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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 i”C!Uﬁkﬁﬁxgp%? ression nechani sm

and an expansi on nmechani smas di sctosed i n Patent

Docunment 1. The fluid device has a rotary conpressor
accommodated in the |ower part of the casing and a
ROTolR bt grpXpeapget accommodated in the upper part of

the casing. The fluid device also includes an

el ectric notor between the conpressor and the

expander. The conpressor 15 and expander are coupl ed
TahhthhFpmgls of a drive shaft which is connected to

the notor. [0003] The conpressor conpresses a

[0e6T]i gerBmntpresEReinG OIS fbd tdevill

heag in a g;at exchange?ggﬁééﬁéaﬁ eﬁﬁ@;%g%%é%ﬁ%@&?ﬁgﬂytoarouuy
fesip devdes haviiea exppReash ch@itd: a8 an Exﬂéﬁh%ﬂsaﬁ I N

anot her heat-exchanger and returns to the conpressor.

This cycle is repeated. In the expander, rotationa

power generated by the expansion of the 20 refrigerant
Baskgenmdeastd. The recovered rotational power and the
rotational power of the electric notor drive the

[@¥pr es Sonvertionally,eshekd , haef béci @NEu Idvit@ iluding a compression
realized. [Patent Document 1] Japanese Lai d-Qpen
nRghansm Rob | ancadpaosiodmecRA09n 18892 loseDis Ph@st DRchent 1. The fluid
I nvention 25 Problens to be solved by the invention

dp o0 dps Howdarer cormpressoe acconmotiatedah the Ubtefl@uitCst tHeh@ising and a
conpressor and the expander are placed on different

sgpphatde exrindeedmommadaedouehalippesipag ofthé bgsigeviTie fheid device also
.large, and the 1 nunber of parts is also |arge.

Ingyisles fap cAgatsic mdter beimpeesisoromprepicacad the dxpendedWeThe compressor
part of the casing while the expander is placed in
apdhexpgpgaarpequplest tothioth entsiofig,driam dhafhivhicdris aogeedtto the motor.

i ncreases the overall vertical dinension of the

(09841 ce. The, r ORI €SSph ecopprpyses sorrefrigtratte  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 1s 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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expander are conpletely separate fromeach other so as
not to have any common part, and 5 therefore, the
overal | device has a | arge nunber of parts. [0005]
Enbodi nents of the present invention was conceived in
view of the above problenms. Enbodiments of the

k h f
w3 B R ST A RRE SR o

°aSIE$ Wig 86 SQuleb bRSC"IRer an' 001 apnd, Piugye mangement
lncrgés% Qhéj 8¥érgﬁ Ve%?&;ﬁ) rdll% nsg()d'} Hg ?heah:%‘ap? ngf:é]?t%nl \S}F%]é})]glﬁressor and the

echani sminc

e""%@%ﬁ@éa’%ﬁ%‘gﬂfﬁ?ﬁe ol BB 8} B Bldhlvilpinion par, and
theréﬁ,kéittﬁ l&@ﬁc s arigr%%nuﬁlﬁgr@afl}{éw ar piston dividing

e cy er cha an er  wor ki ng chanber

0BS S RgeIE SO0 R G

I oning each

proBA@hK| FonKARHBRE Df 'tﬂé e§elﬁ' P%r@éﬁssééﬂ ® PRRCE tl?enﬁur@ber of parts and

| ow- pressure space, he cy r and t e piston

dec&@sle&hé ¥edril Hﬁﬁéfsﬁ}ﬁh%fth‘énﬁ(d%bn one of the two worki ng
chanbers constitutes a conpressi on chanber which

M&RRRbesoIeRg N6 pfonehsr ges a sucked fluid with the
progress oF the relative rotation of the cylinder and

[0006he piAst Mawnt MEFIRUNGR Rpect b¢ tﬁéﬂ%\)@ﬁﬁbﬁ g%ﬁ&b@@?&t&y fluid device
constitutes an expansion chamber which xpands and” 20

com@iiSiahar @fion mucheathnd, |thé dotiid ndebRarRER HBREnSfa Eflfider having an
relative rotation of the cylinder and the p| ston, the

anmylhrsdydind@echatiber; SR apaulef pistoh WHIEHisRY coBAPIABY irPthe @yﬁnd& chamber
Its annular structure to make a slit, the bl ade

to bextenti lokitive enttarcylinde] the %hhlﬁlﬁﬁﬁl@iothﬁthfg%hé a¢lerdRP Bhamber into
an outer peripheral wall surface of the cylinder

an ooteamoeking lohatipdr dndendhidr wilrkinB@hPinbE Gnd @ bRde plREd in the cylinder
general ly sem arc-shape swi ng bushes are prOV|ded in

charhber aidi partifioring eptls bDihe Whskisychgnties ntdm Afesstire space and a
surface contact with the piston and the bl ade such

low-pheasurt spadel tidtecylinderemt phopiaioabeing rehivelyaotatadlie vilkrein one of the
swingable relative to the piston, the rotary fluid

two gevikiog chasbarsl esnstititescd tanpressiahetminter whiichhcomhressss fikedischarges
refrigerant to be introduced into the 2 expansion

~ a suchednibad with theppregese ofithvedlativt aviation afighecylardgeand thehsiston, the

pi ston such that an expansion process of the fluid in
other € thex pyem siosking rhainbers coostitstes Anaexpaeded ehambee dviiiakn @epands and

~discharges a sucked fluid with the progress of the relative rotation of the cylinder and the

piston, the piston has the shape of C formed by removing a part of its annular structure to

make a slit, the blade extends between an inner peripheral wall surface and an outer

- peripheral wall surface of the cylinder chamber through the slit of the piston, a pair of

generally semiarc-shape swing bushes are provided in the slit of the piston, the swing bush

~ being in surface contact with the piston and the blade such that the blade is reciprocatable

and the blade is swingable relative to the piston, the rotary fluid device includes a suction

mechanism  which  allows the refrigerant to be - introduced into the




within one rotation cycle of the piston relative to
the cylinder, and the suction nechanism includes a
first path, one end of which is on an inlet port

formed in the expansion chanber, and a second path

f or med |q§a drive shaft which relatlvely rotates the

gxpangiga - chamyer e @ Prdatemingd, gotaden Aaglp aengenal; thegpistea such that an
[

SR 0LEyokhd QULOBL CAOASL LAt o

Wltthlmmtmotaewd aybletdfehd pisin rp]aﬂtlhe it thee cy}hnd«:‘fehmi thenadiion mechanism

HRhElsn RS onh B o yaieh e B B Sl loraBbm e Fsgsion chamber,
atb @ dieb®it path fbﬁﬁed e th'v@ r!;haﬁswﬁlbl? rélgﬁ@etlﬂf 9&3.{5? QH@?gﬁtgﬁer and the

(20) is drlven the cylinder t he piston
pistoa thﬁeﬂeyorerp%th davigg thérshape hné ancﬂr@l ndefised atvaind the shaft center of the

B30 R e S B3RS A PO B b By i

predétenniasd tr@taﬂeﬁp afgletiaged bE b pithe @XARMS aMui@fto tHREsucked into the
fluid nag@naIIOM/recovery of power. 2a [0008] In an

ersBsPRERIMbY .suct i on mechani sm (60) nay further be
rovided to allow the refrigerant to be introduced
0003] t helmmpambotbmeuhafrﬁlerm(f@@om as thepottion enevhmssm (20) is driven,

B, 801 5L 8 885 s 35 D 8 Bk b e e of

clmapression 5ﬁaxn9ac$sl§ deereasd@rt%de&ﬁﬁmsm@e mr&gawmé M volume of the
one rotation (%? e of the piston %@nz relative to the

@snanﬁa%rc hambgr bwganernthm@nédw Thaexpingian qﬁ;he fluid may
o the expansion chanber (52) by the
suc |ona%g%2g%k§%1(60) within a predeternmined rotation
angl e range of the piston (22). As a result, the
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), such that the pressure and expansi on
work of the fluid my be recovered. [0010] According
to an enbodi nent, the conpression chanber (51) may be
a working chanber formed outside the cylinder chanber
(50), and the expansion chanber (52) nmay be a working
chanber forned inside the cylinder chanber (50).
[0011] In an enbodi ment, the conpression chanber (51)
may be formed outside the

2a




cylinder chanber (50) while the expansion chanber (52)

may be forned inside the cylinder chanber (50).

Therefore, a predeterni ned conpression capacity may be

achi eved. [0012] According to an enbodi neht, a drive

nmechani sm (30) for driving the rotation mechani sm

(@081 nmaylof any erieadinentpa svéttadmediaaismo(68) inoy fietlee degirovided to allow
e
0

oo 2R BEETAERY o, Sfba o rhpfe T e 8 redctermined
rRaivanirle (380 offhe pistoaqly shdheMat anl BESaAEi6H ProdeBEof the fluid in the
operation may be carried out according to required

FerpEPRshaBbg USH) eqeurs in predefermined cyngeayithin angaptagien cycle of the
j : . C [ to an enbodi nent, the
%llg@tqlg%ﬁ??%@%goi&?ﬁgﬁ%g?ﬁbf C formed by renoving a

BP0 ) i SRR RenB R G e p g B ko 46 Ragapsion chamber
&2} b3ciBie anctic mRUhRfisn 660) PhRkial a PRldbtefbinbdG6talbn taAgle range of the

cylinder chanber (50) through the slit of the piston
piston (2N o agessltpihsiexpamsjor progess i dleaiflnid initkee einansion chamber (52)

ist ] i C i :
A P Bla0 8 WP PGB rtive o e
dilmder (223 sudlsthaethe praasat ahd expundiod wiotlgabite fluié halibégecovered.
to the piston (22). [0015] In an enbodi nent, the bl ade

[(0B80] r ecAgdopdial @Sar Bmbbdntent, Tk E3isitedsion chahibe(31) thay be a working
bl ade (23) and_the swi_ng bush (22 integrally sw ng
shamber mlﬁﬁédqothwdhng@ahanWt 0p.rangl the expansianechantber (52) may

' I ' . tat il
6 ety GRS USHRLAGR SBLRLRIN 12
SRR ok EuRIGHRR R ERTRH SP8HF S SHBR B sice e
dydinder eSO} vHild B BXSSRdh LAY 1(8D) nidi€be formed inside the

compression chanber (51) ‘and the expansion chanber
eiipylerghamper (90) Bharefose apveddtersiinks eomepressiononpicdn)may be achieved.
respectively. Therefore, the overall size of the

[#612kce i|Acaeding & ed embO0ibTdht,Si ddee trivehandsm (30 Soodriving the rotation

RSy R 5 SHRA0RA P2 BAARAL LB B G mechaiom

1BEYTBe CAPPNSMHLDIEAN be shared therebetween, resulting
in a decrease in the nunber of conponents.

- [0013] In an embodiment, the rotation of the drive mechanism (30) may be controlled.
Therefore, the operation may be carried out according to required performance such that

the efficiency may further be improved.

[0014] According to an embodiment, 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




[0018] According to an enbodi nent of the invention,
since introduction of the refrigerant into the
expansi on chanmber (52) is limted only to a
predeterm ned rotation angle, even expansion work can

al so be recovered. Therefore, the efficiency is
fawsh KR is prpidsdeia. the et of thecisiou(2%) socasat lm'rbx)mrfmmt:pntact with the

d t
PRSI S RAERRL SUATRAG b8 bl St R e svngabe
tdajveits tHeopistenl (A)si de the cylinder chanber (50), the
conpression capacity is fully utilized. [0020]

o1 di Nph iPerdBodiiRAL it blad
g??vg nechan?sn1(30) fs co%g%gqﬁ%ﬁ#ﬁ?ﬁih%%%?ﬁ?@%ﬁﬁﬂﬂz7)Whﬂeﬂm

Blele 2By the swing bish @Rpintsasally FOOE lakze 6y fergsio (@) With s
sihedkrl N
coupl 1 g Cﬁe’IF‘JmE ﬁf“}ﬁ”oarngé%ﬂﬁﬂs ﬁ? é’§ap§$§’?‘ﬁﬁ f‘%@%je?%ﬁ\glntgﬁmeg such that the

- bitatite th&hhniamc( 205 pe@ Qtins PrédRebrinthedLofiipbsitidntahdkkpansio operations.

surface contact wth the piston (22) and the blade

(Bfrets Ohike iavémpgeent 4 avoi ds the wearing-away of
the piston (22) and the bI ade (23) and the burning of

{dﬂ)‘% CO”A@é‘erlﬂ rid %S {fb?ngt %{‘F e QHLLRO | g@{i{ti%&néQHe compression

002 ] Since t e SW ng rovi de
chanfhee 6510 and Hot expindion bimml;(ﬂr $5Drar¢ ﬁﬂl)nedndtsid%emﬂl iagiée the piston (22),

t.h t t hi | | ent I
(St PR thg%l(ﬁ"ef:f‘@ﬁ’&fﬂé’?ﬁ}l Viiges GrssFbt 1 gor ant

: &Wi t he co ressi on chanber H? and t he expansi on

er 1B §°§]@Ff‘e§ﬁl§?nﬁ}1@%‘?¥t(§ anglyfhe gepangigg hamber (52) are located
e |
gdggcegpgagé%glza&gﬁt oetghie %gen?ﬁég@nce X PRRRrBhs J(%% S1FN therebetween,
Knmuggaia#&mﬁmaudédnhnmbhef@wmpmmmm (21) and supported
at both ends by the cylinder (21), it is less likely

t0018ppl yAeswrdibgotomah &absdRiehalofdihe0oRflehifon, 18néd @ntroduction of the
bl ade 232 and cause stress concentration durlng
st dalo theuepaptien shrghen 652) 05 tlimited gnlypioea predetermined rotation

y oN f %

S, SR TR o ol 8730 O BORY S Eifiency i ot
iDippwadgs [ 0024] FIG 1 is a vertlcal cross-secti onal

vi ew of an expansi on/ conpression unit 15 according to

[@o1grbodAsBeRting fto taRecrib&fidht, sthe8thé @Bmpression 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 an embodiment, since the rotation of the drive mechanism (30) is

controlled, the operation efficiency is further improved.

[0021] According to an embodiment, 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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FIG 2 is a circuit diagramshow ng a refrigerant
circuit which has an expansion/conpression unit. FIG
3 is a horizontal cross-sectional view of an
expansi on/ conpressi on nechanism 20 FIG 4 shows

hori zontal cross-sectional views which illustrate an

RS Ut pEPRE a1 R ePERHONE B 1 DBISID) @xheobwpiag of the

cof R R PR S o5l °0 Teeeni e

OB 3N T IRy B LT Sy ST
oo 45) SR PR TAST GRS B, Saesmo oSt st
iR, PR Btg B5 B0, b T B ghamber 51
and® &> S)QI_I}&IIISIIS}II ec@italin%gr \fgi)l is bs%reqj? Si)%\i/e?l?e%, iapld dd%%:r%iasles. in the compression
efficiency aﬁd expansion efficiency are also prevented.

[0023] Since the blade (23) is integrally provided 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.

Brief Description of Drawings
{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

‘exXpansion/compression unit.

FIG. 3 1s 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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with reference to the drawi ngs. [0027] <Enbodi nent 1>
Referring to FIG 1 to FIG 3, this enbodinent is an
application of the present 20 invention to an
expansi on/ conpression unit (1) which is a conpressor

i ncluding an expander. The expansi on/conpression unit
(1) isz?n%%&ged inarefrigerant circuit (100).

[ 0028] "The rePrigerant circuit (100) uses, for

exanpl g5 gﬁ§ggn di oxi de (C02) as a refrigerant and is
configure O performat |east any of a cooling
oper at L@n heat i n operation by conpressi ng CO2
over tzg g%? P%5F$%?%%sure. The refrigerant circuit

(100) 25 i&gkm?c%%%%gshom in FIG 2, an exterior

heat exchanger erving as a heat source-side

heat egghg{;gﬁ% d an interior heat exchanger (102)
serving as a l§I'Z§-Esi de heat exchanger, which are

connect@dri&:tt; Lan/ ression unit (1). For
exanpl e, the %E???%@?gﬁ?ﬁﬂ%&ggﬁﬁPégged by the

expansy pnhHeRpdiggsi on unit (1) discharges heat in the
exterior heat exchanger (101) and is then expanded by

t he ewﬂangygﬂagpgp&ﬁﬁéjon unit (1). The expanded
refrigerant absorbs heat in the interior heat

exchanger Co#R A0 chehuEns to the

expansi on/ conpression unit (1). This. cycle is

repeatsd, Exha{sedY chmeeer air is cooled by 5 the
interior heat exchanger (102). The refrigerant circuit

(100) daursheboniniédhisies, @ bypass passage having an ex
(104) g pansron nechani sm (103), such as an expansi on
val ve,610rFikfiepathi ke, such that the nass flow rate of
the refrigerant in a conpression chanber (51), which
will 2 desendhedn! ater, and the nmass flow rate of the
refrigerant in an expansion chanber (52) are in
harnmony with each other. Specifically, part of the
refrigerant which 10 has discharged heat in the
BeseMaaies for Oratyiex ChanbeInvehBdn 1 ows through the bypass
passage (104), thereby bypassing the
(00 pandiceihehen erbsibientnot the Iprededt i @WibA LA R described in detail
interior heat exchanger (102). [0029] The
witherefraersic do tleodgamessi on unit (1) is a conpletely
- hermetic rotary fluid device wherein an
[0025% pansEoriodonputelssi on mechani sm (20) and an el ectric
motor (30) are
- Referring to FIG. 1 to FIG. 3, this embodiment is an application of the present

_1nvent10n 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
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15 contained in a casing (10). [0030] The casing (10)
includes a cylindrical barrel (11), a top end plate

(12) fixed to the top end of the barrel (11), and a
bottomend plate (13) fixed to the bottomend of the
barrel (11). The barrel (11) has a suction pipe (14)

" i pe (15) penetrating through the
C°‘§§’%P%id5%2 reg g%ggﬂ&oﬁgﬁg%iogeur@n@) fischrogerseleat dn tthe ERerior heat
Lnteriar Peat 20 _exchanger %102), “Wwhil e the discharge
SXChRREEr ia0d isn ek epapded Ry Bt ewapsionlsampressiohamgie(1). The

101). .The t end plate (12) has an inlet pipe (1la)
exi{ﬁ‘ﬁgeaaﬁef‘a%‘%?%fﬁﬁpﬂ@ 1{’%)11 ﬂ’ﬁ‘g‘r? e’ioatfie?ig‘i‘«fh(ﬁ:% re(ifﬂggan?gptums to the

ex@ﬁ%o@)}g?@%e%%%}f gﬁélxc etﬁ Q@?lg (i&gei’;g‘?edh?vh@febh éndggr histis cooled by
the BBt 8 i ER0E% 505k reiecuaiaent (A 6Oprissinohdes a bypass
oo 04 R0 o 331 B s L ooy mopansion valve, or the
i AR BEEUR AR PRTS! Hrehaeiidn drosmmpessshombar(s), which

TSI | 1B S0, 50 B0 RSN S i
chafiH (39 b b S S B h Ol oo o £ Reiigbant which
has SRR R LERANLEE P LORCEE) A Robi puen the bypass
Pas%.gg E%g?, %1{5321 @ghgﬁ%ﬁiﬁgi%gnsﬁé% (25:1‘% %g{ﬁg%ig%gznggﬁgrtgsﬁggnimo the

i Lohhn M i vides each of the conpression
mtegglgpne‘%éé (51%4123{%22)?% expansi on chanber (52) into ahovvn
' ; : Eessure ce as s .
(o0 ToR, B SR RRAR ANy i S éy??rHH%Fe%t' diRei rotary fluid
i ' [ s evol uti,ons
e T SR PGy %@%ﬂéﬁ%ﬁ 44 T"?le‘??'; L)
kA&si ion is made between the piston (
Comtaﬁlg&%agf/slu?g;gg?' (21). In enbodinment 1, the cyldijlnder
1 [ ' r S vapl.e
i o The. oy Eron 3N fIRRRCA vt Lo R HR b e (12) fxed 10
the topantief théBArrélS(1$), ahi AWMitm EQPBRle (;iféz £ g% 'ﬂiecb%tn? End of the
(30) ‘includes a stator (31) and a rotor (3 (O
barrelah$). i tTHeebarel AN iVhdith MBﬁ@iﬁe’Tﬁl@Qﬁd%ﬁ%ﬁge(ﬁﬂg (155 penetrating
pl aced bel ow t he expansi on/ conpressi on _
through the barrel (11). The suction 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

7




10

15

20

25

mechani sm (20) and fixed to the barrel (11) of the
casing (10). A drive shaft (33) is 15 coupled to the
rotor (32) such that the drive shaft (33) rotates
together with the rotor (32). The drive shaft (33)

vertically penetrates through the cylinder chanber
33) is provided with an

0). 33] The, drj haf
meé%%%kgﬁlj 1%8&%’2%%{ 'Ie%grﬁgrs%afmper arrengli(hy and allbyer housing (17)
i, t hi h I ve, sh . il- I 34
Wi 55 B i oing (Db srameson srsmpliioian BaleisEB30) includes
i) | d dly f he 20
2 I R iR BB er exisiet eaehepr65¥). 4o camulRopiston (32) which is
contFt)%Fex%(P &E tthg?gﬁ%%%g@?rﬁ%}é%cﬁ)gfhlicixr@%%gf)pll{eewgbggﬁsolbgggg (eSO) into a
coﬁ#&ﬁﬁﬂp %g%?begigﬁa@%&?ﬁ/e&tg%% {:ha(nggz)-s uppl(%aiip %&D 2 élig%) RARiwhich divides
SR e A INE N G -
spa ée :agélv a{) ﬂie“t) ?Eégsféﬁﬁerz%ég%gﬁ ?sﬁ%w\ég)lggﬁl? iésﬁgggig%gc(ala? dinthe cylinder
chahdber 22s. Sy of Lpe drive shaﬁt. 33), hy a .
ch o ea g%(de)r s, %Oegﬁa r%iu O {n.age [66 ]xc o WS’F F{a]@pv? iq)ti.le cylinder (21).
Spep K S Bt SRl 1o 35 el hefeqmndr yPP gy and the
. ' I t pro
/RIS SRR £ B0 AT L RO B o
oG A Pl O el o TR Sl sy 0 S
- i - ' . Th .
O usP g 1ey e o R A SR ¢ Do ATt ED p gomste o
drivideC  méhnfspd. S%QOEtHopgg»tle‘eisq[ﬂla\(/c%l t(?)’)epg%th itl&a3 2%612%?@mmpression

t he expansi on/ conpressi on” uni
ch t ' Cc rein, th riv .
eGSR O g A VU THLE MR LR e Gar 59
5 _ . i 3 th
oo LRI oh 05 AL T BB B o,

TheSRBORARBHckfialpBalkads dbfigh hido gﬁdé&%m%?%(;éﬂ).( 10).

[ 0037] The expansi on/ conpressron ani sm

[00330c] udBs arisvshaR RPN Rfdviddd m&%w-g\;@hgg@ggg Mot shown)

(22) and the blade (23) are novably cou
extendihg raxiallyewithith $hOfrite2hhiinds).t hen SaREHI0f 4 i

removing a part of an anml )ar st ructg‘?g%uo&ﬁnggﬁgp}%%ded 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) is

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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slit. The blade (23) extends between an inner
peri pheral wall surface and an outer 15 peri pheral
wal | surface of the cylinder chanmber (50) through the
slit of the piston (22) in a radial direction of the
cylinder chanber (50) and is fixed to the outer
i nd 24) and the inner cylinder (25). The sw ng
[00355; h ( %5: (CEB?%@Ei@Ut weludgs apuitey| gylindér (2He apd sbomngr23)inder (25).
a oupl.i mber for coupling the piston (22) and
Thd uled S lib 1) SRbsapoen ey e (2 Pert sepally sanpad st oeir lower
(&Dg OUt%i &¥Ib%ger (%ﬁ) and the outer peripheral 20
ends, % ot E0h Plateh26) i gach Qe d ekhe syr exdinders@ad is slidably fitted to the
concentrical i.spaosed cylindrical surfaces, between
CCCRRT AL (és)n%tlltge 89V$§Hg?(3é¥anber (50) is forned. The
Qut er ripher surface.of the piston (22) has a
(o011 PR PRI B2 Fioren dsteasly Vgt ihsppar hausineadé).of The upper
h er i nder (.24)._-and the inner peripheral )
hodsif 880 3 o3l doutiie 137 R Brariagtche, A fen sipporitg the drive

urface,of the_inner. cylijnder

| ph |
S R N AT UL -
P is.b th riph I
ik a e e S

'cyiizlﬁéalaﬂ{é‘a?nbgg gdj edgg i)él&%/ Ioﬁé{eia gv%r %ﬁi&@ﬁ%ﬂ%%&fg re]ss Io? Hle eccentric

pu5 88 RRASE BEEL ST S el (e o ton
R e I e T e R L

: thrdih%ﬁivﬂﬁa{ e ﬁét{&t E{Qﬁ a?{ll tﬁ@ﬁa&’é EipSg %feélﬁég’zg%y g%&;ﬂ%{, ’Ifogel(,fll(gK Gther.  The

makes contdct w e 1 nner

 pistbAR2DWHaS kheChhhHGEFR g&gn@df & re%%ix?sgoj%g%rt %g&g %réﬂl%lsgéﬂtt%[’ee to make a

IS a gap on the order of “m Cron

T D) O e B e e B B Al St g o outer

peri pheral surface
i i i f f.1h .
PR ShARS S U IR ES LSS PIRRER SR Mo

radiblNdiPdtAS 8 0P helSBndeUHaRDef {Waég?sf £o01 t%ctflef' ﬁlgl!eg {tbgl%né:lﬁr (24) aﬁd the

bet ween the outer peripheral ace of

i i ' i hdph I
i alsaadye senAelcabilnesCl 30 409G o o

coupslirhi rBeRBEOr &t@ﬁg? Wbié@ﬁg(z%ﬁﬁﬁe glagepge  side

relative to the ade (23) and a suction-side bush

103 et 4101 S8 o i e
surf4c2bgf eheeinh@r eREdEMN(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 peripheral surface of the outer cylinder (24), and an expansion chamber (52)
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the sane shape to both have generally sem circul ar
cross sections and di sposed to have 15 their fl at
surfaces opposed to each other. The space between the
opposed surfaces of the discharge-side bush (2a) and

sucti on- S|de bush (2b) forns a bl ade groove (28).
erted into the bl ade

41
S“L’%%oa&]é‘ g ¢ FhE0 Roelirarbe oner PerRberad pirfagelofighe pizton (22) and
f tact with the blad
ﬂm ?%%pﬁ%ggﬁ?%éﬁ%ﬁg@mﬁgé?ggﬁbé¥n agrarnsurfages gfethe

Ily in surface cont act

00 79, BT SR By i T b e
i i e e e
surgircgg)g‘etﬁ%%ew maer V\gztﬁé %@%2332% lﬂgcqg'l, §}§?%gﬁh§| gqp? gﬁ the order of
AT S LD LB A R e
o 1 DS S B ot o o

are sw nga

T N AT -

center;
b t‘l;vgentﬁy@ t s e rfaces the bl ad
“rP5y) e 1B limt e e fhs %f‘ﬂ'i‘e %*6 " Fahn e ppBaferat surtace of
thebb@§cﬁﬁgﬁg( nt the dlscharge side bush (2a) and the
suction-si de”bush (2b) are independent of each other,

- [00d®t h Ofhet RAng IBHﬁle?o gégfon?d%)i d#ggh s !i;l% B?%J @la? on'tBe discharge

each other so as rman egra

- sidd RUARE Wik blabe (23_’}3 %@ 2 5dfoht %ﬁ& bJsEe(Zéfé)rh&éarsu(:g%l Jgﬁorelatwe to

drive shaft (33) allows the outer

the blage (2B)er TRy HisBgRpe-Gide )buEP? &ﬁiy‘ EQ 1 srugh&{] §ag SiH @l{) Sye formed in

poi nt of the swing bush e Swng c

‘the whrint @hdpeetobolll $al@ 3indr8NY REARHCE fﬁﬁ cfbsglg ctl%l @%dgcil s;?osgd to have

(28). This swing action allows e con

theibftveefacs &t d |
ei DBt Ic asl”k\lip;j@? ; ol:?a(a%? Z)t)tlhe?g : é’lﬁ@ §%&\é b’eﬂ%i%gtﬁczagqésgg sHHXgeS of the

dischageaiietush [B2) and SlictiofydidldBgh (f’.gf%)}ilisg bgzﬁi@ @#&1%3(%8% ut

cylinder (25) revolve around the

[00409 nofThe biadeq3itie indeBOd 4htoRtHE LIAE BRI ﬁi epl i gﬁ‘? (sgx%lces of the

t he conpression chanber (51) outside t

swirigsbushd@@pdrei subbtagtidbdg! s@fadeQontdePwith( b I:F'MEQ 5?1 %%1 arc-shaped
cha

shown in FIG 4. The volume of the expansion
outef g)eglphmu stefatdseofphs tsaving Bdsh (27) @A LaRntiM BEsQRAL! cddbact 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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(B), (© and (D) as shown in FIG 4. 15 [0045] The

upper housing (16) has a suction space (41) at a

position on the outer periphery of the outer cylinder

(24). The suction pipe (14) is connected to the

suction space (41). The outer cylinder (24) has a
The suction port (42) allows

tio ort
[Ooggf‘nm n?‘é‘gf"il%h ”bé%‘%v@éﬁmﬂ?#‘e dewsiiped gsitbis chodieren( 519 dimotlarge-side
The suction port (42) is

suc n space
b“%&gw d8 “ﬁ Sﬂlﬁ‘éowlélpnl%qsp Gb)t#e ibflepdad€iz3)f edabr other, both of the
ex I on .t he ght side 20 of the blade (23) in
busgr {4 25) e

F%i’é]Paﬁf Kk toreaels phgr (o18)to ersn an ditsgrhlastyeture.
10083, Hatiinfg e?%?t‘??%{l?e? Fesatatonds’ 66 iy swva3 Bt the outer
e iFE g ZI%B%r PRindBE BT PutECHRRGbS ComES. point of the swing
bUS?Kf TG SR s S OUR TG G il 3P Hisronsies . Whbiade roove (28)
TS OB Bho @e&roiaﬁéivégtst%e‘?x?e%cﬁ%?g@@m inchasslinder (21) o
mof tf?q@a?%%ﬁ? R SN T nS'/ B a1 guudmes, the outer
°Y‘1§3§“@"“f 51 B9 bl SRt (R0 ol ot g 43 SRAES3) but do o

otnder  the lower housing (17). The discharge space
45) provided above the upper housing (16) and t he

[00!94113 ChafgfeSNAES tﬁé" ‘%CHH Qv ﬁ tg? Etgqqgérﬁqsgqeyglﬁ prs gﬁi)lr g?éltSlde the

7) conmuni cat e Wi

B o SIS R ITE ) «

: Vollglgﬁﬁf {nhgtelﬁﬁaﬂsﬁf .‘T'-f%\%é)%p gszﬁﬁlgsg de g?lﬁ?l (g-lggéi reﬁB a1\}4[3}&: order of (A),

(B),(€§knd P2 0080NE 196, jhe inlet pipe (la) faces the

upper surface of the inner cyllnder (25) and the upper

[0045_‘>grf f'squleqip Ep‘ﬁoﬁﬁﬁggi@ fias Ql%gl t1c; FﬂaC? fg;)hgt dzﬂl \é§188 %the outer

The “Openi ng I N
per1%l?&¥ ldéf fig«f |03%93 Mﬁd[e'? %& ZIF% O% 151&% ipt gfﬁghsr Iﬁé%rﬁ gﬁ:d gih t?lz: suction
£G0)). | THoRRR dyi Hd r t o1
Spachgus)l ng (16) a?},oll téﬁgfﬁp}gd\g% Sélgré @ﬁ? gg)t hgﬁ%%gcg 19f gt (42) allows
compinicatid®befceh NRe SbihpRsSBACharhBed) 51 B%I 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. Thé 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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suction nechanism (60) allows the refrigerant to be

i ntroduced into the expansi on chanber (52) in a
predeterm ned rotation angle range of the piston (22)
such that a refrigerant 15 expansion process in the
expansi on chanber (52) occurs in a predeterm ned range

it hi N, on otation lLe of the piston (22) relative
(051 ", & T fiseine? spase (485 i praviderh apove g waer heteins, (16) and under

_thezfg%g? gg@s‘i“%é @2%‘0 Inih% g{sgﬁ%gg %Pefc\[/:\g@g)&t[rg%g ﬁ{::qlawge{c’ tthB glg]ta\ehr housing (16)

and 39 alsSharfe Tite sTaroaine wete ohe et B 608 engrmunicate with
= cl)cquil%r %@J@uﬂ% g%}f:@%;*égpﬁ{k;@t%f’gb@ %‘gé‘;argﬁa Shace (@bxeommunicates with
thecdi&%gféqgtp??é Q]%t)suct ion port (42). Wen the piston (22)

0

rot at ‘he bottom dead point (the state shown in

: d fi h (61) i
OSF, 6P e ] ihenshs' BRubs BB ARbhe d > b

opc(n%?é_ in the ﬁ)\-V%IiS{I c@@ftﬂe ﬁg%lgrfl-gﬁ%igggfﬁ)irﬂ gt%ﬁg%(llng lﬂat}ﬁéglet pipe (1a)

direction of the drive a

fac%%hg%ﬁiﬁi}rh g&g%%o%ﬂ;ﬁgﬁbﬁér?@%d%;(lﬁ.g%ﬁéSkiiypgfisrgs%%%%iof thzeseccentric
P R U L PRR G ¢ hsabl By aPe i RERD 14856 %Y e tnver
cyliHe: @85 BnMheRALNGORI (I)3rfiCyANARE, ogyan arc def i ned

around” the shaft ¢ rive staft (33) so as
08,2 oy 1 2D e i, B e e
o) aupe: SRRCLLER e KBS URI). T
A A 0 RO O SRk e
C2pe o tmamte o g LR 1) 51Dyl e
g g e R O L nt, BSLod  vi
meqghani is s, a
o e g et e S e
di scharge port (43), relative to the blade (23), an
the lopen suiacet dfahewpan bating tybeont 824 of tHeQ98Bdath\ 66 ilﬁhsé an opening

) rfng‘(29) i s disposed in the [ ower housing (17).
in tieeaicinityngf ({29Ylads (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

12
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inserted into an annul ar groove of the | ower housing
(17) and pressed against the lower surface of the end
plate (26) of the cylinder (21). Furthernore,

hi gh-pressure lubricating oil is introduced into the
interface (contact surface) between the cylinder (21)

coff il gt 1 Hie FisoUeD) stncieuintet mipd (dain & pretptermined
oo 3BTl PERTGADE e Seigrd et (23 Blows sommuniaation between
theafﬁla?bﬁﬁ?ﬁg)paé}@fqh% dﬁgfﬁg’l ?(i& dé{fré) 2 eé{f&ﬁ !a;i_l E}ggqtgrzr%&) rotates 90°
fob O bReh RS aBlns (il &perod whencion sath ghapas fomIPIG. 4(A) to
FIG AR s BT R RN Sito B armrgsopepambertsat i ne

(O0GAER s ha” FIRFY ARG (18] dpyiides & dPvatmesstive chomber 4. The

A 18D b 6 ey s win e i

PSP TSR AL BB S Pl b e o)
5B 9 A ARGl i o
d1s<§ﬁé&g%ﬂ) 4|§«Sn é‘gl‘rﬁtl thg g b%d% &?@f &ncg%pe&g PPE%?X%%W chamber (52).

outer

[oosgvol V& s\éﬁl' i€y EM)RY 'd&g?geﬁl idihy Bl fE 'ﬁ%r‘@g (%)s)eal ring (29) is

wher eby the ‘expansio conpreSS|on

insepRfigfonEn RAAHSt %77 ol aed tl&omeﬁ‘héhg ng Zg%t ?fgcf( ggaegsfég%geﬁs the lower

operations. [0057] Specifica

urfase af thehadt C
> t hen t he dr%ee g@gc%fftﬁ@E%n {fﬂljes C ore éugl% RI(%: gure llgbncatmg

oil BuiioGfcddr PEE 38e ifteFh@T (Bfkuct S gﬂ :ﬂ%&{eﬁx 't ggpn%ef (21) and the

structure transitions sequentia

lowéﬂ)qus{n@)(laﬁﬂnlgﬁﬁdl@ﬂy 1rE;lQ@ thé sea? Qin gr@% tH® Ji d%?ttgﬂcg the seal

conpr essi on chanber i ncreas he r

ringi €9)i svnkirdiesed do glhldﬂ& H@@heﬁﬁ'ﬁﬁ'ﬁp agg.gsgné%% ax a(?olg(g,AUOIl of the

When the piston (22) is at the top
cylisdeov@1), sudl Gat 44i6) gagshenonkQh& BIRSEES) OfRe gcgﬁﬁ%‘? r(2£)5 4 the upper
e ‘pi‘ston

forms a single conpression chanber olts
hougi@@}16) are reduced.
[0054] The rotation speed of the electric motor (30) is 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 electric motor (30) is started, the rotation of the rotor (32) is
transferred to the outer cylinder (24) and inner cylinder (25) of the expanéion/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

13
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In this state, the volunme of the conpression chanber
(51) is substantially the maxi mum Then, as the drive
shaft (33) rotates clockwi se to change the structure
in the order of (D), (A and (B) of FIG 4, the
vol une of the conpression chanber (51) decreases so

IS conpressed. Wien the pressure

o ltrﬂ-l%t glg refri gemnt ) ;
YIRS K30 o Hpioless i Bhlle hskipewe  Balptivealohdbe apison (22), whereby the
exéﬁ@@g}ernined val ue and &Eg pressure difference .
COMBERMPRESO8ngredepsh Rihbesriomes) predegerpiieed compression and
[ harge..space (45) reaches a set value, the
ex}%ﬁ%@ﬁﬁpg@tl\?ﬁ%‘ve E44; i s opened by the high-pressure
ri n the ¢ ressi chanber (51), so that
100571 k?%%%ﬁ%ﬂi@yur eri, 015, PSR ), fot SR diiadofemisiats shown in
' ce,(45 h h t he di.scharge pipe (15). .
I A e B a1 b e ol I Cqk Rt o it attooess is started.
a in_Fl 4(A), the .20 e nsi on
Sl e DN ulel el fone sl i i B 1t (N (4 and (B) of

' t hi fate, h L f th . .
PG sPuph A Nk ke b e il aniertial) widres i e refigerant i

i | : | ockwi t h th
iR R0 ARh BOAED. ()™ (5 an (D) of Fic 4,

[O0BRE, *THAE (B g PRI PP shiled a6 B, Bty 400 he

t hat | ow pres rigeran

COH%E%S?\AHF %@%ﬁi%ﬁ%gﬁ?m?%; C%Q'T;S'B%Sﬁé %&ge)r?%:? rq?.tgsgge ’Ehgepiston (22).
i ' . (2 [ t,the .

In tgigﬁl‘%’[% tgig Z;@Ii‘lﬁggﬁ)? élééﬁ%mgﬁé’%\?é}h Fgaqg?eés(%@? ﬁ§s,u%gtar|1t?all?/ the Maximum.
: i i ' . first .path

T P i SR LB e B R o )

i i . wh b
Oy srmant sebasoilofhe SEEROG R o1 MERESP Yo e

refribetat@ isshhpreés?d) WoleRlRS Rre@étﬁ’@ Iﬂ("ﬁf&%drﬁg%‘gss oig:(ﬁl%.g%?} E&) reaches a

(61) communi cates with the expansion

predefiifdievallib @hd FRE HedstGe ldiiefcd BLtegs El?eﬂéor&brgg\iﬁ%ﬂe Bh8nber (51)

- the expansi on chanber (52). Then, when

and ShafiiscHad®) spaRt UDe&el @ séiofald RS ﬁg&#é%é;\t?a?\é%{ﬁﬁsgiﬁened by the

4(B), the comunication between t

- higlap@sdune refieRcht Pt the( Bdhpressib teBhMmUBL ﬁ%&g,gggtetﬁg@ftﬁee high-pressure

as the drive shaft (33) rotates to c

refrigtrancisueleased Bdin'te difchatde spddUsantol e Eis@harg&a E@g (%%)

the volunme of the expansion chanhber (52) incr
[003Mat  tHieerhitghpipbR BN iE af Berl@ORARLad @éﬁ@&rh@%ho%jf% g?éz%. 4(A), the

the structure is returned to the state of FIG
expaifsmnhesher €S2 rfdrms 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 (4c) 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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10 expansi on 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 exchangerf(lOl).h
Meanwhi | e, fthe .high-pressure refrigerant fromthe
the SRR et i6a) “ue il pRo 1 ab Spmmasicelvs oneh dhpimgicpat (62)
15 chanber .(52), heat is apsorped in the interior heat
Whersen, gﬁa e%llctl‘g%é%r,‘)ceéﬁ dSt ﬁ%"t?cgw- bhersaligre asy e dges ghaft (33) rotates

oL HPo i B RS ISR bbbt i it e
T I (o M L
o8 5 R L0 ot FRSALLYSE RS Bt iconbeeen
G R DN L L N
she e PR IRLARR SR or o FES AR R G- 4(D), the
w0 S Bl SABL 00 Oh 1T S0 EAHE g S ctgoran
B BISUSERY B0 L A BALELD RYE BRI B an
sk FENNEH A5k GRS B3k o e v
shaft p$8). and the expansion chanber (52) is forned inside

t he cyl i nder chanber (50), the conpression capacity

(00613 fUldy détdriveaedpod0040] reci"hg%ﬁg{d Wgy&@ﬁ@%&%ﬁt ?I'}; ltﬁxgscompression

electric notor (30) is contr

f LCi ' t I, pr d. ..
e NS 2 MR OB RhieR In3hy ReABE Kol b0 LT B while, the

high'BbRie tlfigGabiPhbmdht Bereribi R %Eé%‘?%%fg%ﬂg%a%@ Fihe expansion

(23) and is configured to be su I'n surtace

charGbéit (32}, hoht 18 abs&®edird HRNinfetd)k }@Qldeﬁﬂs?éé{r ﬁgﬁ)é@ t(l)rlrf]:-lim)épressure

arrangenent avoi ds the wearing-away o

refrig@dht 1@Rbng ethb badrebsisn cRpgbd IS PuUr ning of the contact
portions therebetween during 10 operation.
[0062] --- Effects of Embodiment ---

As described above, according to this embodiment, the compression
chamber (51) and the expansion chamber (52) are formed outside and inside the
piston (22), respectively. Therefore, the overall size of the device is decreased.

[6063] 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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[0068] Since the swing bush (27) is provided to be in
surface contact with the piston (22) and the bl ade
(23), the contact portions achi eves excellent sealing
characteristics. Therefore, |eakage of a refrigerant
fromthe conpression chanber (51) and the expansion

O(E nber,. (52).is surely prevented, and decreases in the

[ r eSEH%n thﬁSC%‘FPlieéﬁl%c:?ll%ﬁberdﬁbhn@l dpwresdr | @iteidey the cylinder

harﬁ % 0 vent ed, O ] Since the blade (23) is
ChiH %3 @W EF@ P&W%@Hmt 6341 demed angideafig ovlipger ehaenber (50),
th 0 bot h end %&T %lll#&der (21), it is less likely
E‘t n%pﬂfﬁsi? Qﬁpﬁ% o HRIY ¢ ntrated load to the bl ade
a use stre concentration during_operation.
[O‘%“ﬁ) ? 39 tpidiion 03561?‘% PlFErici oo (30) iseqndieliad by ghe conitroller (70),
ure al so inproves the reliability of
thedﬁ)@ag%nﬁgpncmfﬁy lsgﬂ{f[eﬁﬂf’?@ﬁovg her errbodi nment s>
or di ent i nvention,
(06550 08 shitad FEeiBa i proEGH 1S poeRinzememgen dve coupling the

| 00711 .F
- Plséd)glgflmf@CP f}ﬂlﬁ e%%c(%l (&%%r} IJ(S%‘%I Eﬁﬁ% hg%]glssg anfja Véng{:,réace contact with

thePygoR 2P la TRY bl (IR D OHES B Rneaeh avedhY oy igavay of the
plS A(tb%e en%llg% a%!t gﬁf)rzaé}%ytjh %grxpﬂézg }getactgﬁ a(gglgémﬂ_ﬁgﬁ)ﬁéeebetween during

op efgﬁdﬁed |ntegrally with the | ower housing (17). 16
[0073] The piston (22) may be forned in the formof a

™ ! moved,. whi

[00ERTPLrame’ (B9 il oleh 7] G b B, rbgut%gmﬁ?%sor(%) with the
| 3 that ih

P‘S@ﬁg)mgdd&gﬂ?’é% P Ga%ouber Yafde HordtS, BHfiEleso dCeiient seaing

chaéfdiRgits. WM THerd R @éa‘ftﬁg@ of %21) 5%?&%“2 §]§m tﬂ? ecrorrpg):geasg%n( &nber (51)

advances froman inner cylin

andC et &@hnib fdhéﬂﬁ@erpdﬁ? beh sm(u%f)) Pre[v%QtE?] ard! ﬂecrrgatsr R0 compression

circuit (100) nmay on per op eratr r

efﬁg%g?giﬁlldoﬁegaﬁ?glgg%@%gftg %e@%éﬂe?&ftﬁgdr 2? ?lt Igg?ant of the
[006% 1 | Bih@the Blddey23) it 1ROYrall5 pRRfiddd 31the gyﬁrﬁier %'a.nd 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] <Other 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 Industrial Applicability [0076] As described above,
the present invention is useful for a rotary fluid
devi ce having a conpression chanber and an expansi on

chanber and especially suitable for a rotary fluid
devi ce having a conpression chanber and an expansi on
nber on the sanme 15 plane. 17 CLAIMS 1. Arotary
(0071 ek, Pistonc@ip riayihegformed imthiedhrmee hawigriete e from which no
rotation. nechani smincluding: a cylinder having an
parbisEmgyed yrhilsdas blada ibbrmanhe dividddaintoparsewsr blatie (28)iagd an inner
ccommodated in the cylinder chanber to be eccentric
blagle, (23 Dty Bt he QuaT; Hardsy (233 adiances fiwha an piugtr arylinder (21) to make

Igigid'qg t he cylinder chanber into an outer working ‘
CONKETE RS S Rigtonn(22). pd theusiory higde k3 advancentrom 4t mer cylinder (21)

l.aced, in t cyl i nder. chanber and partitioning each
torg etcﬁgt%\”’ldj‘ﬁt&%‘ﬁtﬁ &s into a high-pressure space and
| ow-pressure space, fhe cylinder and the piston
[OOZ‘Qi ng ﬁbel %F?’i"%f’éiﬁ%‘ GLERULY éﬂpb mayherpyingrisre hehtingepemtion or may be
Wor ki chanmher s nstitutes a conpression chanber 10
SW%F%F%&%%F@WQ&WW%%M?%- a sucked fluid with
e pr ess of .the relative rotation of the cylinder
0015 PHIPEEEeR, dinerifudi of tereMamuormntid 100bibeatgimited to
constitutes an expansi on chanber which expands and
ﬁischarges a sucked fluid with the progress of the

relative rotation of the cylinder and the piston, 15
t he piston has the shape of C forned by renoving a

Ind Colibspipnul ar structure to neke a slit, the
" E%{é‘éggﬂéﬁbg etween an inner peripheral wall surface

d a - .pheral wall. surface of e cylinder . .
0oy e B B brelih ipBeo i Seral 3 £ Yoy Fuid device
' hape. swi ng bushes .are provid in
hav B O L BBl R DSl o i BlreadD table for a
rota{ﬁﬂhg{li@?%\efﬁg M@l ANt Ao PSR, AN o g}%p&%'s%%echségl%gr on the same

plane.
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the gﬁrqdi%ope?tggr%w(iaﬂ% gy @Her FWB@&B

bl ade i s reciprocatable and the blade is sw ngable
relative to the piston, the rotary fluid device
i ncludes a suction nmechani smwhich allows the
c ﬁ!frl gerant to be introduced into the expansion
LAl in a predeterm ned rotation angle range of
t he {%I stgn such that an expansi on process of the fluid

1A n PRy Hﬁjnsfjﬁﬂc%ha‘iﬂ%qr'sﬁ’@cu@s [Hates amsachariemr nithed rotation

n one, rot t i.on cycle of the piston relative
me@?‘anl?Wén?!ﬁ]“%oaePy ingReihaYiRg a8, RnUsE SHicies semPPR @@y piston
which 5 Heab opR A SQ%g?l&w%‘Eﬁﬁmb?r B hraceegiEoiaiadn the cylinder,

ft e {qigri)\éﬁtlﬁ va}gl%tat %geﬂgber and an

o SRR ol e B B 8ol o
a

of ﬂ#r rIE:HQe rﬁ?'%@ e[;ﬁ’c% %f hfgﬁﬁ)d{g%sru?%ﬁ gceo]an? W chw Plessuge, space, the
cyﬁ@l;} %rﬁgfp"%‘%fgbé'ﬂ?f) g ﬁ}é\??atmy’ t he expansi on chanber.

rce of claim1, further

C Ok Sih IHi’uaaofslll‘l‘étt\l«f?.;n\{v 5’@?@"‘05%‘%% cg)ﬁstﬂuteg\égﬁ g?%ﬁ%ssmn chamber

refrigerant to be in e ex

wh:cﬁ%ﬂﬁﬁéss'e@ afld H[?%Hﬁrggg B QRded ﬁﬁlﬁWltﬂ rEhe Fbg;lrgssro‘?wg e?%twe Jotation

he plston suc an expansi on the

Ofthb%yﬁmrgﬁ@mlﬁsn chanber occurs |n a predet erm ned
range wthin one rotation cycle of the piston reI atlve

t 0 thel Btnehef e M&%érklr@ ch%ér@%@ﬁs)ﬁtiés‘.é%ﬁ eQﬁé(ﬁs‘? q(mber which

claim1, wherein: the conpression

expahids MERr dif arRe é’%hélkéi'ﬁﬂﬁi@%fl‘b’ﬂhb%@@@ﬁ rrﬁm?s?gelatﬁrg oga'?lon of the
er forme ,

t he expansi on chanber is a working c
cylindBsarfethe bistgy | | nder chanber. 4. The rotary fluid
device of claiml, further conprising a drive

neeiapisBMHag thelshapend ¢ fPmed BY #érh&nd'B GRANF R&anMiISsF ?{hﬁ:ture to

the rotation speed of the drive nmechanismis variably
makeandirol l ed. 20 5. The rotary fluid device of claima1l,
wher ei n:
the blade extends between an inner peripheral wall surface and an outer

peripheral wall surface of the cylinder chamber through the slit of the piston,

a pair of generally semiarc-shape swing bushes are provided in the slit of the
piston, the swing bush being in surface contact with the piston and the blade such that the
blade is reciprocatable and the blade is swingable relative to the piston,

the rotary fluid device includes a suction mechanism which allows the refrigerant
to be introduced into the expansion chamber in a predetermined rotation angle range of
the piston such that an expansion process of the fluid in the expansion chamber occurs in
a predetermined range within one rotation cycle of the piston relative to the cylinder, and

the suction mechanism includes a first path, one end of which is on an inlet port
formed in the expansion chamber, and a second path formed in a drive shaft which
relatively rotates the cylinder and the piston, the second path having the shape of an arc
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the piston has the shape of C formed by renpving a
part of its annular structure to nmake a slit; the

bl ade extends between an inner peripheral wall surface
and an outer 25 peripheral wall surface of the

cyl i nder chanber through the slit of the piston; a

' bush i ided in the slit of the piston, the
defiasy] AGupdre BBathgoRtAr eiieadiive Yk apd the SRoaTepgh SotWUNIcating

: he DI uch that the blade is reciprocatable
W'thjﬁ‘g OEW?EGB? gg'geﬁ‘gg* rafl ﬁ??gaamegeﬁeéﬁlagﬁ jalation aigle FANgEEH theygiston to

allow a fluid to be sucked into the expansion chamber.

2. The rotary fluid device of claim 1, further comprising a suction mechanism which allows

. the refrigerant to be introduced into the expansion chamber in a predetermined rotation

angle range of the piston such that an expansion process of the fluid in the expansion
chamber occurs in a predetermined range within one rotation cycle of the piston relative to

the cylinder.

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

the compression chamber is a working chamber formed outside the cylinder

chamber; and

the expansion chamber is a working chamber formed inside the cylinder chamber.

4. The rotary fluid device of claim 1, further comprising a drive mechanism for driving the

rotation mechanism,

wherein the rotation speed of the drive mechanism is variably controlled.

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

the piston has the shape of C formed by removing a part of its annular structure to
make a slit;

the blade extends between an inner peripheral wall surface and an outer
peripheral wall surface of the cylinder chamber through the slit of the piston;

a swing bush is provided in the slit of the piston, the swing bush being in surface
contact with the piston and the blade such that the blade is reciprocatable and the blade is
swingable relative to the piston.
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