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1 Description ROTARY EXPANDER 5 Technical Field
[0001] This invention relates to rotary expanders and
particularly relates to previentive neasures agai nst
oi | discharge. Background Art 10 [0002] Positive
di spl acenent expanders including rotary expanders are
conventionally known as expanders for generating
power by expansion of hiBesepipdiosure fluid. Such a
rotary expander is disclosed, for exanple, in
Publ i shed Japanese Patent Application No.
2003-172244. [0003] The above rotary expander
conprises an expansiRATARNEXANDER i ncludes a 15
cylinder closed at both ends by front and rear heads
and a piston placed in the cylinder. The expansion
mechani smis passed through by a shaft having an
Techaicah¥Field part rotatably fitted in the piston. In the
rotary. expander, lubricating oil is_ punped up by an i
(00041, Eﬁﬁﬁnve&él%ﬁlaﬁeéao wRteny ependgrnped aacrlady relatepdo preventive
expansi.on chanismto lubricate it. [0004] - Problens
meﬁsﬁreBég%%ﬁt\‘?gem HeFn the above known rotary expander,
however, excessive feeding of lubricant oil to the
expansi on nechani sm may cause a problemthat the
Lubricating oil excessively |leaks into the expansion
B39555H35¢AT% the cylinder through between an end surface

00 PRl Bk SR RS Bl E3h S, Dbpionss
rob o Bihedl i GBSt PISHBSha P GLHEEHT By swcn o
ot SHBBLSSEI L S B by hPEPbellE P SRbicaion o

N6 erefore, its object is to prevent excessive
200$ﬂ2%%%? | ubricating oil into the expansion chanber in

0, i SURETOLED REREPLA 4 54 LRI, A PSP Rl o

cyliﬁ@éric?&leb laf ¥oth ends by front and rear heads and a piston placed in the cylinder.
The expansion mechanism is passed through by a shaft having an eccentric part rotatably
fitted in the piston. In the rotary expander, lubricating oil is pumped up by an oil pump
associated with the shaft and fed to the expansion mechanism to lubricate it.

[0004] - Problems to Be Solved —

In the above known rotary expander, however, excessive feeding of lubricant oil to
the expansion mechanism may cause a problem that the lubricating oil excessively leaks
into the expansion chamber in the cylinder through between an end surface of the piston
and the front head or rear head. This may in turn create a problem that the lubricating oil
leaks out of the expander together with refrigerant, i.e., causes a so-called oil discharge,
resulting in shortage of lubricating oil. |
[0005] The present invention has been made in view of the above points and, therefore,

its object is to prevent excessive flow of lubricating oil into the expansion chamber in the
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Di scl osure of the Invention 5 [0006] The sol utions
taken by the present invention are as follows. [0007]
Specifically, the first solution of the invention is
directed to a rotary expander conprising an expansion
mechani sm (60) that includes a cylinder (63) closed at
both ends by closing nenbers (61, 62) and a rotary
eXpenyemn mechamisp | ta cdighingie tthe peghlemdefr sho@dge of lmbriveting al, thereby
| ease one of the end surfaces of the rotary piston
enhaeeryg rediabitisyi ded with a seal i ng mechani sm 10 (90) for
sealing the end surfaces with respect to the closing
menbers (61, 62). [0008] In the above solution, if
_both the end surfaces of the rotary piston (67) are
Disgloguriepd dhepnventiem| i ng nechani sns (90), respectively,
the |ubricating oil fed to the sliding areas of the
[00Q6, 2 A b epfutans ﬁ%ﬁn@mﬂemﬁ%mg@nw ag enfodlewsr om

(00T S Eells) FEriDaphimn o BEoRIS dsaiied i e grpander
the.rotary 15 piston (67) and the closing nenbers (61,

comp PR ing Ao TGN aD) 56 insfudens oy T (6 kiseh ot both eads
by Qe amBE o 0 b v o B Ep o o S s 3F ahr
T BRI R T
O0FRr s i Aok Mz het e RoBbEpeRoRS Ehaiing

100887 0B Bt le st B B¢ Pl 2 TN B are
o) S0 L3550 YA POl FEGLET Wt
e SRS o A0l A FEBOHR, An BRE8Dy hge o e
exp%%@m%ﬁégﬁffﬂ c?fix?&e? 'E6§)61§}ouﬁﬂqje{\pe%{lﬁdé)ﬂf%%ngesqpﬁggéoéflatﬁe rotary

erefore; In "el'ther “case, rrcatirn

s SR (SIS b (0 O 0 AP i oy s
TepRoSan RIS Db iy e up g e o e

pres$ite tBRCOBDré&shrdldrahe Afbrichnd BY @BRALH H: Gh&esi®dirte provided
the first 'solution, wherein the 3 rotary expander

- wit 1 $elBhig £RERINISSPO0R sBitha!tRe FRdrd bt @YY is(AQhed @WahDihdR1osing

eccentric part (41 rotatably fitted in the rotary
menfies t (@M, 68Y hssobldtetingith fdQeilpicamecddt (0610 hnd ShéPH®Eht into
with an oil feeding channel (49) for feeding
subdtaﬁibilalljz aldsa@ontatt withdt TiRRsliks theltdrd vliee@BoflothEeshdoYurfaces are
the

‘provided with sealing mechanisms (90), the lubricating oil can be prevented from

excessively leaking into the expansion space in the cylinder (63) through between both the
end surfaces of the rotary piston (67) and the closing members (61, 62). Therefore, in
either case, the Iubricating oil does not substantially flow out of the expansion mechanism
(60) together with the fluid in the expansion space, which prevents oil discharge and in
turn eliminates shortage of lubricating oil.

[0009] The second solution of the invention is directed to the first solution, wherein the
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eccentric part (41) and the closing nenbers (61, 62)
and a sliding area between the rotary 5 piston (67)
and the eccentric part (41).3[0010] The above sol ution
restrai ns | eakage of lubricating oil fed through the
oi | feeding channel (49) in the rotary shaft (40) to
at least the sliding areas formed by the eccentric
rotyyarexpingiey fathgr compusessi sigeloeotosr shaftg40) BRing aul e¢deetric part (41)
sliding area between the rotary piston (67) and the
rotatgllgitier én ferrota(piston167) Houhdr, thaeotatyi shaft )it farmedfwith an oil
the invention is directed to the second sol ution,
feedingrabiannal Hd9) &x faeding dubrisetiamiodno (8 0¥ast sbtlindeseas formed by the
plurality of rotary pistons (75, 85). The rotary
eGCﬁm@Fm@g (#9sndghg cleieg cermhess 6d, 62) sdohslistitgares hetvegh the rotary
the single rotary shaft (40) and juxtaposed so that
PEFﬁ- Ehwgﬁﬁwﬂw@ﬁﬂcﬁﬁﬁfﬁﬁes of the rotary pistons (75,
L face each other wth an internediate partition
[004Pht d'he gbaverobiwnrpuraasdeskaan of mbricating, 0110ﬁ9f1 tiypughthe @ilfeeding
rfac of the plurali rotary pistons (75,

Chaégﬁls(ﬂ?h@ R do0f FaRde0) %éa%tﬁbe glidjag atyas femsdry e eceentric
perp A SRS Ciecloes Hg'{%é‘f%%ﬁéﬁ%é%%gt%g&e e DB the rotary piston
675 i b 8ol @hE o) oxi hg. menber (61, 62; Mnder goes

1007 SBEERLSTR Gee %ﬁwtsﬁle%ﬁré Betlef thg e S%%ﬂnfiéeléﬂ%cw%em the
exppfifog Heh érrfl%"f\a@%par s 0 BB ot iy o d’iftﬂ%s P (131%s)! e rotary

s T B LB e B, 08 o o
Jux{aﬁogeﬁ%orsﬁ‘fi@ril: ghe & Lléeé}g ?ﬁt‘tl gt}/r? §& &%r}s’clapyn%% f?‘% %g} Q'EtCﬁ gach other

duri

with Oatnafn\fe bSO §m@1§ﬁ qlﬁé) ]{1L Pﬁos@(ﬁ qaér t ﬁl{& §L9£03f the end

Tare ove appe

surﬁa%f bt ghgof%iﬁ[f b fjadggr gﬁl@toh%% '@gsﬁ’lgee asrtﬁfaﬁé Elgalthg closing

res ral ns

melﬁﬁerg X 68 Rk ‘ﬁghﬁﬂhall O&%ﬁl&d e tﬁé’éé?ﬁﬁgwﬁg#%is% (96) the

I nvention 1s direct to any one o Irst to third
[0088] UKCERSin gwﬁ%@hzsbvfe%%hﬁ%ﬁl w&cﬂﬁé}t%%l%h(@@ 85)Sthe ond surface

constituted by a sealing groove 4" f or med

faci@f Ghes lb6iag tncdibek 161,762 [nYeRbst @ﬁlgﬁ@r7ﬁre§dﬂlge thad ecﬁé f&sure of the
menber (92) fitted inthe “sealing groove (91). [0014]

lubrieeiap dilngtih® ob M afReY ehdSHI-fakE eRingt the 1B It PeRitioh plate (64),
the rotary piston (67) is

so that the rotary piston (75, 85) is pushed toward the intermediate partition plate (64) and
then brought into substantially close contact with it. Thus, even in the multi-cylinder type
expansion mechanism (60), there is no possibility that during operation of the rotary
pistons (75, 85) the sealing mechanisms (90) are overlapped with the through hole for the
rotary shaft (40) formed in the intermediate partition plate (64) and thereBy damaged. This
restrains leakage of lubricating oil.

[0013] The fourth solution of the invention is directed to any one of the first to third

solutions, wherein the sealing mechanism (90) is constituted by a sealing groove (91)
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sealed wth respect to the closing nenber (61, 62)

t hrough cl ose contact of the sealing 5 nenber (92)
with the closing nmenber (61,4 62) and the sealing
groove (91). [0015] The fifth solution of the
invention is directed to the fourth solution, wherein

the sealing nenber IS lip seal or a Chl eal .. .
formebinehe At BiionG! (ks o) ASEWASTLMIALS SHfling AT o (G dried in the

or the chip seal cones into close contact with the
sealingozrpeg @dhber (61 62) and the seal ing groove (91) by
t he actlon of pressure of th ricatin [

il Eredise eisi i el ittt @ ¢
sealpéowf#q reppRot 49 i@%g@ap&tm%weaf(a@)'tﬁwﬁﬁbg%e'°§n@f>tr 8 frg gealing
et QDo hgeriHmenrdb] ¢4 o Pasgaiisaoaed | cota

o0f§S K By 95 A PR a0 AR AL Sgerim e
sealh PR erﬁgnsaﬁﬁ%aﬁea o?r#ah?pﬁ A offect due to vi scosi ty

[oofé;r oBF??r tégb Qﬂh?t B Cotglc‘)[ ”tcﬁ” s%%1f ethestinto close
confe s tﬁ? Sgﬂ%h%%%%%eﬁ?ﬂ" ?@52% LR iR b P eion of
ol B EETE o TGO o 0 e B et v
respec{%ltﬁ@ﬁ %S%E?efrﬂbléf’ dld based resin material is a

I'ng ex nt abr asi on resi stance and heat

[ooigs' Fha s 3611*&‘38&‘%? ﬂﬁé H{vfeﬁ‘t‘?&l gf di}&ﬁedr R &5 ol %I—"%Hb ﬁ@?)to third

surely sea respect to the closing nenb

soh(tﬁﬂm Wl%%émt Ltﬁxggzﬂalec ERRnElog s 199}k @y Oof the

I nvention is |recte to ahy” one of the first to

'[OOf@\’emcE'ord g i ih@%ov%@fuﬁbﬂ thBenfli durfagé fo&ﬁ@@ot@f‘y bli®n (67) is

tary pis in the axial direction of the

seafe@tvﬁﬂyre%b%{ fo t(hé(aosir% B&hba (68 62)%§ OlabiimhQfetidelivi®@d from a
of the inner diameter D of the ¢ylinder 5 (63).

frictiO fe ATO kS REDSKD of BR: 1aR®A6ing 611 uhil @Rontrittiog effectn a throttling
need to strictly manage the processing precision and

gapt he assenbly precision of the rotary piston (67),
whi ch provi des

[0019] The seventh solution of the invention is directed to the fourth or fifth solution,
wherein the sealing member (92) is made of ethylene tetrafluoride-based (PTFE-based)

resin material.

- [0020] According to the above sclution, since the ethylene tetrafluoride-based resin

material is a material having excellent abrasion resistance and heat resistance, the end

surface of the rotary piston (67) is surely sealed with respect to the closing member (61,
62).
[0021] The eighth solution of the invention is directed to any one of the first to seventh

solutions, wherein the fit tolerance of the rotary piston (67) in the axial direction of the

rotary shaft (40) is set at a size of 1/5000 to 1/1000 of the inner diameter D of the cylinder |
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cost reduction. 5 [0023] - Effects According to the
first solution, since at |east one end surface of the
rotary piston (67) is proviged with a sealing
mechani sm (90) for sealing the end surface with
respect to the closing nmenbers (61, 62), this
restrains the lubricating oil fed to the sliding areas
(63pf the expansion nmechanism (60) fromleaking into the
expansi on space. Thus, the lubricating oil 10 does not
[0022]bs Baodridalgl o fthowboud solutibie tiexpansiooneqechaniain (hfjge the
together with expanded fluid, which prevents oi
procissiop arapési@nand the tassemid precaom aff the wdeiycgitton 6 WwhicAsprovides
aresult, the reliability of the rotary expander can
costedacitoanced. [ 0024] Furthernore, particularly, if the
rotary expander is integrated with a conpressor to
[002Hr m-Efkotscal | ed hi gh- pressure done type expander and
used, for exanple, in a 15 refrigerant circuit
oper At¢mding o theviapbsolwimp siess aidkast ehe ege saficonf tyclotry piston
the lubricating oil is heated by high-temperature and
(67hisghoyideb withe sgaldsng mechiagisma(?0) far sedagithhiegth surface with respect to
tenperature and the refrigerant flomnn? into the
the elopiag siamrbere® abd)s iy Beaikraibe Trisatingel fadgovthe sliding areas of the
tenperature. In this case, since, as described above,
eXPRREON WAKMEBIOI0) B lealtinmitoihe expansiamwace Thandhehbricating oil
space is restrained, this hinders the | owtenperature
doeﬁ é‘P? mjvé?aah%ﬂyf flowhave Ph greypaRsi@t mgphanish 60) together with expanded
gh-tenperatuyre |l ubricating oil and thereby heat

ed,
| ﬂw@»h‘éhléwr%'ﬁ@f@éwh?@ara%a&é in §&8 shprtageeofdgbricaging pil. AS S result, the

reli R LTy CR 98] aADE SRRt o t ho Second aol ut\ on.
004l Fﬁﬁﬂlﬁ%ﬁrﬁgﬁti@v‘ﬂaﬁ&l Ry et %aa%te%?%t%ﬁwgma compressor
to bofnor kil %@b?r%g?%% Yol BB ¢ ég%ﬁf f‘E‘;HnE% B ‘Remple, in 2
reffggRisk ?frs?@ﬁ%?ea? Mg i e polhitatddy rfledd f%”%i?@ P feating oil
s hg%%f? by B R krlR S ARILAle RGIRUAR oot Aigh jeroperature
{;]ﬁtr el AGH SRt rﬂlasnr% i ﬁllrya)gJaﬁ% glﬂ) %gl}%nlsﬁp)(ﬁ@agl?‘%Qeltaﬁ%ly low

ermedi ate partition pl

tem?ﬁré‘fug& 8% thik %Esfee %c{ A 'dQ&nhQ@ alioRs {HEQe gp%f @#&1@%%{@6&1 into the

i'S no possibillity t uring opera

exp I oug% ﬁg@%ﬁm RO niReR \ée o{v@%ra‘%& href‘rtheerant from being

or the rotary s
mixed with the high-temperature lubricating oil and thereby heated, thereby preventing

heat loss in the course of expansion. As a result, the operation efficiency can be enhanced.
[0025] According to the second solution, even in the expansion mechanism (60) having
a lubrication system for feeding the lubricating oil through the oil feeding channel (49)

formed in the rotary shaft (40), the lubricating oil can be restrained from leakage into the

_ expansion space.

[0026] According to the third solution, since in the multi-cylinder type expansion

mechanism (60) the sealing mechanisms (90) are provided not at the end surfaces of the
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relatively widely forned in the internediate partition
pl ate (64) and damaged. This 5 restrains | eakage of
lubricating oil. [0027] Accarding to the fourth
solution, since the sealing nmechanism (90) is
constituted by a sealing groove (91) and a sealing
menber (92) fitted in the sealing groove (91), the
rotagn disems (&L S50 ffaditpethedhi@rgediats tpartit{on 4)late §64 )t ae dleechd surfaces
with respect to the closing nenber (61, 62) through
theredfofeeingdht alobingfméerhieers 6, 63y themetieno [@23ibilityt that deing operation
cl osi ng nenber (61, 62) and 10 the sealing groove
the ¢@lipg njeORRBIMINIOD nxcti avgritepetl hvatlf the tthrosgh bivle dor, ths kotery shaft (40)
the sealing nenber (92) is alip seal or a chip seal
relativedy | Widelsfegommd inhthecntgynediate partitive Metce(6d) Bnduddmaged. This
into close contact with the closing nenber (61, 62)
resteging ledkegs eblubneptigeodve (91) by the action of pressure
of the lubricating oil. Thus, the end surface of the
[0037t afgcosing én theafoyrile apfutien, sincelthe sselibetheohiantsm (99) is constituted
respect to the closing nmenber (61, 62). [0029]
éf@grlgi igryve §9hvadst seehng slemiben £92) Jitisd én tthresegbing grgve (91), the
nechanlsn1(90) is a labyrinth seal the end surface
end éwf%q@eof it Eotary pisteni7) eazy b%%aa eﬁéw&uméwt @etép é@swgtmember (61,
espect to the closing nenb & | abyrin
62) QF‘P closesoniat qféb%ﬁeallﬁ@me@b@h@ é@@f@ﬁ%cl%n@member (61 62) and
ce the ling nmenber (92) is nade of 20 ethylene
the %eé P%gqoﬂﬁ?fc}i based resin nat eri aI havi ng excel I ent
nd heat tance,

l““%ir ripitiog o BT B snibbipecssahe & anﬁgn?m@fré i a{iliaﬁgal or a
onny e By TR byl e By LR g e
closﬁ}go{ﬂowélll F]J 6%) @Bﬁ JF? g%{%@glgrlf)%ea(ﬁé prFﬁﬁLﬂ.ng% ol}]§rgssme of the
lubricgtr o d'lrﬂl%l ] e?rrc’dS Fa%% r?? nh% )ﬁ)\{l o %?Ih&ﬂ%fg SUfe&}/ ggaled with

np1eSS|onfexpans

respg‘lt tglﬂglmgm% 1ln§mﬁ 1{/&% nt al Cross- sectional view

chenat1 ca ssentl al parts of an expansion

| [OOﬁChﬁ ognml%?o ﬁ[@bs?)gth@@ﬂl'ﬁog[ 31{1@ e séalh Firﬁé’r{hgmé?'ll @O?IS a labyrinth

cross-secti onal view schema

seal Sf-,}% gsurﬁﬁé %@tthpa kot%r 151§toﬁ f((SIH1 EarL 8P @Hl%l}p B TRCHAR! 1%58@'0{] to the
closing mcmber (61, 62) by a labyrinth effect.

[0030] According to the seventh solution, since the sealing member (92) is made of
ethylene tetrafluoride-based resin material having excellent abrasion resis‘tance and heat
resistance, high sealing performance can be ensured even during its sliding on the closing

members (61, 62) owing to the rotation of the rotary piston (67).

Brief Description of Drawings
[0031] - [Fig. 1] Figure 1 is a piping diagram showing an air conditioner.
[Fig. 2] Figure 2 is a longitudinal cross-sectional view showing a

compression/expansion unit in Embodiment 1.




10

15

20

25

5 [Fig. 5] Figure 5 illustrates horizontal

cross-sectional views showing the states of the

expansi on nechani smin Enbodi nent | at every 90 of
rotation angle of a rotary shaft, wherein a sealing
mechanismis not given. [Fig. 6] Figure 6 is a

hori zontal cross-sectional view schematically show ng
essdiig. @] Pantes3ab ahodxadl Siross-seeidtahivésw isbhematically showing
Enbodi ment 2. 10 [Fig. 7] Figure 7 is a |ongitudinal

-essentialgmets of dn expahsivn ewchaliwmiat Embbdiynestiowi ng  essenti al

parts of the expansion nmechani smin Enbodi nent 2.
[ Fi grig8l]4]Higueet & & domgitudiniak orvsskectinnd svise cchenalically eshowing
schematically showing essential parts of an expansion
essemtigiarts ofthie exparsmoi mehtnism if EingodBjenfilgure 9 is a
hori zontal cross-sectional view schematically show ng
15 dfieAi Fajurgpailiustrats horizood neisseativvklanewnsliawing the states of
Enbodi ment 4. [Fig. 10] Figure 10 is a horizontal
the expossios methania inkmbhodivieehet avaly 0°sHiovtation amgds eha rethry shaft,
parts of an expansi on nechani smin Enbodi nent 5. [Fig.
wherelp a p¢ajigg encthanigmas hggyanudi nal cross- sectional view
schematically showing _essential parts of the ]
 expdRig ol hieesahiism gﬁﬂmoqfﬁ@rﬂeCt@naQ(Yle[\”FnghenliﬂlcaﬂY showing
Fiqure 12 is a |l ongitudinal cross-sectional view
eSS@H%\Haﬁzqu%an PPapties Bieshamisip pepbedingrt2 i n Enbodi nent 6.
[Fig,. 13] Figure 13 is_.a _|ongitudinal cross-sectional .
vi eWf e Héfagre & isya donsidigal eseprctianal pasw schgmafjrally showing
expansi op. nechanj smin anot her enbodi nent. 25 Best
esseRptIOaEp b FxRAnSignaRchemEm i FEefRenf 8032]  Enbodi ment s
\?\; t :{E}%e%afég&tg ?%ea? Igr?%nﬂn\im.t‘a‘}wl c{g@%—esegt?oshlgg&ge%? slclgjen?aetltcgiljlf showing

essel TR0 FLTPRLI) e YL SR PPERS o, As shown | n
TR O R E MR T -

csseh N ShL 8P SoL 093 SRUREL ESKEHSLAYE ©f

[Fig. 10] Figure 10 is a horizontal cross-sectional view schematically showing
essential parts of an expansion mechanism in Embodiment 5.

[Fig. 11] Figure 11 is a longitudinal cross-sectional view schematically showing
essential parts of the expansion mechanism in Embodiment 5.

[Fig. 12] Figure 12 is a longitudinal crbss-sectional view showing a
compressiqn/expansion unit in Embodiment 6.

[Fig. 13] Figure 13 is a longitudinal cross-sectional view schematically showing

essential parts of an expansion mechanism in another embodiment.

Best Mode for Carrying Out the Invention
[0032] Embodiments of the present invention will be described in detail with reference

to the drawings.
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- confagsr ANy eiFteeR

As shown in Figure 1, the air conditioner (10) is of
so-cal l ed separate type and includes an outdoor
machi ne (11) and an i ndoor machine (13). The outdoor
machi ne (11) contains an outdoor fan (12), an outdoor
heat exchanger (23), a first four-way selector valve
(21), a second four-way selector valve (22) and a
[0023 npreBmbaditexphnsihe dnwentitn>80) . 10 On t he ot her hand,
t he i ndoor machine (13) contains an indoor fan (14)
and Anleserghtion ihgaten aXithbotieent( R4 theThresentiiml@ation. As shown in
machine (11) is installed outside the roomwhile the
Figuimdotre ainmolditiveey {19) id this eisbalihed induddse motoyrexfénder according
out door machi ne (11) and indoor machine (13) are
to terreseot wdertiomough a pair of connection pipes (15, 16).
The details of the conpression/expansion unit (30)
[003d]1 | <Qwergil Bemctues @frAir£6ndidaB5r The air conditi oner
(10) is provided with a refrigerant circuit (20). The
r ef rigelaant in Bigprault th¢ 20)conditianer @9kt @fi goeealled isepamtte dype and
the conpression/expansion unit (30) and the indoor

- inclhdastaneouddnmn gl}@\ch(nzi)l Daang asoindeent raerhined3). dihei qpédaon tmachine (11)

circuit é is filled with carbon dioxide (CQ2) as a
r fapdd2k|anThedenitheeb exdhanger d3h angest fgwayay selector
and. t he i ndoor heat exchanger%pg24) are each 20 forned
valysf(2), @rsseands fopr-pap selestar splde | @nﬁ@aaom@ﬂsmé@pansm unit (30).
t he outdqﬁ heat exchanger ( he refrl%era
On theohfr dend ghe wﬁa&zrglﬁaqw ) F‘PIE@P%‘% indperciant(14)and an indoor heat

excha eﬁl;meat Wit h outdoor_ajr. In the indo

exchanger gcg,}tdqoz 4§1a tq:?e(lll)sfsrlpgg]fleé]nwtgfl? ¢he g{oph&hlle the indoor

o A8y s e e B o
I

are gé’“{}%ﬁtéf% oouh, & i e catnosfoy h@5$%t g /”aéh g getaits” of the

cowéﬁ%on%%%%gleﬁé‘& DR b&&gﬁvﬁgﬁgi Lt L:ZnEXSﬁSSL? "he

0011 5 SEEPAR8L ke bR, GRANSEH). W o

cnc?% gdﬂ % {ﬁhge%[ocfuicﬂﬁ% which L}?Q ggﬁlg&gﬁgm%&gg ﬂﬁﬁiﬁﬂ 238 the indoor

our O a suctlon
e A

CCgﬂ%lH%ﬁ lf¢Which the first and second ports
( connunlggte with each other and the third and fourth

[003FP" tBreC QRPHAY K %xc‘!ﬂahgere@gf‘ aRd m(aaég}fh&@%k&ﬁa&l e Itfr?\ﬁmare each

5'in the solid lines Tn Flgure a p05|t|
forn¥¥al o112 k18 il 1484 fiaRdd e &ap&fchﬁlg%ﬁm &@b&or heat exchanger (23),
the refrigerant circulating through the refrigerant circuit (20) exchanges heat with the
outdoor air. In the indoor heat exchanger (24), the refrigerant circulating through the
refrigerant circuit (20) 'exchanges heat with the room air.

[0037] The first four-way selector valve (21) has four ports. The first four-way selector

valve (21) is comnected at the first port to a discharge pipe (36) of the

'compression/expansion unit (30), connected at the second port to one end of the indoor

heat exchanger (24) through the connection pipe (15), connected at the third port to one
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wi th each other and the second and fourth ports
communi cate with each other (the position shown in
the broken lines in Figure ®2). [0038] The second
four-way sel ector valve (22) has four ports. The
second four-way selector valve (22) IS connected at
the first port to an outlet port (35) of the
end ob tipr @sdomrieex prohsigsn (2)iand (caonectador by f‘é’éthaHOf’{ Wea suction port
second port to the other end of the outdoor he
(32)eof thacrpepredsiBy s xponniore anit B0xt Furthermerey e é"&ttff)‘%fow%}h@le"tor valve
ot her end of the indoor heat exchanger (24) throu
(21}t $vatahon hetvteenm pispwn(ineyhigh dhe S ead secontl RO @W‘gﬂca’“" with
port to an inlet port (34) of the
eaclc olrprr @rsisthe tiskawsdhp %Of'(lf%l}lcatFH‘f*@iﬁéF]ﬁB%r (th¢position shown
second four-way selector valve bet
in tee s06dilineoin Figuishi) @nd £ mesitipn & Whig t%f‘e‘é@hancg 1 pois Cormmunicate
conmuni cate with each other and the third anq? ﬁ- ﬁ sition
witlpesch othes wnd: ecseend and HowsE ot $Ep IR e “BSrY Bifcss sttt
in the solid lines in Figure 1) and a position in
showhiiie Hhetbreken;lings igkiguiedyr o ports communi cate with each
ot her and the second and faqurt ort ca
(00381 hThe Kesong tur- ek SeiFgAT 43 9%)ph up PR fegt vy

ines 1n
selegj!,q)ir ;J \;teﬁjj)@g glgg <St({: 33 ﬁ?s ﬁﬁstt go&p o te %g' SMG%XB&@SG%? of the
coﬁglﬁgggq%@%gﬁggwg 8{5‘1?1&;&6 3ag>théc JElddeorfro G250 end of the

ont ai ner ed in

.y r hea
out Fggplgﬁlg%@ﬁgﬁog?ﬁ ?eg.cﬁ etﬁlrd%ggt'tt?g%e(ﬁ%%r ez?lﬁ(%f e 1nd%0 heat

exc %ﬁ&glx F Bﬁou h Cgtgrg)'ﬁgtion S‘élz p(ggﬁ %La‘)jg S R)‘ﬁl'th%ort to an

arge I's attached to the

1nleg 89(}&33‘#?( (%%%16 C'fl)'he e%hg% aglgxo? A@? (@6)6)Fu flernfore, 186 3¢RHd four-way

r| C e expanS| on

selegtor S éve 1)69‘%(1%1%‘)? befvge%? ﬂb 1‘\39 i {vﬁlchhﬁle' fReMnd ps’é@(ﬁld ports

sI’ng el ectric notor (45)°

con%bﬁrﬂgﬁg %ﬁgﬂe}g%%ﬂ%ﬁ_ﬁg@ﬂ'l eLHfY @ﬁvﬁ lrdurtR StHsoR@hticle @ﬁthtdaeh other

ectric notor (45) is formed of

(thefa?o%hg)%%ogﬁ% RN 115195 iﬁ'Fl%Lﬂ'Z)l) add'8 p&diRérOin wiidBheifist and third

e casing he rotor (47) is placed

porls"SrdfuhiBie Shiah ehch( d@er aﬁtﬁthe%a@waﬁd galrity pqr@s s@dmunicate with
hrougH by a nain spindle (44) of a shaft (40) The

| eacﬁ ek (tﬁég%sm&ﬂ)ﬁﬁﬁﬁrﬁ1Htt1@69br@kétplﬁ1ﬂefs)in shatd and has two

ower eccentric parts (58, 59) forned at its | ower end

[00?9]an¢sﬁu§ﬂuﬁgd>fec:drﬁ;5@eﬂy@@aﬁﬁn wagentric part (41)
nmed at its upper end .

As shown in Figures 2 to 4, the compression/expansion unit (30) includes a
casing (31) that is a vertically long, cylindrical, enclosed container. Arranged inside the
casing (31) are a compression mechanism (50), an electric motor (45) and an expansion
mechanism (60) in order from bottom to top.

[0040] The discharge pipe (36) is attached to the casing (31). The discharge pipe (36) is
located between the electric motor (45) and the expansion mechanism (60) and

communicated with the inner space of the casing (31).

[0041] The electric motor (45) is disposed inside a longitudinally middle portion of the
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[0042] The two | ower eccentric parts (58, 59) are
formed to have a | arger dianeter than the main
spindle (44) and to be eccenpric with respect to the
axis of the main spindle (44), the |lower of them
constitutes a first |ower eccentric part (58) and the
upper constitutes a second |ower eccentric part (59).
casihBE3T). Tht cleomRrmeoe eIl id formad of G58Yoral6) idea fREOM|A). The stator
| oner 10 eccentric part (59) have opposite directions
(d6pfis dxeertd rtheidayingd Bh). rEgpetdr {47)t Beplavddsimeidet the stated 46) and
spindle (44). [0043] The | arge-di aneter eccentric part
confehtically pasaethrbwphhy e malrasgiedlediddiret er shdfiad)t Tae shaft (40)
mai n spindle (44) and to be eccentric with respect to
conttiteteanirstanf shhftendbantveplondt ecoedidic.partp (884 89) bheed at its lower end
conpressi on nmechanism (50) is constituted by a
andestiglé krgendjapeist erettyippait 34 1)dbangd gatsppessod. The
conpressi on nechani sm (50) includes two cylinders (51,
[00462]) Fheltwa Wovepicstentrs 12508 )(58,1 39) taefocmnag teekaieanlarger diameter than
mechani sm (50), a rear head (55), the first cylinder
the p@in spiadle () andie ba teseplrigt witll BEpect ththesisorfdhe yaimgpéndle (44),
52) and a front head (54) are stacked in order from
the qrorh them copstitptena girst | laweheccepisic dartdf 8 pashthefuppeieconstitutes a
first cylinder (51) and the second cylinder (52), a
secqg lowiap peccayicinaetr(S®alThe dirgrlgwer eqcentricspjt (58) mdstiae%@.nd lower
Though not shown, a tabul ar bl ade extends fromthe
eccefitige Pag ($D e ve Prposie ,d@teg:g%smfschqml(lg% wih gespact to the axis of the
supparted through a rolling bush to the associ ated
maipsPindigdA4X 51, 52). The rotary piston (57) in the first

linder (51) engages with the first |qwer eccentric
[ﬂo‘ﬁrtTg%&rg%éla{l}?@r §g@p ric pas (J]@F}s formnedttndrave adarges figmeter than

rot ar i st on 7) in the.second cylinder. (52). .
the g 1%@5&%@%&&%% repecidnine sigpfithe ygig)spipdle (44).

00, 86 TP PRtar i rasearner 1 e oBH P B3 Bpietag b ope
BB RGeS BBR AR ATl 'l FRFERY 5 PBbrd i, 50
twog:)ggﬁc% 32§§;7¥. olﬁftlieg_ Qgrgﬁr%ﬁsgogri} Iant(eg ncf#{'l% i(%kg;e% & agll'lggg ﬁ%sgh&?:#érst gylinder
Gt HRBRRT R 80, 1 dodle HBRLER Pl FoLRedl 1) Abtacked

inogg}fmg,zgotol n%gtrgé.(The first cylinder (51) and the

secon cy‘i 52) are formed with single suction

[00 ”% fh%%)lsidé SF k& t&f’gj%yférﬁtgéﬁ@dgg 1@%&@!—5 t@i‘foﬁﬁ)cf linder (52), a

radi y passes throu oCi ate
_ _ ; Lot . h o
Smgg?‘séj{hﬁlga)éz;}?i ! c}g@ﬁ?g iﬁ) id B8pied! Phou@R %ol Ho@ml B Eabuls bRl extends

- from the side surface of the rotary piston (57) and is supported through a rolling bush to

the associated cylinder (51, 52). The rotary piston (57) in the first cylinder (51) engages
with the first lower eccentric part (58) of the shaft (40). On the other hand, the rotary
piston (87} in the second cylinder (52) engages with the second lower eccentric part (59) of
the shaft (40). Each of the rotary pistons (57, 57) slides with its inner periphery on the
outer periphery of the associated lower eccentric part (58, 59) and Sli.des with its outer

periphery on the inner periphery of the associated cylinder (51, 52). Thus, a compression
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52). Further, each suction port (32) is extended
through a pipe to the outside of the casing (31).
[0047] The front head (54) amd the rear head (55) are
formed with single discharge ports, respectively. The
di scharge port in the front head (54) brings the
conpression chanber 10 (53) in the second cylinder
cha@r®2) (33 isodedimminbaivweah itlenowkt peripheryi afreech sipike eotafy pisens (57, 57)
casing (31). The discharge port in the rear head (55)
andathé hysr pdrpheyryitlesssanated aytbeler (53352)i n the first
cylinder (51) into communication with the inner space
[0046] t Abe dast ogingdd (51)Fand Her seceat kylinies B2y gee fomiedi with single
provided at the distal end with a discharge val ve
sucfion nuedts of323 tespattivellyv Eachnuictonfiogud] tadiably paseesedhrough the
and cl osed by the discharge valve. In Figure 2, the
assoiiated aylipeled 6 1p62) andeopgnslpsthhalisgd ond linte shamsidaef thy gdimder (51,
Gas refrigerant discharged fromthe conpression. )
52)nEettheoni ok c@dipnipettd32his cxtanded Bweush aopipe betheapsisidp ¢ty casing
asses through the discharge pipe (36) and is sent
(31put of the conpression/expansion unit (30). [0048] The
bottom part of the casing (31) fornms an _oil reservair
[0047) ke &eut rgd (2brand dhe 1egr hesd|(55)Are fommed giirsinglpidiggharge ports,
t he shaftﬁW%AO), a centrjfugal oil pum (48) is )
respicHpRig e Bhandiseltrges porp dn theripaiebeadn(Sthbripgy theeoanyession chamber
The oil punp.(48)_ is configured to_punp up the )
(53) s sapensh gyligider 25@) M@ commumalen with thisinpey spAes of the casing (31).
rotation of the shaft _(40Q)..  The shaft (40) has a I
The dischepas Parhiiie re Aggd 155D i e CEPRTFSIBAD A B iy the first

R 3B EPBE F of N P STy oo
oo AT G Bk R s T e o
i . 4 : i i :
and(n‘g)%?lgﬁrgﬁ(% bg gp%rggl)agg [cgogg(? %)yg ele%xgc aée.tsv v’%t i}-g 1ggu£e di”?he discharge
por&onatcftisltcg%r.%g ¥%1v£so L2T%t gf@@gnég re?r‘fée?ne[ng 'Sﬁglzatégeicf ﬁ'ﬁr&&hg e6fdbression

nven € expansron necnanl \ udes
el P 25 LS 0 0880 Gl e

| ' I i hexahnl et t (34
GofREER ot b Lo B PO C o f e on
n 8 o o Bt o e b
oil. 0O B @ME &RPof thEShe [(hBIE  cehPRhedl DilCHRSE U lis Uosed which is
immersed in the oil reservoir. The oil pump (48) is configured to pump up the lubricating

oil in the oil reservoir using the rotation of the shaft (40). The shaft (40) has an oil feeding

channel (49) formed inside thereof to extend from its lower end to its upper end. The oil

~ feeding channel (49) is configured to supply the lubricating oil pumped up by the oil pump

(48) to sliding areas of the compression mechanism (50) and the expansion mechanism
(60).
[0049] The expansion mechanism (60) is of so-called oscillating piston fype and

constitutes a rotary expander according to the present invention. The expansion mechanism
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 head66)) anililg lagmdiemstatieperatnye st (4

| oner end surface by the front head (61) and cl osed at
t he upper end surface by the rear head (62). In other
words, the front head (61) apmd the rear head (62) form
closing nenbers for the cylinder (63). [0051] The
shaft (40) passes through the stacked front head (61),
cylinder (63) and rear 10 head (62) and its

(60) HcBRies b Rt BEade@GAB M feaf hdr (62), 41)yliherl (68 parelda tdisdydsiston (67).
the cylinder (63). [0052] The rotary piston (67) is

Fur€ent taé Bgshnkion tieheyikinn@ey is(Hd)idal wibdhainl&qiont @A and the outlet
upper and |l ower ends. The rotary piston (67) is

porf @sied in an annular or cylindrical shape and its
i nner dianeter is approximtely equal to the outer

[00dblamBi de ebansin haclgmisth 660t the fenc Beddr (6¢), thacylindéi (63) and the
The | arge-di aneter eccentric part (41) is rotatably

reaf hdadgd2) ave tstaekedinasrdepfremdmtiomrip tap. Blee tHmtlet (68) inclesed at the
peri phery of the rotary piston (67) substantially

lowentnd abrface diyethe ifonohedd @ilhgnd closddaatthaiuppertdnd soufkes by the rear
peri phery of the |large-di aneter eccentric part (41). :

heafl @23]n dthe watlarte fiosthead (65 pnd tresardtead &) dotne closing members
periphery into sliding contact with the inner

for gerdyphéary63)f the cylinder (63) and cones at the upper
end -surface %67b and the lower end surface 7¢)

[00FHt o The shiifin 02 passesc throwahrhe peclkkeddront dger (@2)cyal éert(ﬁé) and rear
front head (61), 20 respectivel In the cylinder

h%@ logatadupgide thg r%bade(r 663)-

together  with the outer periphery of the rot

[00§2]st dhe cway. piston567) lfmentﬁ@@émyﬂm aylipder(63) clpged 3t both the upper
|nte rally formed, with _a. blade, (67a). The blade 67a)

and; lgwey @ﬂﬁeﬁﬂq 5oty RiSThed) isdouner Mo aanier oy oy %risiﬁwlr@ape and its

and extends outward e outer

inng giiar %&%Sﬁtagr%eq%%awteav@l tpithe (aﬁer( wetefm%ﬁi?n %gag@mfﬁ%eeﬁcemm
pmé&i%jsheé%%? d%%x'ee:sé‘%%ﬁwéﬁcé i oF Rt e 85 1 ey piston (67
so (G455 FE Rl Pl i i e nsu%“%ﬁ%@f e SRTRE g icing
cof 5 DAY e Eﬂiedgagsﬁé%féet%fue%‘gee { g st

-{00#1;:8] a:I(H, Igggrysplﬁﬁég ga )rc%o l bus e(r é)g?lpﬁelfgsi#\tgesthﬁglr fc%‘ﬁfaﬁt with the

o L0 5 5 BT gt e e
SRR AP RS s, S0 MEEF Q11 ey s ),
reséeﬁ{rlgegg ah t eE)Em'ﬂEle 6%%,)1%: 1%5%?#%1@%?? digrQs (d6§151i§1§%§191'b&e@;5) together
witle BT ey 'b@ﬁlpﬁe?y of the rotary piston (67).

[0054] The rotary piston (67) is integrally formed with a blade (67a). The blade (67a) is
formed into a plate extending radially from the rotary piston (67) and extends outward
from the outer periphery of the rotary piston (67). The fluid chamber (65) in the cylinder
(63) is partitioned by the blade (67a) into a high-pressure chamber (66a) of relatively high
pressure and a low-pressure chamber (66b) of relatively low pressure.

[0055] The cylinder (63) is provided with a pair of bushes (68). Each bush (68) is
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be free to angularly nove about, extend into and
retract fromthe cylinder (63). [0056] The inlet port
(34) is fornmed in the frontyjshead (61) and opens at the
downstream end into the inside surface of the front '
head (61) to communicate with the high-pressure

chanber (66a). On the other hand, the outlet port (35)

fornled ih EHeBREpd &f 4 KA Kivbh BSiGht ﬁsﬁiﬁlhlda@drfd& i pkins aad itt berside surface
upstream end into the inner periphery of the cylinder

is afc@ar. TRe g@mﬁﬁése(ﬁsy\ﬂatehﬁttéte in ¢ pylagistmellchalriis blade (67a)
(66b) . 057] The oil feeding channel (49) in the

sandsietdd tﬁéx@%etmem rinei bl (68) tsHddsawith thecinsida etiface(otOthy blagle (67a)
feeding oil to each of sliding areas (A, B) of the

and EX@RNGIOtherREHdNi B acé 60 the Thimden@3).olhechiadn@l7s) (nddmyl with the
are formed mainly for the purpose of feeding oil to

rotayssteh (6)rigsepessd tbough)thé busie@8hbie thethlindee (@nand configured to
surfaces of the |arge-di aneter eccentric part (41),

be filch&o figmilarhyaadve {1H2), catedd trive afid mitcthieed tl@eec:mlindq:rc(ﬁﬂhe
sliding area (B) between the outer periphery of the

[00363r gBRedinbtrpbrr(34)cis dortmeddn plzer frofidiepd 401 anteperragithe downstream
periphery of the rotary piston (67). [0058] At the

end igpehe ansflel sovface efithesfitont dced (€16 2b cosmaynicste Witk th@ahwh;pressure
pi ston (67), sealing nechanisns ) are provided fo

charsleel (66a). Chmethe othes hetida dess owtlet Iporte@éb@t fotrped methf: @ahmﬁréé@) and
20 (62) and the front head (61). Each sealin

opemsediHha upsirqa00End P tepeinner B@mheﬁg of Fhﬁfo%méglgﬁ) 4 gogmunicate
seal i ng nenber (92) fitted in the sealing groove (91).

with] the Boy-prseurs ebdnbey (ftdoves (91) are | nd| VI dual |y
formed in the upper end surface

67 the | ower
[005§’ﬂ1d Bl oih deedirgrehanggl ($hein the shaft Eﬂ 013 ﬁrO(V @ewrow channels
eal i ng groove (91) has a rosﬁ gectl on of a recess&%) The

(49@|rfarp€§e Al oflfo easteloslidimguareas) (P |ﬂ§‘:f&P?’éﬁ)\Pn meghanism

[ 25
narrggpp:ggmt@]é@%g}i arrp %m}eg{ngq.@l%ﬂ&serp%%%;i of ?e@éjé]@]o %ﬂiﬁle SRS ing areas
o R S S S e
ol T A I O g oo

Th

laggs #%@ﬂféﬁ%ﬂ%ﬂﬁgﬁ) Rl ARt pytpiktd f?lswé*?lé’}?ﬁﬁff 8 :

0061
k)14 0Bl T T b e
mecﬁa@smﬁ 2#0) a8 %r&l@eﬁl fop i%e%ﬁﬁfg atlﬁé lgggr Elq‘g ﬁ@? rdsptt '@0 © Lear head

Ing a fil

(62)%@%@%0%& i a@pﬁﬁaﬁ% géaliﬁ@rn?é&ﬁaﬁigxge(ﬁﬁ) inkRid8s RPYing groove (91)

ylene
and a sealing member (92) fitted in the sealing groove (91).

[0059] The sealing grooves (91) are individﬁally formed in the upper end surface (67b)
and the lower end surface (67c¢) of the rotary piston (67). Each sealing groove (91) has a
cross section of a recessed shape and is formed annularly in plan view, i.e., along the entire
circumference of each end surface (67b, 67¢) of the rotary piston (67).

[0060] The sealing member (92) is constituted by a lip seal that is a mechanical seal. The

lip seal (92) is formed in the cross section of substantially C-shape opening inwardly and
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(PTFE) resin. Since the ethylene tetrafluoride-based
resin material is a material having excellent
abrasi on resi stance and heati4resi stance, this ensures
a high sealing performance. [0062] According to the
seal i ng nechani sm (90), when each of the sliding areas
(A, B) is excessively lubricated, the lubricating oil
in 20&mdintoisOrotihe shdpp i8 §ddrs vie@2Thukiribe Gip sehiefor) 10fingkii thgSsealing
and the attendant action of pressure of the
grod)t&(@ﬂ):ﬁiﬂhﬁtgtsmpbnmgIﬁﬁi&dso\ifd’ﬂetmmﬁﬁ(\41}3 of the lip seals
(92). Wien the openings of the lip seals (92) expand,
[0061e Fiphaeates tOHp walngd?)iintnmdel afsehyondt wetiflubide-bdsed (PTFE-
front head (61) and rear head (62) and al so come into
based)asgn matniah dthe wittytenehetrafbbtiderbasef] rédie maealal 3g gawovlesbtained
(91), thereby sealing the upper and | ower end
by sddifigedslef,650bh a6 Bdss dibetsher cavbar fibgisstoom p&7§thylend tetrafluoride
respect to the rear head (62) and the 15 front head
(PTFE] yesiThiisces thisstthyltncatetmpfiporidecbrssd trésin Imaberiat 4 iagatetial having
fed to each sliding area (A, B) fromleaking into the

- excéllapk dbresiamirsistapesindoticat tesistaptd, tite ens6B)a. higloewBng Bardprmance.

of the cl earance between the upper end surface (67b)

[0062] t Aecardingrty thyi scebing mesinism (t)hwhwegachhééhb ﬁlaﬁf}g areés (A, B)
t he cl earance between the | ower end surface f;

is exnessively lubrigatedhethe rlohiticatiag il gels indp et llatsealSs@i thypugh their
1/10000 to 1/2000 of the inner dianeter of the 20

opegijs pribihe egegndany getign RE profpre of the hebricating oil émﬁééﬂ@fopenmgs of
the rotary piston (67) in the axial direction .

the &ipseals (1)) Wiben gy opgninigs o she iy sepls5@3d expsnd; tho dip S@ﬁISt(H%) come
i nner di aneter of th | inder. (63). This means

intosglfesocqnivst St e rons dRadi&Th %’éd)eard]é%’ér(ﬁ%leandaﬂlé‘eé’ome o close

con Vi ke peipns ety SRR GhAT]) ﬁw@%@'as% i pper and lower
et GRS L S0k O OB bt L3R
rouk R 17 KSR SRl S%ngwgﬁm“@ﬁﬁ#t%%ﬁ‘l"%ﬁao SPiliding erea A,
B) PR e %ﬂ%"?%@ ARG s TIRREROTE, Thete i s

[ooébj dnggche% he iﬁlgfa&llcé{ bIRNAY %hé P&%eﬁ 688% &?BBFSf ﬁ!(ed%tary piston

reC|S|on )

(67 jéﬂ‘kf:éﬂe %39\{1' %{éiﬁs R4 ¢ c}{ee‘g 1@ rijetwéegqge ower 91? Iﬂs]ﬁ'ltféc%%bc) thereof

scription s grven o

and 350 %h{’ﬁ‘?ado(%ﬁ Eese%{ a §00 %Ttlll?j@@?] t§ Wz%]ooo e e %nﬁqgﬁdlameter of the

escriptionis glven I rst avior o

'cyl1gﬁ’ﬂ'q5§)' ﬁp&hgﬁ ?:ls the %hérﬁ&e%@%e%ta?ﬁplstoﬁ (B@QE tl?elfqeg&gl%lrection

avioor t eatlng operation and t
of tREBR &7) N sek BEa SHRITIV VB0 to 1/1000 of the inner diameter of the cylinder

(63). This means that since the sealing mechanism (90) described above provides seals of
both the ﬁpper and lower end surfaces (67h, 67¢) of the rotary piston (67) with respect to
the front heaci (61) and the rear head (62), there is no need to leave such a small clearance
as conventionally done between the upper end surface (67b) of the rotary piston (67) and
the rear head (62) and between the lower end surface (67¢) thereof and the front head (61).

Therefore, there is no need to strictly manage the processing precision and assembly
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mechani sm (60). [0065] <Cooling Operation> In cooling
operation, the first four-way selector valve (21) and
the second four- way selectoy valve (22) are sw tched
to the positions shown in the broken lines in Figure
1. 10 Wen in these positions the electric notor (45)
of the conpression/expansion unit (30) is ener gi zed,
predigbi bbe edthrydiston (60, eshitlh powihs the rddetiieger ant circuit
(20) to operate in a vapor conpression refrigeration
[00&4) c| € OpEAOGAYl BEheviowfr i ger ant conpressed by the
conpressi on nmechani sm (50) is discharged through the
di sdfangedgcptidndie )giventof oic bdheviomnfites sir oornditigen $10nHere, the
unit (30). In this state, 15 the refrigerant pressure
desdriptionmds giveg st dfithe beleiarrdftthe alr cpndisisnarg10)Tecooling operation,
di scharged refrigerant passes through the first
therf ofithe wahiaded theteof irv héatiog (Pajatiamdnd shemeahe belmavidreof the expansion
out door heat exchanger (23). In the outdoor heat
mechawbafe@®r (23), the refrigerant having flowed therein
rel eases heat to the outdoor air. [0067] The
[0063f r FgerlmgtOpesationg r el eased heat in the outdoor heat
exchanger (23) passes_ 20 through the second four-way
sel dotcoplingppesat@r theafiest fovswanyt seiestogvatved 2L hpad thsoregond four-
(34) into the expansion nechanism (60) of the
waycsglestos §8lve I@?éﬂp%wt(&lﬁd tmibe pestipns shawaria thedsaken lerh‘:s in Figure 1.
mechani sm ( 60), gh- pressure refrlgerant expand
Whethisy sy nqsglorlﬁﬂ@r%ﬂtrl@ﬁ@ﬁw 5250 @éﬁ?@@feéﬂoﬂféxi’%’élon unit (30) is
rotatignal power of the shaft The | ow pressure
enengped; roigesant &ypaluawéd Ogh éb@pfﬁﬁé%f’é'ﬂﬁlt CIreWs (%Qirteu@ﬁratw a vapor
out|.et part 2<ﬁ¥t of the conpression/expansion unit
COmMPERF§ION DETIEHELFECH Y ough t he second four-way sel ector

1000 o Bl R 2RSSt e SRt

e 5 AT PR 5B e

e Sl e OB, el S oDl Bl

refrligtﬁ]l?ag | Ei:?%?ts tgi’foglé tl\{\éaﬁrsgg L&P\%B:Ogr EYEICn O f/ﬁ iil Q’l% 1S %ef%tutg liﬁg outdoor

corrpr eSsSi

hea%ﬁj%{k’teg ?%5% tﬁ’J oﬁé&SarCf?éH?r | géry] %Satﬂglrgﬁ pinrt Sh(?x?l%é flowed

conpr essi on nec an ) conpresse

theréiﬂf}&@&’seé fildi POREIMUABPRLN and discharges it.

[0067] The refrigerant having released heat in the outdoor heat exchanger (23) passes
through the second four-way selector valve (22) and flows through the inlet port (34) into
the expansion mechanism (60) of the compression/expansion unit (30). In the expansion
mechanism (60), high-pressure refrigerant expands whereby its internal energy is
converted to the rotational power of the shaft (40). The low-pressure refrigerant obtained

by expansion flows through the outlet port (35) out of the compression/expansion unit (30),

. passes through the second four-Way selector valve (22) and is sent to the indoor heat

exchanger (24).

[0068] In the indoor heat exchanger (24), the refrigerant having flowed therein takes
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[ 0069] <Heating Operation> In heating operation, the
first four-way selector valve (21) and the second
four- way selector valve (22§ are switched to the
positions shown in the solid lines in Figure 1. Wen
in these positions the electric notor (45) of the
conpressi on/ expansion unit (30) is 10 energi zed,
heat &b heradth 04 foceilapbrate, teesyatvolifg thieefoohgeir alitie biw-prebdure gas
(20) to operate in a vapor conpression refrigeration
refripgfine ha{iQf Tiwelhsut reéfthd felbanheat eapliaagsie@4hpatdae through the first
conpressi on nmechani sm (50) is discharged through the
foudivay hsategr pvglee ((36) anditis cfuckdie tloonglr ks isoctiex parts(32h into the
unit (30). In this state, the refrigerant pressure
contpeessivas niechirdsmt (EX) dhether compabsipresmusien Wme (30). Then, the
di scharged 15 refrigerant passes through the first
confpoessionanyechatient(80) cvalpvess¢sZhg swhed refrigeatt againtand dischimges it.
heat exchanger (24). In the indoor heat exchanger
[006H4) <Hedtmgr@peratgmant having fl owed therein rel eases
heat to the roomair to heat the roomair. [0071] The
r ef ringeeting oherafiony the figs fed-wWasasel¢ator Yéve doend fzeagecond four-
exchanger (24) passes - through the second four-way
wayssslastarofal g2 pare F)itcheritof the wesitipesothghnt indhe polit llrpf:'érltl Figure 1.
(34) into 20 the expansion nechanism (60) of the
Whem pthesespastiang pshmglﬁ@iﬁc arAter (430 p! therpompaessiopirrpprsipn unit (30) is
nechanlsn1(60) hi gh- pressure refrlgerant exPands
Tl e P gRrant Gitceata) thisweh ghe refrigearavadions (20 to perate in a vapor
rotatlonal power of the shaft (40). The |ow pressure
Cmﬂﬁﬁ$¥@é¢%ﬁﬂﬂﬂﬁ?ﬁﬁﬂ%d by expansion flows through the

port (35) out of the conpression/ ansi u
l00?0§ %he LRt FBRGHeE Y B ORISR HegHaLs ES?OEHS Bsbharged

and, i ent the out door heat
'thfoé@é i astepayioe (0% of fh RGBT A e ﬁ%\‘?%gé}thw state,

the Hgagef%?ﬁr%%gl &%ra%g%s h_a I n E%r%{{t’g’_gf -ﬂligssure “The discharged
| d 17 .
AL mgsﬁﬂa@gr;%% TP e

_hea{ Iﬁ)gcilta%%e??(?é l e&(gog:l%eaf %agléeflr) (24ﬁn%elr%fr %?Aﬁm?qlavmg flowed

e conpr SSi1 on

meﬁé@%?@%ﬁﬁkéﬁ?# oﬁarb?r to%ﬁﬂﬁ@?o%h{’élé expansi on uni t

conpression nechani’'sm (50) conpresses

[00’{]3 073&%" g%ﬁgerraﬁ? ﬁé&?ﬁ %}Eas@(g At i%enlﬂﬁ qh&&d?q{eg{s %xéﬂ'ange? (24) passes

enavi or o ansi on
through the second four-way selector valve (22) and flows through the inlet port (34) into

the expansion mechanism (60) of the compression/expansion unit (30). In the expansion
mechanism (60), high-pressure refrigerant expands whereby its internal energy is
converted to the rotational power of the shaft (40). The low-pressure refrigerant obtained
by expansion flows through the outlet port (35) out of the compression/expansion unit (30),
passes through the second four-way selector valve (22) and is sent to the outdoor heat
exchanger (23).

[0072] In the outdoor heat exchanger (23), the refrigerant having flowed therein takes

heat from the outdoor air to evaporate. The low-pressure gas refrigerant having flowed out
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A description is given of the behavior of the
expansi on nechani sm (60) with reference to Figure 5.
When supercritical high-pregsure refrigerant flows
into the high pressure chanber (66a) of the expansion
mechani sm (60), the shaft (40) rotates
countercl ockwi se as viewed in diagrans of Figure 5. 10
of thdBtdborhcabBx&RgL@ (28) pakat ihesughf th® fodt folvewsy adltctédOdlve (21)
the downstreamend of the inlet port (34) is closed
and by siidked emdushi tHeametiaf pbig3d)ainaethdi canpi@kiof agehtulis@ (50) of the
part (41). When the shaft (40) rotates slightly from
combhdssiop/eRpansiohhait 30 tThen/ the (c3dhprasionundchatias (90)t donigresses the
hi gh- pressure chanber (66a) so that high-pressure
suckedfréfirigernanigabegiddischargks tw i nt o t he hi gh- pressure
chanber (66a). Then, as the angle of rotation of the
[008haf +Bhd®jor of Brlpemsion Nlevhamiases 15 to 90, 1800 and 270,
the volune of the first high-pressure chanber (73)
gr addialekgriptionds eieasof Mhdrhovier afi leeexyfansion atdcbmisth (60) with
the shaft (40) reaches approximately 360, the inlet
refeport tq Fidure §. Viowesipargaitival yighpeeseurd refiigwoe flofvs tife the high-
| ar ge- di aneter eccentric part (41) so that the flow

- preseret flaanthieghtadrpsduthe capanisiger arechinitny (60 the shaft (40) rotates

hi gh-Er essure chanber (66a) is shut off. 20 [0075]
cowNeretockwisems vicaved g Hiegemsradttagure . of the shaft (40)
reaches 0 again, the |ow pressure chanmber (66Db) )
[007dd sz aegls ofiretatiethel Blef Bie ekt t(4Q)38)e dyvaskraamtend of the inlet
refrigerant begins to flow out of the | ow pressure
portdBhntselosed diy)the Tpdpurtags of e laprprdiameter gecghitispagh (44heWhen the
shaft (40) gradyally increases to 90, 180 and 270, the .
shafy; (40) ratatss stightly Emmpﬁ;@s%%ethe Mgt (348 sBMMyInicalEs With the high-

e R0 0 R e it S bES0 Sy g v
e B TROB s eBbe S, by s
o BT0E. B 20 8 Ao G0 50 Wkl by L by
B B 4 e B O R Bl RS 360 e
el 5 T S SR SR WA e B o0
o B 00 005 0l O RT3 90 BROARSOLL b 655 5 s

0ffin the oil reservoir to be fed through the oil feeding
"channel (49) 5 to the sliding areas of the expansion

[()0‘7@]EC rﬁ&t,s Whglq Qﬂe a@g f irBtaﬂlel io?Qhé Qﬁ‘aﬁ i(cﬂﬁ RGeS o dajggﬂl, the low-

“pressure chamber (66b) communicates with the outlet port (35) so that the refrigerant

begins to flow out of the low-pressure chamber (66b). Then, as the angle of rotation of the
shaft (40) gradually increases to 90°, 180° and 270°, the volume of the low-pressure
chamber (66b) gradually decreases and, during the time, the refrigerant continues to flow
out through the outlet port (35). Then, when the angle of rotation of the shaft (40) reaches

approximately 360°, the outlet port (35) is closed by the rotary piston (67) so that the flow

- of refrigerant from the low-pressure chamber (66b) is shut off. At the time, the pressure
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areas in the expansion nechani sm (60) are excessively
| ubricated through the narrow channels (49a) to
produce an excess of lubricaging oil, the sealing
mechani sms (90) restrains the flow of the excessive
lubricating oil into the fluid chanber (65). This
substantially elimnates that the l[ubricating oi
diffefe@SbaMvtén thBehiglepick@ed altmben (6615 ahl uhdllclOpebandehamber (66b)
(65) and flows through the outlet port (35§ out of the
cauS:R iy 1@&81 pistodXFANgidahe shaifit (40 BQkivt dgetéietionM t h t he
refrigerant. As a result, the oil discharge to the
[007&f r Dgen@operatidicoll the ex@dkiodanedhaniph €G@N thedotakien @byhe shaft (40)
preventing the performance deterioration of each heat
caugs Ghalupdcatig il iddhe ofl O&érkjoirRurbeted thpswesh the oit deddiver channel (49)
conpressi on/ expansion unit (30) in this enbodi nent 15
to tharelidinke srehhef the rqpassinomechmalzan{e®in Ke0)if dudng theftonerga sliding
as a high-pressure done type, the lubricating oil in
aredshid thie| exppessbony aiechdnsson € 60)e drebgxchssiielyt dutpientat thmughdhe narrow
hi gh- pressure gas refrigerant discharged fromthe

' chauwakp (499 i tonpmdadeam sreqsE0)f. lubtieatigooié, the hwaling mashanisrys (90)

oil fed to the expansi on nmechani sm (60) reaches

restraiisathiev 8by 0ff ge txsepdvatumication dlhintotthefluihohember (6%9. This
the refrigerant circuit (20) operates in a vapor

subgfanisily sdinginates thdt ghe debrisating oilemixgs wish theyeefrigerant in the fluid
flowi ng into the expansi on nmechani sm (60) has

chambprai65) and flpwwhraugbhaputtes portd3Shaws OE%ﬁmpé%SIOH/expanswn unit
mechani sm (60), the sealing nechanisns (90) restrain

(30} toacthgiowith 4he rﬂjﬂ@?rﬂnt Peohienbuibe 9l disdatasdofthe refrigerant circuit

hanber (65) and, .in turn, Iom#tenperature refrigerant
(20) gan he Prevented Hisisbepreyeing e psrfogngrcg dgtemipratien of each heat

@WQ%@F@é dr %rﬁég{elngr:ge{ﬁgtcgzgsgeggegxgghsion can be
YO e emns S5 48, DR Bhvodimens
BT bR O B B Y MBS R o
R B P P AT e o
refr%eléam(;) &ﬁéh%?%ed 1* Jcom(pg'éssﬁ)%té&n%%%n g‘gﬁgﬁlﬁﬁgforéﬁ%? Iubncc:]atmg oil
fed 6(2%&{ gﬁéﬂ%gég{ﬁ%ﬁ%ﬁsm((ﬁa LS g?lze%ére%efgg%lgemél?tt%%%&?et PBh the other
ST R A RER LB e AR Bl e
refrigerant flowing into the expansion mechanism (60) has relatively low temperature. In
the expansion mechanism (60), the sealing mechanisms (90) restrain the lubricating oil
from flowing into the fluid chamber (65) and, in turn, low-temperature refrigerant in the
fluid chamber (65) is not mixed with the high-temperature refrigerant and heated up.
Therefore, heat loss in the course of expansion can be prevented.

[0078] Furthermore, since the lip seal (92) is made of ethylene tetrafluoride-based resin

material having excellent abrasion resistance and heat resistance, it ensures a high sealing

performance even when sliding on the front head (61) or the rear head (62) owing to the
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oil fed to each sliding area (A, B) of the expansion
mechani sm (60) fromleaking into the fluid chanber
(65). Thus, it can be substantially avoided that the
lubricating oil flows out of the

conpr essi on/ expansion unit (30) together with the

refrigerant. Therefore, the oil discharge to the
rotafi@f 61 tierasy piitsc@7y. (20) can be prevented, the
shortage of lubricating oil in 10 the expansion

[0079 C haBffeiis {Fhbedimehe- el i m nated and the performance
degradation of each heat exchanger (23, 24) can be
pr eviendssdribelissafaresintd in Ehdodeidnalii the tupperf atdhlpweotead ysurfaces
expander can be enhanced. [0080] Particularly, in the

(671)i6gb) ¢frths sitarg pdsiom (67) pee pronjdeed sdihowriltngpmesiaoismsr(P) for sealing
(30), the lubricating oil in the oil reservoir has

thenn efitatréspedtyto Hiegfhortt dirgub(6a) smcbthe @ar hbad G2hehis hestrdins ithe hthecating
15 refrigerant circuit (20) operating in a vapor

oil fed npeah siidmgraear (Ag d¥)aifi tom expaobien mdebanigh (p@efremtleaking into the
flowng into to the expansion nechani sm (60) has

fluid elaattiev &45). Thow, tteap de stibstantially adeided (ot the laémﬂél,ng Sillpfdesvs out
the above enbodi ment restrains the |eakage of _

of thaiberhpressiordexpiansipmtupitt (38) tdggthgr vithathsarii{gsnt.ahkprefgre, the oil

_turn prevents that the |lowtenperature refrigerant is

dischargetp the refrighant eirqyi- @Bhensy bet Rreventadh thecshortage off Jubgigpting oil in
t hereby heated u heat | oss in the course of )

the exppagies @ﬁchawrrc@ﬁ%ﬁ ben pe eliminaisd anddhexpgrinsmance daggadation of each
operation _efficiency can _be enhanced. [0081]

heatreyehangeiigd <24)seh be provented pAs & sisulty tho yeligbdity, o€ theggtapy, gxpander
seal i ng nenbers, the openings of the lip seals (92)

can bggnhgacedxpanded by the action of pressure of the

[00@52{%%?%%}%‘, H? %lleg‘i%ggegg‘% iu;ﬁe {&%F Egﬁ%sggwfﬁ{ég#éfgg unit (30), the
;o 62) .. ' _
g3 ol e QeI i B S A1 TR AL L oA b, in the

rfa

b R0 UL 7o e AU 3 e

[ N AR

ol L8 OR RH5FLL LTS\ AR BAAPER SR 5ok i

charﬁﬁéeggm%‘g%‘a i‘?ll Mgﬁ%g@%ﬁgﬁ? il %W—teﬁﬁ%%ttt(rg ér)ef}r%eratnh% hB&d with the

oW n rotation ary piston

hight(igéx)perahlqg ﬁfﬂ‘mﬁﬁ%&f%@ﬁ%&bi h&ﬁ@d i Fl@{iﬁ 1bsdiflRs e c?'fexpansion

rotary pist € axla rection 5 o0

can tB%gre%}ﬁé&. AAOkshiB (1RE pefdtiod e?ﬁcﬁ@na:?fcaﬂ/oég%nfc@d.l/ 1000 of

i nner dianeter of the cylinder
[0081] Furthermore, since the lip seals (92) are used as the sealing members, the

openings of the lip seals (92) can be expanded by the action of pressure of the lubricating

" oil, thereby surely bringing the lip seals (92) into close contact with the front head (61), the

rear head (62) and the sealing grooves (91). This surely provides seals of the upper and
lower end surfaces (67b, 67¢) of the rotary piston (67) with respect to the front head (61)
and the rear head (62).

[0082] Moreover, since the lip seals (92) are made of ethylene tetrafluoride-based resin
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the sealing meshanignp

in e SRS ALY

(63), this elimnates the need to strictly manage the
processi ng precision and assenbly precision of the
rotary piston (67), which prevides cost reduction.
[0084] <<Enbodi ment 2 of the Invention Next,
Enbodi ment 2 of the present invention is described
wth reference to the 10 drawi ngs. [0085] As shown in
matetigUaemgtexadilbnt ablasibn disigbiice dn® HEdt Q¥ SistadvePit 28RS ABigh sealing
the sealing nenbers (92) instead of |ip seals used in
perforfaabicrswsit when SRk fonciaik Ifyont héhdt (81 5 oL tHeaeirRal (62)tdVEing to the
seal i ng nechanism (90) is constituted by a sealing
rotagion oY the (Sth)y pistorgé7)i n each of the upper and | ower end
surfaces (67b, 67c) of the rotary piston (67) and a
[0083]i pFeeladrmOR? pinte theeftt tolkfanteof the raee] pisgn G6V N ehe(Xigl direction
[0086] More specifically, the chip seal (92) is a
of the cledin{dfnis seat a aizd of 4/5000eo af 1008 todlthe BmehdiameroppPeie cylinder
The chip seal (92) is formed in a rectangul ar cross
(635 ebisi ebimisatel ihe meed db striotlyi meags the pnatesdiap ereciziqul amd assembly
view. In other words, the chip seal (92) is cut
pregisicih af thy retary msten O6f) ewhioh ptovates chw reductomnf er ence (see
the point Din Figure 6). This cutting is done in 20
[008#] der<Embedimenhzotthie fneatibn92) bei ng gi ven a tension
into the_sealing groove (91) and thereby bias the
chi pNexdaFmpodiment di il thg presenidrinjionfis described withtrpfgeence to the
[0087] If in this case each sliding area (A B) is
dravgipgessi vel y | ubricated, the pressure of the
| ubricating_ oil acts on _the inner peripheries of the )
[0083; pAs shewn imPiguresy6 apd 7 aBmpediment 5 wEplpsedin) pealogs thigesealing
| ubricating oil, the chip seals (92) entirely. slightly.
merpbesg (9@3 insHd &f dipssale yprdyip Farodimens dh Saeciicaliar i thiy eaehpdiment,

i nt.o close .co ct with the front head (61) and the
)%&fa CORRItYRY gy ap%@alilrt&]gwor)@é (%1?) fopged in each of the

orn SR A P PR b B B el § 5 a8 e
sealed wth pect to the rear 21 head (62) and the
@%S respectively. The other

00 AL . FESH I B TR SRR B
slf BoRSRL T 3, 38 , nlE 7 R B8 i o
BRI kTS0 Y RS A Bt
a single point on the circumference (see the point D in Figure 6). This cutting is done in
order to fit the chip seal (92) being given a tension into the sealing groove (91) and thereby
bias the chip seal (92) radially outwardly after the fitting.

[0087] If in this case each sliding area (A, B) is excessively lubricated, the pressure of
the lubricating oil acfs on the inner peripheries of the chip seals (92). By the action of the

pressure of the lubricating oil, the chip seals (92) entirely inghtly rise up and are

concurrently pushed outward to come into close contact with the front head (61) and the

‘rear head (62) and the outer peripheries of the sealing grooves (91). Thus, the upper and

lower end surfaces (67b, 67¢) of the rotary piston (67) are sealed with respect to the rear
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[ 0089] <<Enbodi nent 3 of the Invention Next,

Enbodi nent 3 of the present invention is described
with reference to the drawpng. [0090] In Enbodi nent
3, as shown in Figure 8, the sealing grooves (91) and
the chip 10 seals (92) differ in shape fromthose in
Enbodi nent 2. Specifically, each sealing groove (91)

headl $63)aanaetic iffon@ h€adsted peretgeativdlneTrnothbacorsigatdtiogs, gyrehaviers and
(91) in Enbodinent 2 is discontinued at one point.
effebislaemihs eameaci Brhbqlimedll. (92) is forned, in plan view,
in a C shape corresponding. to the sealing groove
[0085) 1) Thoughaddhisiepbodmenh tiweelip Beplg (W20 e (1849 of metal ohagdhay be
to present a part (C) corresponding to the opening of
madehef @hpbapethiudrite-basghresitbmpreeisk like Eotbadinent (66a}hiptase, the
the fluid chanber (65). [0091] In the above case, the
chipesed]sg02 f e 68 mEd Tba c@ifim)ows rotuhe shrapt avithopt teingeut.67) wil |
not be sealed at their parts (C) each corresponding
[0089 t teEmpediimegt D61 thhénvenBdrape with respect to the
- front head (61) and the rear head (62). Since,
howeNexrt, Embedimegh3 mf dlss presens Havevéien i{ d8ajibddawith reference to the
substantially the sane pressure as the inside areas of
drawing. chip seals (92), this 20 restrains the lubricating
oi | from | eaki ng into the hi gh-ﬁfr essure chanber (66a)

[0090]e. In Embodifrent d, asnsheparin(gsyre §,0bo sqaling eronpvesné?le, and the chip
since the sealing grooves_(91) are forned in C shape,
sealg (92 ¢iFfen/anthgpe {RE Gaspinsabedipmnt 21 $rseifieally.fgeh sealing groove
circunferentially in the sealing gr oovesi{é91) QW n%_ to i
(91)s}si tormgd e guttshape thebihe Aenlat selias seroveHAL) Hafmbodgyent 2 is
. Thus, the parts (C) each corresponding 25 to.th . .
discgpamticapt &metm@té RYpe sach 95*1%%2 <§4>é§ prmsg> inPlapeview, in a C
hi gh- pressure c¢hanmber (66a ich.surely restrains .
sharé i GRRAEAE. 61 T JBR riomgg " it s paTordmere O i
65). The other _configuration behavi o d,.effects ,.
forréq,dgzq sy fepal (€ c%ﬁagamcﬁ.%go %ﬁe %@mrtgoa’é%]ea(? shape BOhR high-
<<Enbodi ne 4 of th nvention Next, Enbodi ment 4 of
PICSHE P‘é‘b%rn(?%’f)rﬂfgﬁﬁlgﬁ c#@%’ééﬁ%l bed with reference to
e .drawi ng. [0094] .1 n Enbogdi t as 0 ' -
1001, pE8 ot o P TR b p oy Pl () witl not be
nngr. fr [ [ Snecd £ [
seal:é'% agﬁ}gg djlaﬁgmjy %?c hcgﬁg%ﬁ%ggﬁgﬂe 8‘pen§% &t tﬂe %,agzﬂaiﬁc V\Yi‘tﬂ Ile§pect to
the front head (61) and the rear head (62). Since, however, the high-pressure chamber
(66a) has substantially the same pressure as the inside areas of the chip seals (92), this
restrains the Iubricating oil from leaking into the high-pressure chamber (66a), i.c., the
fluid chamber (65).
{0092] Furthermore, since the sealing grooves (91) are formed in C shape, this prevents
the chip seals (92) from moving circumferentially in the sealing grooves (91) owing to
sliding resulting from the rotation of the shaft (40). Thus, the parts (C) each corresponding
to the opening of the C shape are always presented to the high-pressure chamber (66a),

which surely restrains the leakage of Iubricating oil into the fluid chamber (65). The other

| configurations, behaviors and effects are the same as in Embodiment 2.
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(92) are cut radially and linearly at one point, the
chip seals (92) in this enbodinent are cut in steps
at one point (see the part ). In other words, each
chip seal (92) in this enbodinment has an overl ap
interval at the cut part (D). [0095] In the above
case, even when the chip seal (92) nove
[0093]r cunEebediiiead 4 of the ldveatiod® seal i ng groove (91) owi ng
to sliding resulting fromthe rotation of the shaft
(40)NexthEmbpdimens4 of tief ptcbent dientiay id ddserival withlrelfsrdnbe to the
cut surfaces of the cut part (D) into contact with
drawiagh other, i.e., against apart fromeach other. This
restrains the | eakage of lubricating oil into the
[0094]ui bh Elmdodieren{ 85)s sHiven ah Hégure dnftheggoliiptsealng92) differ in cutting
behavi ors and effects are the sanme as in Enbodi nent
mar@er frbm[ h0@6h Erhloadgnentr?. tSyicsifiealyo ditnierit Boftedoheng X thal chip seals
(92) are cut in steps, they may be cut |inearly
(92)cdst cefuedigllywandineedp ecenet inththechii sahls §92) éx thipembodiment are cut
ot her words, the chip seals (92) nmy be cut to taper
in st4ps auongpofit [(ese the partn R, Inaptjier wordsapantmrphir sedll (92dn this
if it creates an overlap interval at the cut part
embodimerft baodar over @pringesv ahah thescuppart ). | nvent i on 20 Next
Enbodi nent 5 of the present invention is described
[0094] t hiny e ebeye ease.oc teRevhaly Higi dhifs seql (BB gpoYh ciseusafgrasfially in the
t he sealing nechani sm (90) in Enbodi ment 1 constituted
sealipg grogea (Y Pwige d@\ﬁéldwlsesmg drgedhe AefaterBe rthq 9129ﬁ (40), the
the sealing nechanism (90) in Enbodinent 5 is

prodsienat he orFdaRn gk aéhahia thqcut@sﬁgqeﬁ pﬁf*@d:ubgaré ﬂi)g/méo contact with
eaCffﬁnglglélg:, %ﬁégﬁég%lg:ﬁq% ec‘%(gthqrn&'gﬁirgst@mg&gq: @gq (%AtD lugrlcatmg oil
. fo th I 009 f

ol e e B Sy e S DR TS LY b e s

Egl aves 93). The sealing grooves (93) are forned in
in three for each of the upper and |ower end 23

ooy Oélghé%ﬁrl% PGV BB 0. e8] SRNBL B 1 s ARG AR be oot
llnearT'){ ROIH l‘yg ré)s%\a{o t&é% F%cp 2%1 6rec%%nq§:%}%eﬁ %\poq'dsa rtﬁe cﬁ prg%gls (92)

rnayt %:'7c)q_lt Yo %}i{)@% cglﬂgﬂoﬁa%y o sﬁﬁ h@ gan?fc&lg&% 1%?%13? gvéfsl) Id%tl? it creates an

ovm%%ﬁ%&%ﬂﬁ tﬁ@%ﬁ:aﬂ. ved as fronja frlctlpnal 5 effect

e VI SCOSI y of the lubricating oil and a

(00PN LAGHLQAmES LH h&inBnfidiERt L 1 ng gap,

Next, Embodiment 5 of the present invention is described with reference to the

~ drawings.

- [0098] In stead of the sealing mechanism (90) in Embodiment 1 constituted by a sealing

groove (91) and a sealing member (92), the sealing mechanism (90) in Embodiment 5 is, as
shown in Figures 10 and 11, constituted by only a plurality of sealing grooves (93). In

other words, the sealing mechanism (90) in this embodiment is formed in a labyrinth seal.

- [0099] Specifically, the labyrinth seal (90) is constituted by three sealing grooves (93).

The sealing grooves (93) are formed in a set of three for each of the upper and lower end -
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thereby sealing the upper and | ower end surfaces (67b,
67c) of the rotary piston (67) with respect to the
rear head (62) and the frongzhead (61), respectively.
In this case, the sealing nenbers (92) thensel ves and
in turn the assenbly of the sealing nenbers (92) can
be dispensed with, which provides cost reduction. The
surfat RE67I,Q@Te) gUhatrb@ASpiskaNaY). Ohs seruf thikl sedlf@Cdr60ak €93) have a
the same as in Enbodlnent 1. [0101] Though in this
simiadgddparenthe tsbalidgagpbira t91) e BmtcIherit 9 aEngt Ifbﬂﬁ@ﬂwﬁh different
three sealing grooves (93) and the sealing grooves
diarG&3is flvay eneanoeet,drg uiply iptiefhdiel ditdgomonihe fotandhiston (67).
profile of sealing grooves are not |imted to the
[01eéjovEhe labyonthesea®00 provades aniabbanthadftbct perdfadl & Hdm a frictional
seal ing grooves are applicable so I ong as they can
effept dnei td eéheavikasity iofithe lebfieatihg oil anfl @1DRractichrefifedi arenhrditling gap,
of the Invention Next, Enbodinment 6 of the present
therelpw smating thel wpdeset lobed end surfaced 7bN6E) tod themtargd péssdmn7) with
[0103] In Enbodi nent 6, as shown in Figure 12, the
respsetrtadheircer béadt(62) andothn Siomh hease(©hp mépaot{(ve) Lats tése, the sealing
pl acenent of the sealing nmechanisns (90) differ from
membrss €92) them@l@siodiingnm the assendilhef thwosabing tohenlggns (9% can be
expansi on nechani sm (60) in Enbodinent 1 is of
dl%@ﬂﬁéa\bfﬂ%dﬂ@rﬂm grevidss| ¢ostieaduetjqre, Thehasherxgrafighestions, behaviors and
mechani sm (60) in this enbodiment is of double
effeely prerfhe pangs pfein Bnghglispergdeci fi cal |y, the shaft (40) is
formed at ,its upper. end with two Iarge di anet er

(01044 ¢ e Haqueh ip B empadimenbthe labyeiniboskal (98) iStQﬁ’éSti%d by three sealing
| ar 5 di angjter eccentric garts (41, 42)

gm%ﬁg P thdpthegsep m%tgrcroa’?@é .%t%re%@m rprweﬁlsaiehe pumber and
nd th upper constitytes a secand Iar di angt er

profug of 5% ﬁF %gﬁ)‘{es(a&%not eql it¢ the qlbglxr@el E?FEYV@ s, any number and

proff GE Rling ef2Ves 415 3ppIRa0le S Sonsciec B3 chan ey e by tinth effect.

IOI@EFF%%“%%W@%@T I %Bnéf’otn:ﬁeiﬁéi ey
i .Cyl | 72
o StSHE TSl BRI ke RenRR s et reference to the

dravtriﬁgm head (61), an internediate plate (64) and a
head (62). In the expansion nmechanism (60), the

BTN AT D N -
mecﬁﬁﬁsxﬁ?@é) Afefe (pqgc)ement of the sealing mechanisms (90) differ from those in
Embodiment 1. In other words, though the expansion mechanism (60) in Embodiment 1 is
of so-called single cylinder type, the expansion mechanism (60) in this embodiment is of
double cylinder type.

[0104] Specifically, the shaft (40) is formed at its upper end with two large-diameter
eccentric parts (41, 42). The lower of the two large-diameter eccentric parts (41, 42)
constitutes a first large-diameter eccentric part (41) and the upper constitutes a second

large-diameter eccentric part (42). The first large-diameter eccentric part (41) and the

second large-diameter eccentric part (42) have opposite directions of eccentricity with
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are stacked in order frombottomto top. The first
cylinder (71) is closed at the | ower end surface by
the front head (61) and cl osged at the upper end
surface by the internediate plate (64). On the other
hand, the second cylinder (81) is closed at the | ower
end surface by the internediate plate (64) and cl osed

respbt th iR ARPETthe Rdirsspidaepidhy the rear head (62). The
first 10 cylinder (71) and the second cylinder (81)

[0188]e Tk¢ BBshntion hoetakihg ﬁfﬂ)’fﬁxchﬂeﬁfwcﬂ colnmicey (71, 7O1A&] two rotary

- The shaft (40) passes through the stacked front head

pist6is175, $3)6 twe phirngey alo/ihtluded DfionTtRdl 8816, M Alt@nicBible plate (64)
second cylinder (81) and rear head (62). The first

and| Akge -dhdB2)en tBeeepinsion mathanlsAl600f tHehfoshhdald (641)the first
is located inside the first cylinder (71), while the

cyliagardnit), tar gemicdinrt fite €64)e ther secoralacyllind&2(81) hed drfrearshead (62)
| ocated i nside the second cylinder (81). 15 [0107] The

are ftaclet inotdar \frga $d1vem (7 B)p. dhd firfteyliedw @l x iotckosyd pt giedower end
(85) are placed in the first cylinder (71) and the

surfsecignilie dipint hehdr(6 1 )B4, closed pethe iuppéryend Thigadei trysthe aytbiomdete plate
(71) and the second cylinder (81) are forned in an

(64 muhaother hand, ithredsecerad cydindpre(8ant dhesed abthgdbwelugrak surface by the
di aneters. The first |large-di aneter eccentric part

1nte(mq<:91ata thit (6d) sud cleded atribreupticaned eurface dydhe rdac hpat (62). The first
(42) are rotatably fitted in the first rotary piston

cyh(ld@)@ Brigd thresegersbeidinden (&) are Soymsid 4o bwe(t!a%;ame lnner diameter.
respectively. [0108] The first rotary pisto

[01Q6) e Ehea shafh 400 Lpagses ghionghh direy staglted fsqmtdieﬁ@ (éb)atfaarétt cwndﬁr (71),
t he i nner perlpherg of the first cylin % an

integragriage plate o)) srend erlindsy (§la cad (r%ésea%@) he fwﬁdéfrge -diameter

end surface é75b) into sliding contact with t

ecCeEAG PRt ijll)laﬁ tl'tq]gla.;q %fér‘?r&ﬁa e‘nE}fi%ltﬂée %si)cyllnger (71) whlle the
I

r eslgrecfglll%r?e&%{]qctﬁéiguég%léﬁ oﬁ iq;}pgeg?ﬁ?ﬁislg ;tklletg SS;ﬁEISJITCF cylinder (81).

lﬂl‘iﬁ i ot PSRl TR EGP Rt dEi (FB i ocid in the

R o B BRI AR,

secﬁggﬁngqoéiﬁ@&@m R e B et o
diax%?qgr%g ﬁ'%l%\glrtsp % ggaﬁ% eec%grrn(l tzl%art S th);:ln Igeﬁ:r g& q%r%%—%iameter
eccé(n%r% b%}[] gcht) ﬁgef fd’r m%t%ﬁfzh [El?esﬁl%t ?o%&rﬁg)qstgﬂl wﬂh 0 hagp @&:ogd Totary

outer secon

(85). 5 [0109] In other words, in the
plSt&?{)S%pf ﬁ&ﬁ"gcishanism(em) of this embodi ment. the

[0108] The first rotary piston (75) comes at the outer periphery into sliding contact with

-—q

the inner periphery of the first cylinder (71) and comes at the lower end surface (75¢) and
the upper end surface (75b) into sliding contact with the front head (61) and the
intermediate plate (64), respectively. In the first cylinder (71), its inner periphery defines a
first fluid chamber (72) together with the outer periphery of the first rotary piston (75). On

the other hand, the second rotary piston (85) comes at the outer periphery into sliding

. contact with the inner periphery of the second cylinder (81) and comes at the upper end
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internedi ate plate (64) constitutes an internedi ate
partition plate for separating the inner space of the
first cylinder (71) fromthesi nner space of the second
cylinder (81). The rotary pistons (75, 85) are
connected to -each other through a single shaft (40)
and j uxtaposed so that the adjacent end surfaces

surfa25 85u3 260 1 |hRe ch@b@faceRBS) RS shaﬁlg Balact 308 (BAFAr head (62)

other with 10 the internediate platé (64) interposed

and ey ahehwaeRe difd 1@h), TRepdctitdy. heakk (Bdondi S,ylfrﬁ’lﬁzmsll) its inner

wth a first inlet port (34a) in comunication wth

perfperynddifired hess b flahBoedibep (1) géthérStvith | thé duth pehigtiery of the

72) and the rear head (62) is formed wth a second

secbil Rtarp@Istor(@4R) in comunication with the
hi gh- pressure chanber of the second fluid chanber

[0108R) In @thdrheomishes thargpadsin abhantken I60) bf Bik) erAb®@liment, the
individually 15 formed with outlet ports (35) in

intee o latk i (64) vérstitutdleanl inwrnedises waditnagiter for edpatdiigg the inner
fluid chanmbers (72, 82). [0111] Seal i ng mechani sns

spa¢O0f tha fiesticpndedr Tl fom pHreaundagdamtofttitesdconed cylanidr (81). The rotary
surface (75c) of the first rotary piston (75) and the

pistopp€rS, 88dars wohareed(t85agh ofhet theodghrastinglotshafy (4l) sind fjuxtaposed so
(75). In other words, out of the end surfaces of the

thatrtbe adjpcepit stdng{zcSH(758585¢) toli heamnthrs pisfoas €85, 88 face 2€ch other with
85b) facing the front head (61) and the rear head (62)

the ggemiediptaplatel (64] intprpased resebatveceach  provided with the
seal i ng nmechanism (90). Note that the structure of

[0188c h The &onhleadrtb bhia forsrad(wait) a ifisst et praheS4a in mmurncatwn with
Enmbodi ment 1. [0112] In this enbodi nent, when eac

the digbrpreespre chpmbgn pf the fasiciuid |ch?én'3ﬁrl(m9randéh@ eear hpad (Géhw formed
surfacesyﬁﬁ?Sc 85b£ provided with the sealing

withacseapndsiplqtamyt (he iy sompymication witl the highsprepuie ﬁlp?énber of the

pre%sure of the lubricating oi| actipg. on the

secqnsh flgilechanyisp (885G fhec PragT haw ithe evibdara(él, p$1§t ge individually
(64) Thu%t theé%ry pi stons (75, 85} are push

fon%%mf& Uilet PPHE prication WUl the,lovs ﬁ%eSF‘HF &ﬁambers of the
Aui E Iﬁlg close contact with the internediate
malc ( Z} Consequent |y, the upper and | ower end

(01§l '5‘%%;%3? Sl ar%lnﬁafg%*ég{f Pl AR %r&‘gsurface (750)
2
o h Rl 18 TR e i U8 @é%ﬁ%ﬁﬁ‘@ ebfiston 79
75 5
In ortlrg rgv.gogéfspl SE %tﬂt%le L}cgsurgaggzs Sfét\g\l%?o &3 gston (e §§&r e t::n(|'1J NP tfaces (75¢,

s e e 5y BRI TP DAL QLTRAS degq?f‘%r{?ﬁg%g‘%wsﬁ% SO, et

can be preve
provided with the sealing mechanism (90). Note that the structure of each sealing

mechanism (90) is the same as that in Embodiment 1.

[0112] In this embodiment, when each cylinder (71, 81) is excessively lubricated, the
end surfaces (75¢, 85b) provided with the sealing mechanism (90) undergo higher pressure
than the pressure of the lubricating oil acting on the end surfaces (75b, 85¢) facing th¢
intermediate plate (64). Thus, the rotary pistons (75, 85) are pushed toward the

intermediate plate (64) to come into substantially close contact with the intermediate plate
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bei ng pinched into a through hole (64a) for the shaft
(40) fornmed in the internediate plate (64). The other
configurations, behaviors apgl effects are the sanme as
in Enbodi nent 1. [0113] <<O her Enbodi nents>> The
above enbodi nents of the present invention may have
the following 10 configurations. [0114] For exanpl e,
(64)t WougdauemlyEnhodppeenhd (@wvéroend surfeed (758, 03 @%b, §5x))ofathel rotary
a chip seal (92) are provided in a single pair for
pistesdT5085)t dre segdpkwithrekpeavierthe fidns hedda@e)s thdmar héadc(62) and the
of the rotary piston (67), they may be provided in two
intepaddiate piatd (N Sincboimbhs nseakr nd peafing mechasey (Y as provided at the
seal ing performance can be further ensured. 15 [0115]
end Fhdagh (75b, Bfepdf thenbsiri pistons (35t 86)tthwardritle suterfzclgse plate (64),
(67b, 67c) of the rotary piston (67) are individually
the pradiug gedfomntrivesealiengpsned hamis the [{1969als é12) ken termewinted from
them may be provided with a sealing nmechani sm (90).
beinigrpindiied intasighrouigh hglerfé4z)cfat thegsheft {4t formed i the intermediate plate
Enbodi ment 6 can be obtained. In other words, the
(64)pT b eiler ¢anfigrrations, hchdviage pid ¢ifecss arp drestamesn én Bmbp@igoent 1.
end surfaces (67b, 67c) of the rotary piston (67) is
[01334 ovidletenEmbpodimeatiPPng 20 nmechani snms (90). [0116] It
is a matter of course that in Enbodinents 1 to 4 and 6 .
mat eflicapkovst gmbodiments af e anesenkiRyniion Pae-hgse dhe following
resin material may be used as a material for the
conG@HME- nenber (92). 25 Industrial Applicability

0117] As described so far, the presepnt invention is _.
{0144 o5 KT eggmafep g}oggly meﬁ(rag?fgg}en‘qs&to 4gae$?€ g glﬁ)gv?)@uglan@,? chip seal

(92435 AR B ACREE BRI Checsmpih e lpre Ra AL Kb 670

ot B A S5 e L GRS AL T

cosep R R gy S ipre din BY Pet FRUY pi Ston (67) 15

o1 A B RSB BB P08 e o
piston (67) are individually provided with sealing mechanisms (90), either one of them
may be provided with a sealing mechanism (90). In this case, the same sealing effect as in
Embodiment 6 can be obtained. In other words, the present invention will work if at least
one of the end surfaces (67b, 67¢) of the rotary piston (67) is provided with a sealing
mechanisms (90).

[0116] It is a matter of course.that in Embodiments 1 to 4 and 6 materials other than

ethylene tetrafluoride-based resin material may be used as a material for the sealing

member (92).

Industrial Applicability
{0117] As described so far, the present invention is useful as a rotary expander for

generating power by the expansion of high-pressure fluid.
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(61, 62). 10 2. The rotary expander of claim 1,

further conprising a single rotary shaft (40) having

an eccentric part (41) rotapably fitted in the rotary

piston (67); and said rotary shaft (40) being forned

with an oil feeding channel (49) for feeding

lubricating oil to at |east sliding areas forned by

the eccentric part (41) axlainiye cl osing 15 nenbers

(61, 62) and a sliding area between the rotary piston

(67) and the eccentric part (41). 3. The rotary

expander of claim2, wherein the expansi on nechani sm
1. A 6@)ryl exphndbe Somppking ani ¢xpandion aicahanigm $6@Nhat( iABlud8Sk,cylinder

20 the rotary pistons (75, 85) are connected to each
(63)atldred at botbegds bhdosnmglembent (1 y62) shd b trotédQistam@7) placed in the

j uxt aposed so that the adjacent end surfaces of the
cylindetr §63), pi stons (75, 85) face each other with an

internedi ate partition plate (64) interposed

t hewhdreinwat &rase errecbidlr ersf surfaceseafdbstdrp petonaf67) isgprovided with a

plurality of rotary pistons (75, 85), the end surfaces
sealfngcaheanise @0b&ir sealingnbeead c8ifaces Mithatespechtdi i dlesing/members

provided with the sealing nechanisnms 25 (90). 4. The
(61,68)-ary expander of any one of clains 1 to 3, wherein

the sealing nechanism (90) is 28 constituted by a

sealing groove (91) forned in the end surface of the

rotary piston (67) and a sealing nenber (92) fitted
2. TheyotHy espandenef pilodly durthey pomprisitgie 1ot ary expander of

claim4, wherein the sealing nenber &ﬁé) is alip sea

or HSIBEE gotary shall (40)davingansseairsic path &Ha dptalgplyfiedyipdhe rotary
. of gLai | to 3, wherein the sealing nechani sm (90)
pistqny(6 &apgzyrinth seal. 10 7. The rotary expander of

8'; i iy aag %Qﬁ%ﬁ%@%ﬁﬁtggpﬂ?ﬁ?ﬁ%é&% Pasg o fesding
T ' 1 , .
rubene, % e e e Parse P twans SEPye Bk Y apd #e closing
mengt{ers;&gr g%)l %{A a?_#lrgﬁl%ﬁt)érg% b%f“f:tﬁggher %’[e%f %is%]na&t'l) (aﬁ'g )[hel gccgl?t%ic part
(41).

3. The rotary expander of claim 2, wherein

the expansion mechanism (60) includes a plurality of rotary pistons (75, 85),

the rotary pistons (75, 85) are connected to each other through the single rotary
shaft (40) and juxtaposed so that the adjacent end surfaces of the rotary pistons (75, 85)
face each other with an intermediate partition plate (64) interposed therebefcween, and

out of the end surfaces of the plurality of rotary pistons (75, 85), the end surfaces
facing the closing members (61, 62) are individually provided with the sealing mechanisms

(90).

4. The rotary expander of any one of claims 1 to 3, wherein the sealing mechanism (90) is
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28

constituted by a sealing groove (91) formed in the end surface of the rotary piston (67) and

a sealing member (92) fitted in the sealing groove (91).

5. The rotary expander of claim 4, wherein the sealing member (92) is a lip seal or a chip

seal.

6. The rotary expander of any one of claims 1 to 3, wherein the sealing mechanism (90) is

a labyrinth seal.

7. The rotary expander of claim 4 or 5, wherein the sealing member (92) is made of

ethylene tetrafluoride-based resin material.

8. The rotary expander of any one of claims 1 to 7, wherein the fit tolerance of the rotary
piston (67) in the axial direction of the rotary shaft (40) is set at a size of 1/5000 to 1/1000 |

of the inner diameter I of the cylinder (63).




