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/  REFRI GERANT* GYCLI NG DEVI CE CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s
application ¢lains the priority benefit of Japanese application serial no.
2002- 353824, filed on Decenber 5, 2002. 5 BACKGROUND OF THE | NVENTI ON
Field of the Invention: This invention relates in general to a refrigerant
cycling device. More particularly, the present invention relates to a
refrigerant cycling device whose high-pressure side possesses a hyper
critical pressure. 10 DeREFRIGERANT CYELREGIMEMICON t:' I n a conventi onal
refrigerant cycling device, e.g., a refrigerant cycling device equipped in
an air conditioner, by swtching a four-way valve (used as a fl ow passage

swi tching neans), t refrigerant discharged fromthe conpressor passes
goes through the f@ﬁPM%%pEMW&F&%@P&@Mé@@ed to an out door
heat exchanger (a heat 15 exchanger at the heat source side) during an air
conditioning operation (a cooling operation). After the refrigerant

radiates heahiabpliRgigh thiang tﬂ@%ﬁoﬁﬁ? BRAGR! of HncdChidIBRHAN Serid ,Echr ottled

by a depressurizing neans to su y to an indo exchangeér a heat
exchang Y er side) wher e refrigerant evaporates. At this tineg,
t he refe?q(%egf%??‘i’;@g%%?eﬁ%’é?asrg‘?‘fﬁ]he ambi ent environment to effectuate a
cooling effect to 20 cool the interior of the room Thereafter, the
refrigerant passes through the four-way 1 valve and returns back to the

confpressor. The af or enerBACRGRCGYNDEOF THEREZERTION
o Field of the Invention:

This invention relates in general to a refrigerant cycling ‘device. More
particularly, the present invention relates to a refrigerant cycling device whose -

high-pressure side possesses a hyper critical pressure. .
10.  Description of the Related Art:

In a conventional refrigerant cycling device, e.g., a refrigerant cycling device

; ) _ équipped in an air conditioner, by switching a four-way valve (used as a flow passage
switching means), the refrigerant discharged from the compressor passes goes through

the four-way valve, and then gets discharged to an outdoor heat exchanger (a heat

15 exchanger at the heat source side) during an air conditioning operation (a cooling
opergtion). After the refrigerant radiates heat at the outdoor heat exchanger, the

refrigerant is throttled by a depressurizing means to supply to an indoor heat exchanger

(a heat exchanger at the user side) where the refrigerant evaporates. At this time, the

refrigerant absorbs heat from the ambijent environment to effectuate a cooling effect to

20 - cool the interior of the room. Thereafter, the refrigerant passes through the four-way



~addition, for addressi

processed. On the other hand, the refrigerant discharged fromthe
conpressor passes through the four-way val ve, and gets discharged to the

i ndoor heat exchanger (a heat exchanger at the user side) during a heating
operation. The refrigerant radiates heat at 5 the indoor heat exchanger. At
this time, the refrigerant radiates heat to the anmbient environnent to
heat the interior of the room Thereafter, the refrigerant is throttled by
t he depr &glvarandi netyrmeback tnthedéommiressged The tfoeemertidned cheatis exgdagdger (t he
heat exchanger at the heat source side). After the refrigerant absorbs

heat froprdcegecanbOgike 0B hird) MR Wefidderd M QLiRULLHRLTIE Re EIEIBRBLpasste
refrigerant goes through the four-may 10 valve, and then returns back to

the compggs thc%@p@'g‘ﬁ rvﬁﬁ@,nﬁﬂdf)gﬁéj &Xﬁérged. %o tHCRARL ALY c)%h%ﬁ%eérﬁ(?qg%tgp S

g the gl®obal envPronment 1ssues I re

such refrigerant .cycling.device does not use the Freon type refrigerant,
and a reF’ﬁhgggcéﬁli the g4 ?lg@ (ﬁé'\l}g adeating Qpqration, r;‘gteJFé!geF*’é‘F Fadpdeshpat fe g |
car%on oxide, C2) is used as the 15 refrigerant, is devel oped. \Wen the
hi gR- pr ethsuindoar; heat pxchapesrat Ad thim disge, sho yeftigenant radiatesphaat sw the, ambieits
generally known that the heating efficiency is obviously inproved in a

heat i ng cwyimematcnbte. hepbibeirteriondiche rdven.hi Gherpafes sthe eefsigehani s thpatedtigd under
the hyper critical 20 pressure, a coefficient of product (COP) in an

“ai 1 - conditici dprévguidiIey ahda0R dnd WEEHArMMAr &E the DRAIOBE et cf@ankdiClifading the

cooling capability, a large amount of refrigerant is required and that

wi l CaUSR A abine MefsobRESRRE | NYHAME e RIsbAR neft £48 teOIRSERSO" -

-etc.

environment at the outdoor heat exchanger, the refrigerant goes through the four-way
10 valve, and then returns back to the compressor. The aforementioned cycle is -

repeatedly processed.

In addition, for addressing the globél environment issues in recent years, such -
refrigerant cycling device does not use the Freon type refrigerant, and a refrigerant
cycling device, in which a natural refrigerant (e.g., carbon oxide, CO,) is used as the

15 refrigerant, is developed.

‘When the high-pressure side is operated under a hyper critical pressure, it is
generally known that the heating efficiency is obviously improved in a heating

operation.

However, when the high-pressure side is operated under the hyper critical
20 pressure, a coefficient of product (COP) in an air-conditioning operation is very worse.
Therefore, for increasing the cooling capability, a large amount of reﬂigcrant is required

and that will cause a problem of increasing power consumption of the compressor, etc.



SUMVARY OF THE | NVENTI ON According to the foregoing description, exanple
enbodi nents may provide a refrigerant cycling device capable of inproving
the COP of the air- conditioning operation. According to a first aspect of
the present invention, there is provided a refrigerant cycling device,

characterized in that the refrigerant Céd ing device conprises: a
conpressor, connected to a he§U%@%6Béfn@ rFTHERENVEEN IO ssur i zi ng  neans, for

perform ng a cooling operation and a heating operation, wherein the
conmpressor further cfifprdingedo dhy jfpregoing ddescriionn gxqrenla rgmbogimenis smayn

el ements, and a refrigerant that ig conpressed and di sgcharged _by the first
rotary conpresdioficef g?‘éﬁ?ﬂ?ﬁscxch% a%%ngaﬂaglzt%én@gbvéqﬁjﬁ’ﬁ&(ggﬁ Fessi on
el enent; an intc%r(ﬁgdliﬁat% cooling circuit for radiating heat of the
refrigerant di’SPHAPYREPYEIRY he first rotary conpression el enent; and a

frigerant _ t rotary compre errent ;. an
far i mg the cooli ng P aanvae i RROAGed o VAP e R VER B P ARl o

ai r-condi tioni RER{eERAt tNGhe ERPRE AP erf}E@ n Rat m@g:eﬁ?gef. a?&?ﬁ% ghiviehar ged

fromthe first 'rotary conpression elenent 1s radiate I nternedi ate

cool ing circui tcompfsedCd b@Mfredor, Adnh&tGed & & BCht: exlcRardell Snd B MBlessukBfig
tenperature in the seal ed container:can be suppressed fromrising.” In the

refrigerant cycehdang fdeypedernsihg axavlihg opeiacoh RO taSheatifg ope@tion,exidiainger is
constructed by a first heat exchanger at a user side and a second
the compressor further comprises a first and a second rotary compression
elements, and a refrigerant that is compressed and discharged by the first
rotary compression element is introduced to the second rotary compression
element; an intermediate cooling circuit for radiating heat of the refrigerant
discharged from the first rotary compression element; and a valve device for
opening a passage of the intermediate cooling circuit "during the cooling
operation.

In example embodiments, during an air-conditioning (cooling)
operation, heat of the refrigerant discharged from the first-retary compression
clement is radiated at the intermediate cooling circuit, to+achieve a cooling
effect. In this manner, the temperature in the sealed container.can be suppressed
from rising.

In the reftigerant cycling device of example embodiments, the heat

- exchanger is constructed by a first heat exchanger at a user side and a second
heat exchanger at a heat source side. The refrigerant cycling device further
comprises an internal heat exchanger for cycling the refrigerant discharged from

the first rotary compression element through the second heat exchanger at a

heat source side, the depressurizing means and the first heat



heat exchanger at a heat source side. The refrigerant cycling device
further conprises an internal heat exchanger for cycling the refrigerant
di scharged from the first rotary conpression el enent through the second
heat exchanger at a heat source side, the depressurizing neans and the
first heat 3 exchanger at a user side during the cooling operation, and for
cycling the refchingsr a#hta gsescidg gudng ramcodlngc opgyatinss and t for cwgling He fir st
heat exchanger at a wuser side, the depressurizing neans and the second
heat exchanger eHigesank discharged frem thy gampraysphdireush the Sist heptspehaagsion 2 so as
to performa heat | bet ween t he refrigeranb floghﬁg bet ween t he

change
depr essuri zi ngust%éﬁ)é’ e feprrssurzmgomganedtd thefrsengle heak ex &t Asp e side
and the refrigerant .(EI vvi.nag etﬁeen th% con‘(?re sor tﬁnd t etfi rf]t heat
exchanger at a user’™s g'ér.m e alimg Qperaliofie ¢ 2R3R PEHIPB HISHXPHIES ger ant
can be further - poll Py ' r I [ e t he
refriger ;nt, t?}eré‘%géfhgﬁ% I rgeer%e%%qi:@%‘ﬂﬁﬁg}%ég\g?ncg%cgg %s%{é%}l%g;g @8%} rigbcﬂ ‘°on for

sol vi ng envi r oagks hejnsgk@ﬁngg:?gg% pga$cgglu§>01;|| e GnaThHE Qﬁ%&@sﬂmi o€ t he

specification concludes wmth™clains particularly pointing- out an

di stinctly cl ahetvesh thdRompRERRE andid Bist Wbk eRcHafiodr@@andadids it s wayention,
the objects and features of the invention and further objects, features and

advant ages t hehe@npstdnire betheetfrigerannaianstfadtr tédased he fol | owi ng descri ption
taken in connection with the acconpanying drawi ngs in which:

In addition, since carbon oxide is used as the refrigerant, the
fefrigerant cycling device can provide contribution for solving environment
155U€s.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims particularly pointing
out and distinctly claiming the subject matter which is regarded as the invention,
the objects and features of the invention and further objects, features and
advantages thereof will be better understood from the following description
taken in connection with the accompanying drawings in which:

Fig. 1 is a vertical cross-sectional view of an internal intermediate
pressure multi-stage compression type rotary compressor that forms a part of a

refrigerant cycling device of the present invention.

Fig. 2 is a refrigerant cycling circuit according to the present invention,



Fig. 1 is a vertical cross-sectional view of an internal internediate
pressure multi-stage conpression type rotary conpressor that forns a part
of a refrigerant cycling device of the present invention. Fig. 2 is a
refrigerant cycling circuit according to the present invention. 4
DESCRI PTI ON OF THE PREFERRED EMBCODI MENT Enbodi nents of the present
invention are described in detail according to attached drawings. Fig. 1
is a vertical crossDESERIBREIN OETHERREFERRIED EMBPDAMENT onpr essor used in
a refrigerant cycling device of the present invention, wherein the 5
conpressor is an internal intermediate pressure nultistage (e.g., two

stages) conpression type tary conpressor that conprises a first and a
second rotary e@@hﬁ&&?ﬁ@dw{gpeﬁ%ﬁ?@ggﬁmﬁpnfﬂgﬁ@ﬁgﬁﬁgﬁgﬂi¥ﬂbﬁgﬁ¥&%gF%uit of
a refrigerant cycling device of the present invention, which is suitable
for an ai#tackeasditamdngsr Fig 1 &5 p-veoiesl (resaiseefioand viswashaygngani exeeplasy space.
In addition, the refrigerant cycling 10 device can be also applied to

vendi ng neoipresser, used ideviefBgaaalycBng kecioolof tige preskent limahtiog wheeiatthens,
~such as showcases and cool i ng/ heati ng chanbers, etc. In the draw ngs, an

i nte§nal donipResdBAiiat 8n PIRSHAN GnieWREiMd! phresSi@d ulGRRRY Q83 0fwh Ok@LKk)
conpr essor (conpressor, hereinafter) 10 conprises a cylindrical 3ealed

)
cont ai ner orde S n i.cal r. el a
Totary 1S RERSRER Rpc hany Enibe? gl Whifa SRRyl STRbad oY, 2
arranged to be .accommopdat ed he upper. side ,of .the seal.ed contginer 12,
and is uscé)@pé%ssﬁmd‘%f”\l}f:?‘nt@‘ Eige%ﬁﬁqwsrﬁepe%d@ﬁw L 8§§i BHISFEER SR8 18 i s
ar,ranged dunder hﬁ el ectrical npotor . . . )
evice of the present invention, which is suitable for an air conditioner for
air-conditioning and heating an interior space. In addition, the refrigerant cycling

10 device can be also applied to vending machines, or devices .capable of cooling and

heating operations, such as showcases and cooling/heating chambers, etc.

In the drawings, an internal intermediate pressure type multi-stage
conipreséidn rotary compressor (compressor, hereinafter) 10 éomprises a cylindrical
sealed container 12 made of steel plate, an electrical motor element 14 and a rotary

15 compression mechanism 18. The electrical motor element 14 is arranged to be
accommodated at the upper side of the sealed container 12, and is used as a driving

| glement. The rotary compression mechanism 18 is arranged under the electrical motor
element 14, and comprises a first rotary compression element 32 (the first stage) and a

second rotary compression element 34 (the second stage) both of which are driven by a

20 rotational shaft 16 of the electrical motor element 14.

The bottom part of the sealed container 12 serves as an oil accumulator, and

the sealed container 12 is constructed by a container main body 12A and an end cap



el ement 14, and conprises a first rotary conpression elenent 32 (the first
stage) and a second rotary conpression elenent 34 (the second stage) both
of which are driven by a 20 rotational shaft 16 of the electrical notor

el ement 14. The bottom part of the sealed container 12 serves as an oi
accunul ator, and the sealed container 12 is constructed by a contai ner
mai n body 12A and an end cap 5 12B. The container nain body 12A is used to

contai n tiiB.elBetontdier Miiobody eI M uskd to @0fkaln e CREMH GOMPERERhOTY
mechani sm 18. The end cap 12B is substantially a bow shape for bl ocking

an upper £Rehé Atalf cdolte&RIN AbBhisHRLS b?g%’ 61%% Eap £or8ld &HsgﬁtialiJ;? B%L ateingn

hole 12D is furthér fornmed at the center e ‘upper surface

cap 5 12 mnal (wirings are,omtied) 20 are installed into the
ot ol | actaf? PG5 "R tnlt GoriRe 3t doionlafiet i ety AT A SHGHRE erront
14. The el ectrical or elenment 14 is a DC (direct current) notor of a
'so-cal | ed®st Bﬁﬁokﬁ%és eictormed atthgicaetengt thypl@PeTaﬁﬂéfa@%ﬂéibﬁ sedcap st at or
22 and a rotor 24. The stator 22 is annularly installed along an inner

ci r cunf erldic andp termingl fwirings aceomisfed) 20 titecinstebédihte thetindtaliatiol Rolear?d t he

rotor 24 is inserted into the stator 22 with a slight gap. The rotor 24 is

affi xed dot providéng mivadr itethelclechadal mbfortehaien®agses the center and extends
vertically. The stator 22 conprises a |am nate 26 fornmed by doughnut - shaped

‘el ectromagnetic steel plates and a stator coil 28 that is wound onto tooth
parts of the Is,ﬁg rfate 26 in a series_(concentrated) w ndi ng manner .
Addi tional 'y, siffiqleairieal mofer elementatdis DPC (dissch emsnt)amotos ofip sercildvdred. by a
l-ami nate 30 of el ectromagnetic steel plates, and a permanent nmagnet MG is
i nser t ed Magnetic-pele | optenrated3winding type, and comprises a stator 22 and a rotor 24.

The stator 22 is annularly installed along an inner circumference of an upper space. of
10 . the sealed container 12, and the rotor 24 is inserted into the stator 22 with a slight gap.
The rotor 24 is affixed onto the rotational shaft 16 that passes the center-and extends
vertically. The stator 22 comprises a laminate 26 formed by doughnUt.-shaped
electromagnetic stcei :plates and a stator coil 28 that is wound onto tooth parts of the
laminate 26 in a series (concentrated) winding manner. Additionally, similar to the
15 stgtor 22, the rotor 24 is also formed by a laminatc 370'0f electromagnetic steel plates,

) and a permanent magnet MG is inserted into the laminate 30.

An intermediate partition plate 36 is sandwiched between the first rotary
compression element 32 and the second rotary compression clement 34, Namely, the
first rotary compression element 32 and the second rotary compression element 34 are

- 20 constructed by the intermediate partition plate 36, an upper and a lower cylinders 38, 40,
an upper and a lower roller 46, 48, valves 50, 52, and an upper and a lower supporting
members 54, 56. The upper and the lower cylinders 38, 40 are respectively arranged

above and under the intermediate partition plate 36. The upper and the lower roller 46,



An internediate partition plate 36 is sandw ched between the first rotary
conpression elenent 32 and the second rotary conpression el enent 34.
Nanely, the first rotary conpression elenment 32 and the second rotary
conpression elenment 34 are 20 constructed by the internediate partition

pl ate 36, an upper and a |lower cylinders 38, 40, an upper and a | ower
roller 46, 48, valves 50, 52, and an upper and a | ower supporting nenbers
54, 56. T4fearappesntrantly rdisted Owan uppdr anderliewdBeccdfitriaparts 43 pilahataed 36t afir anged
above and under the internediate partition plate 36. The upper and the

| over 10l thelrofhflonal Sl Y RifCE PRAL! Gitfckohcf, Yot RYinBupRPRAd H Iy OWer

eccentric parts 42, that ar t e rotational

phase difference_of 1 in the upper and the | r cylinders 38, 40. The
Val ves 5o-YIgeIs 3g: 10, chhi deteSago R fffe LAt 4ih i aPPviaR teofovEr ols 48 1o
di vide the ;ﬁger and the lower cylinders 38, 40 respectively into a low 5
pressur e ¥t divide thehunpsr sndshearlewen sylinders $Re 40 ypemectivelly tinte 2 daver
supporting nenbers 54, 56 are used to bl ock an open surface at the upper
si deS of tpressuppaambey hidddigldpressute ahamipen The uppa @id thbdowaveappatidg of t he
| ower cylinder 40, and are also used as a bearing of the rotational shaft

16. I'n addimhb&s 5428804 Ised 1§3ISAISE opbn (sufffcdlRPHe @pper iskdeN6f trheyper for
10 respectively connecting to interior of the upper and the | ower cylinders

38, 40 by, ' t [ [ I : 62,
ot are o ARIERRRch Sul A TROHr S FAREIORIER AT D, il RO RRD
: ti f th ' J 54 and tic f the lo
Sopporti Rohinbrres AR RLbM b RS (he ecesbed portions are

‘réspectively bl ocked by an upper cover 66 and a | ower covers 68
In addition, absorption passages 60 (the upper one is not shown) for
10 respectively- connecting to- interior of the upper and-the lower cylinders 38, 40 by
- absorbing ports (not shown) and- discharging muffler chambers 62, 64 are formed in the -
upper and the lower supporting members 54, 56. A portion of the upper supporting
- member 54 and a portion of the lower supporting member 56 are recessed, and the
recessed portions are fespectively blocked by an upper cover 66 and a lower covers 68

15 to form the discharging muffler chambers 62, 64.

Fﬁrther, the discharging muffler chamber 64 and the interior of the sealed
container 12 is connected by a connection passage that connects the upper, the lower
cylinders 38, 40 and the intermcdiﬁte partition plate 36. An intermediate discharging
pipe 121 is formed to stand on the upper end of the connection passage. The

20 intermediate pressure refrigerant gas, compressed i)y the first rotary compression
element 32, is discharged from the intermediate discharging pipe 121 into the sealed

container 12,



15 to formthe discharging nuffler chanbers 62, 64. Further, the

di scharging nuffler chanber 64 and the interior of the sealed container 12
i s connected by a connection passage that connects the upper, the | ower
cylinders 38, 40 and the internediate partition plate 36. An internediate
di scharging pipe 121 is fornmed to stand on the upper end of the connection
passage. The 20 internedi ate pressure refrigerant gas, conpressed by the
first rotary cdmmddienpthe skekesselitl, 322, 148 abid Sdh aragaded toofix b ¢hel sidecfanedi at e

di scharging pipe 121 into the sealed container 12. 7 In addition, the

sl eeves Dflhe Madn bbdg @Rdofl 44 aded USREIEO 112X pRBIHAE coirdiPohdiag to Qhe t e
mai n body 12A of the seal ed container 12 at positions corresponding to the

absor pti QB ARRSAYERA0R 66 BBk O3 ol ovNHE AL RLTE 8Dy Ly € e

upper suppoft ower supporting ne

di schargin ffler .5 anhe 2 and the, upper, si f the upper gover 66
(subst antPERGRE &%bgacﬁgﬁdh? Sy fronnpiiiioe BrbS Se b discharbhk i

elenent 14). One end of the refrigerant introduction pipe 92 for

i nt Educ ichambercd2 andrtheyvppes sidgas theonppsecelss6p (Rupstantally @srespondingtotteal i nt o
the sleeve 141, and that inserted end of the refrigerant introduction pipe
.92 i s conueat @d ¢fothe aiecasmoptrichsmaa d4ngeOfnond sh tenefriferdrt dntagiuetiorcy | i nder
38. The refrigerant 10 introduction pipe 92 passes through an outdoor heat

- exchangelpipgo9 (¢ ifeaduchreCihanefigeaht gish® the abp&UiRrSITR)inkted p8dnoON t he
internmediate cooling circuit 150, and then reaches the sleeve 144, while

the ot her1end19f, ahl%hd: Hdh@eEAND IHRLERBIA BrdRl ipk 92 {56kl ¢ NLO the
| sli eeve 144 to connect 1o t ﬁ‘g ﬁt erhlraorr %% t he rsoggﬁgo(?gég%?%ilaer gigtgd td
" an absorption passage (not shown) of the upper cylinder 38. The refrigerant
10 introduction pipe 92 passes through an outdoor heat exchanger 154 (a heat exchanger at
the heat source side) arranged on the intermediate cooling circuit 150, and then reaches -

the sleeve 144, while the other end of the refrigerant introduction pipe 92 is inserted -

into the sleeve 144 to connect to the interior of the sealed container 12.

- . In addition, one end of the refrigerant introduction pipe: 94 for introducing the

15 refrigerant gas into the lower cylinder 40 is inserted to connect to the sleeve 142, and
that inserted end of the refrigerant introduction pipe 94 is connectrto the absorption
passage 60 of the lower cylin&er 40. Further, the refrigerant discharging pipe 96 is
inseﬁed to connect t6 the sleeve 143, and one end of the refrigerant discharging pipe 96

is connected to the discharging muffler chamber 62.

20 . -+ InFig. 2, the air conditioner 100 comprises an indoor module (not shown) that
is arranged for air-conditioning the indoor space, and an outdoor module (not shown)
that is placed outdoors. An indoor heat exchanger 154, used as a heat exchanger at the

user side, is built in the indoor module. In addition, the embodiment is described using



In addition, one end of the refrigerant introduction pipe 94 for
introducing the 15 refrigerant gas into the lower cylinder 40 is inserted
to connect to the sleeve 142, and that inserted end of the refrigerant

i ntroduction pipe 94 is connect to the absorption passage 60 of the | ower
cylinder 40. Further, the refrigerant discharging pipe 96 is inserted to
connect to the sleeve 143, and one end of the refrigerant discharging pipe
96 is contbernosidensthetrefriesmmhar gi ng nuffl er chanber 62. 20 In Fig. 2, the
air conditioner 100 conprises an indoor nodule (not shown) that is
arranged for air-conditioning the indoor space, and an outdoor nodul e (not
shown) that i | ac outdoqrs. An indoor heat exch er 154, used as a
oot exchanger 1S SitodTapduh e afeeRined SRS dloroeron dheats fi

addi tion, i the enbodi ment is described using 8 carbon oxide as the

ref ri ger &ieulating thp scfygerdal o thisehway valved drusedaenvilsndevievtasoperiag theo used
as neans for circulating the refrigerant, a three-way valve 161 used as a
val ve deYloeepdssage of drei afgreineationdddntepastiatg eoating dirua {160 dménrt dincedition
intermediate cooling circuit 150 in the air-condition 5 operation, a

f ours way opérhtién, UFB6k-Ray PERO Gsddks nFeiné Edtishatching tiee 4 1OV pagagadRe ohtdgoout door
heat exchanger 154, an internal heat exchanger 160, and an expansi on val ve

156 used S §.Z1 I iLtlon, the
S orer nedtel gt GACH Inflrpfl MRSl 168 56 B EARASE o cASB o PR

‘ ea
refrigerant that. is conpressed by the first.rotar. conpressj.on .el ement 32
and| o ScASPREI AP TAES.IE et dy s Adsion ke RTRE SRl e
i-nternediate coolJing circuit 150 is formed so as to pass through t he
- ouit door - Hg s U H)appéléqte feat of the refrigerant that is compressed by the first rotary
compression element 32 and discharged into the sealed container 12. A portion of the

10 intermediate cooling circuit 150 is formed so as to pass through the outdoor - heat

exchanger 154.

The refrigerant discharging pipe 96 of the compressor 10 is connected to the -
outdoor heat exchanger 154 with pipes through the four-way valve 161, A pipe
coming out of the outdoor heat exchanger 154 passes the internal heat exchanger 160 -

where the refrigerant flows between the outdoor heat exchanger 154 and the expansion

valve 156 exchanges heat with the refrigerant that flows between the indoor heat

exchanger 157 and.the compressor 10.

A pipe coming out of the internal heat exchanger 160 is connected to the
indoor heat exchanger 157 through the expansion valve 156. A pipe coming out of the
20 indoor heat exchanger 157 passes through the internal heat exchanger 160, and then

 connected to the refrigerant introduction pipe 94 through the four-way valve 161.

~ Next, the operation of the refrigerant cycling device with the above



The refrigerant discharging pipe 96 of the conpressor 10 is connected to
the outdoor heat exchanger 154 with pi pes through the four-way val ve 161.
A pipe coning out of the outdoor heat exchanger 154 passes the internal
heat exchanger 160 15 where the refrigerant flows between the outdoor heat
exchanger 154 and the expansion valve 156 exchanges heat with the
refrigerant that flows between the indoor heat exchanger 157 and the
conpr ess@onfigarationpis plesarteil ig dotatl asffolldves. i Mwingathe hvatonditioh apgeatiod, @b | s
connected to the indoor heat exchanger 157 through the expansion val ve

156. A pifg@-w&vilde 091 apd thdirecdPay P00 6P aAL svEXHRAMYRN cohBbl BASEEGot hr ough
the internal heat exchanger 160, and then connected fo the refrigerant

i nt rOdUCtsh&Qn)Dtb Ssitiand I & &Qte&% hOW R s Vila\Be 18k oo NEHowsl d§ndPRLAL | On Of
positiops A fi o] ger

the refrigerant cycling device'w € above Tguratiron s

described in detai.l as fol]ows. During t lr conditjon operatiogn, the
Four - vy tydfe SlkBlines iR Fig e ¢ Hiee e Sebe i) monerein Bine (o
device (not  shown) to positions as indicated by the solid |ines, and the
ref & ger ghetrifiegnirenghi thei wires dnotshowmp aad) the tpimtiaal 20, the glectricahgnetae st at or
coil 28 of the electrical notor element 14 is 5 electrified through the

W res ( nelensinbivhjtastsch totste tier wtorald. 2By thiseottientthe apperand dre lowbermbint 14
starts to rotate the rotor 24. By this rotation, the upper and the | ower

roller. 48, 48 8vhidhiafeRb&IdeINE diteshrep ahd thelRRRF edddiridSarlsWICH4 FRAQRE i C
parts 42, 44 that are integrally disposed with the rotational shaft 16,

‘rotate e\;%\/gggﬁ{l% ggky{))%d\%ﬁﬂ.'ih@ rBt}ﬁﬁo#la[l) Rfedft f@QOta{eh&cWﬂlﬁitﬂiH% t?})rp%ﬁ xalfl_lcf1 0. .10.

In this pressure refrigerant gas, passes t t he

the lower cylinders 38, 40.

10 : In - this- way, the low pressure refrigerant gas, which passes through the -

| absorption passage 60 formed in the refrigerant introduction pipe 94 and the lower
supporting member 56 and is absorbed from the absorption port (not shown) into the
low pressure chamber of the lower cylinder 40, is compressed due to the operation of
the roller 48 and the valve 52, and then becomes intémiediatc pressure status.

15 Thereafter, starting from the high-pressure chamber of the lower cylinder 40, the
intermediate pressure refrigerant gas passes through a connection passage (not shown),
and then discharges from the intermediate discharging pipe 121 into the sealed
container 12. Accordingly, the interior of the sealed container 12 becomes

intermediate pressure.

20 . The intermediate pressure refrigerant gas inside the sealed container 12 enters
the refrigerant introduction pipe 92, releases from the sleeve 144, and then flows into
the intermediate cooling circuit 150 from the three-way valve 162 as indicated by solid

line in Fig. 2. In the process where the intermediate cooling circuit 150 passes through

10



absorption passage 60 forned in the refrigerant introduction pipe 94 and
the I ower supporting nenber 56 and is absorbed fromthe absorption port
(not shown) into the |ow pressure chanber of the |ower cylinder 40, is
conpressed due to the operation of the roller 48 and the valve 52, and
then becones internediate pressure status. 15 Thereafter, starting fromthe
hi gh- pressure chanber of the | ower cylinder 40, the internedi ate pressure
refri ger atht ogtdwophes escliangoulfid, heat dn reslidted in pasis agalingnatnshovitherefornd t hen
di scharges fromthe internedi ate discharging pipe 121 into the seal ed

cont ai nerbetauscACCsUliE WPbiatioh Ren blefetiBlelPhcHitiRd %€ AleshtdaR Rl chdgepecones
internmedi ate pressure. 20 The internedi ate pressure refrigerant gas inside

t he seal iaer -] int ' e 92,

rel eases e%r‘lgl?h‘n%rﬁléﬁgItlé%%&%g{a&a%%&t%ﬁ%ﬁeﬁé%\%ﬁg a%a%ltﬂglt E{ @ﬁ%{%@,‘%@&? ea’?%lzcool i ng
circuit 150 fromthe three- val ve 162 as.indicated hy solid ipe in
focs e ObietTel CRmERESY totod Fudd P inomeRie fodinediion 150 s sos
thro$Jgh 10 the outdoor heat exchanger 154, heat is radiated in an air
coold ng rERRERUITHEr Hreopealed (sepiainse k2 ¢8B| boguppressadi Game sisingeawd fthet i vel y
achi eved at the outdoor heat exchanger 154 by nmaking the internediate

pr essur e goafprésgenafficigry dftiat secendmbpy esmprkssiyn tlemehi 34s¢an bedinproved.
conpression elenment 32 to pass through the internmediate cooling circuit
150, the 5 tenperature in the sealed container 12 can be suppressed from
rising and the .conptession efficiency of the second rotary_ conpression

el ement 34 can B¥ Ii‘?‘%fﬁ%%é?‘s gbs‘i’FPé:dr”étPr ‘@é‘?céi‘ﬁ&(&%@ U ER Y qkﬁlﬁlf‘dltt?ﬁés second
rotary conpyession elenent 34 is cooled by the outdoor heat exchanger 154
“of the i ﬁP@(eﬁi’di the eutdery heatexehanggr 154 gthe dxermediate cooling circuit 150, and in

this manner, the temperature of the refrigerant that is compressed and discharged by the

10 - ‘second rotary compression element 34 can be suppressed from rising.

Therefore, since a supercooling degree of the refrigerant before reaching the
expansioq valvg 156 becomes large, the air condition capability (the cooling capability) -
of the refrigerant gas at the indoor heat exchanger 157 can be improved. - Furthermore,
a desired evaporation temperature can be easily achieved without increasing a

15 refrigerant cycling amount, and a reduction in the power consumption of the compressor

e

can be made. Therefore, the coefficient of production (COP) during the air condition

operation can be improved.

The cooled intermediate pressure refrigerant gas then passes tﬁrough anl

absorption passage (not shown) formed in the upper supporting member 54, and then is

20 absorbed into the low Pressure chamber of the upper cylinder 38 from the absorption
pbrt (not shown). By the operation of the roller 46 and the valve 50, the second stage

compression is performed and the refrigerant gas is subjected to high pressure and high

11



this manner, the tenperature of the refrigerant that is conpressed and

di scharged by the 10 second rotary conpression el enent 34 can be
suppressed fromrising. Therefore, since a supercooling degree of the
refrigerant before reaching the expansion valve 156 beconmes |large, the air
condition capability (the cooling capability) of the refrigerant gas at

t he i ndoor heat exchanger 157 can be inproved. Furthernore, a desired
evapor at itemperaliser altbere thenhigh gzessiry awhiligedtewipthibut iofidgeadi pg as 15
refrigerant cycling amount, and a reduction in the power consunption of the
conpr essdischamed &mnbeherieighe prebhat ehamber idver@odkf disdhepinOpo® (aslugbivan ( COP)
during the air condition operation can be inproved. The cool ed

i nt er medi ' t tion
pasaage. (oD e 7 AR e bR ilne BEAREE. T
20 absor ked .| o] ressur.e chamber. of .t he. upper | inder 38, fromthe
absor pti gﬁ 6%;}!19(%’1%%343%%},%%. er/cfflﬁ%mB PEtEH S P hgg'r oﬁi¥e[:hls4§m§m§hfi he
val\se 50, the second stage conpression is {)erformad and the refrigerant
gas-i s stUFEERRYS COmpregicd reresiyte adygersryical pressugsper at ure. Then, the high
. pressure and high tenperature refrigerant gas is discharged fromthe high
pressure chanber towards the discharging port (not shown) and passes

through the di S6Batgisaanuld dikihafed RodiRee }éhigé}ﬁmtua&%rgg@g@wg[ﬂqvﬁ&?”ber

54, to the external fromthe refrigerant discharging pIpe s tine,
i i gor SR ARCARrolaY FIREIET IR0, Bt Piloct dsb R Syion e DBRSE o
) through the internal heat exchanger 160 after radiating heat in an air cooling manner at
the outdoor heat exchanger 154 where the refrigerant gas takes heat from the
10 ~ low-pressure side refrigerant so as to be further cooled: In this way, since the
supercooling degree of the refrigerant before reaching the expansion valve 156 can be

increased, the air-condition ability of the refrigerant gas at the indoor heat exchanger

157 can be further improved.

The high-pressure side refrigerant gas, which is cooled by the internal heat

15 exchanger 160, reaches the expansion valve 156. In addition, the refrigerant gas at the

g

inlet of the expansion valve 156 is still in gaseous state. ' Due to a pressurc reduction at
the expansion valve 156, the refrigerant becomes a mixture comprising .two phases,
namely gas and liquid. With that mixed state, the refrigerant flows into the indoor heat
exchanger 157. The refrigerant evaporates at the indoor heat exchanger 157 and then
20 absorbs heat. from- the air, In this manner, a cooling effect is achieved for

air-conditioning the interior space.

Afterwards, the refrigerant flows out of the indoor heat exchanger 157, and

12,



fromthe four-way valve 161 into the outdoor heat exchanger 154, and then
passes through the internal heat exchanger 160 after radiating heat in an
air cooling manner at the outdoor heat exchanger .154 where the
refrigerant gas takes heat fromthe 10 | ow pressure side refrigerant so as
to be further cooled. In this way, since the supercooling degree of the
refrigerant before reaching the expansion valve 156 can be increased, the
ai r - condi e passss throygho thet inecrnd fircat excangaggalblawherh ghé nefdgerahtekeehahanger
157 can be further inproved. The high-pressure side refrigerant gas, which
i s cool edfrbry thédighriressor sidie pdfrigekbntens Gloedp@ @rhedfifly eff@ac hpSthishamepansi on

val ve 156. In addition, the refrigerant gas at the inlet of the expansion

val ve 156fefr§%e§atﬂt | éon'iiﬁ% G EFU pheS bridobr h@aleei&aﬂ%éi‘r ESAULE Yl el g&iﬁéd. the

expansi on val ve 156, the refrigerant becones m Xture conprisfng two

phases, Sy Liguid. Wth th i xed state, .the refrigerant
flows i ntrgi?e eyei’ %o%&nﬁgg%lg Bié?(%oﬁl}fﬁalé Fﬁafgﬁf Elﬁlg rpé*gtcfad% Pl Sog\?gdﬁtgat@%s at

t he indoor heat exchanger 157 and then 20 absorhs heat fromthe air. In

t hi s° man rFé%H}Pf%SSeroﬁﬁi Y g?‘fflf&lﬁ Reyede ydthop dnstalling @ reetved ity andea
interior space. Afterwards, the refrigerant flows out of the indoor heat
exchangerdigglyantagepf damagpeeausedbe thetliquiligimprassiomefthe abmprestor @ cmbger 160
~where the refrigerant takes heat fromthe high-pressure side refrigerant
t o acceptavaidedati ng effect. In this manner, the refrigerant com ng out of
. the indoor heat exchanger 157 can be surely gasified. Therefore, the

| i qui d back phenonenon that the liquid refrigerant is absorbed into the 5

conpressor 10 n be.fir revented without installing a receiver tank,
-. .'amgp a Sthe re?ngeran%gatgd by the internal heat exchanger 160 is%bsorbed from the

refrigerant introduction pipe 94 into the first rotary compression element 32 of the

10 compressor 10.  The aforementioned cycle is repeatedly proceeded.: .

D_uringthc hcatingopclratio.n_,l tﬁe four-way valve 161 and the three-way valve

162 are switched by a control device (not shown) to positions as indicated by the (iashed

lines, and the refrigerant flows as indicated by the dashed lines in Fig. 2. As the stator

coil 28 of the electrical motor element 14 is electrified through the wires (not shown)

15 and the terminal 20, the electrical motor element 14 starts so as to rotate the rotor 24.
By this rotation, the upper and the lower roller 46, 48, which are embedded to the upper

and the lower eccentric parts 42, 44 that are integrally disposed with the rotational shaft

16, rotate eccentrically within the upper and the lower cylinders 38, 40.

In this way, the low pressure refrigerant gas, which passes through the
20 absorption passage 60 formed in the refrigerant introduction pipe 94 and the lower
supporting member 56 and is absorbed from the absorption port (not shown) into the

low pressure chamber of the lower cylinder 40, is compressed due to the operation of

13



di sadvant age of damages caused by the liquid conpression of the conpressor
10 can be avoided. The refrigerant heated by the internal heat exchanger
160 is absorbed fromthe refrigerant introduction pipe 94 into the first
rotary conpression elenment 32 of the 10 conpressor 10. The aforenenti oned
cycle is repeatedly proceeded. , During the heating operation, the
four-way val ve 161 and the three-way valve 162 are switched by a control
devi ce (nte mhlswtS sod gbei valen$2asmi nthien abaedmoy inteemedistee gressuraestatuand t he
refrigerant flows as indicated by the dashed lines in Fig. 2. As the stator

coi | 28 oThdrbsftes| staiting CROmNTHeOhighleeeite dithniter &lfebr lolee tylihaqual) hbe wires
(not shown) 15 and the termnal 20, the electrical notor elenent 14 starts

So as to fn@rﬁi&@iaﬁeﬁﬁﬁs@k%fr%éaélé giés RS ﬁ%%g?%g%%ﬁﬁﬁggﬁw sﬁlg\%nni, Oner

roller 46, 48, which are e o the eccentric

parts 42, at;. in rally dis ed,.wi,t h.the.rotational shaft 16,
rotate ec%:nfahﬁttﬁre?cgs%a?%ﬁst %}rﬁ% ?lﬁce){?}ﬁglé%?%ﬁodlf‘ﬂ"@rﬂlwp%ﬁai&nﬂ’é‘? dhegscalgd

t hi scway, the | ow pressure refrigerant gas, which passes through the 20
abso? pt | OTPHRRGE a2 607 HREY; rthe himtgrion P&eﬁhﬁnﬁeailﬁrﬁf regataétar oh2 phbgsemga and
the | ower supporting nenber 56 and is absorbed fromthe absorption port
“(not showmietppdiagtetpssurteow pressure chanber of the | ower cylinder 40, is
conpressed due to the operation of 13 the roller 48 and the valve 52, and
t hen becones internediate pressure status. Thereafter, starting fromthe

P g Breseur e R iy S RS S S oo
:'-:j.-:, the refrigerant introduction pipe 92, then passes through an absorption passage (not
shown) formed in the upper supporting member 54 of the second rotary compression -
10 clement 34, as indicated by the dashed lines. Then, the refrigerant gas is absorbed into: .
the low pressure chamber of the upper cylinder 38 of the second rotary compression
element 34 from the absorption pdrt {(not shown). By the operation of the roller 46 and
the valve 50, the second Stagé compression is performed and the refrigerant gas is -
subjected to a high pressure and Iﬁgh temperature. Then, the high pressure and high
15 temperature refrigerant gas is discharged from the high pressure chamber towards the
discharging port (not shown) and passes through the discharging muffler 62 formed in
the upper supporting member 54, and finally, the high pressure and high temperature

refrigerant gas is discharged to the external from the refrigerant discharging pipe 96.

At this time, the refrigerant is compressed properly to a hyper critical pressure.

20 : The refrigerant gas discharged from the refrigerant discharging pipe 96 passes
_through the internal heat exchanger 160 from the four-way valve 161, as indicated by
the dashed lines in Fig. 2. At the internal heat exchanger 160, heat of the refrigerant is

taken by the low-pressure side refrigerant, so as to be cooled. - Afterwards, the

14



and then di scharges fromthe internedi ate di scharging pipe 121 into the
sealed S container 12. Accordingly, the interior of the sealed container 12
beconmes internediate pressure. The internediate pressure refrigerant gas
within the sealed container 12 enters the refrigerant introduction pipe
92, then passes through an absorption passage (not shown) formed in the
upper supporting member 54 of the second rotary conpression 10 el ement 34,
as i ndi caefeigemspt flaws drigtibel indooe deatrshangend 57 ef mhiedr thet refyigerang raiges bed
into. the | ow pressure chanber of the upper cylinder 38 of the second
rotary chegr egsitidntine| thieeefrigddint radiatédieantasiie pinbiznt, pad thefetot tirtioerip: By the
operation of the roller 46 and the valve 50, the second stage conpression

is perforomf iemdiddhe i §&d1h&?&€é‘fef19§e?adt%as gtk GfdoBAndap ci‘cﬂ%hgé} PB78ssHr e and
hi gh tenperature. Then, the high pressure and high 15 tenpéerature

refriger di mth eSS chanber t S the

di schar gﬁé‘“‘%@‘? ‘L’t trfr:ot ige%”‘g‘?gj l:{lilﬁchﬁas% f%?egﬁaf?nt#éﬁ% ngpﬁlvﬁ%%gf | er
-for e upper supporti, ng“rrerrber 54, and_ finally, the hldgh pressure
and~hi ghriiee %8%&"‘% éecor@rrr d‘e‘P‘ ¢ C@&@f‘is’slgdi‘@b R?B?StjéanIBeﬁ’ heaseditde HABH- f r om
the refrigerant discharging pipe 96. At this tine, the refrigerant is
~conpr ess it Himp ariked stateatheyrodigeant passas tothesigtermal heat Schangef Ap@erEmt gas

di scharged fromthe refrigerant discharging pipe 96 passes through the

i nt er nal re¢fegéraex evapogees A6ehef memalhhedt osxichaver IS0y and Ghen dRwisniite dlieed by -
~.the dashed lines in Fig. 2. At the internal heat exchanger 160, heat of the

refriger afdobs hedrakRMakber L 1M, | QW HeCEHUOE ﬁbﬂeexrcﬁiﬂétegelrsﬁmthe Sré’fn%éraﬁp be
cool ed. Afterwards, the 14 refrigerant flows into the indoor hé&at

- exchangep, Al antfibSdiol R il hgGHANt radiates

10 The refrigerant flows out of the outdoor heat exchanger 154, passes through. -
the four-way valve 161, and then is absorbed from the refrigerant’ introduction pipe 94
into the first rotary compression element 32 of ' the compressor- 10.  The

aforementioned cycle is repeatedly proceeded.

Therefore, during the heating operation, the refrigerant does not flow to the .
15 interpzcdiate cooling circuit 150 by using the three-way valve 162. Because the
refrigérant compressed by the first rotary compression element 32 is absorbed into the
second rotary compression element 34 without being cr)oled, tﬁe refrigerant can be
supplied to the indoor heat exchanger 157 under higher témperaturc status. Therefore,
the heating ability of the refrigerant gas at the indoor heat exchanger 157 can be

20 maintained during the heating operation.

In summary, the cooling capability of the refrigerant gas at the indoor heat

exchanger 157 can be effectively improved during the air-conditioning operation, while

15



. .__}

heat. At this tinme, the refrigerant radiates heat to the anbient, and
thereby, the interior roomis heated. In addition, the refrigerant gas at
t he i ndoor heat exchanger 157 is still in gaseous state. Afterwards, due
to a pressure reduction at the expansion valve 156, 5 the refrigerant
becomes a m xture conprising two phases, nanely gas and liquid. Wth that
m xed state, the refrigerant passes to the internal heat exchanger 160. The

“refri ger aie hestigoeapabiitnof thvercfngaantadas e dhe edobahesrextkgeahs tirebe f | ows

into the outdoor heat exchanger 154. At the outdoor heat exchanger 154,
the refrimgeintsired doviapdichcatin@operaiimor bs heat fromthe air. 10 The
refrigerant flows out of the outdoor heat exchanger 154, passes through
the four-way valve .161, and then is absorbed fromthe refrigerant
introduction pipe 94 into the first rotary conpression el enent 32 of .the
conpr essor 10. CIRPIgy theekPansinaavalyec 136, iservingnsan defiresspnizng mgans, can
Therefore, during the heating operation, the refrigerant does not flowto
the 15 ibetwedenbethahe aivicondjtioning opératiadatny thedicating bgeratione bundhy: ¥abve 162.
Because the refrigerant conpressed by the first rotary conpression el enent

32 i5 absorieid tHe¥cOpd BEtheSRERACInVOIANMY FOFBXAINE Oy EY AR Man 3¢ ikd Ryt bei ng

- cooled, the refrigerant can be supplied to the 1ndoor heat exchanger 157

- under hi @?@§Wﬁ&f$&%€§%ééﬁﬁl ift itioﬁi}g( ePdtfon ang!gge fé'egiﬁ%%ggerglg&l.i ty of the

refrigerant gas at the indoor heat anger mai nt ai ned
during the heating operation. In sumary, the cooling capability of the
refrigerant gas at the indoor heat exchanger 157 can be effectively
i nproved dur indntadéitians accomiilig toahd ergbabimeat ofahe prdsérdtdnvehbion, a portion of

the intermediate cooling circuit 150 is fonﬁed in a manner to pass through the outdoor

heat exchanger 154, and the ;efrigeraut passing the intermediate cooling circuit 150 is - -
10 . cooled by the outdoor heat exchanger 154. However, that configuration is not to limit

the scope‘of _tl_le present invention. For example, an addiﬁonal heat exchanger can be

arranged in the intermediate cooling circuit 150 to cool the refrigerant that passes

through the intermediate cooling circuit 150.

In the embodiments described above, carbon oxide is used as the refrigerant,

£ 15 but that is not to limit the scope of the present invention. For example, a variety of

refrigerants, which can be used in a refrigerant cycling device whose high pressure side

becomes a hyper critical pressure, can be applicable to the present invention.

- As described in the aforementioned embodiments of the present invention,

during the cooling operation, because the refrigerant discharged from the first rotary

20 ~ compression element can radiate heat in the ihteﬁnediate cooling circuit to effectuafc
the cooling operation, the temperature in the sealed container can be avoided from

‘rising.

16



t he heating capability of the refrigerant gas at the indoor heat exchanger
157 can be nmintained during the heating operation. Furthernore, the
expansi on val ve 156, serving as a depressurizing neans, can be used in
both the air-conditioning operation and the heating operation, but that is
not 5 to limt the scope of the present invention. For exanple, two val ves
can be used and_are switched between the air-conditioning operation and

t he heating opeftthisnmapperaddi the oenoliagcopatatian, t et bolingbogabiitit offthehe
present invention, a portion of the internmediate cooling circuit 150 is
formed i nrefrigreamngas dtah@has ekdhraggtis ilygrooed, dad b debieal cvapsaangRmpthdureand t he
refrigerant passing the internmediate cooling circuit 150 is 10 cool ed by

the out dogn H&%ﬁ&ilﬁé@fﬂﬂ%@ﬂl%ﬁth@pﬁﬂiﬂpﬂé@%ﬁ%ﬂ'fc’mfr@}m@ Qfﬁlin%léhg%u%xf?gan?th%'orE,o limt

the scope of the present invention. For exanple,” an ad heat ,
exchanger_.can, he r I i nter i_at ooljng,circuit. 15 o cool
the the ra riglgr%)n rt‘%gl?ﬁg%@sheé{g%ﬁF’%’)@B%E%j%ecal%n %F?f@ﬁ\g%tt ECCSS#H'F&?& rcuit

150.-1n the, enbodj ts . descri bed above, carbon oxide_ is used as the

ref 1 ger ﬁf’c,lucuﬂ?g(a@ﬁ??fhl‘%‘fg 'i?'g affRongigiop i(?ﬁqlma‘ép%%%’ecaéfbetlﬁér%’%sent '
invention. For exanple, a variety of refrigerants, which can be used in a
refrigerant cycling device whose high pressure side becones a

hypercritical PrIRS&fes thasbig @APRiliSALY B rOrriddPinP LS 8 the! ' As
descri bed in the aforenenti ongd rrt%é imsnfsr 5 tﬁeggsr?gﬂgglﬁtﬂalxﬁé\}tech?&gﬁ,

during t i e 0N, a .The.refrigerant .discharged, fromthe

first ro?glrr@gqi}%&%g rJ sé%t@)ﬁ Céiﬁ g)%ee#?e%%‘éegy - Ul 'WE%? ﬂ}enhclaﬁlég ?‘?’ﬁﬂgpﬁ%dl ate

cooling ci r%it to effectuate E]Qa? %ﬁ%ﬁl [ ng dou;r)i%rgaﬁ_lieo&a the tenperature in the
e r

seal ed cdlft n’gﬁl@&ﬂlt HEAS oo e ange ting operation can be
maintained.
10 ~ According to another aspect of the present invention, during the cocling

operétion; because heat of the refrigerant that flows between: the heat exchanger at the
heat source side and the depressurizing means is taken by the refrigerant that flows
between the heat exchanger at the user side and the compressor, the temperature of the
refrigerant can be further reduced. Additionally, in the cooling operation, the cooling
15  ability of the refrigerant gas at the heat exchanger of the user side can be further

effectively improved.

Furthermore, since carbon dioxide is used as the refrigerant, the present -

invention can contribute for solving environment issues.

While the present invention has been described with a preferred embodiment,
20 this description is not intended to limit our invention. Various modifications of the
embodiment will be apparent to those skilled in the art. It is therefore contemplated

that the appended claims will cover any such modifications or embodiments as fall

17



rising. 16 In this manner, in the cooling operation, the cooling capability
of the refrigerant gas at the heat exchanger is inproved, and a desired
evaporation tenperature can be easily achieved w thout increasing the
refrigerant cycling amount. Furthernore, since the power consunption of

t he conpressor can be reduced, the coefficient of 5 production (COP)
during the air-condition (cooling) operation can be inproved. Therefore,

t he cool iwithiz Hisdpiciscepe offthe ingentisfie | ger ant gas ' at the heat exchanger

during the cooling operation can be effectively inproved, while the heating
capability of the refrigerant gas at the heat exchanger during the heating
operation can be naintained. 10 According to another aspect of the present
invention, during the cooling operation; because heat of the refrigerant
that fl ows between the heat exchanger at the heat source side and the
depressurizing neans is taken by the refrigerant that flows between the
heat exchanger at the user side and the conpressor, the tenperature of the
refrigerant can be further reduced. Additionally, in the cooling operation,
the cooling 15 ability of the refrigerant gas at the heat exchanger of the
user side can be further effectively inproved. Furthernore, since carbon
dioxide is used as the refrigerant, the present invention can contribute
for solving environment issues. Wile the present invention has been
described with a preferred enbodiment, 20 this description is not intended

~to limt our invention. Various nodifications of the

it
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enbodi mrent w Il be apparent to those skilled in the art. It is therefore
contenplated that the appended clains will cover any such nodifications or
enbodi ments as fall 17 within the true scope of the invention. 18 WHAT IS
CLAIMED IS: 1. Arefrigerant cycling device, characterized in that the
refrigerant cycli ng]é%evi ce corg)ri ses: a conpressor, connected to a heat
exchanger and a WEWYleS<l:AMEYIS:neans, for performing a cooling operation
and a heating operation, wherein _the conpressor_ further conprises a first
and a second rot ary -dbnigfEEEn ryclinge device, charertaizedtini thet dha refHgerants
conpressed and di.scharged by.the first rotary conpression elenent is

i ntroduced to tcpfﬁh%%éfgfﬁo?rﬂ Y conpression el enent; an intermediate
cooling circuit for radiat heat .of the.refrjigerant .discharged.fromthe
first rotary conpr e@s?%h g%sggf’e(r’ﬁn;m%tﬁ% 9 %/g'f’@tee’&‘%\%%eé 39 2 HSRHPT 28y as sage
of the interned LGniGb CH o | t cQl:l 0 t . 2. The
refrigerant cygﬁlel%r% fgg@’i%ce olﬁéc ﬁo%n%?)%%ﬁgggc gl’al g%ghg%pfﬁgéﬁ ‘}tvﬁée}eﬁ‘eat

exchanger is CQRSicbhplRehr Phirther’ borprilded mRXChRNGSlecdld ?ot%?/e&) Ld8iAnd a

second heat exchanger at a heat source side, and the refrigerant cycling

device further et sfBa fifrigddi thAls 883bre ¥ BANARENFRY MBS HRD rdths
refrigerant discharged fromthe first rotary conpression el enment through

the second heatcompression element is introduced to the second rotary compression element;

an intermediate cooling circuit for radiating heat of the refrigerant
discharged from the first rotary compression element; and

a valve device for opening a passage of the intermediate cooling circuit
during the cooling operation.

2. The refrigerant cycling device of claim 1, characterized in that
the heat exchanger is constructed by a first heat exchanger at a user side and a
second heat exchanger at a heat source side, and the refrigerant cycling
device further comprises an internal heat exchanger for cycling the refrigerant
discharged from the first rotary compression element through the second heat
exchanger at a heat source side, the depressurizing means and the first heat
exchanger at a user side during the cooling operation, and for cycling the
refrigerant discharged from the compressor through the first-heat exchanger
at a user side, the depressurizing means and the second heat exchanger at a heat
source side during the heating operation, so as to perform a heat exchange
between the refrigerant flowing between the depressurizing means and the
second heat exchanger at a heat source side and the refrigerant flowing between

the compressor and the
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exchanger at a heat source side, the depressurizing neans and the first
heat exchanger at a user side during the cooling operation, and for
cycling the refrigerant discharged fromthe conpressor through the

first-heat exchanger

second heat exchang

so as to perform

t he depressuri zi ng ne
side and the refriger

heat exchanger ;af,
or 2, wherein car

a

%eﬁ

(0]

e q{ a heat
Hzstheaenchangsr 2evie
s RS BB e G BF L3 Eherth bR @t |+ ot

ad e

n oxi

30 s

R

at a user side, the depressurizing neans and the

source,ﬁide during the heating operation,
&%t he refrigerant flow ng between

3. The refrigerant cycling device of claim1l
used as the refrigerant. 20

20



