooler
(16) towards the expander (60) is cooled by heat exchange with the refrigerant flowing
from the evaporator (17) towards the receiver (18). The refrigerant flowing towards the
expander (60) decreases its enthalpy by being cooled in the internal heat exchanger (20).
The refrigerant sent from the expander (60) to the evaporator (17) also decreases its

enthalpy accordingly. Therefore, the refrigerant enthalpy difference between the entrance

and exit of the evaporator (17) can be increased, thereby increasing the amount of heat
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entrance side to the gas cooler (16) and connected on
the exit side to the inlet port (34) of the expander
(60). The second channel (22) is connected on the
entrance side to the evaporgtor (17) and connected on
the exit side through the receiver (18) to the suction
port 20 (32) of the conpressor (50 [0068] In the
takep rfrosm i) bshdwtreiasremh gie the( gaporatsd1y fﬁqn@eraéﬁ?fdfqgow tﬁ@ present

fromthe gas cooler (16) towards the expan(e éb?% é
embediviead thy prestoestharigemal beatcrehanger (2 purvides cghisgd cooling

fromthe evaporator (17) towards the receiver (18).
capapiip of Bferdirgongiitone @d-ng t owards the expander (60)

decreases its enthal py by being cooled in the interna
[006%at - EK@VEWEQ@O E@$0m2§n¥%e refrigerant sent fromthe

expander (60) to .the evaporator %so decr eases

i ts Inghg rré"rleﬁraetcewar(ﬁa] 9 thrr@?%%?%bo IRt @ SRYER ghF igure 9

e OB ST Lo e SRR, AL i
RS B S “gmrw%%‘;r&ef e
chafisg o R RS ATET CO36) “BBUF S BriHoeqce through
o SR TS B SR 0 R o
S S T T e
o OB b L LT G, R0 T o
heat ][%x%l}?%gl S35 e "R 'fér%’lt 8Qmeg£ qf:é%e& n Sﬁ?d}ngi'/)(%%)ards the

er na EXC IS C nnect

comgre%soxﬂgpg V\‘;}?ir%ng?ea dél rpualy; tgélgl?t c[n?l }5))’ Birreleld bEthetsﬁ‘ ?he entrance

vapo connec e exit sid

a“d%995¥ﬁgfﬁﬁé§?% U( 2) of the conpressor. Al so |n the

er nal exchanger (20) of the present
nodi fication, the refrigerant flowng fromthe gas
cool er (16) towards the expander (60) is cool ed by

(001153t <X CBARARY bl NEvdngbAtger ant flowing from the
evaporator (17) towards the conpressor (50), which

I nCr gaRReifthe KefivdmIsr Bitbo8iidhalipyf thef fredeen ifrehidnieidie present
the entrance and exit of the evaporator (17). 15
embodiment differs in the structure of the expander (60) from Embodiment 1.
[0071] As shown in Figure 10, the expander (60) in the present embodiment is
constituted by a scroll type fluid machine. The expander (60) includes a movable scroll
(91) and a fixed scroll (93). The movable scroll (91) includes a movable wrap (92). The
movable wrap (92) is formed in the shape of a spiral wall the top of which describes an
involute curve. The movable scroll (91) is engaged with the shaft (40) and configured to
only move bodily around the shaft (40) while being held against rotation on its axis. The
fixed scroll (93) includes a fixed wrap (94). The movable wrap (92) is formed in the shape

of a spiral wall corresponding to the movable wrap (92) and both the side surfaces form

envelopes for the fixed wrap (94) moving bodily around the shaft (40). In the fixed scroll
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[0070] <<Enbodi ment 4 of the Invention A description
is given of Enbodi nent 4 of the present invention. The
present enbodinment differs in the structure of the
expander (60) from Enbodi ners4 1. [0071] As shown in
Figure 10, the expander (60) in the present enbodinent
is 20 constituted by a scroll type fluid nmachine.

(93) etip dmigieport 6) opens|ini@ats eenirphreslian ard e outlgtapyt @ﬁboaens Tnto its
fixed scroll (93). The novable scroll (91) includes a -

PeUMﬁvﬁwpgﬂmkap (92). The anabIe wap (92) is formed in

hape of a spiral wal he top of which descri

100720 Thn0 epandrGl). e P PERPD ol (d%}n‘%\@blénifa‘ggé%) s
with the shaft (40) and configured t

intergsgnd h o Recd A Ao (o xotherall 3P éeﬁ%w g arple viep
rotation on its axis. The %¥§ scr

(92 PSS AgeD K- b R IRT (NGBS cimﬁe (86) by servings
o5 TR RB0SB) %2369%%36?@923 Sein b S eh o gl bl FRREaop8) 10,

envel opes f e fixe (9 in od|I r.ou
25 e B0 Ftscr@ BoPL) Frovehane e SelSeitbt 10D e @ﬁ)gec R 06)
b i nl_et 34) opens into its central portion and t he
¢ m@%ﬁ?%? (35) opens into its peripheral portion

R AL BT ?szafs (e cKBBARIBREF ARG effor o

com%mchf wguﬁ f%rgte ?f b r Ol ltl%e( ge%énd gﬁar?ﬁ%egz?é)hﬁorp the 1nIet port
(34)Cli]n g'lnol Hﬁe 5[?16 %rr]g cqlam ?S%r) r@ng rseéo%@ Chagﬂasp é%@r Hév%gﬁmlmum

chanbé as a paifr
volu?neegu nty %%bz}/qdlep @%T l?e %r%%r{'\)ﬁmtb??h?lgetgapz:th ﬁ}%’érotf?ges volum gs of the-

ﬁrstgllﬁm%gxc %? K&G%ﬂ@%éc&%@ham‘%@??ﬂ? ﬁlh@- I stXthléJ '@SOn[th 70%ller hand,

ows a stat he expander just after

Figu%@el[ﬁbzs’sl{bgvs()ff sQfe Tdfulfl edPafePmugi ‘B@fo'r@nth@f xtol@%lon of fluid

I rst Chamber (95) and the second chanber (96) from

comhﬁl%ldaﬂl)ﬁtaf BRMirst dhdthber (95 n%'éaﬂdl §1esste@(§1ﬁ1 cHahfpef 1963 Wwith@Bideflet port

and the second cha have m ni num

(35)V9{ Hﬂ?%taté Mhd @@a%@%éﬁ(%@%ﬁ tﬁé sthdPERE®RE (96) have maximum
enbodi ment’, the sum of the volumes of the first

Vohﬁ{@nﬁﬁﬂhe (eﬁ?énd@f] th0b g e peBcht ChaobRient, 363 shm dfhhé velugies of the
is v2 he ot her hand, Figure 10(E» shows a state

first@harhbe (@XPHAABE sdcusd e eod)he ¢ andess on of fluid

[0074] The embodiments described so far are merely preferred illustrative embodiments

of the invention in nature and are not intended to limit the scope, applications and use of

the invention.

Industrial Applicability
[0075] As seen from the above, the present invention is useful as a refrigeration system
that includes an expander and operates in a refrigeration cycle having a high-side

refrigerant pressure set equal to or above the critical pressure of the refrigerant.
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15 communi cation of the first chanber (95) and the
second chanber (96) with the outlet port (35). In
this state, the first chanber (95) and the second
chanber (96) have nmaxi rum w8l unes. In the expander
(60) of the present enbodi ment, the sum of the vol unes
of the first chanber (95) and the second chanber (96)
inthis state is v3. [0074}laife enbodi nents descri bed
so far are nmerely preferred illustrative enbodi nents
20 of the invention in nature and are not intended to
limt the scope, applications and use of the
1. Al mefregerdtom. sybtanuisthudalg aysfigecabicirewiy (1007 Shichs: eegressor (50), a
fromthe above, the present invention is useful as a
gas cedlei ).t opanget(EM amban hraporate (dkercarpnasgieth dee refrigeration
operates in a refrigeration cycle having a high-side
systemfopergénam 2 priageatien sede bajiied 2 highovdeaisovaerank @wssure equal to or
critical pressure of the refrigerant. 25 C ains
aboyeefhej gretmf perss@ysefeibei rﬁﬁrngs?dwgJYamrfelfiémn@ewarrﬁfrtaeF%|tbrough the
(15) in which a conpressor (50), a gas cooler (16), an
refriggisahelequit(éD) WAstian evaporator (17) are connect ed,
the refrigeration 5 systemoperating in
r ef F gem@rgsenr SPped Hmwgn%r rﬁﬁ@harguea‘éh P@PP‘?Sﬁé 043t displacement
ﬂu1%)ressure equal .to or_ above the cr tical pressure

FChiOF ior i BYRPFIC NG 0 YRS A7 %@Feamnnﬁﬁtﬁg (7R o the
oS5 kR sfont i 50t SR DS 2

Ay B e b ST i e oo
et o et A RO G 12040 P P B e
o i g E Sl P AT e GRS
v REC AR HEEEh AR . P nerore the

AT L L AL g, e

temjg u%é Qtetl E% it '09?:{ agh% CBE)E? %H‘)tr) %nﬁgr rtePe?er[c@f {pleﬁﬁﬁgkb&ﬁho?s servmg

ere eran enperature a e exit

as a (ﬂ:@l as?an‘figﬂ &t e&#@yeﬂrﬁg & ref2EiRE 8B% SrORE 8t Noreference refrigerant

condi tions servi
temperature, respectively;

the high-side refrigerant pressure of the refrigeration cycle at which the coefficient
of performance of the refiigeration cycle reaches a maximum value under the reference
operating conditions is employed as a reference high pressure;

p1 is the density of saturated gas refrigerant at the reference low pressure;

p2 is the density of refrigerant at the reference high pressure and the reference
refrigerant temperature;

p3 is the density of refrigerant adiabatically expanded from a condition of the
reference high pressure and the reference refrigerant temperature into a condition of thé

reference low pressure;
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as a design standard are enployed as a reference | ow
pressure and a reference refrigerant tenperature,
respectively; the high-side refrigerant pressure of
the refrigeration cycle at @i ch the coefficient 20
of performance of the refrigeration cycle reaches a

maxi num val ue under _.the reference operati ; .
Cont i b o e @E—&F%ﬁ}@g ngmgerrlaft ¢ EPIRRIERROY ﬁg‘ﬁﬂ%sgsa&%’she closing
H$¥ L& t he densité of saturq%ed s refrigerant at the
off ¢fdud ENERURIGHH P By Ricligspe agnglhergedy ap y of

refrigerant, at. the reference high pressure and,t
o diattodal pehahe Of rserararat SBEs g ripas (60
density of refrigerant adiabatically expanded from a
condition of the reference high pressure and the

2. T kTR L el P Bt B Trae ot o i g bl iPeicea wi
o rep g 80 PR it F it cORRURRRRET ShFPinits S i of e

Compq%nngﬂthereof, and r is the rotational speed ratio

of th C%npressor (50) to the expander (60). 5 2. The
refrigeration systemof claim1l, wherein the
refrigerant circuit (15) is provided with a receiver

3. TF% ggfrsig%%ﬂ}{\&le%sl{e%g ogglia]%rh Z,' \glg%l%% Ad ?efﬁé’é?%g)rc?ltcgﬁ (flfﬁ)ég px%@gied with

I1on-s ressor

o EHE S5 R08Y POTBhiH0y AAHL gp n novin
. | 1 1 .
o T o G Q0 11 10 G o e

evaffRRbEN 70 Eflar OMR LA ptdS g¥®ander (60) and refrigerant
flowmng fromthe evaporator (17) towards the

conpressor (50).



