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DESCRI PTI ON ROTARY FLUI D DEVICE 5 Technical Field
[ 0001] The present invention relates to a rotary fluid
device and specifically to a rotary fluid device
havi ng a conpressi on chanber and an expansi on chanber.
Background Art 10 [0002] Conventionally, there has
been a fluid device including a conpression nechanism
and an expansi on mechanDESCRIPHIRE| osed i n Pat ent
Docunment 1. The fluid device has a rotary conpressor
accommodated in the |ower part of the casing and a
scrol | abl e expander accommodated in the upper part of
ROTMR X HE UG DEVWKEE | ui d devi ce al so includes an
el ectric notor between the conpressor and the
expander. The conpressor 15 and expander are coupl ed
to both ends of a drive shaft which is connected to
Te¢hmdcaldiedd. [ 0003] The conpressor conpresses a
refrigerant. The conpressed refrigerant. discharges
[Oﬂﬂébt i heprpsat lreﬁ@tmwg@iesa(har@tgmﬁéﬁ devipatsep e@;ﬁcalheto arotary
ander. The expanded refrigerant absorbs heat in
ﬂulé vikehavieae CRRETrATgR FhamRer @E‘? & FRPangoR Kealikpr essor .
This cycle is repeated. In the expander, rotationa
power generated by the expansion of the 20 refrigerant
i.s recovered. The recovered rotational power and the
Bagkgra¥nd Akt power of the electric notor drive t he

OO(ﬁg]gpl X %1%2:1[1‘[#;@8@&%{ rt glu Ts% CaIJ %tgind Ig%/cleg a compression
mefiRORR P TRPST én“%he%%’r%iasioﬁ%%éd )il ﬁé@ﬂwn The fhid

f d
de anﬁ#eggaﬁﬂyaﬁafnpﬁessogx%gﬁ%@% atgf‘ Slﬂaﬁhsésﬁ% R5 417 B e and
scr(fﬂa%[]e cxpan %ﬁ&%ﬁbdm%ﬁm e} ]UP% 3 Zoef R4 Fclismq de{‘ﬁecfﬁud Bevice also

alr ge, er o

1ncI§Hgsf b Ff%@#r{%:ymofo?%e%%rtﬁg' %?ﬁqgke%sd}l g ﬁile: p l Oy\ﬁer . compressor

e casi expande aced

andt&Saﬁﬂ%p Gle cBﬂf)lEd o5 bdtﬂ%n&sac?‘f' I \Bive¥ndn Which is connected to the motor.
[0003] The compressor comi)resses a refrigerant. The compressed refrigerant
discharges heat in a heat exchanger and is then expanded by the expander. The expanded
refrigerant absorbs heat in another heat exchanger and returns to the compressor. This
cycle is repeated. In the expander, rotational power generated by the expansion of the
refrigerant is recovered. The recovered rotational power and the rotational power of the
electric motor drive the compressor.  As a result, efficient driving is realized.

[Patent Document 1]  Japanese Laid-Open Patent Publication No. 2003-138901

Disclosure of Invention
Problems to be solved by the invention
[0004] However, in the conventional fluid device, the compressor and the expander

are placed on different planes. _Therefore, the overall size of the device is large, and the
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- Objetivesertdhs prgent Brentserare sesucngdthp aumber shp

arrangenment increases the overall vertical dinension
of the device. Further, the conpressor and the
expander are conpletely separate fromeach other so as
not to have any 5 comon part, and therefore, the
overal | device has a | arge nunber of parts. [0005] The
present invention was conceived in view of the above
nupbaiieads is Qe begd. vépedficalle tpr eseptessoniseple¢edrindhelower part of
reduci ng the nunber of parts and decreasing the
theogasingl Wwhale nibaséxmasdef ist hlacakvin abe Udpangaftoof glod wasige, and this
the problens 10 [0006] As shown in FIG 1, the first
arrgngorant orcressadprihe eaverall otedicebrdimentiemi afme2 @pvice Th& urther, the
rotation nmechani sm (20) includes: a cylinder (21)
compvssaganththa expdngder &y cpmglstely saparatefronm3ayh othar soasulohto have any
pi ston (22) which is accommpdated in the cylinder
corpmaprpt, and dherefor, the everdldevice beeh dargyBumbertcl ®awtss| i nder
§21), t he annul ar piston (22) dividing the cylinder
[008Pla b ekhe Fogsepihtipveationuway cRBFRYey 18 hgetyeof (%12) abgyg arpblems.

i nner wor king chanber (52); and 15 a bl ade (23) pl aced,
ﬁ@s @'gﬁﬁeqﬁasmg the

tf’gﬁ wor Ki ng t%Qvﬁrrb,ers (51, 52) into a high-pressure

ovegghdimensignsef pY'€ssure space, the cylinder (21) and
t he pij stoln_(2 ) being relatively rotatable. One of the
NeapsigF RelxipethapEeblemss1  50)  constitutes a

OB SEFAGRe IEERE I BB stk Ao
13485, T DRk e DEVEARIE & BT s
crefEE et R PP RPN R B iR hanmber 50)
o SIS AL B SIS I VSRl BT Pl
chafiEEPR) Eh i lek bl EPuplp Ts 03 Rl g 2 ne
o b€ GPUPREEHE The SRneGoPRENoct 23 AREDEARERS] Lo IR Srorking
kB2 ISP S ASAL R AL TE-5A990) 9. S o1
and the piston (22) being relatively rotatable. One of the two working chambers (51, 52)

g

constitutes a compression chamber which compresses and discharges a sucked fluid with
the progress of the relative rotation of the cylinder (21) and the piston (22). The other of
the two working chambers (51, 52) constitutes an expansion chamber which expands and
discharges a sucked fluid with the progress of the relative rotation of the cylinder (21) and
the piston (22).

[0007] In the first invention, as the rotation mechanism (20) is driven, the |
cylinder (21) and the piston (22) relatively rotate, so that the volume of the compression
chamber (51) decreases to compress the fluid, while the volume of the expansion
chamber (52) increases to expand the fluid. The expansion of the fluid allows recovery of

power.
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[ 0008] According to the second invention, in the first
i nvention, a suction nechanism (60) is further
provi ded. The suction nechani sm (60) allows the
refrigerant to be introduced into the expansion
chanber (52) in a predeterm ned rotation angle range
of the piston (22) such that an expansi on process of
[COOBE f | Accbrdingt bee thr psevsndninvheimdrer 1r( 58y Grsdcowesfidnn a suction
predeterm ned range within one rotation cycle of the
mephasison(6022y furthenpiovededo The suatidn medaanisanjel) pdo@9ihel refrigerant
the second invention, the fluid is introduced into the
to exipgnaduasd ioteath expansn chiapben@23 Urc s ipradeispuinadiretatigroagle range
within a predetermi ned rotation angl e range of the
of the pistm @2RJuch Asatan exgansion provesexizhe fuighnn thaovpessiof chamber (52)
fluid in the expansi on chanber (52) 10 occurs in a
ocqurscilet preddteratinedaragee within oneontationtcaele o theypisten §32)trplative to the
piston (22) relative to the cylinder (21), such that
cylinder @ddssure and expansion work of the fluid are
recovered. [0010] According to the third invention, i
[O0ORE fi Instbe pasoBhivERtion, Hie fhadpriabedensd inth raipagssan ch&@ber (52)

a wor king chanmber fornmed, outside the cyllnder chanber

- by (th@)suﬂa% pgranigie G MBI r@awél.etep@zae | piaiofopglhgange of the

. er forne i nside the cylinder nmber (50). 1
Plsmdi I“’ﬁatlﬁéuf RS SKPERYRINPIOGESS O N@ﬁ p ShesSxaRISiTLsRsEYPeT (52)

is rned ut si de. t he i nder )
m@ Rrﬁiet%%a 1g8C PHARE reéﬂpn cycle 6’? d.vl?tﬂé ?78% relgtive to the

CYIB’éﬁrp?glzéP?éht ALTBE b gn%%%%ﬁé}gé %O[deeﬁt%\f ARy m%ﬁzgerﬁé

Iooﬁﬁfhaﬁxé%f@ég)vt%?] b T, Phebiort. Trologt P rsEihion ¢ chprossion
h

chaghet 08 koGS %m‘?eg ok asﬁaﬁsotﬁ% rcsﬁl%a cRigh5s0)ond the

expangﬁam srrl?he(g%%ﬁp }1 W%rl{l r1‘ralm %&' ?t | 24 1de ?1:11 &é?chamber (50).

I'S con ere ore,

[OOggfr atllnoﬁlle tRird qa&%nﬁ on, tﬁ% c%?r%;?%sq o'ﬁgcl{a&ﬂ’e?(a?id gq"ormed outside the

f ormance suc I Cl enc

cyl{nﬁpf ?ly . Ster [(9@;%?@%&@% éﬂ%{)&%&%&?g ;54% 'f@rf\ﬁféat féxgllae thQ cylmder
chaﬁ(bef:%S‘OZr ”?gerpﬂér grﬁgé’dgfé?linﬁe ﬁéfnpgt{smgh%?]gﬁgw i@lchieved.

stru re to ext ends
[00REf Weeﬁcc%@dzhgn% BR' iBhek alneRlidn, SUAT 8L BRE RAVeBdne a drive

peri pheral wal

mechanism (30) for driving the rotation mechanism (20) is further provided. The rotation
speed of the drive mechanism (30) is variably controlled.

[0013] In the fourth invention, the rotation of the drive mechanism (30} is controlled.
Therefore, the operation is carried out according to required performance such that the
efficiency is further improved.

[0014] According to the fifth invention, in the first invention, the piston (22) has the
shape of C formed by removing a part of its annular structure to make a slit. The

blade (23) extends between an inner peripheral wall surface and an outer peripheral wall

surface of the cylinder chamber (50) through the slit of the piston (22). A swing
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surface of the cylinder chanber (50) through the slit
of the piston (22). A swing 3 bush (27) is provided
inthe slit of the piston (22) so as to be in surface
contact with the piston (22) and the blade (23) such
that the blade (23) is reciprocatable and sw ngabl e
relative to the piston (22). [0015] In the fifth

bushr(!ﬁrﬁts ffmudéchi% Bk adeof #h3)piktes (PN oatsas befin tshfacvédngact with the

(27) while 5 the blade (23) and the sw ng bush

plst(oﬁ7q122) e tleablhde 638) NGck ehatthy ®ldde RBeispiesipiitatabR) and swingable
W t this structure, the cylinder (21) and the piston

reldtizd}o thetpadten ().l e rel atively sw nging such that the
rotati on nechani sm (20) perforns predeterm ned

[00¢oPr eashe fifiarifveaxpande bihde Py atipastates i tlectvaingbutth@7) while
i nvention 10 [0016] According to the present

theibhader23)oand thbewipniprsk$27)anteghdiyheving bljtivartd thdpiston (22). With
expansi on chanber (52) are forned outside and inside

thig ftercpirstthe cyitder (2 Bspelcthi \pedtyn (227hretaef whids rdlitevetw ewilglng such
size of the device is decreased. [0017] Since the

that thep reésginomechvaidne (295 pyrfams: predetenpiand icompedsaiobeand expansion
(52) are |ocated adjacent to each other on the sane

- opepdtwme, sonme conponents can be shared 15 therebetween,

resulting in a decrease in the nunber of conponents.
Eiber184f the dmvetitipg t o t he second i nvention, since
introduction of the refrigerant into the _expansion

[00¢flanbebccosiing ite the present reption the HOBWPEISSIOR w@ﬂiber (51) and the
rotation angle, even expansion work can also

exna@%@w @b@@berm‘%i’r) edrgr @rmed ovdside @ndniggide sthe (pistae |(22) respectively.

W%roved [0019] According to the third invention,
Thespiqese therfyerablgitecf dhadev ?Palﬁ‘éé?m%%i) is formed 20

out side the cylinder, chanber t he expansi o
- [00¢hlanb evingss e P%mf’%’i’?ﬁ% hARIOgER he’mg @F.W@Pﬂ@m&ﬁﬁrg&r (32) are

oG B R RnC TS et £ e s
Etatlon ofl the d hanE (ef3 |s<EontroIIed
thegeRetwsBR TSRS 1B CBTeé?FcV SOYIPER COPRPI N ed. [ 0021]

- [00] or dj ?%é% gohti g%({?ba 1#1]\3:\1/1 13}1 shite 111tr0duct1wc|>r§1 g t?xe r&n%era}ﬁ into the

expansion chamber (52) is limited only to a predetermined rotation angle, even expansion
work can also be recovered. Therefore, the efficiency is further improved.

[0019] According to the third invention, since the compression chamber (51) is formed

_ outside the cylinder chamber (50) and the expansion chamber (52) is formed inside the

cylinder chamber (50), the compression capacity is fully utilized.

[0020] According to the fourth invention, since the rotation of the drive

~ mechanism (30) is controlled, the operation efficiency is further improved.

- [0021] According to the fifth invention, the swing bush (27) is provided as a coupling

member for coupling the piston (22) and the blade (23) and is configured to be

substantially in surface contact with the piston (22) and the blade (23). This arrangement
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25 nmenber for coupling the piston (22) and the bl ade
(23) and is configured to be substantially in surface
contact with the piston (22) and the blade (23). This
arrangenent 4 avoids the wearing-away of the piston
(22) and the blade (23) and the burning of the

contact portions therebetween durlng operation. [0022]

avorl e %Qé?an“g]‘qw‘%egf‘%ﬁé @%@ﬂ ('22§ éised%ng)eafz gfeumfaﬁ% of the

contact wt pi ston (22 t he
coﬁ%ﬁo@ﬁfon@ﬁf&éb@%eﬁ({ﬂhﬁg %Perﬁﬁ&?l | ent sealing 5

characteristics. There I eakage of a refrigerant

[odhnpm t@ﬁc@mrs%«fg BMsiE REAPEN plovidedaRdbd B KXRBNTHLRAACt with the
chanmber (52) is surely prevented and decreases in the

pls&ﬂrm)esa%uomhe eiSlE&eC' %ny tﬁé‘dc&%é%@ngéxﬁﬁnsefafdhié'v@@cé‘;(c@fl@nt sealing
al so prevent ed. Si nce the bl ade

chdrftt@eias.| yrm:fézwed @éiikbgb bhe r@ﬁigefwhe Hrob? 1He @&H RPN EkBEber (51)
at both ends by the cylinder | it is Iess likely

and €hedPPalsiai) cBANBEBR) GPRGERL p r%‘}r&ﬂed QRd de@readdd fah@e compression
bl ade (23) and cause stress concent rati on during

effefRe Abhdekpatdions effichicp bicdddd) @epaitdd on is nore
resistant to damage. This feature also inproves the

[ooze] i ab§ined the dladehe3 e ditagraiyrprovidledad tHeastihiat @eNaref supported at
Drawi ngs [0024] FIG 1 is a vertical cross-sectional

bothtierds bf tlancydixpen@ilprit Golegy edy anapply bn abforatt oswbiengated load to
an enbodi nent of the present invention. FIG 2 is a

thediladeu23) ahidagnsmstshovemgnisationfdurige operation.r CThuts, thisistiiable portion

has an expansion/conpression unit. FIG 3 is a
is rhareirgsistdnd to danoags:- s dis foatate alsoetmpodvearthe reliability of the mechanism.
expansi on/ conpressi on nechanism 20 FIG 4 shows
hori zontal cross-sectional views which illustrate an
operation of an expansion/conpressi on nechani sm
Brige DesdarpptionrofdIraRdhgs ence Nuneral s [0025] 1 Conpressor
25 10 Casin
[0024] FIG.1 is a vertical cross-sectional view of an expansion/compression unit
according to an embodiment of the present invention.
FIG. 2 is a circuit diagram showing a refrigerant circuit which has an
expansion/compression unit.
FIG.3 is a horizontal cross-sectional view of an expansion/compression
mechanism.

FIG. 4 shows horizontal cross-sectional views which illustrate an operation of

an expansion/compression mechanism.

Description of Reference Numerals
[0025] 1  Compressor
10 Casing
20 Expansion/compression mechanism (rotational mechanism)

21 Cylinder
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20 Expansi on/ conpressi on nechani sm (rotationa
mechanism 21 Cylinder 5 22 Piston 23 Blade 24
External cylinder 25 Internal cylinder 5 27 Sw ng
bush 30 Electric nmotor (driving nechanisnm) 33 Drive
shaft 50 Cylinder chanber 51 Conpression chanmber 10
52 Expansi on chanber 60 Suction nmechani sm 61 First
path B2 Bewmond path 15 Best Mddes for Carrying Cut
the I nvention [0026] Hereinafter, enbodi nents of the
preseri3 iBMdati on will be described in detail wth
reference to the drawi ngs. [0027] <Enbodi nent 1>

Ref er richgExterl @yliidéro FIG 3, this enbodi nent is an
application of the present 20 invention to an
expansionhé¢ompl egdsiden unit (1) which is a conpressor

i ncluding an expander. The expansi on/ conpression unit
(1) 27 newimgdashn a refrigerant circuit (100).

[0028] The refrigerant circuit (100) uses, for
exanmpl¥) Elaevimmétoxiddeiggorrhassa) refrigerant and is
configured to performat |east any of a cooling

oper at3orPtimd shafieat i ng operation by conpressing CO2

over the critical pressure. The refrigerant circuit
(100) 50 Cylinder chamber

51 Compression chamber
52 Expansion chamber
60 Suction mechanism

61 First path

62 Second path

Best Modes for Carrying Out the Invention
[0026] Hereinafter, embodiments of the present invention will be described in detail
with reference to the drawings.
[0027]  <Embodiment 1>

Referring to FIG. 1 to FIG. 3, this embodiment is an application of the present
invention to an expansion/compression unit (1) which is a compressor including an
expander. The expansion/compression unit (1) is included in a refrigerant circuit (100).
[0028] The refrigerant circuit (100) uses, for example, carbon dioxide (C02) as a
refrigerant and is configured to perform at least any of a cooling operation and a heating
operation by compressing CO; over the critical pressure. The refrigerant circuit (100)
includes, as shown in FIG. 2, an exterior heat exchanger (101) serving as a heat source-side
heat exchanger and an interior heat exchanger (102) serving as a use-side heat exchanger,

which are connected to the expansion/compression unit (1). For example, the refrigerant




10

15

20

25

25 includes, as shown in FIG 2, an exterior heat
exchanger (101) serving as a heat source-side heat
exchanger and an interior heat exchanger (102) serving
as a use-side heat exchanger, which are connected to
t he expansi on/conpression unit (1). For exanple, the
refrigerant 6 conpressed by the expansi on/ conpression
corbiftedsed By theSahaigascdigatssich uhie (Extisth®dgeshigat in the exterior heat
exchanger (101) and is then expanded by the
excBXNRASILONY andis @b eRpdnded Hylihe dhmnsienfamgedsion unit (1). The
refrigerant absorbs heat in the interior heat
expanddipiegegerdik Gdyorbn Hedt dh Uhe sntérdort Heat exchanger (102) and returns to the
expansi on/ conpression unit (1). This cycle is
exparfiedtedprendied eby (1)nddais @icte isxepatidedhbyebd itdver air is cooled by
interior heat exchanger (102). The refrigerant circuit
the (d©AYr hent harangerqll 0Zbes Tac hyfhiessmnt passade0) towyr inalndaga bypass
an expansi on mechani sm (103), such as an expansion
pasvageV@d 04)ohavilyean kxpeasios modvhemiam (103), sedsasf dnoexpangien ohlve, or the
the refrigerant in a conpression chanber (51), which

likepistith thet thestass flewr tatet @ the agfdigetant maseomprosvionathamber (g, which

refrigerant in an expansion chanber (52) are in '
wilhdendepgribid hateacmdothise massglent friteadl yhe pefrigereft ithen expansion
refrigerant which 10 has di scharged heat in the _
chamber (320 arcimgharepet aiigeaack oowEy. f Sreaificely.quethofithe rafiigergsat which
passage (104), thereby bypassing the
hasediselipsgesh hednir é*s@sieétﬂﬂ%i{'@af( ¢xchapzar| GfL) flayvst fwough the bypass
interior heat exchanger (102). [0029] The . .
pasgags 4 he)o iheselin PErassiag theexppasjor/eompressigs arig|()) to flow into the
~ hernetic rotary fluid device wherein an
integiop Al i eha08IA8%si on nechani sm (20) and an el ectric

nptor (30) are, 15 contained in a casin 0). [Q030 .

[003Rk cajgh%gxw@el)o CHWE?&@Qnamem(ﬂn&ﬁ ?c%qmrg%@e?m(@f,m ry fluid
to nd, plate (12), fixed.to the.to nd.of the.barre

dep gy Bt et SRS meptiiont LB 04 o s isoRolith G0 are
nd of the Zﬁbrel (11). The barrel (11) has a suction
COi%E%PTf%?QQﬁ i scharge pipe (15) penetrating through

oo oy 0GB P Pl AR
B R G
v £ L) SO0, P Bt o BEIREAELENR D i
ﬂuo%%ﬂnﬁ'fét Sgnélo(fllj.e L eLicbn pipe (14) is connected to the interior heat
exchanger (102), while the discharge pipe (15) is connected to the exterior heat
exchanger (101). The top end plate (12) has an inlet pipe (1a) and an outlet pipe (1b)
penetrating through the top end plate (12). The inlet pipe (1a) is connected to the exterior
heat exchanger (101), while the outlet pipe (1b) is connected to the interior heat
exchanger (102). .

[0031] The expansion/compression mechanism (20) constitutes a rotational
mechanism as shown in FIG. 3 and is configured to carry out compression and expansion

of refrigerant on the same plane at the same time. The expansion/compression '
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heat exchanger (101), while the outlet pipe (Ib) is
connected to the interior heat exchanger (102). 25

[ 0031] The expansi on/ conpressi on nechani sm (20)
constitutes a rotational nechanismas shown in FIG 3
and is configured to carry out conpression and

expansi on refrigerant on the sane plane at the

meSRRnt i ﬁ? sT 6viaXP PREIRA/ HOTRe DL AR (f%)nmmrlbﬁaa ﬁ&mng (17)
i s provided between an upper housing ( and a

whit@usé Bded Hblthe chEN 03T €Thd éﬁﬁnh@n/&&ﬁp&é’s%ﬂ‘ﬁleéﬂé?ﬂsm @lﬂ includes

expansi on/ conpressi on nechani sm (20) i ncludes a

a c§NhdeR¢BI) Hatdle LpMinithr R1iAdER Whahb&Y(50)) daranthiafBRton( @Q) which is
an annular piston (22) which is contained in the

cordhédRiehe eMiaRe Eh D) (S0 Chnahiiaéh divided @ dyliadeydhamtber (50) into a
chanber (50) into a 5 conpression chanber (51) and an

corBpe e EHAntHRA(H1S and a7 kxpasidnahhbdesEtR and whiadh (268)wiislels divides
each of the conpression chanber (51) and the expansion

each @ fiedon{fr@ssidnthamdeiSa Nait ©16 supRisios RBSAbAT(E2 pintcomhigh pressure
pressure space as shown in FIG 3. The piston (22) in

spachendd lovd @ressicbaspher af SEwih $n FOAS Bguileel pistorm@d® in the cylinder
eccentric revolutions relative to the cylinder (21).

chaSbee i(50)cBl dopfignelabi meke ecentrici evolations mhative toatthe cylinder (21).
bet ween the piston (22) and the 10 cylinder (21). In

Speifivatly reelatide  debentéy | jotaton (2 hadeabetmgen hibecplsiand€22) and the
chanmber (50) is novable, while the piston (22)

cylodat @il e dini embdeement| 1 rthercyhhdfmﬁél) g ite etlimdenekanyber (50) is
[0032] The electric notor (30) includes a stator (31)

moyaile.avhilsttbe pis®R)(22cantaiatd indhecsdindetrdhainbgr (P8¢ ctationary.

The stator (31) is placed below the )
[008%pbansTimtleeinpmeaist 630) m@mﬁe&m gfator 23) amddr fatse@2) & eopstitute a
barrel (11) of the casi A drive shaft (33) is .
drivigg cmephasism.o (The ﬁ@mr(ﬁsz)s @Laéhdtbﬁé@Wt e @KP%M@FF&WWSSIOD

(33) rotates together with the rotor % The dr
meghpafsm 6@@)aﬂ¢eﬁ¥q%c@| thy brsreb (ot afsthe maaegr{ Phe %ﬁrnvn&é?ﬂ (33) is

coﬁq%ﬁ:ge e g?[q())r) @a&, cist%%gtgg&%{r% \ﬁ/l-get Sé%{,{métgss &g@%ﬁpr 0 tﬁe rotor (32).
AL ya“e"s . T
[003 ﬁlbwgl s‘%a]g u)aafijg ﬁ)ﬁgicgf@ e.ext Fgl.gn% )hug)\é\%sl%ge y(not shown)
extendt Hgny)lugltl T.'hll’l t‘ﬁh %1'1?!8 ts}tla%mﬁf) tﬂn oﬁqs%lpglg/ p(u.m;} (§4§ is provided at the
lower end of the drive shaft (33). The oil-supply passage extends upwardly from the
oil—supply‘pump (34). Lubricating oil accumulated in the bottom of the casing (10) 1s
supplied to slidable part of the compression mechanism (20) through the oil-supply
passage by the oil-supply pump (34).

[0034] Part of the drive shaft (33) which is contained in the cylinder chamber (50) is
eccentric part (35). The eccentric part (35) has a larger diameter than the other parts of
the drive shaft (33) above and below the eccentric part (35) and is eccentric from the axial

center of the drive shaft (33) by a predetermined amount.
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supplied to slidable part of the conpressi on nechani sm
(20) through the oil-supply passage by the oil-supply
punp (34). [0034] Part of the drive shaft (33) which
is contained in the cylinder chanber (50) is

eccentric part (35). The eccentric part (35) has a

| arger dianeter than the other parts of 25 the drive

[o03Baf t (8BS kyRkiy €2 Bndcloetom bier eAGRIBE 949 andrdn lﬁﬁ&)cy@ﬁder (25).

is eccentrlc fromthe axial center of the drive shaft

Thé 33jer RyliadRr@aehel therigseradilididr- (28) bROAR] gréﬂ}eccﬁlyﬁlekirﬂ @heir lower
(21) includes an outer cylinder (24) and an inner

endiyby adend %E@ (26) Theachusdtkér, CThé MdRF c{i2der &) it BEdabhngitied to the
cylinder (25) are integrally coupled at their |ower

ec@ifii fayt (3B) efittle phiad sha(i283).t 0 each ot her. The inner
cylinder (25) is slidably fitted to the eccentric

[0Q38t t ( Bhg pixfort (22) th foviaed addral(BR)th the PR3 Gbusihg (16)st The upper
(22) is forned integrally with the upper housing (16).

hoddeg dppend tholisvendo(doy (B chavhdchingsr(1hold)i fiog s{dpd)ting the drive
have bearings (lc, Id) for supporting the drive shaft

shaf383)3). Thhss, théexpapamsiompiessivpr@ssi(bnolithis efbpdimfent Hales on a
enbodi nent takes on a through-axis structure wherein

through-akis strustnef twheB3) therdriveattaft (Eevertically pemetratgh thimeigh the
cylinder chanber (50) and parts of the drive shaft

cyl(rtglsy clombso ()i glarts pligs dufvetshaft 6830 emt hoitle axmb&@rqf the eccentric -

ﬁgg are supported by the bearings (lc, 1d) in the
) atp uppyrted wode pearings ékpadbinaht ewine d¥5i on

nechanlsn1(20) i ncludes a swi ng bush (27) through

(004} ch The grparstm/qopmyressivg meehatisnd e(2023clades goyaipeybush (27)
coupl ed to each other. The i ston (22) has_ the shape

ﬂrr@wghovlméh hedpipipn (Bhend e %la‘éfa&@) aic TaevakiheuRtedste caeh faith@r The

nmeke a slit. The bl ade (23) extends between an

| plsrq%r@@ lﬁﬁérth?)ﬂ‘é’Pﬁl()f @afpnn%%w HEOVHIER BT Sl Ategnyiir structure to make a

RTG53 of o ey AL B o e
o e R AR ot BRLED s B el o
TSR T s Bl o 00 s

innBl 350k 1290 e e oS 7 bnst it me sl Pl Hiien @2

couplﬁtng Ene‘rjneo ir@cg}ecro%}l)ling the piston (22) and the blade (23).

[0038] The inner peripheral surface of the outer cylinder (24) and the outer peripheral
surface of the inner cylinder (25) represent concentrically disposed cylindrical surfaces,
between which a single cylinder chamber (50) is formed. The outer peripheral surface of
the piston (22) has a smaller diameter than the inner peripheral surface of the outer
cylinder (24), and the inner peripheral surface of the piston (22) has a larger diameter than
the outer peripheral surface of the inner cylinder (25). Thus, a compression chamber (51)
serving as a working chamber is between the outer peripheral surface of the piston (22) and

the inner peripherall surface of the outer cylinder (24), and an expansion chamber (52)
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20 surface of the inner cylinder (25) represent
concentrically disposed cylindrical surfaces, between
whi ch a single cylinder chanmber (50) is-forned. The
outer peripheral surface of the piston (22) has a
smal l er diameter than the inner peripheral surface of
the outer «cylinder (24), and the inner periphera

 sersidp has &vodlting beanghes i Oetveh) the dsned phaft@ed sthifesaeif eie piktan (22) and

the outer peripheral surface of the inner cylinder

the (0d&) perlphitsal sarfa@nitigsimhencytinded@s). (51) 25 serving as a
wor ki ng chanber is between the outer periphera

[0039) f acEhopistoh€2Diantl alte ¢AR)en(2d) ateh@niigmed aptillioplsewhén the outer
surface of the outer cylinder (24), and an expansion

peripgharab enrf{ce ) thOpisenhVRRpsustaatixly Kake amtarbedthitke inner peripheral
bet ween the inner peripheral surface of the piston

surf{a2@ )of ahe outcheybndeer(2gp i phe paint $stritidyg ehak is megaipnoerthe order of
cylinder (25). [0039] The piston (22) and the cylinder

migr@ds) beime sgmficagtiteal] ois thidemns frowhihe gahk timuineer peripheral surface

peri pheral surface of the piston (22) substantially
of thelpestorc@a) substaniially thkesicontact pah ithgherterd peripherak fuaaee of the inner
the outer cylinder (24) at one point (strictly, there
cylindera(2§xpt aom poing varichers doffferpmitan phasetht 1 S9alegiegnfrpinghs eontact point
| eak of a refrigerant fromthe gap), the inner
betyeeri pigeusdr pstipheadlesurioee phiheiigeon22) 2y thaipsewprriphpial surface of
makes contact with the outer peripheral surface of the
thejonieeeylindgr 24der (25) at' one point which is dlfferent
in phase by 180 degrees fromthe contact poi
[006%1 weehhe féng bpdy (Z7e i fraed by sutschergectd @t%hp@@t%the discharge
the inner peripheral surface of 10 the qQ %ger
tive to

sidg Wlﬁltwggtf’ thohlpde (B9 a7 aTHiIStignasidg tyst K2R)20m the §u‘ftl§\nn9é

the Pl i e (B¢ 3#2%5%3@ ba) amg%‘f%'e?ﬁ?q?ﬁsr@q H@E@ﬁ)nﬂre formed in
the St g ol cioe URALY SSCHRHAE HSS SB OB 287 ASPRARgho have
theiidfak sSHifig" SRMREY I ieh ATt o € BRRF SHO"SAR A B o figes of the
aisi e bl thornd s e SuPRaREE mh 2 RRE Lt 0Tl e

r00f U HRE R &3foolblsee(f%§gslt%qﬁ%§%% o2 (P8 15 G5 Rbaces of the
swipP SR 0\ St B P S sEHRR Bl el b BF thack' @B IehB38E shaped

are su ant|

out&oﬁgrﬂﬁgra%ﬁxjﬁac%p Gf H{ea:gﬁin& 4adh (ﬂjqﬁ'@g&b%ﬁgﬁyd in surface contact with

the piston (22). The swing bush (27) is configured such that the blade (23) reciprocates

within the blade groove (28) along the surfaces of the blade (23) with the blade (23) caught

| in the blade groove (28). The swing bush (27) is also configured to swing integrally with

the blade (23) relative to the piston (22). In other words, the swing bush (27) is

~ configured such that the blade (23) and the piston (22) are swingable relative to each other

with the central point of the swing bush (27) being the swing center, and the blade (23) is

reciprocatable relative to the piston (22) along the surfaces of the blade (23).

10
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outer peripheral surfaces of the swing bush (27) are
substantially in surface contact with 20 the piston
(22). The swing bush (27) is configured such that the
bl ade (23) reciprocates wthin the bl ade groove (28)
al ong the surfaces of the blade (23) wth the bl ade
(23) caught in the blade groove (28). The swing bush

[O[ﬁ%i) i %1@%3&@16%2@@ AL AHlc! QesSMbRT id ?‘%@%ﬂohﬁnéﬂ%ttﬂe difarge-side

tive to the piston

bu!lp(ﬁg’anﬂ hge Ss‘ﬁ’l:t'i'&l QUSHu6R b Sire %%Eélgféﬁte df %H&p oﬂﬁ"i‘t both of the

| ade and the piston (2 are sw ngabl

buge%l(@ﬁ 12%§ n{a b@ %ﬁﬂl}%ﬂgkdgé eﬂht&hérrés a§ &oh@lan Rt gxtal Sfucture.

the sw ng eing the sw ng center,

[O(ﬁbzde G tHeSabo(J@ %rﬂt%aﬁﬁmoﬁah%ﬁlo@tthé’ @rﬁ@sﬂaﬁeﬁﬂgﬁﬂ&ﬁ}s the outer
) along the surfaces of the blade (23)

cyy‘ﬁlldehg Caﬂcf‘tlfehlﬁngxxé‘ﬂmdﬁr Cibl ﬁeﬂ% It hiesceefmpgbiﬁwf the swing
I S

t he har ge- si de ™ bush(2a) and the suction-side bush

bu£}2@2)7) Béifg tRASPENERM: vafileans Bia@é (2 redifth Bat&f inttheblabéi SRS ve (28).

2b) may be partly coupled to each other so as to

Thimmgabtioﬁtaﬁltva khesdontiet péigts belvidddIhe Métoh (2)and kﬂﬁb/@hnder 21D to
structure, the rotation of the drive shaft (33) al
mdvBescQub@fally Gwhi nAprihfcdgh amd i NEG. naer Izcythisn@ke;neﬁ@)the outer
to swng wth the central point of the swng bush
cylii@ie)y (2iang thdénrewicilindze (2EY rewbive arrdund the aldiee (sA3ft (33) but do not
reci procates in the blade groove (28). This sw ng
rotaet i on al l ows the contact points between the piston
(22) and the cylinder (21) to nove sequentially from
[0G4A] t hFotlghmE®) the FdlGmed of | the t dimspresiune rhapbérhéSHuberside the
cylinder (24) and the inner cylinder (25) revolve
pistomo@2H it feduchdi inethshafler ¢B07), {I), (0 aot (B)1& slotvat & FIG. 4. The
0044] Furthernore, the volune of the conpression
éhe E@ERsioutlwnter () ingiils thepig@R§22) s redened e thenprder of (A),
the order of (O, é@i (A) and (B) as shown in FIG 4.
(B)KE) andoiDree Sketwnt e ansi on chanber (52) inside the

i ston £22) IS reduced in the order of %Q), (B, (O
'{O(Eﬁﬂi ( DYhagpperdvusing @bshag a spstippemst Fhbaipmesition on the outer

housing (16) has_a suction space (41) at .a position on
pefiplerh gf Eie oWer ¢xdmdes (9. t e suatiop ripd (1doéds C(’llfl?fted'l"l‘?ethe suction

suction is connected to t?e sucglon_

spacg {41)- Tﬁge BWE?ﬁWPE e hag 2styctinn §or (et (L8R Sydion ao&tz(fZ) allows

cor-grt}l%msclél.’gct)rlx 8etwggr{ tthe compref!smnmﬁqamber (51) and the suction space (41). The
suction port (42) is provided in the vicinity of the blade (23), for example, on the right side
of the blade (23) in FIG. 3.

[0046] The upper housing (16) has a discharge port (43). The discharge port (43)
penetrates the upper housing (16) in its axial direction. The lower end of the discharge
port (43) is open to the high pressure space of the compression chamber (51).
Specifically, the discharge port {43) is formed near the blade (23) and positioned opposite
to the suction port (42) relative to the blade (23). The upper end of the discharge
port (43) communicates with a discharge space (45) through a discharge valve (44) which

is a reed valve for opening/closing the discharge port (43).

11
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conmuni cati on between the conpression chanber (51) and
the suction space (41). The suction port (42) is
provided in the vicinity of the blade (23), for
exanple, on the right side 20 of the blade (23) in
FIG 3. [0046] The upper housing (16) has a di scharge
port (43). The discharge port (43) penetrates the
[004jer Hbwslistgargd Gpaden(4b) B @yvided dbdveahd apper Ho@sih@\#6) and under
end of the discharge port (43) is open to the high
thptowrees hoesis@de.  0Thd tiectengiipass48h padvadederbo (o the.upper housing (16)
Specifically, the discharge port (43) is forned near
antiftbe isabkegd 2B)ceadd) posidadoneldr dpposiet doldng ¢1T)h@mmunicate with
suction port (42) relative to the blade (23). The
eacippther 8moughf a tilsehatps phiir(d6). Atetdi{chRe cpaaydisy ab@municates with
Wi th a discharge space (45) through a di scharge val ve
the diddhavgsi wpe (153 a reed val ve for opening/closing the
di scharge port (43). 11 [0047] The di scharge space
[00488) i Shpriolet cipt Abovecnehates pixenghh dlus upper( AGisirgnGL6) to have an -
under the lower housing (17). The di scharge space
opeuiBy ipthevewksdulbevel théappep hewsitg (16).ngTel@)eningrnd théimlet pipe (1a)
di schar ge space@é45) provi ded under the | ower housing
fac(ei 7!1)16 vppemshifacet of thetihnereytindest B&Y amdwtfmug:lpea swifareefrthe eccentric
(46) . The di scharge space conmmuni cates with
oo et dh i a3, (16)0pop 0008 [helnis: Dipeddapisosed &y the inner
yenetrates through the upper housi 16) to have an
(4% oF Hherereentonpirt G phthe ds Weﬁh@g@éber housi ng
6). The opening of the inlet e (1a) faces the
[Oéﬂ[%er Supreioa Brchapism (&} 1%:;{9 (ﬂzfs) OWRJ SHecey eﬁéhe upper

of the eccentri part 35) the drive shaf

f
hﬁ%%s (étpad H’ﬁe‘iﬂpﬁ@S‘HfacFi‘P therﬁce?ntﬁp part ﬁ%)of the drige @@%@3) The
th nd h t t
SN T N A W A R RS
d he | f
Rt ﬁ@ede“%rgf"}engﬂ Jortign Lﬁ?%ﬁee raggs Foﬁﬁeafsf%@-e?éc@eﬁtthﬁﬁ a refrigerant

he drive

B 5‘?%83( b P Btaioh Fatiner (3ot T o FEE R Pnsgrcngp within
oot O BT VR B ot B PLELCRBLE, o sin
gl f@@éso%iﬁscﬁﬁ PRISRSI-RERR, LU SRR Bl

[0050] The first path (61) is formed by a groove having a U-shaped cross section in
the lower surface of the upper housing (16). One end of the first path (61) has an opening

in the vicinity of the blade (23) on the side closer to the suction port (42). When the

piston (22) rotates from the bottom dead point (the state shown in FIG. 4(A)), the one end

of the first path (61) is on an inlet port (4a) formed in the expansion chamber (52). The

first path (61) extends in the axial direction of the drive shaft (33). The other end has an
opening in the vicinity of the inlet pipe (1a).
[0051] The second path (62) is formed by a groove having a U-shaped cross section in

the upper surface of the eccentric part (35) of the drive shaft (33). The second path (62)

‘has the shape of an arc defined around the shaft center of the drive shaft (33) so as to allow
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one rotation cycle of the piston (22) relative to the
cylinder (21). Specifically, the suction mechanism
(60) is forned by two paths, a first path (61) and a
second path (62). [0050] The first path (61) is forned
by a groove having a U shaped cross section in the

| ower surface of the upper housing (16). One end of

b ki 190, (2R TOEPE 08 R 0 0 1 pdbemve
o8 g ot [ERG L are e (P SEpes i icaigy bevween
oS8, 0l A 3 B s o
froB PP iy FERAE, (bR SRHCR! it SRR s Mimgel Bt 6. 440 o
FIG’b lﬁflﬁf}'(sg% @bt £B ‘?ef:?ggﬁht RbREinkl Ak -eﬁgfgl}s[o%%lﬂnb&f@2§ ZC ond

I's for by a groove ng a U shaped
[0060PSS ?ﬁ&tdg?& | businBe (HIP&{cIRME f ACRwpreldife QUGRIMES I(@b).  The
part (35) the drive shaft (33). The second path
lovi-PréksurdBarhb& &A1 Odn ]@ﬁtlérs%rﬁ@id)n&@ %rﬁhhﬂﬂichtﬁﬁ Zvﬁhaftﬁe outlet
0

center of the drive shaft ( so'as to allow
pipe PIBUNTRALLOG et URET SrBeidEd a64 phatith Bk \adifitg BEthe blade (23),

inlet pipe (la) in a predetermned rotation angle

whicBNg &ppSRECiof iheadreyend bEtheeR@n gatﬂ%m%;(lﬁﬁ)onaihb%e side with the
conmuni cati on between the first path (61) and the

disthak@t papd (@8), (tiafivetidrthdblade (B30, a0d opbeyort the eRpaision cha@ber (52).
rotates 90 fromthe bottom dead point (during a

[0098] i 0dA whsiniddhE293 iatgpakaigas bwermhbhding A7) The sl ring (29) is
FIG 4(B)) such that the refrigerant flows into the

insexglaingi on axdhAabevovd 3] the 10082 hodshes (1D end oessed ggdids jthe lower
i ncl udes a | ow pressure chanber (4b). The

surfapvo thesnid rpdate [(26Voefithd dydinden@1an Burtheehoreo high(ptejsumnidbricating
conmuni cates with the outlet pipe (Ib). The outl et

oil poirtradacdd imgo phointefateafcoatagogirfacenbitwee ¢hey pdindet y21gfand the
the blade (23), which is opposite to the one end of

lowteh botsings(l 7panly redizlly inside the s¢aheing 42. silelthevdbotic stmecture, the seal

_discharge port (43), relative to the blade (23), and

ring f2Ps caomstitiies @xqempdianer oteahdnism (foppdiusfionlz] anias degation of the
ring 21S29) is disposed in the | ower housing (17). The

cylinden (2d).sycl #oy axigl senssamanadhe pistora@2arthe calindsr oblangdfthe upper
the | ower housing (17) and pressed agai nst the | ower

housingf(3@earpfeduprd-end plate (26) of the cylinder (21).

Furt hernore, high-pressure lubricatin
[0054] The rotation s%ee of the electric motor (30) ig controlled by a controller (70)

having a control circuit, such as an inverter, or the like.

-[0055] --- Running Operation ---

Next, a running operation of the expansion/compression unit (1) is described.
[0056] When the eiectric motor (30) is started, the rotation of the rotor (32) is
transferred to the outer cylinder (24) and inner cylinder (25) of the expansion/compression
mechanism (20) via the drive shaft (33). Then, the blade (23) reciprocates (moves forth
and back) through the swing bush (27), while the blade (23) and the swing bushing (27)

integrally swing relative to the piston (22). As a result, the outer cylinder (24) and inner
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oil is introduced into the interface (contact surface)
bet ween the cylinder (21) and the 15 | ower housi ng
(17) only radially inside the seal ring (29). In the
above structure, the seal ring (29) constitutes a
conpl i ance nmechani sm for adjusting the axial |ocation
of the cylinder (21), such that axial gaps anong the
cylridet of25§ 229volcheyidlel isnlgling 2k)atiaed td hide UpR&IL  (DDUSIMgreby the
(16) are reduced. [0054] The rotation speed of the
ex@insiohicomprbioh (@harisn C QW) @etfoemdyp@daemiined | edmyréssion and
20 having a control circuit, such as an inverter, or
expdaeiohioferatipf055] --- Running Operation -- Next, a
runni ng operation of the expansion/conpression unit
[005%) i sSpesficallyedvhen| h056itodN(RD) tihet ehe tdy ideadretmer @S8Ghown in
is started, the rotation of the rotor (32) is
FIGr¥03faad theh the drive shaftdB3)cxdtatad elock @43, thaductiomeprocess is started.
cylinder (25) of the expansion/conpression 25
Subseghentlys the( 2D)ctue drankigiods ssuprestiaiyt in 88) orddihen (Dj,H@A) and (B) of
bl ade (23) reciprocates (noves forth and back)
FIG Ht, so gt theevadwing gf theshmp2gyion whirhkert(AE) ibtragkes ¢RBJheanftigerant is
~ the swing bushing (27) integrally swing relative to
introducesl thtomgh tlEpjuctigepert (23ul t, the outer cylinder (24)
and inner 13 cylinder (25) revolve while smﬁng[n%
[0058] at | Wehenothe Hastpi mnls@zi]@ toihdeabygentereas shown in FIG. 4(C), the
expansi on/ conpressi on mechani sm (20) perforns . .
corppiseReRie Eparped (@bhires ¢ vnglarrempssssionsihenbepewtside ghe piston (22).
{0057 Specifically, when the piston (22) is at the .
In thigpstalsathecemwme o dhesermppiessipn chamber (Fay sabstpntiply, thenmaximum.
rotates clockw se, the suction

drive shaftg%%ﬁ% [

Thes}, g8 dlagsdrnee ghrotates Heeeientq ghangs thestiugirg ppthe order of (D),
tr j.ti equentially in the order of ( (A and

(AY @)?@%) of%@ 342 esVSELF’F’Fa?%/ R COPHIEFHION FhapRE @ihﬁ?fé%@%ﬁ) that the
chanmber (51) increases, and the.refrigerant

refig A dy & P%eﬁ%e ugh" ARdhe BEss R i tCO%fﬁS?IOP@E%?er\&ﬁéNeaches a

oGRS B Sub B RET L AT e
o ST BGRTR, DHSE R Sk E Rt b
higg%%gssén% ?e‘fﬁgér%ﬂt bﬁlﬂl@/ cgrggregsq Iil%ammber (51), so that the high—pressure‘
refrigerant is released from the discharge space (45) through the discharge pipe (15).

[0059] When the piston (22) is at the bottom dead center as shown iﬁ FIG. 4(A), the
expansion chamber (52) forms a single expansion chamber inside the piston (22). In this
state, the volume of the expansion chamber (52) is the maximum. Then, as the drive
shaft (33) rotates clockwise to change the structure in the order of (B), (C) and (D) of
FIG. 4, the volume of the expansion chamber (52) decreases so that low-pressure
refrigerant is released from the outlet port (4¢) to the outlet pipe (1b) through the

low-pressure chamber (4b).

[0060] As for the expansion chamber (52), when the piston (22) is at the bottom dead

center as shown in FIG. 4(A), communication is established between the first path (61) and
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- Then, as the drive shaft (33) rotates clockw se to
change the structure in the order of (D), (A and (B)
of FIG 4, the volune of the conpression chanmber (51)
decreases so that the refrigerant is conpressed. Wen
the pressure in the conpression chanber (51) reaches a
15 predeterm ned val ue and the pressure difference

thebREVWRE Path @2 £ OMNE SESIndA EHaRe cohbdinicadtdwithehe second path (62),
di scharge space (45) reaches a set value, the

wheics¢ Ntk gsuctiah Viodedd )is | Sardenekhebdafeheas Megldripe ehafir §3) rotates
refrigerant of the conpression chanber (51), so that

clotbwish] Gb-EESBR(61) cofintundekankith shy &lpaasienl charaert(§2) so that the
discharge space (45) through the discharge pipe (15).

highQRellirdMand téfeigphst Dowd 22) theegiantibe chahbanGleadhen, when the
center as shown in FIG 4(A), the 20 expansion

driedstlfie33( foljted 90°n6 farns thegtractpaiBiCo d(B)) drb@mrhmsédi®n between
the piston (22). In this state, the volune of the

theefipansitofo Dhambare §wand ipatit 62 )nBxintempteiheThemafithes the drive
drive shaft (33) rotates clockw se to change the

shast (38T tetates itm change dhal soructdre (aB)shol)in dHiG. ¢) ofd then BIGA4(D), the
the vol une of the expansi on chanber (52) decreases so

volutret of tw- pxiession ehambér (Periaeeases soethetigled highepresshes refrigerant
outlet port (4c) to the outlet pipe (Ib) through the

exi28ds, ovhgrehes ther ruchiemiserctyrads) (o [1o088F oA 16of(A)he The pressure and
expansi on chanber (52), when the piston (22) is at the

eXIBOsion Yk 28 thq;lgg]n-@resgge gﬁgﬁﬁanharﬂr@ovm(eﬂ)for the rotation of the drive
communi cation is established between the first path

Sha(f@i??) and 14 the second path (62) while the inlet pipe

communi cates with the second path (62) wher eby

[0 Ms sudsi descpbest agvs, sthet a%fflgaramrnérwﬁr@%seﬁ ad fhte compressmn

drive_shaft (33) rotates. clockw se, the first path

chanepey (Tonarthheshteslairaching e eslepanrad sxehmgsier 05 2)Megiwhile, the
hiértgg%ﬁggqqgr{%?pnéﬁrg ure?@!zl;)r %q%g%gfq%ggrn{@ﬂiegag&’s J\petﬂe expansion
Chaﬁ‘(q:é;' St gz‘aé %e%ggg&ﬁeoﬁ‘g%wé‘%&e?’% 5?5%32 a F‘%lg]‘jw-messure

t he eco ath 62 rupted. Thereafter,
ref‘é\%er?lﬁé'erﬂf?‘?s\f@ g?ﬂresé@éig‘:hlf’%lpéﬁ@gt gpchange t he

_ [003% uctur CtSPPE% %n FIG 4(C and then FIG 4(D),

vol %’5 sion chanber (52) increases so
tho. st RacEhPoRs “TRVET bR 18 s ERBP AR el " ek ompression
chaH‘ber ?éﬁsﬁﬁﬁ ethgn&pansmn chamber (52) are formed outside and inside the
piston (22), respéctively. Therefore, the overall size of the device is decreased.
[0063] Since the compression chamber (51) and the expansion chamber (52) are
located adjacent to each other on the same plane, some components can. be Shared

therebetween, resulting in a decrease in the number of components.

[0064] Since introduction of the refrigerant into the expansion chamber (52) is limited

only to a predetermined rotation angle, even expansion work can also be recovered.

Therefore, the efficiency is further improved.
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10 expansion work of the high-pressure refrigerant are
recovered for the rotation of the drive shaft (33).
[0061] As described above, the refrigerant is
conpressed in the conpression chanber (51), and heat
Is released in the exterior heat exchanger (101).
Meanwhi | e, the high-pressure refrigerant fromthe

10088) Gt P FOTHBATOh « AR SRR bl RuRG e g fytincer
h 102 d.the | . [

oL i s S S g B0 e 0

the B R ReRt TG U caci on chanber (51) and the

[Oosﬁ}gan%‘ﬁgﬁ g@gﬁ?&%@ﬁ ’ } g%%ﬁ‘g{@é@?@“‘?%idﬁg@g?@gy iﬁl‘ﬁ?oﬁ&oller (70),
the;aﬁg[raﬁ xlleﬁ'fcfe‘ﬁg?fs ﬁlﬁﬁerqﬁl){,h%\%%l s decreased. [0063] Since

conpression chanbe ) and t he expansi on chanber

[Oogﬁgz]e?ﬂ% sivﬂ%ghlgsglngg? 29 ggﬁviggd gaﬁcfb BiAIRE RRmbBE [HaBBupling the

some ared ~ ther ebet ween,

pls{[ogg%‘iﬁdnﬁghé Blafle PR LBRSE AR BWERSEstA 209 TR e Tontact with

~Since introduction of the refrigerant into the .
the gﬁiﬁ&??ﬁﬁnmﬁf‘ﬁf@ﬁédé B3). | $hisi dFan@enerdvOllsYiht Gvédring-away of the
redeterm ned rotation angle, even expansi on work can

pistBh$22)0RdIBE BMAE €XB) and 'El%"lﬁfrﬁfn%oftﬂlihec&ftzfcit pbiogY tHefebetween during
further inproved. "15 [0065] Since the conpression

Opd&hﬁﬂper (51) is fornmed outside the cylinder chanber
(50) and the expansion chanber (52) is forned inside

[0068TE CYSihewiehie eRaiEbBhsh( BD). is plaeideenpr s s aorfa@pasithgt with the
is fully utilized. [0066] Since the rotation of the

pisteh €21 iadd MeieOrblidt0)(28)% @@ntdoatdee dpditiodsheachienty adxicellent sealing
(70), 5 the operation efficiency is further inproved.

chalR06ilicsThellrvéfng, akipe( &7) refigpraav fided thescanmesspln clgumber (51)
menber for coupling the piston (22) and the bl ade _
and( tha) expankios chamifar G2 et twelyeprsuhsdedannil alebyeasas is uthé @ompression

contact with the piston (22) and the blade (23). This
effiaienangehepenavoefisienteanseizoi prgveawmay of the piston
- (22) and the blade (23) and the burning of the contact
[00p9 t i d¥iscd the bidde t(3Ran irdegraliygprovided to the cylinder (21) and supported at
both ends by the cylinder (21), it is less likely to apply an abnormal concentrated load to
the blade (23) and cause stress concentration during operation. Thus, the slidable portion
is more resistant to damage. This feature also improves the reliability of the mechanism.
[0070] <QOther embodiments>
According to the present invention, the above-described embodiment may be
modified to have the following alternative structures.
{0071] For example, the cylinder (21) may be fixed while the piston (22) may be
movable.
[0072] The cylinder (21) may be integrated by coupling the outer cylinder (24) and the
inner cylinder (25) at their upper ends by the end plate (26), and the piston (22) may be

formed integrally with the lower housing (17).
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10 operation. [0068] Since the swing bush (27) is
provided to be in surface contact with the piston
(22) and the blade (23), the contact portions achieves
excel l ent sealing characteristics. Therefore, |eakage
of a refrigerant fromthe conpression chanber (51)
and t he expansi on chanber (52) is surely prevented,

[0CAAH defhepisea (22) mhe be domtcelsiai the fortbofef Earaplerayngafidm which no
expansion efficiency are also prevented. [0069] Since

part Beretmozett v(li21g)the blada {23 madyl e divioled dred ah outch®lady [(23)dei] an inner
(21) and supported at both ends by the cylinder (21),

blail¢ (23, buhsthhti thelopter blajep2$) advanbesofroml ancanerecytlindee®1) to make
load to the blade (23) and cause stress concentration

cordant mntp thp erstomi (@R), alith thee, inhéreblade @aphdvaparstfiamm an imenoyknder (21)
resistant to danmage. This feature al so inproves the

to meke copidct with die pisten @0hani sm 20 [0070] <O her
enbodi ment s> According to the present invention, the

[004Bbv e- Ulass rafiigarantesitsoti (A8 mapyonke penfiordi heatigt aperadipe or may be
the following alternative structures. [0071] For

- swigshafpriaveen heolng and deptinaperatiopsbe fi xed while the

giston (22) may be novable, 25 [0072] The cylinder
[0073h) rhedrthsemenst thgr mfegerayy afolbpleimigerant cioerie(L00y |i$ mekfimited to
(24) and the inner cylinder (25) at their upper ends
Co%y the end plate (26), and the piston (22) may be
fornmed integrally with the | ower housing (17). 16
[0073] The piston (22) may be fornmed in the formof a
conplete ring. fromwhich no part is renoved, while
Indugtrig)| Applicebdiy my be divided into an outer blade (23)
ner. such that .the ou bl ade

' | ad 23), o
10078 "2 E%EEECF aks _%aﬁheo SF0T AGYSUHER S PRRfyl 8 ety fluid device
e b PR  of ZPne et SE R A5 A o o
P e byl R PR b g GpPach B g7n s
(B be sw tched between cooling and heating
P oper ati ons.
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[0075] Furthernore, the refrigerant of the refrigerant
circuit (100) is not limted to €02 10 Industria
Applicability [0076] As descri bed above, the present
invention is useful for a rotary fluid device having
a conpression chanber and an expansi on chanber and
especially suitable for a rotary fluid device having

CIaAXMI8pr essi on chanber and an expansi on chanber on the
same 15 plane. 17 CLAIMS 1. Arotary fluid device
conprising a rotation nmechanism (20), the rotation
mechani sm (20) including: a cylinder (21) having an

1. @nnutay dylid ndkvicec hamiyeisir(gb0g ; rogarich amsuhbaismpi(@0Pnthe rotation
(22) which is accomodated in the cylinder chanber

meChO)ism ) endudiegt a icylindee| (A1) havit® ab handyt cylieter CRdhber (50); an
the annul ar piston (22) dividing the cylinder chanber

an{b@)) pistoin §22)amhiol i e acopmiddatedeinahd eylindsd yhanickr A0) tonler eccentric
wor ki ng chanmber (52); and a blade (23) placed in the

relayei to deer cybinderifal), (B0nakd pistont(22) dividing thacylinsler thpenber (50) into
wor ki ng chanbers (51, 52) into a high-pressure space

an guer aN¢rl§wgp¢h@§§m €S 9pansean tipner oydrkind eshade) (Fidanhe blade (23)
pi ston (2 10 being relatively rotatable, wherein

plagerkinghe @ﬁ@dﬁwampkﬁ%@ apdhpartiEpring sach o5 2he working @kywé»@rSe(Sl 52)
conpressi on chanber which conpresses and di scharges

inte g dRGYPRPYIYSRACe And RdoyrisepsBspate, theecyliafen (2¢ and the plston (22)
rotation of the cylinder (21) and the piston (22), and

beipg pelgiveb rotallhe two wor ki ng chanber s (51, 52)
constituytes an expansi on .chanbe 15 which expands and

d| sé‘ﬂ’ﬁ?ﬁ'@é§’n§ of 8k é&fOf Werlan&mcbﬁnb% (®h-ott)es¥nsy “tftsh% compression
| ative rotation t.he cyllnder

(. and the ton

h?% PRYPIFSEN ‘th‘EHaESeﬁ &iugke %I‘%ﬂhrﬁhi Progiy r‘¢he relative
onpr, n i on. mechan 0) which allows the

ﬂﬁﬂgPﬁﬁgi ﬁ&?gﬁaagE”WHP?BHHEEéELﬁ§ t he expansi on

cha thér o2f)the ?wo E’kelgg tcﬁar{ﬁ)é}se ?51, 52) constitutes an expansion chamber

which expands and discharges a sucked fluid with the progress of the relative rbtation of

the cylinder (21) and the piston (22).

2. The rotary fluid device of claim 1, further comprising a suction mechanism (60) which
allows the refrigerant to be introduced into the expansion chamber (52) in a predetermined
rotation angle range of the piston (22) such that an expansion process of the fluid in the
expansion chamber (52) occurs in a predetermined range within one rotation cycle of the

piston (22) relative to the cylinder (21).

- 3. The rotary fluid device of claim 1, wherein:

the compression chamber (51) is a working chamber formed outside the cylinder

chamber (50); and
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20 rotation angle range of the piston (22) such that
an expansi on process of the fluid in the expansion
chanber (52) occurs in a predeterm ned range within
one rotation cycle of the piston (22) relative to the
cylinder (21). 3. The rotary fluid device of claiml,
wherein: 25 the conpression chanber (51). is a working
chanhekexpRsRdcIRuiber 482) Rea GYdrkgethanbRaTORted( ﬁl@])de 88 ¢ylinder
18 the expansi on chanber (52) is a working chanb

chi@beresh)i nsi de the cylinder chanber (50). { 4. The
rotary fluid device of claim1, further conprising a
drive mechanism (30) for 5 driving the rotation
mechani sm (20), wherein the rotation speed of the

4. dihe vietae Cluhidsvicé ) clhitn V,afuri@bl Yorapidinglal @Gve nfechatign (30) for
rotary fluid device of claim1, wherein: the piston

drigidg thdwsatioh encthagiema@20)C f ormed by renoving a part . of
its annular 10 structure to nmake a slit; the bl ade
( 23)wexdietidaohebuepsedait thedidie mpehigbaad) wahdiatdycdrmedied.
and an outer peripheral wall surface of the cylinder
chanber (50) through the slit of the piston (22); a
swi ng bush (27) is provided in the slit of the piston

5. TheyqtatyHmid deice didding B, Ayherdiei ng i n surface contact
wWth the piston (22) and the blade (23) such that the
bl adlee pBBN () 1S thechppeoobiCalidrencdny trémotih@dep423) itssannular
swi ngable relative to the piston (22). 19

" structure to make a slit;

the blade (23) extends between an inner peripheral wall surface and an outer
peripheral wall surface of the cylinder chamber (50) through the slit of the piston (22);

a swing bush (27) is provided in the slit of the piston (22), the swing bush (27)
being in surface contact with the piston (22) and the blade (23) such that the blade (23) is

reciprocatable and the blade (23) is swingable relative to the piston (22).
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