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1 EXPANDER TECHNI CAL FI ELD [0001] The present
invention relates to expanders, and nore particularly
relates to the 5 volunetrig structures of expander
chanmbers. BACKGROUND ART [ 0002] Expanders adapted to
produce power by high-pressure fluid expansi on have
conventional ly included positive displacenent
expanders, such as rotaEypaNpERers (see, for
exanpl e, Patent Docunment 1). This type of expander can
be used for the execution of 10 an expansi on process
- 1n a vapor conpression refrigeration cycle (see, for
TECERIORI 5 1ERE ent  Docunent 2). [0003] Such an expander
has a cylinder and a piston which orbits inside the
[o00eY | IThE Qfresent NvastdnelelAdy 16 NaBhRIers, daHIMGE faridReR fehes to the

cylinder and the piston, is divided into two zones,

volueRl syruetufdd G i gxfmAsiberd. Si de and a di scharge side.
Wth the orbital notion of 15 the piston, the

BAGEGRIBUNIN ARITANDer under goes sequential sw tching that
one zone serving as the suction/expansion side is
[0003M BsPatlctO adfidte taprddiBe PoSeh ByORighlREsWRI NSidt EPansion have

ot her zone serving as the discharge side is sw tched

~ convEichANY SnchidddNsosEHE di 4 R¥RANS RS Aich 1 rbiakyp exﬁé&ﬁb{ehrs (see,

the action of 'suction/expansion of refrigerant” and the

for eRdihipl8 Padnt HozamMahdl. OfThis rt_@ﬁeréfga%f)ﬁﬁﬂer BREHLS 1% I thAME i&hon of
concurrently achieved. 20" [0004] In the

an ex3Jadien PRZEEs iRy HUP BstHfkssidiPichiddiRic Gl Alsed, IR0 aRipld Patent
suction process in which high-pressure refrigerant is
Docmttpb).ed into the cylinder during a single revolution
of the piston and the angul ar range of an expansion

[000B] OSA&S ah RxpdHdENhANS cyiRidel a8 @Lq%ist'bﬁ wif 4P anie Qnﬁcﬂefethe cylinder.

predeterm ned. In other words, for such a type o

An 2@¥BAGE ehambdredeinRa Neh@étn thalchRBaddr -o8d, thé PestdL s divwded into two
rati o of suction refrigerant and di scharge

zone$, SlafieBed aiition/eSpARNAN idd md2DdicaStAHHe. HVaR-1RE B3N Rotion of
refrigerant is Iintroduced into the cylinder in the

the pafi) RS achaifidf cRAmbéidideretd QRuBtRE %ﬁcﬂiﬁ% It Ok EBR serving as
ot her hand the refrigerant is expanded at a fi xed

the s@tRA EXp&¥ion 98d B dwittchBE tRRGW & the NEBak sidRewhiRIMAL kRS zone
expansi on process for the recovery of rotational 2

serving as the discharge side is switched to serve as the suction/expansion side. In this
way, the action of suction/expansion of refrigerant and the action of discharge of
refrigerant are simultaneously concurrently achieved.

[0004] In the above-described expander, both the angular range of a suction process in
which high-pressure refrigerant is supplied into the cylinder during a single revolution of
the piston and the angular range of an expansion process in which the refrigerant is
expanded are predetermined. In other words, for such a type of expander, the expansion
ratio, i.e., the density ratio of suction refrigerant and discharge refrigerant, is generally
constant. High-pressure refrigerant is introduced into the cylinder in the angular range of

the suction process while on the other hand the refrigerant is expanded at a fixed expansion

ratio in the angular range of the remaining expansion process for the recovery of rotational
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power. Patent Docunent 1: Japanese Unexam ned Pat ent
Application Publication No. 8-338356 Patent Docunent
2: Japanese Unexam ned Pateht Application Publication
No. 5 2001-116371 DI SCLOSURE OF | NVENTI ON Probl ens
that the Invention is to Solve [0005] Positive
di spl acenent expanders have an i nherent expansion
powgrati o. On the other hand, in a vapor conpression
refrigeration cycle in which such an expander is used,
t hdPatkt Boglménéelappness Snegaraindd Phtent Applicetia Pyhtiestsan Ho.
of the refrigeration cycle vary due to variations in
8-338%% tenperature of a target for cooling or due to
variations in the tenperature of a target for heat
| i Pateat Docurdre at Tapaese Unexamined Patbntt Agplivhgdn Pebliehtion No.
pressure and the |owlevel pressure (i.e., the
2001ptE88lire ratio) varies as well. In connection with
this, the suction refrigerant and the di scharge
DISCEeOSURE @QRINVENITM@Nexpander each vary in density. 15
Accordingly, in this case, the refrigeration cycle is
Probizperthatate Btveatiah it tefané expansion ratio fromthe
expansion ratio of the expander. This results in the
[0008} oPokitive dsphatément etfanders haye an inB&GH] exipansiexatipl eOn the other
under the operating conditions that cause decreasing
handoin 4 Yepop caspression tefiideeatioh clyble iv syhinh sadim egmhder is used, the
refrigeration cycle, the ratio of the density of
highflefet ppesaaindthe ldviMeviehpretsued ofathe tefpgesisor cyaledvathéue to
- density of refrigerant at the inlet of an expander 20
variatieny @athe empdmmrye of a tdrpetifer ¢cwliag oadw: wherietidistin tHeltemperature
conpressor and the expander are positive displacenent
of a thtgek thrimeetiibeesioafiteatingu g Mthe iraticoffthelhighd evatprasomt aadthe
with each other by a single shaft. In this case, the

. low-leatli ppesstiret(he., thelprsyeurt raiv) vaties sfwallef lh gerreotion pak shisghe

t hrough the conpressor and the volune flow rate of
suctiowe fafiigenatrind pleesdisahgrge e biggiant ditthe expradeterach sarglindgssity.
constant and remai ns unchanged. For this reason, when
Accardiagly; asthisroas® Sherrafrigeratibn chee vaeratedbatpr dffeiennexpansion ratio
refrigeration cycle decreases, the mass flow rate of
fromrtied expgesianratipad shengxptindeou gThis hesubx pathe dropbeoperason efficiency.
excessively small relative to the nass flow rate of
[0006]ef Fogexeamile, padei theopdratinggiontittiens thapcass decredbingof the pressure
so-cal | ed excessive 3 :
ratio of the vapor compression refrigeration cycle, the ratio of the density of refrigerant at

the inlet of a compressor and the density of refrigerant at the inlet of an expander
decreases. However, there is a case where both the compressor and the expander are
positive displacement fluid machines and brought into fluid communication with each

other by a single shaft. In this case, the ratio of the volume flow rate of refrigerant

| passing through the compressor and the volume flow rate of refrigerant passing through the

expander is always constant and remains unchanged. For this reason, when the pressure
ratio of the vapor compression refrigeration cycle decreases, the mass flow rate of
refrigerant passing through the expander becomes excessively small relative to the mass

flow rate of refrigerant passing through the compressor. Thus, so-called excessive
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expansi on occurs. [0007] Wth a viewto coping with
this, in the apparatus of the Patent Docunent 2, a
bypass passageway is formedyin parallel with the
expander. The bypass passageway is equipped with a
flow rate control valve. Under the operating
condi tions that cause 5 decreasing of the pressure
expa.hﬁbxix Bc@ks.t he vapor conpression refrigeration cycle,
refrigerant delivered to the expander is partially
[0007] | e bR w b QupingWATSIs! HEthb ¥pRSSuPEREaBasRYDSmenhAta

refrigerant flows througﬁ t he expander as well as

bypab b RLHRWhY & BHRASH HAAIRAGANME exipindek.Ni FhelbypaORREIRbway is
however, the refrigerant that flows through the bypass

equiflRASAGENBYw rite Bontrdi REIvVEET Un@&tBObpdriidl YARSASHat Bfise
expander, does no expansi on work, thereby decreasing

decrdBfig b2 RN reQht POMBE vASGRBRIpARLIEN ?éfrithiﬁti@i(W edfrigdrdnt

causSi ng the operation efficiency to fa [ 0008]

' delivERAVE BRE Y anddP Sfart IS QRS NOWESRES by padiPhssageiesy so

increasing of the préssure ratio of the vapor

that CRHENER ToRR HiehdH BEeRpdrdBr SNGE1Ras thivRigh lel Bypeds jabRgeway. In
density of refrigerant at the inlet of a conpressor

this ﬁfbﬁg&]ﬁ&lt?ﬁﬂ%%bﬁ 10 refifdebdrd A Nbwa thrbiidh the bPpasohasdceway, ie.

expander | ncreases. n this case, unless the ratio of

the r%fﬁgefi’igd ttlﬁeo hQW fraleRpaidef, %Bésii HPEPRhsi BRFSIK) thekdbyQlégRasing the

o) essor and the volune flow rate of

amoﬁrﬁfoqa&%ﬁ@éove@a%ﬁé BOthE RE SR éﬂﬂ%aﬁ%ﬁﬁ%ﬂﬁ%ewﬁbﬁ‘ effRiiotRy $o fall.

constant, the expansion ratio of rigerant in the

[0008 PRRASErsUP UrdediBiE 'E)Eé’rﬁﬁmg ol BNk kR che iixib?ébfsfﬂg(ﬂf @i pressure
expansi on. 1 0009] The present invention is made in

ratio \OF B Rbot @nBRMR BRIk 08 CyslE QRé R, of BtdenkiSy oflefiftant at

is to avol d ‘excessive expansion and insufficient

‘the ¥ ﬁ[b[r@sfcs)oxr ﬁﬁlﬁi%@@&ﬂﬁff of Z%ipRat st ik islel ¥ AExbi®er increases.

probl ens [ 0010] As shown in G 4, a first aspect of

In thisR8sd, QMRHY the BatioSordhd fALRE floW RAteTIéfrigk@nt FHsSRb AaOHENhe
expander used for a refrigerant circuit (20) of a

compteReF £1d tht ¢tuniesidvi R 8t ﬂeﬂ‘é%ea%h‘t ?h@ing-lfﬁl%ugﬁ pRNEeAander were

I ncl udes a vol unme changer or changing the volune

alwaPd coBtane XRADGEEsi GDRRB QF rdffiddrantdn tHlXkpaddef woakbDdWdrease,

aspect of the invention is directed to the first

resulﬁﬁ%ﬁfpﬁlsﬁﬂgieﬁ{@{paﬁgi&{.i zed in that the vol unme changer
(90) includes an auxiliary chanber (93) fluidly

OPTICHESLpa  Sp e shorbac ottt o
object is to avoid excessive expansion and insufficient expansion of refrigerant.

Means of solving the problems

[0010] As shown in FIG. 4, a first aspect of the invention is directed to a positive
displacement expander used for a refrigerant circuit (20) of a supercritical refrigeration
cycle. The expander includes a volume changer (90) for changing the volume of an
expander chamber (72).

[0011] A second aspect of the invention is directed to the first aspect and characterized

in that the volume changer (90) includes an auxiliary chamber (93) fluidly communicating

with the expander chamber (72) and a piston (92) for changing the volume of the auxiliary
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chanmber (93). [0012] A third aspect of the invention
is directed to the first aspect and characterized in
that the vol une changer (90& i ncludes an auxiliary
chanmber (93) fluidly communicating wth the expander
chanber (72) and an openi ng/ cl osi ng nechani sm (96)
pl aced between 5 the auxiliary chanber (93) and the
chmﬁ%ﬁ@ﬂﬁer chanmber (72). [0013] A fourth aspect of the
invention is directed to the first aspect and

[00 lQﬁ‘ar@@ﬁlﬁcf gd dfrq'le fRettidahe d‘ﬁ'@étl(%'% ﬁl? Efﬁ&gsgéc? g)ld characterized in

i hcl udes a auxi I rary chanber

that Wﬁ %ri;[ﬁhhhgs E5IEN ?%gg&gl (glglglgplg g?&élg%dl? Q:g’nﬁ'ﬁhmcatlng

openi ng cI 0S ani sm

T e PR e A o

‘the uQil cﬁam} Qﬁﬂhe}%&nﬁ@?&ﬁﬁﬂa‘éf gﬁ?d in that an

expansi on ma nism I'nc 'he expander

[00 lgg g'ﬁ’%ur&lzc%éedt 3¢ Héqﬁt?‘enﬁ Illlsr ditec erélgg) ﬁ{eYﬁ ﬁ@&'aﬁ@cﬁ%géterized in

a second rotary an sm
that éwxé Jgﬂgﬁr@ Cg‘l%%%% %gd)( ].P%ﬁﬁéf&rp hﬁg}lﬁ'y;c?lta@%{ﬂ( (9%) R lg ctoﬁl‘f‘nunlcatmg

R e Y

the aﬁ“’x‘%ﬁﬁ’éer HRL R0 o1 SR, AERIBL B, T oy rechami sm
[001ﬁzO)A ?i?t!h ét:rtr%k‘ Itl*%rln{r%ﬁfaan 5 ﬂu%%?ﬂ)dtﬁé é“}{laagf?&'i Fﬁc? Eharterized in

e SGCOI’] I‘Ot ary nrsm he" vo

that é%x%g g}oglcﬁ%)e%ﬁlsh'{] (7@; lﬂlc‘cj @ﬁg@@é@h@%&gﬁb&g (("fquncludes a first
rotar&?@char[igng:k%) 4% KEhdGTR! F}g@‘?a{a Cfﬁ?#ﬂ?ké&?ﬁﬂ&@ﬂxg cyhndczréﬂ ,»81)

irected to‘the first as eriz

: contéelﬁ . nﬁ%ﬁﬁ)@ 3 E%Se??{hfr%gw% E%Qgﬁlgeg§7§w tHg G frgtt:lg lgllefhamsm (70)

o s i
comﬁlﬁ%g&%&\%ﬁh%&p&hé%]fonﬂ'%ﬁ)ac %’[1 ﬁ-lea?[?d'egk%ﬁ)%gt& ander chamber

engagi ng W th eac i s cohpose

(72) gg It}?e (ﬁ; Pét%)igrﬁger CLE;FQ()?%Q};% 3 r&l&gﬁgﬂt@% e)\L}%ﬁﬁ%{e cH3Ber (82) of
o S B AL S g
e *z‘aé‘agé”f(ﬁf’iﬂﬁq?é st B WS BRRRD 200 (60)

roo15Pr W figad Jkﬁe&%‘f'%@ﬁ%xﬁfbﬂqp QlredtdBlo ths FAWREE: 6Hld bfarfetetized in

. that an expansion mechanism (60) including the expander chamber (130) comprises a pair

- of scroll members (110, 120) each having an end plate and a spiral wrap (111, 121) formed

on the end plate, the respective wraps (111, 121) of the scroll members (110, 120)
engaging with each other, and is composed of a scroll mechanism (100) including at least
one pair of expander chambers (130), and the volume changer (90) is in fluid
communication with the expander chamber (130).

[0016] A seventh aspect of the invention is directed to the first aspect and characterized

in that an expansion mechanism (60) forming the expander chamber (72) is connected to a
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conpr essi on nechani sm (50) placed sonewhere al ong the

refrigerant circuit (20). [0017] A eighth aspect of

the invention is directed ts the first aspect and

characterized in that refrigerant used for the

refrigerant circuit (20) is CO2. [0018] -Behaviors 5

In the first aspect of the invention, under the
comfREEEH Lt £RRE 190 Bifed IeviBliSfon dRERRLIR okt |

gycl g..; [ fs ' ' :
(00871 F F eighlashl o U il FEDRlt 18 il 4B ofiradtfifed in

thatg@g%&%ﬁ&zg%;?ﬁé’ 'eﬁ?%?e[ﬁttcﬁéﬁi{qaﬁmsrﬁﬁt' of an expansi on

[
ani sm ecreases. s"tAase, when the

lu . _f.he expander chanber (73) is constant, the
{Ool\r‘;gssgal%fvl\?]%at‘e of refrigerant passing 10 through the

SUREN T MM S S T
i i 0 . T .
LB s SR SL 0 RS EASEylp ip,e ro o
the &éﬁ% R dNGs AL Lhd of t@é‘&ﬁﬁgﬁéﬁsfo%%ech%is *@0);’@%{(1%[{? density of
ger Uresulting i ssive

I'S I nCrease n exc

o D S e
volufh 0%’?19%%{})%1& e%%%g#%r&@?fg Ichx?s[t#{@ct!-xg ?rr}sags hgxgr 6ét§|tolf'g$fri§%rg}nh§assing

auxt |1

throx&%ﬁ?’ﬁ?tzéexg sitlﬁll1 glegﬁz{nlfs'}? Igg(;) lgelggmgéj)éi clz is%é%’lﬁgslﬁ%e'ﬁgﬁea% g%% thg' mass

y openi ng openingre
flow{ P &' rdfiBent WHRE B85, (0o 08, R EP RO, Thus,
Co i q . . | 7
excegasg}s% es){plﬁnilgl‘f b cﬁ]?? 'Iboy (io%gj)vﬂﬁ Iule lImé) 154 ﬁ%ta%x1haz('y9%a.rnber 93)

ng nechani sm he volune ¢ anger

A

oper I'tTons u

o013 RSPt B spOy MR ot TR R el A PO B o tome

ol O 818, GBSO RE RO R0) BN, g i

_ rigeran _ an ex [ |
<o R s AR 1S oo oy e
operfEAANIAL ek oy R ' IEHAANG Bl (T CAOUE Tobe bope of he
1nve1ft8%e th‘(%Job‘g%@ bg}hﬁ ﬁ‘é%?‘ﬁﬁﬁéghé %618{?)35 !ﬂ:\ln%‘éééregg)?e%l; &Bﬁmrﬂow rate
adjudiig WdchAdsth to6) bihd bGP trisRARD).on avoi ded. 6

[0020] On the other hand, for example, under the operating conditions that cause

increasing of the pressure ratio of the vapor compression refrigeration cycle, the ratio of
the density of refrigerant at the inlet of the compression mechanism (50) and the density of
refrigerant at the inlet of an expansion mechanism (60) increases. In this case, when the
volume of the expander chamber (73) is constant, the expansion ratio of the expansion
mechanism (60) becomes small. Thus, insufficient expansion occurs. To cope with this,
the volume of the auxiliary chamber (93) of the volume changer (90) is decreased,

resulting in insufficient expansion avoided.
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[0021] For exanple, in the second aspect of the

i nvention, the piston (92) of the volunme changer (90)
is noved to decrease the voéune of the auxiliary
chanber (93). In the third Yaspect of the invention,

t he openi ng/ cl osi ng nmechani sm (96) of the vol une
changer (90) is closed so that the volune of the

0028 Bk S IFRRE 5 e P s B ot
chan B sfte T oo T iR of B i) Hamted 2, o € e
ol e RS B R o0 -
cos TGN 0B % 08y LSl BTl DR o
espedt Rt gt e AR et ok B s (D O 5k Cogpeer (90
e S b b e o e

10024 B el T et binhr B8 Sk o R 7R] Bop R Sed of the
o PETHARFFSH, f |
owo fgnd Bepiabistiso oy BB, T Geofhe; Valbls pee bxSinder shpraher 03 is

. 15 .(60). [0Q25], | h i gh f the i [ ,
ore bbb AT GudlE A Bytonsel of (e Fvent o,
00252" 548 30 RSB L S, S s o
e RGP0 L FEEE IR, 4B, HEhE FRARS, e

. vol i hanb 72). Therefore,
ek Bederp 1 ABoVAREe SPREFH@OV 0l ule of an auxi | | ary

10024107 FP Bl <, it SR F e Rie SRR B e g 50 iy riven

f . refrigerant. As a result, the aperatjon efficiency .
by uilhzing Hhe Rty clesty GO Rt assig Mg be Kb geppism
(60) the second aspect of the invention, in the volune

‘change nechani sm (90), the volunme of the auxiliary

- 002 B R it sSe bt ThE mibbuBee S Bkinloh expifols pifhned by

o SRR F I R o BT el 175 G
be

EFFECTS OF THE INVENTION

[0026] As described above, according to the present invention, a volume change
mechanism (90) is provided to increase or decrease the volume of an expander chamber
(72). Therefore, an increase or a decrease in the volume of an auxiliary chamber (93) can
avoid excessive expansion of refrigerant and certainly avoid insufficient expansion of

refrigerant. As a result, the operation efficiency of an expander can be enhanced.

{0027}  According to the second aspect of the invention, in the volume change

mechanism (90), the volume of the auxiliary chamber (93) is adjusted by a piston (92).

This can exactly increase or decrease the volume of the expander chamber (72). In
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i ncreased or decreased. [0028] According to the third
aspect of the invention, in the volunme change
mechani sm (90), the auxili?ry chanber (93) is
opened/ cl osed by an openi ng/cl osi ng nechani sm (96). 5
This can sinply increase or decrease the volune of the
expander chanber (72). [0029] According to the fourth

. f the i ' ' h |
sadfi3E i Aot e, VB ol Sy B SRRRERS B ) can b

. 3) is adjusted by a flow rate adjusting nechanism
m"r%g%‘g‘.’fd%ﬁ‘&%%eﬂt he adjustnent of the flow rate of

005 AL AR SRI55: G G LR P pectnin
o0 B8 b 3855 R Ao BLEEH B BP0
This S gl s St O PeEIATADR VPR e PR R ()

100295 [ Bigprete)to B RR hngel PEih et ot Hegpipmas isdee pechanism
B TR R S -
eI A0 ° BB LB o RBRRR 0B o

e _expansi on.mechani.sm 0) is connected to
<ot

decr‘?fsa{ﬁ‘gﬁ%o‘} et R HE R 1%‘)(75)?% pressure energy of

10039 E| (AP o HBLIA Aol HE U kot Hisn resigp dpssbapism (60
AR e R Ao
A PR SRR B SARRER S okl s

o [LElG... 1] FIG 1 is a piping systemdiagramof an air
Mth&%l}? MY oner according to a first enbodiment. [FIG 2]

10035, aSaidiag oo TR D afPhicl T2 TG e PERinSioncarsheem (60
inclut Es; grsagclél Ellg f’sn‘g%]r@l)gl g?slrcn{s) Ii&%c ain%slrnu?fd’ﬂ?ta‘lel%vvis nrefrigerant to
expand.

[0032] According to the seventh aspect of the invention, since the expansion mechanism
(60) is connected to the compression mechanism (50), the pressure energy of refrigerant
can be recovered as power with reliability, resulting in an enhancement in operation
efficiency.

[0033] According to the eighth aspect of the invention, since CO; is used as refrigerant,

an environment-compatible refrigerant circuit (20) can be configured.

BRIEF DESCRIPTION OF DRAWINGS
[0034] {FIG.1] FIG. 1 is a piping system diagram of an air conditioner according
to a first embodiment. |

[FIG. 2] FIG. 2 is a schematic cross-sectional view of a compression/expansion unit
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an expansi on nechani smof the first enmbodinment. [FIG
4 FIG 4 is a diagramwhich individually illustrates
in cross section rotary 5 gechanisrrs of the expansion
mechani smof the first enmbotlinent. [FIG 5] FIG 5 is
a diagramwhich illustrates in cross section the state
of each rotary nechanismfor each 90 ° rotation angle
of. the.s aft of the expansi on nmechani smof the first
Ofth&%%m?ﬁ fFIG 6] FIG 6|sagraphlllustrating

e ©E) I BB R Sl BRI e R ono

oper.at ed when essi.ve sion has occurred in the
'ane’ggﬂﬁlﬂglnﬁﬁh ﬁ‘i%ﬁ st egb n%]“PFIG 7 is a graph

[FIG8] e oG Bt Aigerash pigand ‘E’ﬁdgﬁbfrwﬁ{l tt%ﬁg%';é? TS Fotery
mec BRI SO e Or e Bt pERb e BT & 8 "y g

[FIGnéAlan?sﬁGoEé%%. lféta{a?rﬂﬁhléﬁ rates S rpts et e gtn afeah

roten} BeqBtTR AT Sk el el R £ S Bl Bt of

ol une...[FI G 9] FIG 9A IS a cross-sectional view of
theﬁa{fs r@f“‘&%‘fary nmechani sm operat ed when excessive

t b ded B
[FIG gnzlr g@ﬁ 365 ﬁ?ﬂa‘ggt‘ "gl{r ﬁl@% f:hﬁ gelatygy %”i%(?ﬁ%eﬁdlbee‘%%@??mem
volubl el S a0t B S A e e L L B cessive

fi. r%} r ot ar ne hani sm og’érﬁt ed under a design point
cxpapyio B HIARS0R G PN aph illustrati ng t he

[FIGra Ic’;l:]ldgr @oﬁlﬁigap s%r?l?_t%gr Lt I1 iorpﬂ 1Ip§)e eesé%uh dlslgiacement
volvw%%ﬁir%ﬁgéré%rh%‘%?av'e21“&”@%2@9%@%'1%?ebs%%%%ﬁqp?#ﬁhewsvf&g@m
Eﬁn;g?f a*dFIG 11B a graph illustrating
expapﬂgn 243 ALl IH‘IE mgﬂn{eﬁfém’fsé?rl gerant pressure and
t i I F

FICHsc” s s By fiBivssstionTveEbe ?ﬁfsam}wmﬁwg%opem‘fed
o A A SRRyl Rionsi
betwg%@%fg{fﬁt | %I{r%u{?e ti on $ruvr9§§mwee.en the refrigerant

[FIG. 9] FIG. 9A is a cross-sectional view of a first rotary mechanism operated

when excessive expansion is to be avoided in Example 1, and FIG. 9B is a graph

illustrating the relationship between the refrigerant pressure and the cylinder volume.

[FIG. 10] FIG. 10A is a cross-sectional view of a first rotary mechanism operated

under a design point in Example 2, and FIG. 10B is a graph illustrating the relationship
between the refrigerant pressure and the cylinder volume.

[FIG. 11] FIG. 11A is a cross-sectional view of a first rotary mechanism operated
when excessive expansion is to be avoided in Example 2, and FIG. 11B is a graph
illustrating the relationship between the refrigerant pressure and the cylinder volume.

[FIG. 12] FIG. 12A is a cross-sectional view of a first rotary mechanism operated
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[FIG 13] FIG 13 is a cross-sectional view of a
scroll mechani smaccording to a second enbodi nent
when the revolution angle thereof is 0. 5 [FIG 14]
FIG 14 is a cross-section view of the scroll

mechani sm according to the second enbodi nent when the
revol ution angle thereof is 60. [FIG 15] FIG 15 is a

whei R ECetEaRaon i Reritedindnminte Peodelo B gk %)'hng
iltos{fHig s relfiontp BWG%@%% r@'ﬁﬁ%&%rgﬁsi&?%@ld[ B¢ ﬂgl%gri%&o”

130G <t iy f%?se Riret ol e G et ARG e
Seco’é‘ﬂ%@?‘#& Re FOhBGS Rhsle Bt %ﬂ%&@ theroof is 240.
[FIGL 4oy | 1?%!9? i‘ﬁ%ﬁﬁr&%ﬁcwm Ven e A T e t the
secopd bt i e AT 1'15%51? e feﬁéq oyl lustrates in
FIGhEhan: SiPof iC iR e ORbSaP RS SRR PG Agprding to the
second Habtimer W Pe LS PBtiPR S %'Q{e' 1A 50 compr bael an.
FIGEnam mﬁ%eﬁgg%s%gwrﬁeﬂﬁ%% 3703%11 e dorpling o the
second dmibRaiRer vipa e vo e PrEly Biegsor sfie? Sre change.
FIGMEA AN S PL U  SNANGET A view of the soroll mechanism according to the
second embodiment when the revolution angle thereof is 240°,

[FIG. 18] FIG. 18 is a cross-sectional view of the scroll mechanism according to the
second embodiment when the revolution angle thereof is 300°,

{FIG. 19] FIG. 19 is a diagram which individually illustrates in cross section rotary

mechanisms of the expansion mechanism of the third embodiment.

Description of Numerals
[0035] 10  air conditioner
- 20 refrigerant circuit
30  compression/expansion unit
50  compression mechanism
60  expansion mechanism
70, 80 rotary mechanisms
71, 81 cylinders
72, 82 fluid chambers

73, 83 high pressure chambers




10

15

20

25

91 auxiliary cylinder 5 92 auxiliary piston 93
auxiliary chanber 94 auxiliary tank 95 auxiliary
passageway | 96 auxiliary valve 10 100 scrol
nmechani sm 103 auxiliary pdPt 110 stationary scrol
(scroll nmenmber) 111 stationary wap 120 novabl e
scroII (scroll nmenber) 15 121 novable wap 130 fluid
cha BEST MODE, FCR CARRYI NG OUT THE | NVENTI ON

[ 00389 @ﬁﬁ’dﬁ?ﬁ?ﬁ‘ﬁt@m@ “®he present invention will be

desgg gﬁh herei nafter in detail with 20 reference to
t he "Dr RWFGEs (918883 7] <Enbodi ment 1 of the Invention>

aII tructure Wth, re | G an air
condDii o %ilmngsmeelvﬂ%méﬁwiiﬂ%@wg?g > so0. call ad
"segirate t ai.r conditioner, and includes an
out dbor %ﬁﬂ €ﬂ¥m§hd an indoor unit (13). 25 The
outggor uni.t (11 houses therein an outdoor fan (12),

t d FBFULREAPIS changer (23), a first four way

éhln yalv %} a second four way sw tching

vaI liagy, %P‘%onpre53|on/expan3|on unit (30). On
the ther qand he indoor unit (13) houses therein 11
an PhdodxHEg ) and an indoor heat exchanger (24).
The gutdoor uni t B) and the indoor unit (13) are
cont} ctéﬂxfﬁﬁkﬁﬁﬁﬁﬁ ¥a pair of interconnecting lines
(15,.16). [0038] A refrigerant circuit (20) with which
t he¥%i r WSHEN YdWer (10) is equipped is a closed
cir 5Bt al? g which the conpression/expansion unit
(30?, t RerlifledEnis@at  exchanger

103  auxiliary port

110  stationary scroll (scroll member)
111  stationary wrap

120 movable scroll (scroll member)
121 movable wrap

130 fluid chamber

BEST MODE FOR CARRYING OUT THE INVENTION

[0036] Embodiments of the present invention will be described hereinafter in detail with
reference to the drawings.

[0037] <Embodiment 1 of the Invention>

-Overall Structure-

With reference to FIG. 1, an air conditioner (1¢) of this embodiment is a so-called
"separate type" air conditioner, and includes an outdoor unit (11) and an indoor unit (13).
The outdoor unit (11) houses therein an outdoor fan (12), an outdoor heat exchanger (23), a
first four way switching valve (21), a second four way switching valve (22), and a

compression/expansion unit (30). On the other hand, the indoor unit (13) houses therein
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5 (24), and other conponents are provided.
Additionally, the refrigerant circuit (20) is filled
up with carbon di oxi de (CIEi as a refrigerant and
configured to effect a supé critical refrigeration
cycle (a refrigeration cycle including a vapor
pressure region having tenperatures equal to and

an i o D en oy RN FQBPERPh RE Qo JeRapES 8 e

ok S R S B e B

efrigerant circyit (20) exc es heat. wi th | ndoor. .
[0038) A ? a%?nw@u#i(ﬁg)t W%uwﬁkﬁﬁﬁ‘gwrtceﬂﬁﬁan%ﬁ{)t Iy eqyipped is a
as first, second, third, and fourth rts.. ,Iln, the
closegiqlrgwt Aok V@é‘ﬁi @wcwemeaame/g%%&ea Pyt (BReteiindgor BS%CXF%MEI
connected to a dischar i pe...(36) of the. . .
(24), &ﬂqlp?ég% FRPYUIER IS AT arovisd: (%@ﬂlt,(mftaﬁ& ghécr&ﬁ%eeﬁ%ﬂttcwcgﬂ (20) is
connected to,on d. of the 15 indqoor. heat exchanger ..
filled upyith icar h dickifedF O hALE B gﬂrﬁl?tﬁgg ei%f}g,Uf?CL@ ik g'ﬁﬁr%ﬂﬂcal
.1s connecte te% one end .of.the. outdoor heat exchangeﬁ .
refrigesagion gyde { @erHHgRIPIGYEIS ] Melidii®e i ¥ oPESWfe (PYRT having
i pe (32). of the coppressjon/expansion unit (30). The
temp?lia £s qyak toag 2bglet ?%Cﬂl/&ﬂmpéra(f%ﬂ is switchable
etween a state that. allo fluyi.d conmuni cati on .
[0039)5+t Viodhe BHeor heet SHehbeR iR FrgaRanil (e, et et 20)
co ni catj on petween_the third port .and t fourth .
exch%%ggﬁe%ts\% OUKIIPE e gl etWBO%fohﬁpaa er?iwsgfffnaz}s éeﬁﬂefaé’ﬁdn the
.a sta,te_t&%t allows_flui.d cQqmuni cati on between the
refrigerang cirgpt 2Oh pephenges beat MUIBAPOTAY 1 ui d cormmuni cati on

et ween the second port and t ourth port (as
[004$)Jndﬁ§331&5 '}BV weswc%%veﬁm@ls ﬁaﬁF{’l@t Sisf?n%f Hes pnd-fgrth ports.
second four way, .switchi val ye (22), al so has fiy.st, .
In thE Eriaur PHY PICHRG FBEKER: ot ot Perdoubd dna fistpree pipe
(36) %{%%g;g\ﬂmtgélg%n FP\F/H?R%@E% i(.llei%)(%(g; tliljgfsgcj‘(q% tpoﬁ?sr E:or{n%ctg WSS & of the

P N R E PR T A e
one DRI i S GREOLS s SrSERTSELEELARCLA 5 st

e LS G B i G AR B kg e 2
o oo PR 2B SB 3P L Gk hnRE R BRsr o an
e o180 S gL COMMY o0 Bl ME SR 08 BLTShen por o
indicgtgé }gg’gﬂ% taoqglyﬁrpe:qlrg q«g ?htjal}adw% étta’lpeﬁhtg?%rogvl% )fPug% goré.\%%nication between
the first port and the third port and fluid communication between the second port and the
fourth port (as indicated by the broken line in FIG. 1).

[0041] The second four way switching valve (22) also has first, second, third, and fourth
ports. In the second four way switching valve (22), the first port is connected to an
outflow port (35) of the compression/expansion unit (30); the second port is connected to

the other end of the outdoor heat exchanger (23); the third port is connected fo the other

end of the indoor heat exchanger (24) via the interconnecting line (16); and the fourth port
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5 state that allows fluid conunication between the
first port and the third port and fluid conmunication
bet ween the second port and _the fourth port (as

i ndi cated by the broken |ilde in FIG 1). [0042]
-Structure of the Conpression/Expansion Unit As shown
in FIG 2, the conpression/expansion unit (30)

s coap iy SCHRPOT G eI BRI LGP | TR second
Ar d, .| ttomto-t d ithin th ' .
o of " B5kin oo B0 SRR Erb e RSB s id

com b B S5 DA AR SR Al e

v Fe SR B e IR LR iy o

and i.s broyght 15.into . fluid co ni cati.,o ith the .
state; thptepl oS filﬁ%&emmunm@% Rergn (@ﬁ?@ peEAd the, lécr Bt Apd fluid

motor ., (45) is disposed in a,l.ongituydinall entr al
com%m@ﬁqu%l B%w%t ecsgs?qﬁlgp?ré gd thgniou F@@ﬂdﬁ&ﬁ@‘fa&?‘f ?‘&é‘ae broken
) jsF onf)osed of a stator (46) and a rotor (47). The
'hﬂeléltalf%oﬂ-(%) is firmy secured to the casing (31). The

rotor. (47) i.§ passed thrqugh b .. main shaft part
(00421 4y Stgpet e§ﬁ§ﬁ€‘{r’3@ﬁsmﬂ4§"@ﬁﬁf’g@%) forms a rotating

shaft and .is _provided, 20 at .its | ower .side, with

¢ Wbk hgBR 18 EIE- e HErROMRLeSSIN{CXPRISEON WY ?ﬁilvﬁu%éi%@asmg G1)

.provided, at its upper end side, Wth two per side .
whichig gnyerially dors ladiAspre GemsTaeclbl JomamITs; dganzed, in

eccentri¢ parts (58, .59 re forned so as .to.be .
boﬂogm—@a%@rorﬁ% Wy F@ﬁﬂ%iﬁﬁ@%ﬁ RRIFRFESHO: Fephanisny (B4, anjelectric

first lower side eccentri art (58) that is the
mot%ﬁ‘béﬁ%@é\%mwm e Ogi de eccentric parts (58,

0003 RS0 e B SEA Ha 1 bl o
LA SRR I AR NLS T A—
NN N R AN S

o0rf i me SR S SR PR ShSBRED  BAELR of e
cosnf 11555 ST el st NS SR PRED: S SERTAIAS T
st . SN S Sr o 8 e e P B PR o

| main(sﬁggt plarst (%do? a shaft (40). The shaft (40) forms a rotating shaft and is provided,

at its lower end side, with two lower side eccentric parts (58, 59) while being provided, at
its upper end side, with two upper side eccentric parts (41, 42).

[0045] The two lower side eccentric parts (58, 59) are formed so as to be greater in
diameter than the main shaft part (44). A first lower side eccentric part (58) that is the

upper one of the two lower side eccentric parts (58, 59) and a second lower side eccentric

'pax’c (59) that is the lower one thereof are opposite to each other in eccentric direction

relative fo the center of axle of the main shaft part (44).

[0046] The two upper side eccentric parts (41, 42) are formed so as to be greater in
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5 greater than that of the first upper side eccentric
part (41). [0047] The conpression mechani sm (50) forns
a swinging piston type rotary conpressor. The
conpressor mechani sm (50) hks two cylinders (51, 52)
and two pistons (57). In the conpression nmechani sm
(50), a rear head (55) a first cylinder (51), an
internedi ate plate { a second cylinder (52),
dlﬂﬁ*@ﬁhﬂh@ﬁ&i%ﬂ)aﬂd:}aét (44 aﬁ@@éirﬁt@nd EWOWQWP@@%F@F“Q perts (41,
bottomto-top orde 0048] The first and second
42) g madlg @P%enzrwn t@%“%%ﬁcﬁ%t athe auiedigmmeter ofifhe srgpndgpper side
pi ston, i.e. the piston (57% Al t hough not shown
ecceatra:g?aéhwai i%raafleygre%telﬂham thet gt the|firamprrside pecspisietngrt (41). In
fromthe piston (57). The blade is supported, throu%
addifon,fha gmeynbekeccemricisn ef theyserondewpper sile esogntricrhet {42) g made
| ower side eccentric part (58) of the shaft (40) is
greafes hanethet of theofinsheppensigs eqcomricHIt (Wt hin the first
l'i nder (51)., On the other_ hand, the second | ower
[004§E(deT ee@@mmsm@npme@h@w} 60) t fosms haf swingng jpiston type rotary

inserted into the piston (57) within the second
CompiPs§ofid e F I SANPreFEAE me@hmwrrﬁﬂéém BYP etmper(81,(33 an@, Byo pistons
is_formed between the outer perlgheral surface o
(Nasbodeaswapigirioromeehnnism 6@ng 1687 heal(SAnd firﬁtecylmﬁiérr (51), an
peri pheral surface of associated one of the cylinders
mter(@silatesp)ate £36)] eceoqndeidinder §32)apryl selzentcheas b avesarranged in
(51, 52) each have a suction port (33). Each suction
la}’e’;?ériﬁan@%l)ﬂboﬁoﬁlxﬂoéﬁﬂéﬂiet‘o outside the casing (31) by a
suction_pipe (32). [10050] Al t hough not shown
[0048] o Jrhenirat sushsecgnd eyliadersHEEGR2) gaeh caniain ghareid 4 Cﬂ’héé'é%ﬂ piston,
of the front head (54) and the rear head (55).
ie. th? ﬁ@mr(é%) pakithoygh peteshpya siagreamaticily. aflptpate- ltkﬁeblade projects
npressi on chanber (53) within the second cylinder
from( @z)plat@l 370 dT]Qﬁ blé@mﬁrﬁuémféedel‘ﬁwgk@ swiagingttashan epgh eglinder
of the casing (31). The discharge port of the rear
(51, $hd Tlsﬁsﬁrsmlwv%m%écceamp%%&ﬁ ichanbel (193 ingertsd Anto the
the first cylinder to fluidly communicate with
PistopnG7) j Witlin ({he fgﬁa@éméﬁf {Ha- cOsithg C(ﬂ:‘ﬁ) handy, they secend dower side
al t hough_not shown_di agrapmatically, each 14
ccceis Y G39) ot hei S (0N totrsaadhinio dies BREMGBT) a1ithen tsasgecond
.refrigerant discharged into the internal space of the
cylindgg; &ﬁé ( Fash of gompression ngheabsisoP3 wéchaﬁufgmle(dsbytwegn ftlagy outer
out of the conpression/expansion unit (30) by way of
periphggal gpedaos of @é‘somaﬁ?éi gef thqmesay (SThe7)argahe inger peripheral surface
nmechani sm (60) is a so-called sw nging piston type
of asppgigtad pagef the cylinders (51, 52).

[0049] The first and second cylinders (51, 52) each have a suction port (33). Each

suction port (33) is extended to outside the casing (31) by a suction pipe (32).

{0050] Although not shown diagrainmatically, a discharge port is formed in each of the

front head (54) and the rear head (5§5). The discharge port of the front head (54) allows
the compression chamber (53) within the second cylinder (52) to fluidly communicate with
the internal space of the casing (31). The discharge port of the rear head (35) allows the
compression chamber (53) within the first cylinder (51) to fluidly communicate with the

internal space of the casing (31). In addition, although not shown diagrammatically, each
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form pqogqrg, n

5 and provided with two pair conbinations of cylinders
(71, 81) and pistons (75, 85). In the expansion .
nmechani sm (60), a front head (61), a first cylinder
(71), an internediate platd4 (63), a second cylinder
(81), and a rear head (62) are arranged in |ayered
manner in bottomto-top order. In this state, the
. Jower end surface of the first cyljinder.(71) is .
dischares Red lwr%% Vehe disckaraceivan %Sﬁé%flﬁﬁba@} disfiperged into the
.. surface of the first cylinder (71) is 10, bl ocked_b
interpflosPARR g HERRNS @aff@n (ﬂeesqum%sse%emam?@fsnhgﬁ? 7S fagout of the
| oner end surface of the second cylinder (81) is
Compes I RUEKNSYSipH Bf W&Lw&mﬁ @epﬂlsfgérgewe @M the upper
d surface of the second cylinder (81) iis bl ocked by .
[0055 ﬂe ﬁ@&zpww meppnisi {688 arsogilled HuigrigipiorytyRpdiugd machine
of %@S second cylinder (81) is greater than the inside
and proxied ayitthiwq paT combinaliqns; Qfdéﬁlmgeifi)(ﬂa §1pandpisions Cha$d) In
(40) .is passed through the expansi on nmechani sm (60)..
the exparisignfpcqhanisn (f9)esiront hepd 461, & first gelinder GH1).andnisaneiafe plate
pi stons (75, 85) are each shaped |ike a cylinder and i
(63)5 & spsangt prliaderr(fd) s ands & 1parshesd (62hare Agangsd idapwgd manner in
. piston (85) are the same in outside dianeter. The .
bottam-fasfop,pider dpdbiseteienthe owsaend (suficq of thes Sey yhpderg/D is
the first pistonﬁé?S) and the second upper side._, )
blockedc by, thg Eoplapead 603) apd theyeeer endr Btnse ohdh &gy fylinder (71) is
piston (85). _[0053] Wthin the first cylinder é?l), a
blocked, byt the|ipfemedigapiatc (62)) Oa the prhsy hand Wsclowien enggurtace of the
i nner perigheral surface of the first_ cylinder (Zéi
seconghgylindgr (il isyblorked Sy dheintesmedigielyge (6 end the unpeperd gpface of
(75).. On_the ather hand, within the second cylinder
the sgqppyl cylindsz d9hds Plogkedl byctha mss heab®R). sinfaddition; the inmds diameter
t he inner eragheral surface of the second cylinder
of the gecpnd gylinden 1) i Bratgdhaihe ingidedipmgieroighe {ipk c¥lindsh 71)-
Iston (85). [.0054] The first piston (75),is provided )
[0059§ ¢ ?{%aﬁ 4 (4 ria ppsped Hiraugh the frpansiq) meghaisnp 90).c 45 ghown in
i,ston (85) is also provided with an integrall.y formed
FIGi Bad&ng %e)he flE’é‘chogFCQ‘ﬁié’lstBP%gés 8)rase eafga s agei{ﬁlﬁp% gylinder and
like a plate extending in the radial direction of the |
}ob%,%lr%ﬂ%ton AR 39 dhe SELoTGURINAR dBY) fleotle tsRRe in outside
. outer_peripheral ,surface of the pisto 75, 85), 15,
dlamF@bssTl%Eé@E uB@ﬂrisrﬁgeqcc?nﬁi? par y(41)sts W%‘F\?H dé‘@“%@i‘ the %rsba%sron (75)
f bushes (77, 87)..0One pair of _bushes (77, ngtoanr(eSS)

and thg 85585 UPRGY sidechesnBicRigt (@7k1s Pagsed SRl bR sepon
here,betvvee?. The blade (76, 86).is supported on_ the
1’rst b%m&g

(0053l Widp they mnc}elﬁ (obigh firplellyd ) griormgg, between the
e bl S Sl R ) B (SR 19182 ot e
first piston (75). On the other hand, within the second cylinder (81), a second fluid
chamber (82) is formed between the inner peripheral surface of the second cylinder (81)
and the outer peripheral surface of the second piston (85).

[0054] The first piston (75) is provided with an integrally formed blade (76). The
second piston (85) is also provided with an integrally formed blade (86). Each of the
blades (76, 86) is shaped like a plate extending in the radial direction of the piston (75, 85),

and projects outwardly from the outer peripheral surface of the piston (75, 85).
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5 [0056] The first fluid chanber (72) within the first
cylinder (71) fornms an expander chanber and is

di vided by the first bl ade %76), wherei n one space
defined on the left-hand shide of the first bl ade (76)
i-n FIG 4 becones a first high-pressure chanmber (73)
and the other space defined on the right-hand side of

10035} sk Sutie” (s pipaiderith 8D A% Sptgs &7 ipePne pair of
bustsS 617, Hk e isheses Yar BIIP (T80 BpoMrbL LB et  The blade
(76, §F) birubiied o 1 Suisopaey. 9 hiteeh eyucin i Boc Sheblade (6,
36) S AIDHE {3 T53FD. Y] 900 AT dovSaelaite 1 b ey ClinSD:
[005BboSH e TRk St {IRlePRPC el PHEeoCaN O] 2 qapander
chargst hod s fitled RS i GBS0 7I6) GHETHS oF FRtEe s inshes g hand
side £ e Bt bBn 18] in A0 Soeermodst Gt dUgir BFOIS Ghamber (73) and the
other fract Ap oo EhOEAMNS dhrget e REDARTIO e omags a st
ow-biseSs Eit Bl oerthg regond o bt ) R5LE ) ecdha cptinr
0 5GBS 5 b 0 2 i L i o
oS S0 of e LA WA 2 s
i3 e ARy e B St St
N S e R
005 95581 EERS T b Lk bR ) o GBedy s
o RSG5 RS h B5e CPR t of re
vusn ) BB S LS e e G lrcton.
tn ofiefyerd ot S8¢ el U drs e b s st ithlawn
s G it B RSBl e o
eaf ) e St SRS LB RTEE O Y e
perigh % LG BHEGIRGhRt e P ate (63) T the

[0058] The first cylinder (71) is provided with an inflow port (34). The inflow port
(34) opens into the inner peripheral surface of the first cylinder (71) to the left of the pair
of bushes (77) in FIGS. 3 and 4. The inflow port (34) is allowed to be in fluid
communication with the first high-pressure chamber (73) (i.e., the high pressure side of the
first fluid chamber (72)). On the other hand, the second cylinder (81) is provided with an

outflow port (35). The outflow port (35) opens into the inner peripheral surface of the

second cylinder (81) to the right of the pair of bushes (87) in FIGS. 3 and 4. The outflow
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5 thickness direction thereof. One end of the
communi cati ng passageway (64) opens to the right of
the first blade (76). The gther end of the

communi cat i ng passageway ( ﬁ) opens to the left of
the second blade (86). As shown in FIG 3, the
commruni catl ng passagevvay (64) allows the first

o LBRATSHLD B8R hF oo B BE P OB ERR

(34 éﬁ%@%%@%ﬁf’ﬁ%&%é‘ﬁ?%@%gg’écﬁﬂq BRI 638" 0 Shove.

o0shl's g et o ¢t K30 gl fimpa 0
The ghipiRnY %@f”aeg%?“%&' @%@eﬂc{sé‘ﬁs aﬁﬁtt it SRR in te
thlckgls%mg&g}% (ﬁ%qﬂq: @b§om gmf:%%ﬁg%earszfa]gew{v%?ﬁ@ opens to the

right i R g e, E@ I 3@6%&%@%@@%%@%%&3@@ (64) opens

1o th% ‘f‘%{:gé 5 gq.giogq\hragﬁf(%ém : ohﬁ%&ﬁ/ &Wﬂ?@?@&aﬁ&mcﬁmg passageway

h- re chanbe ncr.eases
(64 sl e 55 %‘ﬁrﬂr%sﬁﬁ“(fs%ﬁl%?fé7‘|?)r?ﬂéﬁﬁ%fﬁ°aﬁ$ bigTE RS pgagamber (53)
. In a the first | ow pressure chanber

to ﬂ‘t“%ilX)COB%m’PWé‘tef ?a‘i%glﬂéer mechani sm (70) and the second
oo, S A Rt 2065 Lo BT ey
i A O Rl e o
T A L M
(81),Stﬁ§] ésglfegzﬁaﬁ}%ﬁ)é%ﬁ%é?l @5)5 ané]%"zfe"Zi’ﬂé% ade rtglﬁ) t%ggther form a
AR BT L2 S 8 e S,
e B B gty -
low-prggsfS ﬁ?fntb&p{ﬂlﬁ&swei‘iﬁ hﬁﬂg ot AR oh ;%2 S s in
woich WLl arne: bimies SRR g Bl
. 0 f
mecH R (e ot ishroaiglen 6Pt Sharh Rty 4RgH| fs-pressur

cham\i)er % o(ffthe first rotary mechanism (70) and the second high-pressure chamber
(83) of the second rotary mechanism (80) are in fluid communication with each other via
the communicating passage (64). The first low-pressure chamber (74), the
communicating passage (64), and the second high-pressure chamber (83) together define a
single closed space. The closed space forms an expansion chamber (66) serving as a
single actuation chamber.

[0062] The above-mentioned configuration of the expansion mechanism (60) will be
described hereinafter in detail. The rotation angle of the shaft (40) when the first blade

(76) reaches its most withdrawn position relative to the direction of the outer periphery of
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5 the first | ow pressure chanber (74) assunes its
maxi mum val ue of 3 cc and the volune of the second

hi gh- pressure chanber (83) assunes its m nimum val ue
of 0 cc. The volune of thé7first |ow pressure chanber
(74) dimnishes as the shaft (40) rotates and, at the
point of tine mhen the rotation angle of the shaft

e A U3 0 820 ST L VR e s
sy e g

rotation angle of the shaft (40) reaches 360, assunes
its maxi mum val ue of 10 cc. [0064] The vol ume of the

o0s P S e S S e AR EPSbS e o
hanb 74 I f th d
o A SRR s e

vol une of. the 15, co ni c

mhen | eavi
the ss%sg@a}g PIsEYTY Sharer G e SR AL bR o L S Tume

cc.

PTG SN A é%%m%‘ﬁ#ﬁ%ﬁr(%@?p?%%“ﬂ%%|tﬁeepoim

o i S s S S S o

..incre ses and as 10 cc
miniggp,va g6 ofll fie PRI H@le?g@%f{m the, ' f‘eogﬁh‘i ﬁf‘éogﬁfmh'Pressure
reaches 36 065] he ot her hand,

m&gg@ﬂnqwm% A Sﬁ%ﬂ @%br%@%?@ éEltherP"PHé’? tWvea?%@? rotation

nechani sm is provided with a | ure
anglec@éﬁa éhq%@ﬁbﬁashﬁS@%) aysBRebHamgRIRE et 06 {0RE of t he
1006446 g valsse. ihg Sxparsion Shig tr(('ggh étr‘qicéqex o GASLAS Hie sum

I | i.nd 91) t t
of e a%s'ﬁ%ﬁ% oot O LRI 7 e s
cyl i nder orns a vol.ume chan X|I|a
hlghysesewaﬁbémg@)g@ﬁ hilred rpr?élpa &ngffe miqamﬁ ¢ volufhe’of the

cyl.i nder be in flui nmuni ¢at.i on
comp pigqiing Rﬂ r(é‘?)o%‘}t of poyat. 1 &’Wiorfg? iﬁ pY%l,%ﬁ O?Qf)eﬁpgﬂsm

0 ned i nside the X|I|ar i nder 1) t,0 .
chamgvpb SSPURGSHR GHAKRYLY V- valoe p cht ﬁwoa% f(o%fﬂ%i“&tfpetbe {gation
ch et vQl une Xiliar er 3) . .
anglﬁ[ 98@%] lﬂ}b(‘gq%rléto oy s ﬁﬁ%ﬁﬁ%ﬁa‘ﬂ&@tﬁﬁ%’ﬁm 4 o?éﬁg? éxpansion

621 is forQFd with the., auxiliary Ii ger it of
5 (600 Pl feoe 0 Ui SO, A FspyBe oint o

der (91) ope art .the inner

time p&%ﬂﬂl | Péﬂ(ﬂf’g&%lS@gﬁE‘fSk‘i‘ﬁgHg““?ir‘lro@{‘esc%oi nder (71)
[006?]88%%I %%eo%xgl\'n l}a.gdt g pfrésent invention is characterized in that the first rotary

mechanism (70) is provided with a volume change mechanism (90) for changing the

‘volume of the first fluid chamber (72) that is the expander chamber. The volume change

mechanism (90) includes an auxiliary cylinder (91) and a direct-drive type auxiliary piston
(92) contained in the auxiliary cylinder (91) and forms a volume changer. An auxiliary

chamber (93) is formed inside the auxiliary cylinder (91) to be in fluid communication

* with the first fluid chamber (72). The auxiliary piston (92) is contained inside the

auxiliary cylinder (91) to provide reciprocating, linear motion and configured to change the
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5 piston (75) when the rotation angle of the first
piston (75) of the first rotary nmechanism (70) is
2700. In other words, the auxiliary chanmber (93) is in
fluid comunication with the first hi gh- pressure
chanber (73) (i.e., the high pressure side of the
first fluid chanber (72)) serving as a suction
chanher a d c nf| d such that the suction vol unme of
volupg @ QQQ“ gﬁégﬁer (72) for refrigerant

006 li«‘%‘s i gyzsn? %&Stqféhg g?;n{af%?éb%q‘ﬂw?%% ) E%%of@ed with the
susiRghbeeh a5 SO 108 nGr et o s o i (L grens
into gBﬁ"ﬁﬁE tl%é%ﬁ%&e%ﬁ@%égsggé‘gpe?féﬁ? ?gg%%hé%g)(@ég%&iated with the first

h- pressure chanber l'ind

hi
pistopg%) Waeny ﬂ'tﬁ’rﬂ°§ﬁt18}3 @pele rﬂfdﬁ%l ﬁﬁgrnlst%q % f atﬁ%@?s%’ rotary Fiechanism

peripheral  surface of the first i.nde . .
(70) a%%?ﬁ& atteeth Wardsnibe ppy @ryp%trgﬁ E%)ls wqﬁw unication with
15 angle of the first piston,

the f{r%trlgt&%—gpeg%e c{q;,%g:y]( T L6 g;gclgglg PIFSSWS 5151% g?(glﬁa %;s} ﬁuxd chamber

i nsufficient, ex si on o r nt occurs, the
T2gsRin 4 iae SRy oisnrsl fsbih B S B of the first
e vol une of gﬁf auxiliary

ﬂuldéﬁmbpraw) RSeEiEcrapp JNCEEses: a eaqa\ﬁ?r e%&&%’faa@g %ﬂefh firs, piston
(75) Abg becpad BIRse R nagr AR TSk 60 i opTgREL fo B in fluid

| ocation to the 20 open d end t he au
comr@ylplpﬁggjr We?gl € §XPARYIL C Qg@er (q%i c\pg}plg 8% t‘?aq.')éirst low-pressure

auxiliar chanper. (93) beco tant| Zero.
chambee (¢ cw&mm@wg( %ﬁﬁ%&%}f@?‘ﬁ 3 .hgéfl ?%%S&fee amber
apart ern1th nner.. peri surface of _t
(83). c;F/)Tlil% a@fﬂlwlﬁy Tigign G eiegd %&5@813% AR i PRI £ o‘ﬂP dipr geripheral

surfagg o TP ’lpﬁieae(fff) 'esgafjlateg A fe 8 igg@ﬁ@%?/ Sttshefig potation

anglwtieth‘éﬁ&ﬁl bl n(ggb\ﬁgggtaéj%”é#}ggfgg?lsymmgu{nocgtsl on of

uxiliary piston (92), t.he auxi.lia

| i nder
[006I(191) @ PHRIYY PRInPR QEd ﬂE%t %Pﬁﬂﬂ%lbef Xefffggant occurs, the

conditio or other elene ts 68 case..wher.e
cuilGERE G4, 2 RS 0 RS BF PrgErhdbe SBiL ff&lﬂ Ay ljisy Cliimber
I
(93). o eI re Bistan PO bt 5@&8&@%@@?@3@? wgefoﬁﬂkphsral surface of
res ure [ of, the yapar co SSi r.ati.on
the f5craincene) athed 161‘5 PHBCEoraterd, fearc@?srﬁﬁi losft 3¢t o the
openla@:@'glt 3 @thig?l? e?;'gpir)ec gnt 1S case 502he Vo urtnlg of the auxiliary

chamber (93) becomes substantially zero. On the other hand, the auxiliary piston (92) is
located apart from the inner peripheral surface of the first cylinder (71) when it is moved
backward and reaches the closest location to the other closed end of the auxiliary cylinder
(91). In this case, the volume of the auxiliary chamber (93) becomes maximum.
Although not shown diagrammatically, the location of the auxiliary piston (92) in the
auxiliary cylinder (91) is controlled in accordance with operating conditions or other

elements.
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follavre \FOF irempie

5 the inlet of an expansi on nmechani sm (60) decreases.
In this case, when the volune of the first
hi gh- pressure chanber (73) is constant, the nass fl ow
rate of refrigerant passing? through the expansion
mechani sm (60) becones excessively small relative to
the mass flow rate of refrigerant passing through the
npr essi on nechani sm (50 excessi ve expansi.on
[OO@iCLﬁscasw hpISOBGFSSH ¥ ?W%}B%\ﬂg rﬁféw@ra@hw%%ﬁ bengxplained as
auxiliary piston (92) is npved backward to increase
fe, (Hgem B 1oPEA Ung (tQRGEPDY S capgss lslr:?rieilﬁgna Qf the
an increase in the mass flow rate of refrigera
Pressurg iptigy Oof Aico VaneeE compEsssiop frligeraivB eiycley Mie rtigod hedlﬁnsﬁy of
the other hand, a case where_insufficient expansion
refrigerantraj the infet géthe,eomprassign mechamism §59) andghe dsaaifplogretrigerant at
under the operating condltlons that cause increasing
the lélﬁet phan expangienmechanisrn(G0) degreaspe o cessnyyhes tiegiglume of the
refrlgeratlon cycle, the ratio of the density of
first chigh-pressuan chamber@3] iy epnsmty the meswpiles gpigrofesdrgain rpassing
(SOﬁﬁand t he denS|ty of refrigerant at the inlet of
pRRansien meshaniing (6Qebocomee esessavely | spallhrelativgde, the mass
when the volune of the first high-pressure chanber
flow( 7ady ofs refaeratn passinge trgpeihSho roppressions meehianisgar @t Thus,
in the expansion nechanism (60) becones snall. Thus,
ex“$ﬁ§%@ﬂﬁ§$@m?“@¥ban5|on occurs. 20 [0071] In the
ve-mentioned case, the auxiliary piston (92)

is
| [OOGBLS Hedhe bowermentipned cases dhe anrliaryopigien (32) ismoved backwward to

auxi_liary chamber (93), resulting in a decrease in the

incregge dhervolime ¢ éh%awllwﬁbwg@rm) faseling & aningreaprainthe mass flow
fluid chanber (72). This increases the expansion

rate 9%@%%%@'[ ﬂ@wmggemh@ firsh fupechambsn€®bn chanber (66).
b Cperatlonal Behavi or 25 The operation of the

[0078] ¢ %H@. atheghapd, (2 ease wihere meuffisient papsion eqqurt%lﬂ .bﬁgxplamed
Cferatln Mode I n the cooling op eratlnalnnde th

as foljows: 8l ﬁxmpleswdeéﬁhﬁ@p@@rﬂoé copdifions, Faf wauszomcsf'@&la&d)f the
four way sw tching valve (22) each chan e state_ to é

pressyre, g@iq Rf theavangr k??mlPFF‘éSlBP dﬁ@werthﬁésypﬁ ec;ratlf ofprhes ensity of
refri erant Cﬁnpressed n the conpression nechani.s

refrigaspyyt 4 éhe igles ehie germprassion giechanise (Vrad dee sy eﬁee)fﬂgeram at

Thi s_di scharged refrigerant is delivered by

the iplgoff 1y Sypargon mﬁ&@m@m (60 incgeages. v dn @Ei?asﬁowh%thél}@g@%ﬁ of the

heat exchang 2%% n the
first high-pressure chamber (73) is constant the expansion ratio of refrigerant in the

expansion mechanism (60) becomes small. Thus? insufficient expansion occurs.
[0071] In the above-mentioned case, the auxiliary piston (92) is pushed forward to
decrease the volume of the auxiliary chamber (93), resulting in a decrease in the mass flow
rate of refrigerant flowing into the first fluid chamber (72). This increases the expanéion
ratio of refrigerant in the expansion chamber (66).
[0072] -Operational Behavior-
The operation of the air conditioner (10) will be described.
(1) Cooling Operating Mode

In the cooling operating mode, the first four way switching valve (21) and the
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5 outdoor heat exchanger (23), the inflow refrigerant
di ssi pates heat to outside air. [0073] The refrigerant
after heat dissipation passes through the second four
way switching valve (22) #fd flows into the expansion
mechani sm (60) of the conpression/expansion unit

(30). In the expansion nmechani sm (60), the

b B 554 6 B TR Sl g e
ine 3 e i B SR 05F Hkaghi s
T LR R R R
oy B b o ALY BB o0 0

roomair is .cooled. Low,pressure

: lLt, t
Outdggﬂwﬁfg;xpﬁ@%?gij@),é&? Qﬂ%ﬁ& relgigerang HSTiRRISY ity O A

changer, . (24) passes through the first four wa
10078}y ¢ | e gRAIY eaffer 1 heah Sﬁl@gﬁpaﬂﬁsqsnf}g‘)‘ﬂ%Lé]éfoﬁﬁ%é‘gsf%‘ﬁ way
. hmechani.sm (50) of the conpression/ expansi on ynit 0).
switchig Reities e((s%la ofndre iR dWP( 589 @m%we%s&ecg%sm hé‘i(*fﬁ of the
di scharges .the drawn refrigerant. (2) Heatlng .
COMPIBESIOY F¥RgBIH 80Xt {30 e I dhe FrrpngigR rra?qhﬁ@%éﬁ@b the digh-pressure
first four V\gy switching valve (21) and the Z%eiseco d
refrigesant expgnds apd de infgrmehenreey B EpneaEH ipRaogweT g Stuseff fpgotate
tate indicated by the solid, line in FIG 1. First,
the sh 40 r Eant IOBVoPﬁ%Sg@f‘srégngefﬁnﬂ ﬁﬁerﬁw&ﬁ%ﬁs %éﬂaﬁg@w outflow

, 50) is discharged through the dischar pi pe 6) .
port {33 sosares SWapgtheres I dBREREY patcing Yoo Uk anire iz to the

. ., faour vvaé swi tching valve (21) and is then delivered to
indognheat exeBHIRCAEH: exchanger (24). In the indoor heat

100750, Vo o it cxines S BT ERE NG e oS oon dir and
heat ed. 007511 The refrigerant afjier heat dissipation ..
vapPrRics e b Bl BB IHNG EPOld4) LpRaESUre i StfgcmRoexiting

fromftﬁ"ﬁﬁggr;ﬁ%{ AR 1¥har'@%§1)t£§§9r§t A0S way Switchibig valve (21)
.cqonpressi on/ expansi on unit ( ..l n the expapsion. .

and lﬁét"i’f‘ﬁ’rﬁ“@rﬁgf BRIy TR MEFRARISH 04 o e rcampre@@%/%@a@ﬁlﬁaﬁag 30).
and its internal er i s converted into poywer i.ch

The gamprissio e hrpiea: B0) sUFSF ar?’zfﬁsn. f%ﬁﬂ@rseawfﬁfg‘é@%gemt
refii erant_ after ﬁx ansion flows out by way of the
ou{4hi&sRtips Operatigg sses through the second four way

swi t ¢hi I 22), d i :
W‘In tche hrégtir}/gaop.\é?at&g I%Ode?‘ﬂqe first four way switching valve (21) and the
second four way switching valve (22) each change state to the state indicated by the solid

line in FIG. 1. First, refrigerant compressed in the compression mechanism (50) is

‘discharged through the discharge pipe (36). This discharged refrigerant passes through

the first four way switching valve (21) and is then delivered to the indoor heat exchanger
(24). In the indoor heat exchanger (24), the inflow refrigerant dissipates heat to room air
and, as a result, the room air is heated.

[0075] The refrigerant after heat dissipation in the indoor heat exchanger (24) passes

through the second four way switching valve (22) and flows into the expansion mechanism




10

15

20

25

5 is delivered to the outdoor heat exchanger (23).
[0076] In the outdoor heat exchanger (23), the
refrigerant absorbs heat fromoutside air and
evaporates. Thereafter, thé&ll ow pressure gas
refrigerant passes through the first four way
swtching valve (21) and is drawn into the conpression

nmechani sm (50) of the ressi on/ expansi on unit

(60) (ciothe compresiABiERAISHR HEB HAN) srhl(th@)exeeﬁmneg@g@a%% (60), the
then 10 _di scharge the dr awn refrlgerant N

hlghraéeﬁlarhrsﬁlgetan@}@aﬂés felfranal SAFIEE0) cem@rt%% Ez‘%?%’?r Which is
t he expansi on mechani sm (60) wil|, be described, bel ow.

used[tgaotaie thershelt $0e pholevedrospurgnasisigesnypiss capasiqn tlows out by
refrigerant in the supercritical state flaq into the

way pf thsroutfiayhpeit €. rasses Hurely the peyongdfowrryet ﬁ"?lﬁlqutah’re)(n)’ and
mechani sm (70) will be 15 described with reference to

is deli}’%edB)thV\ﬁBWO?Wasﬁ@h@nam@ﬂnakes a slight rot at| on

mthe rotation angle Q state, the P03|t|on

[007éb nthaélle oedonsdwat exehanges (23); the é@fn@?@)l ahsgrbs rliteatfﬁt?lstou‘f&de air

cyl i nder 71) asses t hrough t he | nfl ow port (3

‘and ¢¥ppialsy. al h%mtl oy pressia eas TefEgsRRidaTRe th %lt Qtetﬁrst four

flowng into the flrst hi gh- pr essure chanber fro
way tsHatching| Wvp 631 and3is) drawheingh e compression me&bgtltra 50) of the

angl e of the shaft (40) gradually increases to 90,
comprgsipTyxpansiargunit (Y t Hesreomprosson meckanismd§8) gogpresses and then

refrlgerant keeps flowing into the first high-pressure
dischargesies drawnyeftigerant | ow of hi gh- pressure refri gerant

into the first high-pressure chanber (73) continues

un(it)l Opgatiqnafdipassiciiiechasism (9 shaf t  (40) reaches an

Ie of 360 0078] Next, the process in wh
r ef .hr: gEPraHeN efkthe ARANSiAN Ms @uﬁalﬁ@)owﬂrbééﬁ%tﬁtb%b?lem
be described with reference to FIG 5. Wen t

he
| [007%]1aﬁ‘1‘51( Aby Pregesss 1T “hiGhg ighrwessyseorstrigazant (g nthe wepercrmcal state

rotation angle O state, the first | ow pressure chapper
flows iy the,Grst hihguessig ghpmhent73) ofithe fimhratsy n(l%”fkﬁmlﬁi@c,@%“’ﬂl be
f|UIdﬁg conmuni cative with each other via e¥
describashm Eefetenss tlgalggaéewg\@epghg shati(40pmakes, zégltg rotation from the
refrigerant starts flowng into the se
rotatwrlgwggﬁ Qssiectherposibien qfgontact Btﬁ“te%ﬂtﬁt ﬁg@t PtSERRL Gﬁbé%ﬂb fhe first
nber (74)._ Thereafter, as the Eatlon ﬁ %n
cyimfl?re (Zhawsse%djﬂoggladﬂtm jnflog, HoBa 3. thergey AlouAng &Halsefessw’e
and then to 27 the vol une of the first press
refrigeratiie 15‘33(17319‘”@8 detadhs §irsd déghepisess,phamber é?-ﬂt#%fa rt}éeowgtroyf port
the vol une of the second hi gh-pressure %hanber 33
(34). g Eheeaticy, as kg roiptien angle of the shaft (40) gradually mereases to 90, then to
180°, and then to 270°, high-pressure refrigerant keeps flowing into the first high-pressure
chamber (73). The flow of high-pressure refrigerant into the first high-pressure chamber
(73) continues until the rotation angle of the shaft (40) reaches an angle of 360°.
[0078] Next, the process in which refrigerant expands in the expansion mechanism (60)
will be described with reference to FIG. 5. When the shaft (40) makes a slight rotation
from the rotation angle 0° state, the first low-pressure chamber (74) and the second
high-pressure chamber (83) become fluidly communicative with each other via the

communicating passageway (64) and, as a result, refrigerant starts flowing into the second -
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5 Consequently, the volunme of the expansion chanber
(66) gradually increases. The volune of the expansion
chanber (66) continues to increase just before the
rotation angle of the shafd2 (40) reaches 360. In the
process during which the volune of the expansion
chanber (66) increases, the refrigerant in the
expansi on chamnber (66) expands. By V|rtue suc
mghr@ﬁ%ﬂ@e%ﬁﬂ)ﬂlé@ab#@nbwe firpfelowhpssufesghpmber ¢ 60 -at Tleaqﬁﬁqfrey as the
iven. In this way, the 10 refrigerant within t
rofa*rl?l} agls gintheshaft (40 864@&‘#% pnoreagss o Wasther tandso ofmq ﬂvén to 2707,
communi cation _ passage (64) into the second .
the RyohHmpr 85 st e fefialyePrny ahimereX flindrstyally odeapasen while
t he refrlgerant expansi on _process, the refrlgerant
simylapeayishethgivelime aftfhe ssqond dnabrpressemehamben B33) radugliy éncreases.

the rotation angle of the shaft (40) becones

- Congequentlys dhe vobmee of ghej xparsion, chamleri §6) gmadueHy tipereases. The

supercritical state with which the first | ow pressure
volugigafishe em@nﬁlmyhm%berf i(66)expntipuag e dragense jush befbraie rotation angle
pressure drop the tine the rotation angle of the
of ishe (i Goechinitits Entabratsss gwananhioh $od rbsgtof tas epansion
quid state. Thereafter, the refrigerant within the
char@b@ﬁé iipgreashn Misaetigsent it tewapansioachrmhed§6) sxpands s Ryevirtue
while partially evaporatin [0080] Subsequently, the
of spehyeefeigerpnt GuiaBtoRcthei geft (48) i éwgtlwﬂlmmteﬁe fedondvay, the
20 | ow pressure chanber (84) of the second rotary
refriggrani ahithimthesipt lpmi-pregiureichpaiich €M) {Ipwes bysweasoeithe communication
| ow pressure chanper (84) starts flujdly comunicating
passwet(ﬁ‘il R Besephhishmrepss)chappenddhehijormending: i me
when the rotation angle of the shaft (40) is 0. Stated
[0078h otlR e Tggrigeran e¥napgan arcess herefrigpant pressurcovithindbe expansion
econd | ow pressure chanmber (84) to the outflow port
chafr(%)(ﬁﬁ)rﬁ%kse%ﬁf ther rotatiga ‘?Itﬁl%tloif dhe shaft 449 beagmes HBFIFaF(eZIO) More
radual |y increases to then to 25 180, and then to
spec Iﬁellyaov%kge@nb@r%aur@rcrtuoﬁ%st@tﬁwth Whigh fthst first low-Bisepves gamber
t he shaft é reaches 360, | ow pressure refrigerant
(74) js filled R yRACERRS WorIPPILRGELE @noavw hattingg th@ﬁe‘raélee @ﬁale of the
| ow- pressure chanber (84). 23 (4) Qperation of Vol
shaficfi) qesaghss rabept o (-owyd Refers then satuistadalingd eter hérhereafter the
vol une. change nechani sm (90) will be described. The
refrigreant; WhinoHcyfanangien ghawaen 60 draduallyedgsreasess an (pRgssure while
the auxiliary piston (92) is controlled so as to be
partiplreiaparaipe.a” pr edet er mi ned | ocati on inside the

auxiliary cylinder (91)_ and the
[0080f Subsequently, the process” in which refrigerant flows out of the second

low-pressure chamber (84) of the second rotary mechanism (80) will be described. The
éecond low-pressure chamber (84) starts fluidly communicating with the outflow port (35)
from the point of time when the rotation angle of the shaft (40) is 0°. Stated another way,
refrigerant starts flowing from the second low-pressure chamber (84) to the outflow port
(35). Thereafter, the rotation angle of the shaft (40) gradually increases to 90°, then to
180°, and then to 270°. Over a period.of time until the rotation angle of the shaft (40)
reaches 360°, low-pressure refrigerant after ekpansion continuousty flows out of the second

low-pressure chamber (84).
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 Withoths coration of Gy G el

5 auxiliary chanber (93) is set to have a
predeterm ned volune. [0081] First, for the first
rotary nmechanism (70), while the rotation angle of the
shaft (40) shifts fromO0 t23 360, high-pressure
refrigerant flows into the first high-pressure
chanmber (73). Since in this suction process the
auxiliary chamber (93) opens into the first
hi dfit 9?@%%%@\5@1&%&113{1%1)4“ FEm8hnt of refrigerant
flow ng thereinto jncreases. 10 [0082] Subse uently
whéYext.itbe appaation ofdhe yoJume ébarfae@rmﬁctlmsmt(%@éw W@Hﬁd The
its rotation angle is 0, the first | ow pressure
descripgomwil bergiyermbased pe theauernise Fhay thegnsdiat piston 4% ds cqugiled so
are in fluid comuni cation with each other through the
as t¢ bariositedany agrossssmipeddycation) insidgthe awrBay ogydinden(9d) and the
the shaft (40), the volune of the expanS|on chanber
aumkl%)ch@rlb@d )i Setite bavecaspredetermingg wieRpansi on pr ocess
refrigerant in the auxiliary chanber éﬁS) al so
[008&) p At  for theufinst rrjary rmeghaniser @b evhile theaottien rfmgl@fof the shaft
expanded refrigerant. [0083] Thereafter, the
(40) st femadh tor Bl higtpreseutents idgsetn lavehniny dhs irs high-pressure
chanber (84) of the second rotary mechanism (80). In
chambgr €73).4sBince indthisespetiqyerrapass the aunidiagishambsr (P32 RpsHsanto he first
.. (93) also flows through the second Iom#gressure
highyppeswe chmhyr (73 Setamovstief ieigepat floypm)thereintpateasasr
S ecifically when excessive expansion of refrigerant
[0083L c cpbseaperalys athicn the shaft (4D wiaiesi frgmathe rséte iy é*flmh ltatrotatlon
the inlet of the conpression neohanlsn1£50) and t
angleyisr(s; thy fisft lowdresseye ngﬂbe't(ﬁh@di the eacord high- mmamhéwber (83)
mechani sm (60) decreases under the operating
are ip Sl eqramynicaian with sachielberethisquel ths camaupicaténs passsegive (64)-
the vapor compression refrigeration cycle. In this
afcthicxpanioe chembine) rraually
volume of the first high-pressure chanber (73) is
increagsst Ahtthist sxpanpen Progses. ristreesmt rinfthe gawdiney hgmberg (333 also
through t he expansi on mechani sm (60Q) becones
expaps ERSHItpE I a. Hsrdasy iy the pmeunte! erranAedeigarait rate of
refrigerant passing through the conpressi on nechani sm
[008%]5 oyTherpplier, theagfrigstny ows pahel Ba seroad rlewarge%waﬁryer (84) of
the part B of FIG 6. To cope with this, the 2
the Sﬁ%@mrm&m mepkaniyn (8)) Isthipiase vbaéq‘ma?ramt i# thp @p@é@e’ chamber
the vol une of the aUX|I|ary chanmber %é Thi s avoi ds
(93) elf& ﬂQ‘é’F ﬂeoeglbtamcoﬁ Jow-prrRste Bhanbes (B dntaribe eBRWHOR35)-
[0085] On the other hand, when
[00841ns M‘FP ép%qaﬁcaélyp AHeR GrCesEIVE cEPansioa ¢! enefrtgeaﬁrlt togeurs, the ratio of
density of refrigerant at the inlet of th
the demysity of sefrigerapieat ibmindshof Bis)comtpsessinn meshaisn (69) and the density of

refrigerant at

reftigerant at the inlet of an expansion mechanism (60) decreases under the operating

~conditions that cause decreasing of the pressure ratio of the vapor compression

refrigeration cycle. In this case, as shown by the solid line A in FIG. 6, when the volume
of the first high-pressure chamber (73) is constant, the mass flow rate of refrigerant passing
through the expansion mechanism (60) becomes excessively small relative to the mass
flow rate of refrigerant passing through the compression mechanism (50). Thus,

excessive expansion occurs as shown by the part B of FIG. 6. To cope with this, the
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5 the inlet of an expansi on mechani sm (60) increases
under the operating conditions that cause increasing
of the pressure ratio of the vapor conpression
refrigeration cycle. In thi?4 case, as shown by the
solid line Din FIG 7, when the volune of the first
hi gh- pressure chanber (73) is constant, the expansion
J.atio of refrigerant in the expansi on nechani sm_(60)
auiljery giuan GRS IOTRG, g?"kéi@“%'??o\nﬁf%%ﬁ thg groBume ofrthg ukilieyy Ghamber
insufficient expansion 10 occurs. To cope with this,
(3)¢ hEhig g¥e1fls GrFsPYSTHANE YIS %ﬁgwabgmgqt@p 7%k ling Cm FIG. 6.
crease the_ volyne of the auxiljary chamber, (93).
[008 ﬁi Onihgjogher ﬂlﬁ@@ﬂ%@@ii%wfﬁfé%aﬁ@anéwné%ﬁdmraé&&)(oftt density of
.dot and dash line Fin FIG 7. [0086] -Exanple 1 FIGS
refrigerany gt the;inlet of thgrcempression meplanism 630) and Sk density afwefiagerant at
is applied to an ajir_, 15 conditioner (10) for a warm
the lflie@ iogﬁn(qma%% meehanisn, (&) dacrgases padprethgtpe@ting capditions that
decreased . so nuch during the winter nonths). [0087] .
causg fcpaasiag of thegwprgiei ratiret tha vapor semprrsHan reiriggraimn gycle; pén this
operating condjtions in the area in which the outside
case3S showhpar e wplid ilige D suRlE. 7. evignrthegolume ofi the dirsthagh-prgssure
i.s used as a design point. During the wnter nmpnths,
chambgg ({3) 18 sRnGAnt o e exparsiqnstatin jof e figaraat, i the X priianemechanism
73) is used as a volune for suction of refrigerant )
(60) \hspdraes sigall o) This: 8y shawn Byithe ipartyE cHaliie 7. (insyiigignt pxpansion
used thereas. In this case, as shown in FIG 8B, the
occugSy ndAs§OpR Wish this.ohe purilipgepisien (3AHs pushed fewiged to decrease the
operating conditions coincides with that wunder the
volugle Of dbe periHery digmper (3) t This ayeids insutiipent;sxpemsiqncasevhown by
expansi ons never occur. [0088] On the other hand,
*hedHUngﬁwhhﬁﬂgﬂﬁﬁﬁg-%Dnths, as shown by the broken |ine
inh 25 FIG 9B, the mass flow rate of refrigerant
m08§b5§ﬁﬁﬁﬂﬂﬁﬂbugh an expansi on nechani sm (60) becones
ex%ﬁﬁsivel spall relative to the mass flow rate of )
r ef fGRyet R Jpulusirsly 2 ¢rse wgwreaathedyafsmb dwieBois prpicd e an air
50). .For. this reason, when the volune of the |,
condémgpq 19} @r&gﬁ@é Fegen (17(1 gg.]}lch the Awisgrle ax taperspare is not decreased
giﬁ?nsio occurs. TqQ cope with this, as showm in FIG
SO MgeAl wintergpettsloner (10) operates while the
ol .of the_auxiljary chamber_ (93) is increased and,
[008 1 e Iihisufir comditioneril Deds ?hQ@’F’éHtFI‘(:@- %‘n@P @per@tng gppditions in the

avoj ds excessive expansion as shown hy the solid |ine
area }nnwinp%thegg.}tﬂde air temperature 1s around 0 °C durihg the winter months is used

as a design point. During the winter months, the volume of only a first high-pressure
chamber (73) is used as a volume for suction of refrigerant while the volume of an
auxiliary chamber (93) is not used thereas. In this case, as shown in FIG. 8B, the
expansion ratio of refrigerant under the actual operating conditions coincides with that
under the design point. As a result, excessive and insufficient expansions never occur.

10088] On the other hand, during the summer months, as shown by the broken line in
FIG. 9B, the mass flow rate of refrigerant passing through an expansion mechanism (60)

becomes excessively small relative to the mass flow rate of refrigerant passing through a

- compression mechanism (50). For this reason, when the volume of the auxiliary chamber




10

15

.20

25

5 [0089] Wen the fixed anount of drawn refrigerant
during the winter nonths is set at 1, the volune of
the auxiliary chanber (93) during the sumer nonths
need be substantially twi @ as large as the fixed
amount of drawn refrigerant during the w nter nonths.
For this reason, the volune of the auxiliary chanber
(93) is equal to that of the first high-pressure )
(O3) bx7shh SHOESTY expampion RaeHss-e, Tawprns Wiktethis eaipkovar ingHE. 9A, the air
first high-pressure chanberﬁ%;f) Is 10 2cc, the,
condifiongr 09 Premies Apde theayglump afther auwxdByy phanshes €93) is éncreased and
[0090] -Exanple 2 FIGS. 10 through 12 illustrate a
the ameuat Hhdrawnpplaiepiensisitcreasednt Tlop aveidapressve expangion g§ phown
condi tioner (10) for a cold region (in which the air
by the el HipeindflG( 9B) may be used when the outside air
tenperature is -10 C . 15 [0091] In this air
(008 n Y hanghe fixed gpount of drasvmreftigerncguringthetwintes menghsiis set at 1,
whi ch 30% of the volunme of the auxiliary chanber (93)
the vplmpsefithe geeiHary vhapar(93) digingshel suhwasmonths heedibesubsiantially
. Which the outside air tenperature is around O C during
twicerasdakge 9s e fiwsd emountsof dsawen wedtigerant alyting thsovinter nmwitisn g For this
the winter nonths at such an outside air tenperature,
reasophihesipiingg of e auxiliptyrehamben(98) issequal phhpirafdbe figst high-pressure
chanber (73) and 30% of the volune of the auxiliary 20
chambpiafider (g3xample, sdan the volywp wfishe frst Bightrressuisfchamber (73) is
refrigerant suction volune. In this case, as shown in
2cc, the gpluee ! thhauxiligea akdngher (M iivalsd 2 cef ri ger ant under the
actual operating conditions coincides with that under
[009G]he-Braapdh2poi nt. As a result, excessive and
insufficient expansions never occur. [0092] On the
ot RE#S. Hdhihrough AR riljustiste & caneerhere terpreseat inyption isyapplied to an
. broken line in 25 FIG 11B, the mass flow rate of
air congdftiangie (14 forpaendd rpiantiinudiichahe et sanditioner (E®nmay berised when
(60) , beconmes excessively small relative to the nmass
the oytpigg apr derapesatureds r1G€dant ~ passi ng through a
conpressi.on mechani sm (50). For this reason, when 30%
[0091dt Imidisair eonditismer (9).aanshpvaiy FF@S. Hhshmuate (09 3highs30% of the
used, excessive expansion occurs., To cope with this, .
volumgsokthg\axiliaryrghemben (9R) is wred anderdthe aperpiinggondit@ps in the area in
. .operates while the maxi mum vol une of the auxiliary
thlbﬁngﬁlde @upmperayse i aaund Ac Capwing therwigteaponths is used as a
. refrigerant is increased. This avoids excessive
desizia Rpinhsi Brringthe wanisr mpnthp at sishiag quiside aintemperaturgfibe sum of the

volume of a first high-pressure chamber (73) and 30% of the volume of the auxiliary
chamber (93) is used as a volume for suction of refrigerant suction volume. In this case,
as shown in FIG. 10B, the expansion ratio of refrigerant under the actual operating
conditions coincides with that under the design point. As a result, excessive and
insufficient expansions never occur.

[0092] On the other hand, during the summer months, as shown by the broken line in
FIG. 11B, the mass flow rate of refrigerant passing through an expansion mechanism (60)
becomes excessively small relative to the mass flow rate of refrigerant passing through a

compression mechanism (50).  For this reason, when 30% of the volume of the auxiliary
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5 [0093] During the severe winter period, as shown by
the broken line in FIG 12B, the mass flow rate of
refrigerant passing through an expansi on nmechani sm
(60) becones excessively Rlrge relative to the mass
flow rate of refrigerant passing through a
conpression mechani sm (50). For this reason, mhen 30%
f the volune of .the auxiliary chanber (9 ) gsed
cham?a%m.lw t CERPAYSPEHIYRRE QPRS- Tol T ERTE Wi 1@ H‘|S§ owg in FIG.
own in FIG 10 12A the air conditi ner %
1144 %ﬂl&ﬁ@sdﬂmer ¢10) perolss piklc B ARmATYAlFES 9t g gppilipry chamber
zero and the amount of drawn refrigerant is
93) aSezéﬁeé‘a%I@d theamaeung ph BawR Feiigeapt Bncaisdns T8 avgdds excessive
shown by the solid |ine_in FIG 12B. [0094] The vol une
EXPapBFIoR ﬁSeShﬁﬂ’%lbIYﬁbf‘r%ﬂl’élHﬁWﬂ’é IG.ddB.is as fol l ows. Since the
volune of the auxiliary chanber (93) at the desi
[0093i Muring thgydgviere WidenRsrigheasothopredia the; hrpkgnylingi : 12B, the
15 93% whi ch becones necessary during the_ sumrer
massHow yale ef éﬁﬁpg@ﬁmnﬁ%émg throgigh j 40e §XREBSION gpepbanismy () hspomes
the first high-pressure chanber (73 [0095] -Effects
excesstvebhlergr nis 1"9 18s thfe J8ass bBeW affds & Ef‘é@%qféﬁltn gassyig Mirgugh a
enbodi nent,_ a vol une change nechani sm IS
compessipngaerhepismA§0e adior dhis €Fé‘§¢1b Fdeni3hee o n@lwe af the ayxiliary
fluid chamber (72) of a first 20 rotary nechani sm
Chaln(om§93) Frsedripyudicigp qxa@m%@cw aTaéep%afstb thlﬁ, gsridown in FIG.
| upe of, an auxiliary chanmber (93) can avoj
12A éh@: ai sopditiangs {48) epergfes paile |ﬂ§ev%lhme Mdhe @Wh@rmha@b%r @) is
insufficient expansion of refrigerant. As a result,
zero grkthg gaoHRY o slraavn ;ealgqq@ry ipflecksas pérrhéfe? g&ﬁﬂg}éﬁment expansion
enhanced. [0096] |1n the volume change mechani sm (90),
assh?wabwnelﬁ%démeﬂrh@%d@u ary chamber (93) 25 is
dj usted by an_ auxi|iary piston (92). This can exact
[0094]ncifb%1§elume Aeibp ayzibiaphehapden () isps tf‘Pﬂ@W% r SN the croiume of
(72). Furtherpore, with a l e structure,
the awhalv&hemherd?i")taﬁ the desigapoint i smath et \gﬂpm{wm@ﬂle ahmbéry chamber
i ncreased or decreased. 27 [0097] Furthernpre
93) @Mlﬂﬁ%ﬁe%@%ﬁrk ﬁ\n(ug)sh ,Wégoqt%lsrwg}@mafely 1.6 times as
mechanj (70, This allows a first
Imgeﬁﬁgﬁﬁﬂfé@§@$éﬁéwgﬁﬁﬁﬁ3@ﬁ@ﬁwhﬁﬁ )-an expansi on chamber
66)_t o be certalnly defi ned, thereby expandi ng
[009§]ef rhifetsafEmbodimend| I api 1i ty. [0098] Since the

ex ansi on ne hani sm (60) i s connected to _a conpressi )
sescaibed above, according to this embodiment, a volume change mechanism

(90) is provided to increase or decrease the volume of a first fluid chamber (72) of a first

rotary mechanism (70). Therefore, an increase or a decrease in the volume of an auxiliary

chamber (93) can avoid excessive expansion of refrigerant and certainly avoid insufficient

expansion of refrigerant. As a result, the operation efficiency of an expander can be
enhanced.

[0096] In the volume change mechanism (90), the volume of the auxiliary chamber (93)
is adjusted by an auxiliary piston (92). This can exactly increase or decrease the volume
of the first fluid chamber (72). Furthermore, with a simple structure, the volume of the

first fluid chamber (72) can be increased or decreased.
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5 (50), the pressure energy of refrigerant can be
recovered as power with reliability, resulting in an
enhancenent in operation efficiency. [0099] Since CO2
is used as refrigerant, anZ2@nvironnent-conpatible
refrigerant circuit (20) can be configured. [0100]
<Enbodi nrent 2 of the Invention> 10 Next, a second
enbodi nent of the present invention will be descrjbed
[0097} derthemorgianiexpatsimanecharismi(Rl) iaekidps e, rofany orerhamssms (70,
the first epbodi nment, two rotary nechanisnms (70, 80&
80). 1 dhin alleweedipichishrprasaen ahargbﬁr((é%/))and@ﬂ eRRANSHTHRIBMbEN(§0) to be
iin this enbodiment, a scroll nmechapism (100) fornms an
certagndp dpidnedntharebh sxpaadingaoligaens wolwmeliahility. GS. 13 t hr ough
18. 15 [0102] More specifically, the scroll nechanism |
[0098] o®jnderthe exeansign sn@ﬁamﬁar{ﬁﬂ)slé rconnecterl]9)a coyaprgrsRn mgchgnism
frame (not shown) of a casing (31) and a novable .
(59).<be pressuge gRyeseiypbigernt pan begeoverashas pomen wifh relirbdityasulting
ring. [0103] The stationary scroll (110) forns a

in angpheiiemgphiboperation Efisianges a flat plate-1like

stationary end plate (not shown) and a spiral ) o
[0098} atsilltmaﬁéz t6r ehed (as Tefyigownt iaaAnvyopneic@mpgtibleaefrigrant circuit
stationary end plate. On the other hand, the novable
(20) s®y st gonfige@y. forms a scroll nember and includes a flat
| ate-1i ke novable end plate (not shown) and a spiral
UHO&bﬁﬁhﬂ@dmm§%20€ﬂ2ﬂyvvé¥m?calIy pl aced on the novabl e
end plate. The stationary wap (111) of the . ] .
st d¥exbrfasegort ewibpdipenp pf eregprgesnt wivehtiom svildieadserihgdaip detail
. (121) of the novable scroll (120) so that a plurality
with eferened 1@ tihérapdngs. (130) are formed. 25 [0104] The
stationary scroll (110) is provided with an inflow )
[010hbodr the dudt, cabodsment, gwopotay madayismand0s #8) dera 1ap sgxpansion
portsﬂi}log. The inflow port (101) opens_in the
mechppisin(60)  Pn theeothesdandfin this ewbedimsnt pyciptlapechanisy {#P@forms
which the spiral starts. This inflow port (101) is in
an expgnsien weehaasamn(P9) enthionm MFLGS I3 hrrvebrd8heat exchanger
24) or an_outdoor heat exchanger (23). The outfl ow
[0102lo More speuifieatlan thej serolhaephasiism ((J00finglhdeses gtagipnar escroll (110)
stationary wap (111) at. which the spiral ends. This
secuggte pdvamsornet shom) 9 gasing|(@hdendormenplansriol (2nsupperted by

i ndoor heat_exchanger (24) or the outdoor heat
the fraperhioysh ay Pdham ring.

[0103] The stationary scroll (110) forms a scroll member and includes a flat plate-like
stationary end plate (not shown) and a spiral stationary wrap (111) vertically placed on the
stationary end plate. On the other hand, the movable scroll (120) forms a scroll member
and includes a flat plate-like movable end plate (not shown) and a spiral movable wrap
(121) vertically placed on the movable end plate. The stationary wrap (111) of the
stationary scroll (110) engages with the movable wrap (121) of the movable scroil (120) so
that a plurality of fluid chambers (130) are formed.

.[0104] The stationary scroll (110) is provided with an inflow port (101), an outflow port
(102), and two auxiliary ports (103). The inflow port (101) opens in the vicinity of the

end of the stationary wrap (111) from which the spiral starts. This inflow port (101) is in
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5 [0105] The plurality of fluid chanbers (130) form
expander chanbers. A space between the inner
peri pheral surface of the stationary wap (111) and
the outer peripheral surfac¥ of the novable wap
(121) fornms an A chanber (132) serving as one of the
fluid chanbers (130), that is, a first fluid chanber
.(130). A space between the outer peripheral surface of
fluig; ¢panmaynieationayith s mgoqrea) exghangen@4) anet oydeordisat exchanger (23).
surface of the novable wap (121) forns 10 a B chanber
The optfiow pert (1P epsna i theevicity tafehe lend of dheasiponary vaap (111) at
that is, a second fluid chanber &130). [0106] Wen
whighrige gpigalsnds. s cihiy putflagmprtdDds in flgid eompinigation tviidrithe indoor
relative to the stationary scroll (110), the two
heat gychappenr @4 artheoytdom)heatexchangtt @3MI y conmuni cati ng
with the fluid chanbers élso). After conpletion of
[0105h eTheuberakity of ik ehaniteys (18Meformsxpandet thampbets posiase between
(103) are brought in fluid communication with the A
the ippespsepheral3pyfacaef théstatonachwreape(l 1118 the ntet partpberal surface of
m dstream of the expansion process, nore specificallg,
the mpivable wrap (13b) Eivme ag ok shamiper A032)rrsiodng as 08D obilisi fluad chambers
nDtiqnéd[Oloz The two auxiliary ports (103) are in
(130, thatds, id ghangher (130 t Aspaapdiehwennythe outanpreiph¢@Byurface of
of the vol une change nechani sm (90) of the enbodi nent.
the sagiopamyayrap6tlds and thg innes podphenal sutfagegd thewhvatile wrapdd31) forms
i s configured such that the volunmes of the A chanber
a B ¢hpgiber £KY) serving astanethst of i81juid shambeys 4830 hibaeispanetond fluid
chanbers are changed using the two auxiliary ports
chambep@d30).The ot her structure is the same as in the first
enbodi nent. [0108] -Operational Behavior Next, the
[010@k Yehen the stovable ssealbl(12Bemnlasi & m801oobitali mbtipye relative to the
.described. 25 [0109] First, high-pressure refrigerant.
statigngry sareld (@b dhe puerpexibiany rorts Wl (50 starts Tyddly spurunesating with the
.flows into one of the fluid chanbers (130).interposed
fluidyghabers ¢(130)- viAdten eoppletiophef; thet sstion paedesm &1y the dpo auxiliary
(111; starts_and the vicinity of where the novable
portspt193) @upbyoughipin fluid popgunisafiararith thheA Hibgmbpr 633Nmad the B
refrigerant is introduced fromthe inflow port (101)
chambgy élﬁh anti} the midstieasp of thelSWpnsien pragesshaoze epdcifirally, until the
process. [0110] In FIG, 13, the end of the stationary
movaflesereli (12) makes i erhigbmeppral starts is in contact

th the inner peripheral surface of the novable wap

: W
[0107h 2y tweonaudlisny| paiise 0I03) yare in fluid communication with the auxiliary

chamber (93) of the volume change mechanism (90) of the embodiment. In other words,

the volume change mechanism (90) is configured such that the volumes of the A chamber

(132) and the B chamber (131) serving as the expander chambers are changed using the
two auxiliary ports (103). The other structure is the same as in the first embodiment.
[0108] -Operational Behavior-

‘Next, the expansion of the scroll mechanism (100) will be described.
[0109] First, high-pressure refrigerant is introduced from the inflow port (101) and then

flows into one of the fluid chambers (130) interposed between the vicinity of where the

stationary wrap (111) starts and the vicinity of where the movable wrap (120) starts. . In
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5 the end of the novable wap (121) from which the
spiral starts is in contact wwth the inner periphera
surface of the stationary wap (111). This state is
set at 0 as the reference. 29/0111] In this state set
at 0, the A chanber (132) and the B chanber (131) are
conpletely closed, and the suction process is

l.eted, High-pressure, refri t flows throu

co p er ) he
sumR [ igh b e (SRR ORI Ghet R 56 MR Ph L o the
.(93), 10_.[0112] Subsequently, the novable scroll (120)
ﬂuldrFZ‘&@e%a3br%'}”tn§IthW¥l pr - expansi on process is
rri t untjl _the revolutio e of ,the novable . .
o11§F 15 |F‘|fg( fﬁd}ﬂe evf%ﬂ%@@ St IRRFY IR a1 fﬁg@w@&l@y S} starts is in
then 120 (see FIG 15) to 180 (see FIG 16). In this
contagt ﬁﬁﬂ%&@ﬁ%ﬁfr&@é@%@rﬂt Hefapep F@é@ﬁ?ﬁ%l%%%ﬂg)l)a g jsmylfancousty
chanber (132) and e B chanber (131). In this case, .
the epH @%}&WP QHTap (.%5% I3 R §F}ﬁpgﬁlaﬁﬁ%rls iToayntagt Sth the iner
igép nds. 1? [0113] Thereafter, when the reyvol utio
pent b”“?é“r eoh thefRpoBuY vaap G 15 stafeds ettt ', the fefrgence.
iliary ports (103) are in fluid comuunication wth
11} dn fhlwtat_eéﬁfaa?&er’fée éf@el}ﬂg%m_rl?%bandtth@s@e@ il 3Digeeempletely
close%i@%ﬂ \M;)ph?qnﬁlg&pssl éwg%% nt\al\c{? Illfol%’gh%%sér%gerfg%%%gn s through the
{131). £0114 The novabl e scroll (120) further makes
auxiligry gpgs (105) alse e thepHalpgr egbeni®d). 20 expands in the

1AL SO S R b ol Bt i
procqsy 1§ CHEGeOF) REELLsp ToYREGR ARG Giothei Bera il (120) changes
oro TSR e R IR 9B 050
chanmber (131) are in fluid , comunication with the
expapiien PERGSPorRC rertiggrant sxpppdssins thgr e chambeuPeband ihscBsdamber
o 535G i R AR,
01131 Ehereii v o8 4P hEOR Rk TISbe Temapki Nt ( 2hsceeds 180°
e e e A T O
o g BRI hOOSE i Bied e e
chanREg) et Srhumeer (G185 chanber s (130) serving as
(011 RIS TSNS 58 further makes an orbital motion, The refrigerant

expands in the A chamber (132) and the B chamber (131) until the revolution angle of the

movable scroll (120) changes through 240° (see FIG. 17) and then 300° (see FIG. 18) to 0°

. (see FIG. 13). Meanwhile, refrigerant is introduced into the auxiliary chamber (93).

When the revolution angle is 0°, the A chamber (132) and the B chamber (131) are in fluid
communication with the outflow port (102). In this state, an outflow process is started.

[0115] Use of the auxiliary chamber (93) allows the volumes of the A chamber (132) and
the B chamber (131) to be increased or decreased, i.e., controlled, like the first

embodiment. This avoids excessive expansion and-insufficient expansion of refrigerant.
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5 change. This can certainly avoid excessive expansion
and insufficient expansion of refrigerant. The ot her
effects are the sane as in the first enbodi nment.

[0117] <Enbodi nent 3 of theé0lnvention> Next, a third
enbodi nent of the present invention will be described
in detail with reference to the drawings. 10 [0118]

h.in the first enbodiment the auxiliary piston
The E’Q‘fﬁ 8&’%"19%‘35&33%@5 {roihg dast eE’E‘Q ’é@?nﬁecham sm (90), an

ary_val v is used instead in this

[Ollgﬁbgéé@ﬁtéﬂf Egbo igﬁev%r in FIG 19. [0119] More

sn§C|f|caI t he vol une change nechanlsn1&90 of this
BT AL thegab 0&%@?9@9%&%@@@%@@% ‘ﬁﬁn@ ltheafrcyol% gigghanism
& is in fluid comunication with a fir

(100 a&ﬂWﬁ rﬂé"sg%lp@e% Hﬁﬁﬁeﬂu@ﬁwmaﬂﬁp} %qf"lflétaéreyip%h shambgrs to

(70) #hrough an _auxi|iary passageway (95). The

changg,y i Thigr {Anpesstamle \ﬁé{?ld( oxfjes§ive 6?%%‘15’@%&% muffWéent expansion of
auxiliary val ve g An auxiliary chanpber (93) is

refrlg?f?%dThﬁgﬁhﬂ’éeff% a4 e  spae RS TR Trg 4mbodinestr ease or
decre the volunme of a first fluid chanber (72).

[Ollﬂg ngnmﬁﬁéﬁgﬁﬂpVW5ﬁy>valve (96) is conposed of an
openi ng/ cl gsi ng val ve _serving as an openi ng/ cl osi
unilYexhridthig simbefignenh af thy m@S&ﬂbln@m‘tméﬁl&m ssiiRed | in detail with
chanber (93) by switching between the state in which

lfﬁ”PW€tS&ﬁ AHIES. chanber (93) is in fluid communication

h the first fluid chanber (72) and the state in
[01 1%.1%1%%109&1&; gt firstengbaditaeridhe poghiary pidorn Ry is pod ot theyolume

view of the above, in this enbodi nent, the vol une_ of

changg, gnqehipnism f(P0) @nhaser valveAP6) & wed ineerdyin thie pmbggiment as

states In one of the two states, the auxiliary valve
shownggFIG ]590pens so that the volune of the fi rst fluid
chanb (72) is increased by the volune of th
[OllgthPIFaﬁpﬁmgﬁeé%éhe (Vohyme Fhﬂl{gﬁem@‘ihﬂé]ﬁnbﬁ%’)o?f ﬂWe eppgdiment is
states, the aUX|I|ary val ve is..closed so. that
Conﬁeﬂ@dvarqbn@abfant Acilary ﬁanlar(;‘"l: Haﬁﬁeﬁwéggammgmﬁ@ton with a first
|ncI ude the vol une_of the 31 _first fluid chanber
gh-ppessure| 1 A73) & # et sl psshanisamy €03 ethiqugl ats aamhary
fIOMIr%ée idjuster may be used as the auxiliar al v
Passa(g@wy( te Be%#"ﬂtl%%%?égﬁv\‘?gl@ﬁblé PRy ided) wigh the qugiki 5 valve (96).
ca.e t.he  amu refrjgerant_ flowing into the
Sxpaty wbexq(a".%g&f%pgsé Insiie;ige a%hwd%&flb tQ Ereaprefr drgrease
of the
the volume of a first fluid chamber (72). Meanwhile, the auxiliary valve (96) is
composed of an opening/closing valve serving as an opening/closing unit and controls the

state of the auxiliary chamber (93) by switching between the state in which the auxiliary

* chamber (93) is in fluid communication with the first fluid chamber (72) and the state in

which the auxiliary chamber (93) is closed.

~ [0120] In view of the above, in this embodiment, the volume of the first fluid chamber

(72) is changed between two states. In one of the two states, the auxiliary valve (96)
opens so that the volume of the first fluid chamber (72) is increased by the volume of the
auxiliary chamber (93). In the other one of the two states, the auxiliary valve (96) is

closed so that the volume of the auxiliary chamber (93) is not included in the volume of the
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5 auxiliary valve (96). As a result, the volune of the
auxi | iary chanber (93) is changed substantially
successively or in a plurality of steps. Thus, the
vol une of the first fluid 3dhamber (72) is i ncr eased
or decreased according to the flow rate of
refrigerant The other structures, behaviors and
ects are the same as in the first embodi nent.
fhﬁ?@ } Enbodi nents> 10 In the above
nents a pair of rotary nechanlsns (70, 8Q) or a
[Olﬁﬂbﬁoﬂo‘r FRIC RGIMFEN el v Ferving pser Tlaw wafe e@d]é%ﬁ'sm@?ﬁ Be used as the
chanlsnrs 0). However, the present invention |s not
auxiliany vabve (99) dutigndaef @ﬁﬁmrgrngﬁlqre@%% mlpebis. casp the rgpount of
words, any. unit for increasing or decreasing the
refrigesenirflovans info dyepumrdiaty chambrsr(93kvaties apgprdiag ie dhe fa@nmg of the
expansi on _nechani sm (60) of the present invention,
auxifigpUBiR (B)- AP cpmft fieyvqlome of tﬁea%hwu chag %lb@% is changed
the present invention is useful as _an expander f
substanfial g sucgessivelr o1g@r apturaldy of stempvsTus, fepedpme \oé The first fluid
di spl acenment expander used for a refrigerant circuit
chanybep {72t is dncrseisd rag rderreasnd @Céﬁrdllgercafheoﬂow@reeof @érlg::rant The
expander conprrsrn a vol ume changer é for
Othelb%ﬁra%rr%g ¢hag fegts aawhé%ﬁaﬁaem they rﬁbemb(xhzyent 2.
expander of Claim1, wherein the volume changer
U”z%b0¥”@%ﬁ%?‘%@gﬂﬁﬁ’aUX|Ilary chanber (93) qurdIy
communi cating with the expander chanmber (72) and
pi 42 dke @bove ewbodingnali Mgpainel vetepnmanechanisns (G 80) or a scroll
auxi li ary chanmber (93). 3., The expander of Clalnrl
mechﬂﬁ@%i(h‘"ﬁh’é vesuite 2B hagasion gogchamsr (s Hlowesi | thargresent
chanber (93) qurdIy conmuni cating with the expander
invend}oRns &pt fx d i enchrinop@ansien sleskaniin (dhak ethey 9eyds, any unit
pl aced between the aUX|I|ary chanber (93) and the
for i Hé&??é%érf derigatiag theroolumg of 1h éxpangamedwmbst neydgprly be used as an
mhereln t he vol upe changer (90) conprises an auxiliary
expapgiopesh ae@g) 60) of the jpresent invention.

INDUSTRIAL APPLICABILITY
[0123] As described above, the present invention is useful as an expander for expanding

refrigerant.
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conmuni cating with the expander chanmber (72) and a

flow rate adjusting nechanism (96) 20 placed between

the auxiliary chanber (93) and the expander chanber

(72). 5. The expander of CBaim 1, wherein an expansion

mechani sm (60) including the expander chanber (72)

conprises a first rotary nechanism (70) and a second

rotary nechani sm (80) each having a cylinder (71, 25

81) containing a rotor (G@Aikﬁb t he expander chanber

(72) of the first rotary nechanism (70) and an

expander chanber (82) of the second rotary nechani sm

(80) are in fluid connunlcatlon with each 33 .other_to
L ¢ oﬁnpaﬁha%t@aﬂa@me@h Spaider oepd 1omed dRpaTERY %}FFalﬁbé?'O) of a

72) of the first rotary nechanism (70) being_snal

supeickfipalt 1sEigsrasiongercle h%&l%é%ﬁpﬂ(lé‘zl) CERPHRE ertUnae rdeazsy (50 for

nechani sm (80), and_the volunme changer (90) is in
changipgithe volime af #nexrenderichambeid’Bxpander chamber 5 (72)

of the first rotary nmechanism (70). 6. The expander of

G aim1l, wherein an expansion mechani sm (60) including

t he expander chanber (130) conprises a pair of scrol

2. nedbeepapdaef Claimy L.edikeiiavi ng an end plate and a

spiral wap (111, 121) * 10 forned on the end | at e
t hiher s9ER | vlen\aﬁrap@ﬂg 190mprisgy ) apf awpbary cch %rfaé} sfluidly
(110 120% engaging with each other, and is corrp
connmmeat% ith thewxpandpseharbeni72) aed aaisinn (92) fos ab@ngnaﬁq@e volume
ir  of expander chanbers (130), and the vol une
Ofth‘?:ﬁﬁwgeé]/ chayaheri(®3)in f1uid conmuni cation with the
expander chanber (130). 15 7. The expander of Caim
1, wherein an expansi on nmechani sm (60) form ng the
ex ander chanber. (72). is connected to a conpression
3. aprrepdersd Clampbathesdhewher e al ong the refri ger ant
CI rcuit (20). 20 8. The expander of Claim]l, whe
r efliei JolaRR ~ ehasger 90} heomRIFSES gai apexibiy ¢ &hemb%)(%h fluidly

C(I
communicating with the expander chamber (72) and an opening/closing mechanism (96)

placed between the .auxiliary chamber (93) and the expander chamber (72).

4, The expander of Claim 1, wherein
the volume changer (90) comprises an auxiliary chamber (93) fluidly

communicating with the expander chamber (72) and a flow rate adjusting mechanism (96)

. placed between the auxiliary chamber (93) and the expander chamber (72).

5. The expander of Claim 1, wherein

an expansion mechanism (60) including the expander chamber (72) comprises a
first rotary mechanism (70) and a second rotary mechanism (80) each having a cylinder (71,
81) containing a rotor (75, 85),

the expander chamber (72) of the first rotary mechanism (70) and an expander

chamber (82) of the second rotary mechanism (80) are in fluid communication with each
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other to form an actuation chamber (66), the expander chamber (72) of the first rotary
mechanism (70) being smaller than the expander chamber (82) of the second rotary
mechanism (80), and

the volume changer (90) is in fluid communication with the expander chamber

(72) of the first rotary mechanism (70).

6. The expander of Claim 1, wherein

an expansion mechanism (60) including the expander chamber (130) comprises a
pair of scroll members (110, 120) each having an end plate and a spiral wrap (111, 121)
formed on the end plate, the respective wraps (111, 121) of the scroll members (110, 120)
engaging with each other, and is composed of a scroll mechanism (100) including at least
one pair of expander chambers (130), and

the volume changer (90) is in fluid communication with the expander chamber

(130).

7. The expander of Claim 1, wherein:
an expansion mechanism (60) forming the expander chamber (72) is connected to

a compression mechanism (50) placed somewhere along the refrigerant circuit (20).

8. The expander of Claim 1, wherein

refrigerant used for the refrigerant circuit (20) is CO».




