1 “ROTARY EXPANDER TECHNI CAL FI ELD [ 0001] The present
invention relates to an expander for produci ng power
by the expansion of high-pressure fluid. BACKGROUND

ART [ 0002] Expanders adapted to produce power by

hi gh- pressure fluid expansion, such as positive

di spl acenent expandR@OTAREEXPANPEB: ary expander s,
have been known in the conventional technol ogy (see,
for exanple, Patent Docunent 1). This type of expander
can be used for the execution of an expansi on process

TECHNICAIYREIOrpconpressi on refrigeration cycle (see, for
exanpl e, Patent Docunent I1). [0003] Such an expander

has . : . .
o001 SoERRAHS B0t RSO Xl S5 St
ex ans%heorfﬁié?arn ex({Jﬁnai on chanber, defined between the
P C)I?I | PISRYT ¢ he piston, is divided into two zones,
|y _a suction/expansion side and a discharge side.
BACK%mQﬁiThe orbital notion of the piston, the
expansi on chanber undergoes sequential swtching that
[0002] one Ewpradewsedapied tosprodiuccpowiet bnhighprressin{lil gxpansion, such as
switched to.serve as the discharge side while the
positivendigiacennd espandens gnadsdingeotaty exhandges, havkebedes kaaivh ohide
to serve as the suction/expansion side, whereby the

conventicial eathAblogy (deb. At &3NS IPafendDoblrgbt/1y. € SBIME 8/pk bBExbander can
- and the action of discharge of high-pressure fluid are

be usedSoFiHeleRBARIBEIOY af CRSAEIR PrdbsAaH RYBHcombrROAH refiibetdi®n cycle
above-descri ed expander, both the angul'ar range of a

~ (see, fﬁ%@%ﬁ&&@%ﬁ ' lep?i ch high-pressure fluid is

Into the cylinder during a single revolution
of t pi.staon . and the. angul.ar_.range. qf expansi
10003) 01 o 4ot iaeh B b WPt S BARRiCH Pl SORRTEP o e
. redeterm ned., I n_other words, for-such ty 0
imner pEEDETRI SRR G e Y AACTORD R a3, xpResion @h@@ﬂabeaé‘%ﬁm{bmeen the
. . ratjo of suction refrigerant and discha;?e L

cylinder giid, the psen: is dixidgd ise v gonesamedy a sugiipn/expansion side and a
_ high-pressure fluid is introduced into the cylinder in

dischargermadean ghahda withathg ertotal tieGoms afthe pistqr, doesgansibn tlender tidergoes
other hand the fluid is expanded at a fixed expansion

sequentiahtwiching tHae oangprleaervirgayehofuciontckpanstmeside ig gwitched to serve
' expansi on process for the recovery of rotational
as the dj3eM@ e side while the other zone serving as the discharge side is switched to serve as
the suction/expansion side, wheréby the action of suction/expansion of high-pressure fluid
and the action of discharge of high-pressure fluid are simultaneously concurrently achieved.
[0004] In the above-descried expander, both the angular range of a suction process in
which high-pressure fluid is supplied into the cylinder during a single revolution of the piston
and the angular range of an expansion process in which the fluid is expanded are
predetermined. In other words, for such a type of expander, the expansion ratio, i.e., the
density ratio of suction refrigerant and discharge refrigerant, is generally constant. And,

high-pressure fluid is introduced into the cylinder in the angular range of the suction process

while on the other hand the fluid is expanded at a fixed expansion ratio in the angular range of




Pat ent Docunent |: JP H8-338356A Patent Docunent |1:
JP 2001-116371A DI SCLOSURE OF THE | NVENTI ON PROBLEMS
THAT THE | NVENTI ON | NTENDS TO SOLVE [ 0005] As j ust
descri bed above, positive displacenment expanders have
an i nherent expan3| on ratio. On the other hand, in a
the rempiirg expenppR pEIcess foethe rggeve Wnoletiena ppviemhi ch - such
an expander is used, the high-level pressure and the
I Ba%h@munmneksmm-m%‘ﬁﬁﬁ refrigeration cycle vary
due to variations in the tenperature of a target for

ChatthtTYodimeAVH: JP2001a11i6a71ANS in the tenperature of a
target for heat liberation (heating). And the ratio of

DISCLUEFURE(Q*: elvRnggeN e and the |owlevel pressure
e pressure ratio) varies as well. In

rant and the
,PROBlgﬁﬂggﬁg@n Tﬁéﬁg@@?&ﬁ“ﬁﬁ@@g@%‘gﬁeach vary in
ensj t Accqrdin in this, case, the refrigeration
10005] cycué fist &5 RERdAbosg, PRy FRlagHP o ey BHSPE AN G £ bereahn
the expanS| on ratio of the expander. This results in
expansipp gatir o1 e ofise hand, dne sardr spepesFsion ofogdratiun cysleimviich
in the condition that causes decreasing of the
such angxpasler & used.ithe bightével preapoe andtherlesdéwh presfure githat i on
cycle, the ratio of the density of refrigerant at the
refrigerativredychf vay deotpragiatgons iafkk fehpeti@ns of ¥ tafet fef dooligg andue to
at the inlet of an expander decreases. However, when

variatioR®inthé B fepaHeTahrgdi e h&tR 1IBXRADA BlcaBh®. p%ﬁtthé/ Rtio of the
di spl acenent fluid nmachines and they are brought into

high—le‘{eL feldsufr © Y eQﬁ%'la\% ueggu G AL Rhsx ?kz{&%s%s el ¢ in

ratio o OW ra I ger ant

: d 0 0 or..and t V.ol U

connectfFeh fhid, MOURed A RLRT B tﬂﬁc&ﬁgﬁﬁ{%gg%t Gfdaf Ypgnder
al .ways onstant and.r I’IB.I ns unchan e For this

each V%m%ﬂﬁ SonareoHiTE. s BT St A7 Pl Een O opated ata

npression refrjigeration c_ycl e decreases, the nmss

differenf xjignsign gatior rom thq goparien pliosiiee ewepdrgn This resuliaintée dmp in
becones excessively small relative to the mass flow

operationgflegciofcyr ef ri gerant passing through the conpressor,
thereby making it inpossible to effect a

[0006] r ef Hogexrahplenindhedmditivnathproapses ateereashinglof the peesside ratio of the
[0007] Wth a viewto coping with this, in the

vapor caffassidiiefitferitiah dyalepihe rfs oNBodehdity of refﬁg&@ﬁﬁat the inlet of a
passageway Is fornmed in parallel with the expander.

compressSarlVBRa8 AensRFDTAABYEMnt & the inlet of an expander decreases. However,

when both the compressor and the expander are positive displacement fluid machines and
they are brought into fluid communication with each other by a single shaft, the ratio of the
volume flow rate of refrigerant passing through the compressor and the volume flow rate of
refrigerant passing through the expander is always constant and remains unchanged. For this
reason, when the pressure ratio of the vapor compression refrigeration cycle decreases, the
mass flow rate of refrigerant passing through the expander becomes excessively small relative
to the mass flow rate of refrigerant passing through the compressor, thereby making it

- impossible to effect a refrigeration cycle in appropriate conditions.




equi pped with a flow rate control valve. And in the
condi tion causing decreasiny of the pressure ratio of
t he vapor conpression refrigeration cycle, a part of
refrigerant delivered to the expander is nmade to flow
towards the bypass passageway so that refrigerant
[0007] | owdVithe BigyH0 copiag axiththitfen %@ appsratuseef thtPetaginDedvenent 11, a
bypass passageway. |In this arrangenent, however, the
bypassrpassaggenaistiomiedtin phralis] whh theghxpardtier. byPedy ppagneaensyy is
i.e. the refrigerant that bypasses the expander, does

equippad wétk ey fife vntdol vAINEr eRid SemE @asdifiéh EASing MesrRhsifY of the
power recoverable by the expander and causing the

sS4 08B bl SOREL it s

. ' anshon rati g, excessiy pansj gn
the explBth €S ot BSOS h sl S R SRR P troueh
robl e that the efficiency falls, This problemis
the cxefadetes sl % Srroueh fﬂls%@@b}w@é agaYy, IythisAgrangementpaeeter, the
- . is configured such that its maxi num power recovery
refrigergnt that ows thrapghshebyrags pisergcnaris. teerligeantthabbypassey e
expansion ratio. Figure 8 graphically represents a
expandek dags rorexipapsitreworke therdty deardasibg the anmmuak pfpsvaymecoverable by
- chanber volune and the variation in expansi on chanber
the exppmdes and eaisingahe dpteaionogfici@heyow faldndi tion for the case
of carbon dioxide refrigerant whose supercritical

[0008] pr eskiddeition,  thé 8shdi@Ein WHIEE Bé & parfdfonSBOMMY loWer b ¥ dBsign
8, 'a high-pressure fluid simlar in characteristic to

expan i | i
P R Re S2PSoR oy i ML MR cobfibd, by producing o
, angj . | -b...After noving past

prObleng’otF%?ﬂ %éﬁi?{?lelg}brﬁieﬁgs u?iélg %5@%%?%3%%%%@ b&&% to point ¢
unti L _th state.changes. from supercritical state to
10009 $7 ispeaive & BiSH! SHERPET s spip el Rt 1§ Tl Dower
re%uced i.n pressure down to point d while expandi n%..
recoveryghifieney igobipingd when heiag opealsdat a desigoexpappansgtion  Figure 8
. Chanber is increased to a maximum at point d, it
graphicplbevspeasents airelatienship betweendhe vatitionvo pxpassivs chadbareglume and
Then, the fluid is discharged to point e. Thereafter,
the variatis iprexpsnsicn chetbensressuce noinriteal operdtidtheomlitixin fonthe case of
stroke of the next cycle starts. In the state shown in
carbon dogide ecfBigetahewhibeaaparcatiadl pRebit ish Mgh 868! pickduré.NEAs shown in
| ow- | evel pressure of the refrigeration cycle. 4

Figure §, Q& -pfRsif& ﬁuﬂts'&ﬁﬂalhﬁ%ﬁarlabt@rigﬁ@to%ﬁcMﬁfe@siB%ﬁ%uid is stplied

af oresai d expander is enployed in an air conditioner,
) . ! f‘ i ge . _
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. point b.tr ﬁéﬁ%r%%éﬁé%?@s&% i%lt g, He p;gé(s)ur}]e tagr%pltlyr/] ngOrpg Iatow% § %lenlt grl]mt?lf the

state changes from supercritical state to saturated state. Thereafter, the fluid is slowly
reduced in pressure down to point d while expanding. Then, after the cylinder volume of the
expansion chamber is increased to a maximum at point d, it becomes a discharge side and the
volume is reduced. Then, the fluid is discharged to point e. Thereafter, the pressure returns
‘to point g and the suction stroke ‘of the next cycle starts. In the state shown in Figure 8, the

pressure at point d agrees with the low-level pressure of the refrigeration cycle.




to variations in the operation condition such as the
swi t chi ng between the cool i9ng node of operation and
t he heating node of operation and the variation in the
outside air tenperature, as described above.
Particularly, if the actual expansion ratio of the . .
[0010] ef r Pyahastherhaagcindbe ease svhersdhe aforesaidrxppnsier isqpamayesin an air
ratio, this causes the internal pressure of the _
conditiengraths adtnalehpanisam ratio ob e cafrigerbibevecycldmay ddvaate dronl Sealesign
pressure of the refrigeration cycle, which is a
expansioR-r6@d bl rég@atiby eychx Pefich @i iBhatt expMididk] ofth@utpender due
is a graph which represents a relationship between the
to variaf@hk f the BpdiBtion UridiForAeh hitGie Y@t Bwebn Blef2BHAENBHe of
Ovam% he expangirorll0 cﬁjarrggrn at t{:@g t%:irre,gand eg%ov?s a stat eeo
. h ow | eve ressure.af ‘the.refrij £
operei{ih 814 g Bk G eTRHa o RS bRk B e
t.his case, fluid is.supplied into the | i nder between
as desclipe a0 Pt PAUCY SRR Boe e o of e T Eeetion Cyele fall
drops down to point .d accordi ng the inherent expansion
below thg dppgmexnapsion etivafaeeauseyihe Huerpelmsessyrg od the gxpansion chamber
| ow-l evel pressure of the refrigeration cycle is at
to becopsilowerthan thieilew-1eel praghwe of thameipigenation cyde, cdridh isgi sp;called
- after conpletion of the expansion process, the
- excessiveéxpagsivantte, S i ncreased in pressure up to point d
frompoint din the exhaust process. Then, the

[0011] I ef rFigefednit algPapi KGR FGREkch® aﬁ@liaﬁ&nsﬁi&) beRekn the viigation in
cycle starts its suction process. [0012] In such a

volumeSn{i Y84 {8 RtioR mggfess!uf»e 6O egﬂsigﬁ chathB&RRfE i, and shows a state
refrigerant o of the expander. Mre specifically,
¢ g o .
that the G5 Bt PR aloRRERY e RSB0 1B of 00¥inite of
. hi eason en falling into. th Xcessi ve . .
Figure § 1 B R3S kIS Qe 108 e SRS R et B ¢ ot &
he expander, i s obtai ned by subtractipng the anount, of
Thereaflgs,Be Preseire drapg deymn(ta pemt FRceqreing thenhersut fxpapsignyiatp of the
indi cated by (area X) in_ Figure 9. Accordingly, in
expandesonParthe ethenhand, thedowdera prassure ohthereloigewstiorcyele é & point d’
o the amount of recovery power is reduced to a |large
which islbigherthaf paitBY. WAtdordinglyabitareompeior wf therexpimsion proeess, the
present invention was nade. 5 Accordingly, an object
- refrigerant i§ DRrdaEEiSiA Pressiné @it @oOint &' frém Pake dith tHeasdhidt @rdoess. arThen,
expander to recover power even in a condition that
the refrigeMaeR BRAAGES tdhifl ¢/ (RX PRV QL stafds 1t9suckidd prdtess.

el i m nat e excessive expansion to thereby prevent a
1 [0012] g;{oogl_ﬂéﬁ)é&&eﬁﬁ&{ifm goldel & &RSYmed AEANChATSRe PAYENR: JHf the
e)_{pander. More specifically, the amount of power indicated by (area Y) of Figure 9 is
consumed for the discharging of refrigerant. For this reason, when falling into the excessive
expansion state, the amount of power recoverable by the expander is obtained by subtracting
the amount of power indicated by (area Y) from the amount of power indicated by (area X) in
Figure 9. Accordingly, in comparison with the operation condition of Figure 8, the amount

of recovery power is reduced to a large degree.

- [0013] With the above problems in mind, the present invention was made.




[0014] Afirst invention is directed to a rotary
expander whi ch produces poRer by the expansion of
suppl i ed high-pressure fluid, the rotary expander
conprising: a plurality of rotary mechanismparts

(70, 80), each of which incJudes; a cylinder (71, 81)
ACCOT%&B@ an ghjeRt %ﬁg% pregerd Iepieig to make dmnesipledor gegxpprser to
formng a fluid chanmber (72, 82) in the cylinder (71,
recovergpyver eegndna dondidion (s ca®ey déarasmigwifl dhengxpatsgon fatibdand to
chanber (72, 82) into a high-pressure chanber (73,
elimina@3jxcemivichaplmisiin rtkashy preséma dasiindopefition efsdtice.
chanber (74, 84) on the | ow pressure side; and a

MEANSHOR ST SINGITHRPROBLEMSNgages with the piston (75,
85) of each of the plural rotary nechanismparts (70,

o019, At S €L 4 TR 18 0
s SRS 000t g i
rotary n‘i’écﬁ&ﬁfrﬁ?a%tg Kﬁ)o lstﬁjé: gﬁ@ﬂﬂf \if}ﬁlzlyﬂi%ﬁ.ﬁgeéz 2 é&ﬁgﬁ’e{rg7 id%ﬁ] S@P%eeboth ends

mut ua néc rotary nec ni snm par
e oL SR PSR TOBASPLIRN Skt A0k 0 Bl 1 o

t . i i . e - . Sj .
e o 850 5 E U heS e
1ohd Al i . 1 s.hamd Pq,
83) on th?glﬁf]r : gegssg%r e al g};\, I%‘%%Sﬂ’t%‘%' b aélzg%)g%lg%g ?tgllg-gléégﬁlre -s1de,

and a rofingsNaft g{'\’f? Qﬁﬁélf'&}g%g%% \ﬁfﬂg tgﬁ' é)?ﬁ&r?gsg P?) df e%ﬂ:lgo{ tﬁg plural rotary

conmmunit C on wt sulting In

mechanfs@f PRsiI(98, ). a1sio ? Ex Hmtﬂgﬁf“sbﬁf@gﬁﬁoé B0 prudlfhedhe

rotary expander in es: an I njection passageway

| mechan{si/Parts 796,40 n4dd @i@fefbgﬁ@i@%la@gméll? %Olﬂ%‘%g %&fé%%rg)ﬁle{r,lnaﬂ? %ree

I's 1nt FOdUCGd Into Xpansi on

connect®f AGRESs R asEANSHAB: o8N difetlng ifspRELL AR vORBIdOh rg%rd to two

mechani sm provided in the 1 njection passageway (

mutuallf %@&ted\r&ﬁ@%&ﬂaﬂiﬁﬁgd&%{&g%@ﬁﬁrﬁ rt\f;\tﬁ:{ygﬁé/cht%ﬁfgﬁ%ﬁ% (70, 80)

according to the fir invention in

one of vhidH i8 @qffoglt-(sg%g: sRiblrofly hB&haBsH Pt {)79} Qﬂc%th% gk %Hﬁ] g is a rear-

parts (70, are st'acked one upon the other
stage sidea¥REPehcORIMER Wit (40)3Re Uﬁ-ggégﬁﬁb &3y § (F9RI front- t%%e eside

i nt erposed t herebet ween; sald I nternediate p

rotary me@aﬁgjﬁmg QM BRohivh-biessurE SRIFMY: Q@jgidf%&%ésﬁggé’@&e ooty

wherein inregard to two adjacent rotary nechanism

mechanig%)rﬂaﬁ (80P&ENd o Bl Amh@i@hion VR 3Rh SMeP 3Eduttind ihGhe

one of which is a front-stage side rotary
formatioRRF R AR g e:Rahbioh ERImBRY66) EnPihB 86talf exfBhEdR ind13ded: an injection
rear-stage side rotary nmechanismpart (80), the
passagewSN\3T) B3 RiRAERAN Jf (K higﬁ-p}&;@urfe TR fs iRk GRS S the
rotary nechanism ('70) and the high-pressure chamber
expansidn@hhm®br (68§ il 8 pr&ded08r ip@Rion; and a distribution control mechanism

=1

provided in the injection passageway (37).

[0015] A second invention provides a rotary expander according to the first invention in
which: the cylinders (71, 81) of the plural rotary mechanism parts (70, 80) are stacked one
upon the other in a layered manner with an intermediate plate (63) interposed therebetween;

~ each said intermediate plate (63) is provided with a communicating passageway (64) wherein,




rotary nmechani smpart (80) ,are brought into fluid
conmuni cation with each ot fer by the communicati ng
passageway (64); and the injection passageway (37) is
formed in the internediate plate (63) so as to open,

. i nal f.to th icati .
el o IO S A R 980 s s
0, 5] R AR B B R bt aby Sy S bkt i
e 500 G 0 OSSR oot ah ) e P o A ot
sage < AR R BB Sty Pl b L e it
oy R GRhBESTE bt 5 PSiAeh cBuen R
commih e et Y T o e et G bt 0
intermefiifd phiSiflae QRE0I 10 of which, ls, Tequlatapl e, [9018]
intermeRiafy pEe Ol AAS B APH Gvh Hagmg! Fast hetrob ip HRERIBRESAB ng
one of the first to third inventions in which

to
passaget"f?é’a(g%stri bution control nechanismis forned by an
cl osabl e sql enoid valve (91). [0019] _A sixth

l.
10016) R U CAG| PR Rt e iy Chapants OB B B aRgon in

third i nventions in which

which (5 gt BFSAERH (P5) oRBEAAISHIP STAIRPLLY (i high pressur
et S e B S Sl oYL Kt P et
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opent YRR BB b PLEHY, TECIen e Par L (70, 80 are

[0019] A sixth invention provides a rotary expander according to any one of the first to
third inventions in which the distribution conirol mechanism is formed by a differential
pressure regulating valve (92) the valve opening of which varies depending on the difference
in pressure between fluid in the expansion chamber (66) and fluid which has flowed out of a

rotary mechanism part (80) having the greatest displacement volume.

[0020] A seventh invention provides a rotary expander of any one of the first to sixth
inventions in which fluid which is introduced into the high-pressure chamber (73) of a rotary
mechanism part (70) having the smallest displacement volume is carbon dioxide abové _

critical pressure.




di spl acenment volunmes. In other words, the outflow side
of a front-stage side rotar@ mechani sm part (70) of
smal | er displacenment volune is fluidly connected to
the inflow side of a rear-stage side rotary nechani sm

eat er displacenment volune. [0022] In
woﬁmhéﬁgkﬁr&%gnder (60) of this invention,
gh-pressure fluid is first introduced into the.
[002 1]h| g h Ipthedirslriavartiandtbe rqta3)expandgr (@) inojudes tegrimehrqtay t
(70) having the smallest displacenent vol une.
mechadsglpapts €30 80 whichidifferdiun sachushet ih Hizphicémidém vblvend, | Wtdse
chanmber (72) until its volune increases to a maxi num

rotary SRYEIR@EEACPAY(701 815 atd dbndle GEPIFRR es fnderddids |cﬁ@er"8fttﬁ'blr

hi gh- pressure Tl uid becomes the | ow pressure chanb

 displackdht WhuhBe 'xﬁuheg%gc&ugs oatfilfy 8ad o692 gﬁgtﬁ%aege S(@%uagy R

conmruni cation Wt gh pressure
mechax&?@g}alzttr@@e%%p]& @a@ﬁ;ﬁa‘égre&ﬁgo mﬂ%?s ﬁ}ng]iydé 89 ctgqﬁt\é; tﬂg inahow side of
| ow essure Cﬁﬂﬂg r (74 xpands V\hlleflovvlnglnto
a rear-§{3ge sieyiqtany geg H@%@E’ ? grepter displapemend yplugieage si de
rotary nechanismpart (80). The fluid sequentiall
[0022] undeIrgtbégofwmp £619 06 thisinyeniions hightnressig flid is/arsed
out -of a rotary nechani sm part (80) having the

introdugedcimtethe high-ppbacedentbey (130 0 a rdtmy rhévhanishatait(J0sladg the
(40) of the rotary expander (60) is driven by such

 smallest dispthcenpnehone. [HIgRleshiretfhigd eattanyudxansgito (HAuiof

this invention, when the required expansion ratio
chamb@q7 Bt Vith Roluf thBREE I 2 AXRANTH.ONSHRLR Y, MBe fluid chamber
di stribution of fluid in the inj ect| on” passageway

(72) ﬁll(eazz)ltﬁ fig b %&&E&Hgﬁl &Xm‘é@ﬂ}] edbsidr pﬂ e c%Qm%Qﬂ“@ﬁfbn the low-

mechani m At era out
S L Y RN R R R
e S B S O B S e A g

desi gn expansion ratio, the distribution of

in the 1‘!’W‘@’ﬁ¢%¥%§£@ﬂb¢ﬁﬁ® qxpends whilelowing detpitemhighrpsesgarshamber (83)
(37) is permtted by the distribution control

of the repsstrgaisiinro@ntimeehghisnppas@0).e Thadledissqeatiglyi wulefgeensuch
the injection passageway (37) to the expansion chanber

expansipf @d is aventualiy délivered dus ofibeathrytroedbupiamcarti (8@) hdving he greatest
expansi on chanber (66) in the process of expansion.

displacdnadit @GRy, | YAndee PotMI%rbhhﬂQM)(Bf&ﬁé Fifiar§ ReFFhded ﬁa}yﬁs driven by
rotary expander (60) constant, the nass flowrate

Suchﬂlﬁ)(ﬂeglﬁﬁlglbgerant flow ng out of the rotary expander (60)
can

[0023] In the rotary expander (60) of this invention, when the required expansion ratio
agrees with the inherent expansion ratio, the distribution of fluid in the injection passageway
(37) is interrupted by the distribution control mechanism. At this time, the operation is
carried out at the design expansion ratio, and the recovery of power in the expander is

achieved efficiently.

' ~ [0024] On the other hand, if, with the change in operation condition, the actual

expansion ratio falls below the design expansion ratio, the distribution of high-pressure fluid




varied by regulating the flowrate of refrigerant in
the injection passageway (37). In addition, in the
rotary expander (60), power is recovered fromfluid
introduced into the expansion chanber (66) via the

) dnjection passageway (37). [0025] In addition, ] ]

in the ipjeelaspasaagswpy bgl) onperaiged ity distriiition conirelonksbpnigm, and high-
fluid into the expansion chanber via the injection

pressurp dbshiyeupplic IOm tHennertier passagdovay (37)tih thepaxesissivrechiamber (66)
the expansion chanber (66) decreases bel ow the

in whidbrfegé i boat toteRBardd, ik do @bt dxdpaiiion Smbeh(6%) eRthePodebiof

expansi on chanber to fall into an excessive expansion
expansfiohd!l © VMBS evenl whtirOfe %Eﬁ%’g g . . '
P suppl glrlrg%t ar?lfflv inn\%vr odu%ec} v ?ﬂéihﬂégg{at%%ieg a%eg%ig}s

constars 8 STk BRHTHLHAR PRRT SRSt e ol bl UsBT R
varied B 5516 T el o e Gk ey TSPOBRHEY 75 188

.. ha Iongq%t consuned by excessive expansion, and the
additioyda the oty expenderff0h pewenis regoweise ifiom Huigtintrodused indovthe
in Figure 10 and Figure 14 in which the refrigerant
expansign gbiaabery(6@xyia tiesinjeotipopassagdway §37)t he process of
expansi on. [0026] In the second invention, the
[0025] conminraddaionexcpsbaaggansion B4jrcuavémedbgintadbditg fluid into the
internediate plate (63). The |ow pressure chamber (74)
expansi6h ché}ﬁbérfvfi’cﬂﬂheSﬁj@@ﬁanﬁﬁa@ﬁgéﬁhﬁ(ﬂ? NBCHBEH WoPdR AT the (pfébure in the
and t he high-pressure chanber (83) of the rear-stage
ioh dRarhiB:368) deBRGARN ; '
_ e}}‘(pamsuexpansi og @hggﬁer (gg@ gﬁ&*?%@%é@@%ﬁ%ﬂ&%ﬂ%@ﬁ? (é%mes the
: ! ka it he n.cat | saggway (64). .1 n .
cxpansRROBHIEE it PO AL AR PRSP ORUR il ey i
. 37), i.s formed.in the internedi ate te (63). The
is supplgﬁeﬁtalfydﬁggg@gg gﬂa,év expaysion, er g(%) i%iogn {]’@rl CHIQN Rasspgeway
to the communi cati ng passageway (64). Fluid which is
(37), the prspiureaf the gxpansionschamber (§PListsrrsa B irybrayessarp at the fluid
first flows into the comunicating passageway (64) 9
outflowside. t Konsequerily. Hee ameint of pewenindicitadrbp (ar¢8%) obFignteed is no
rear-stage side rotary nechanismpart (80). [0027] In
longer cohsmtdui bydexicasséret éxpansivhand rendpeedtionsthtcobecomes ampperhii@nstate
passageway (37) opens to the high-pressure chamber
as showh 83 Figute 80 atdEPighreonEinrvoliich thefefigaiins fapadlly &x$ENdsapoidd’ in
a greater displacenent volunme than the smal I est

the procdésSit xR, vol ume, i.e. the high-pressure
chanber (s) (83) of one or nore rotary nechani smparts

[0026] (80) %J@Eoﬁdﬁ@eﬁt%ﬁ, ﬁ{ec&%{ﬂﬁﬁﬁéaﬁhgggssageway (64) is formed in the

intermediate plate (63). The low-pressure chamber (74) of the front-stage side rotary

- mechanism part (70) and the high-pressure chamber (83) of the rear-stage side rotary
mechanism part (80) together form the expansion chamber (66) and they are fluidly connected
together via the communicating passageway (64). In addition, in this invention, the injection
passageway (37) is formed in the intermediate plate (63). The injection passageway (37)
opens, at its terminal end, to the communicating passageway (64). Fluid which is supplied

by way of the injection passageway (37) first flows into the communicating passageway (64)




side rotary nechanisn1parts¥80). Fluid which is
supplied through the injectlon passageway (37) is fed
directly into the high-pressure chanber(s) (83).

[0028] In the fourth invention, the flow rate contro

' i.s_forned Lhe equl ati ng ,val ve (90).,
and 0L BB ROl TRy B b P Hhnt Rag Rt etobigpm part
80 changed, the amount of fluid supply to the expansion
80)- chanber (66) fromthe injection passageway (37)
varies. In addition, when the regulating valve (90) is
[0027] p| acbuthe thirdaventidny theltersdunl shd vEihetiljectiai msagbway (37) opens to
fluid in the injection passageway (37) is interrupted.
the high-p82Sre charhiber (83) dftat leavtaink r@fsy hbshahilsovp4re(80) Earig Dbreater
mechanismis forned by the solenoid valve (91). Wen

displactientseleioihtn Vidl alleSldisplfeRleACRAUME itd %e%@?gl%tsﬁfr@ ,

fluid is supplied to the expansion chanber 6) from

oIS TROEIBI G O TR e
e g AP S S B e S e

. .tion, if the tine interval _of opening and cl osing
(37) is fleﬁgﬁ%‘fye%? @63%@%\7@6699‘13 chambegsr @311 od. this nakes it
possi ble to vary the anmount of fluid supply to the
[0028] ex p ddhefrusthdnmtiopabs flowantetcantrolpechanism ip furmed dudhe
(37). £0030] In the sixth invention, the flow rate
regulating wekve (90he c Néminsthe valvé openia dfthe tegulating fvalve i90)ads changed, the
pressure regul ating valve (92). The val ve openi ng of
amounttdié¢luid fipplyentthabxansiss dhanber ¢6H) fadn 0@ iMjRbNeh fR8dceway (37)
varies depending on the difference in pressure between

varies. t eaddititr] when tiereg @R G4 AN 9N A PRI d (8 Be AN clob& St He
whi ch has fl owed out of the rearnpst-stage Side rotary

distribuffB BAMRATh BRY ihj sﬁgg\i i a—w) peni ng of the
i udi ffer elnti al %Jregﬁg%?ae regl??g?t’?)ggmxa Ze&?(QZ) vari es,
t he I of flyid in.the jnjection passa .
10029 { 3% o Betiff el i Fons Pok UGl hart G 3E RPRRE Bty gotenoia
p tg the expansi chanber (66) from the, . .
valve (1P CWhet Fhe sefentibvatse Pl placed e%éw)gﬁ%atai?e Bigds Aeprlid to the
the diff ce in pressure between the fluid in the
expansig ggates K043 HEaRD &1e injegbyn BAREREEHEY (370 Whik P ietntkerradbien
out fromthe rearnost-stage side rotary nechani sm part
the solepgd)valve (3B 15 plaged incthe elpset state.rthe sappdnof flid to He expansion
smal  est in displacenent vol une anong the plural
chamber (63 frprmtbe fgnétim masagewdy 37) 8Qtoppetls T giitpone $iki¢ Bme interval
chanber (73) is fed dioxide carbon (C02). The
of openinp@ad diosingftheicleicde valas PN istinGbiled thid i RdsRQdsdibIE @ vary the
t he hi gh-pressure chanber
amount of fluid supply to the expansion chamber (66) from the injection passageway (37).

[0030] In the sixth invention, the flow rate control mechanism is formed by the
differential pressure regulating vatve (92). The valve opening of the differential pressure
rf::gulating valve (92) varies depending on the difference in pressure between the fluid in the
expansion chamber (66) and the fluid which has flowed out of the rearmost-stage side rotary
mechanism part (80). And, as the vﬁlve opening of the differential pressure regulating valve

(92) varies, the flow rate of fluid in the injection passageway (37) varies. In other words, the




(73) is equal to or greater_ than the dioxide carbon
critical pressure. And t hel%i oxi de carbon which has
flowed into the high-pressure chanber (73) expands
whi |l e sequentially passing through the plural rotary

nmechani s arts (70, 80 i C e fluidly connected .
amount; gf f{;’gﬁl Sl t%iﬁt@%?ﬁsm@ﬁc o @@%@@eﬁe@s n pagsageway (37) is
accordance with the present invention, it becones
regulatgshdepiepfliag oo thadifersneminaredsyre liefiweendiwe Buidiin theprpansignechamber
fluid into the expansi on chanber (66) in the process
(66) and theefiyid vehicinhasffloowed olrefroin) tRe tdagnopasga gideaytaty3m¢chatismspart
therefore nakes it possible to introduce the entire
(80). supplied high-pressure fluid to the expansion chanber
(66) even in the operation condition in which a part
of hj gh- L i et | Qﬁgh
[0031] . abs Q%%?@Qﬁgenftllc)ﬂ, ﬂr ﬁ%%}éjFaﬂE%tﬁlp g'i,si:)%étc 2 (1:;‘\;8111%%?& g the

t he expan a resu ones
i bl t . f th ti ) ..
plural sh3Rp gt Baoisi Rerys T, OB 5 Highsgre e Fames (s fid gligprids carbon
. , th .. i it Si. bl t i th
(C02). | SBE pesiTe of tienis g bgn WS oL bLg S e Beseare ehamber

. [0033] In addition, in accordance with the present,
(73) 1s equakietor greaterfibangbe diosidecerton aiticelsyessate. exypdribe diaxidggarbon
be avoi ded by supplenentarily introducing
which Hab §lowed égte threchifh-predsira chamber (73expasisovhikagiwatiallbpdssing
_ in the process of expansion fromthe injection
throughpths phgaiweiry BédhanRuepartsi(M0,1905 woidy at okl ¢ onthetted ih series.
whi ch conventionally inevitably causes excessive

EFFECPPOISTAL INVIONTRANENt |y, the anmount of power
indicated by (area Y) of Figure 9 is no |onger

[0032] gonsmrg%éordmce%@e@é ip)’e%eﬁ’if?@e‘i&ﬁbﬂﬂt béc%g-{]eg Xssﬁ'%gid'ﬁghfregwmaﬁly

ossi b e to sure ecover power as sl
imcocuc PR ELBY i 8 bR EPER LA C e B REEP Bfensign

_ i ncrease the anoynt .power. recqverabl e from .
from thy, RteTR Pet i Gl S feratote kg s PSS Biredhes g entire

. that conventionally causes_excessive expansion., [0034l X
supplieq highuupssprsrluid fp thaexpassionrhasper{(§6) evesdy thropersion condition in
_ present invention, high-pressure fluid suppliedis

which afpartgif high-prseweetuidisonventionslisgkespe bypase theodxpamisr. (A8) resultof
of the rotary nechanism part (70) having the snall est

this, it bécapesapeaibi tovedosrarepowar diont the enticevhigktpesstirg flodd fupplied] to the
flow ng towards the high-pressure chanber (73)

- rotary egfande{60Y, théreh easkitg A podsibleaa $Rproe Aa v réddveRfiiciency of

vol une variation ratio of the high-pressure chanber

the rotafy’eXband@gé®auent |y, in the rotary expander (60) of
the present invention, the change in flow velocity of

[0033] the ILlaHji@iofl,l B Adance with the present invention, the occurrence of excessive

expansion can be avoided by supplementarily introducing high-pressure fluid into the
expansion chamber (66) in the process of expansion from the injection passageway (37), even
in the operation condition which conventionally inevitably causes excessive expansion.
Consequently, the amount of power indicated by (area Y) of Figure 9 is no longer consumed
by excessive expansion, theref)y making it possible to surely recover power as shown in

Figure 10 and Figure 14.  As just described, in accordance with the present invention, it




towards the hi gh-pressure iﬂanber (73) becones
gradual, thereby making it “possible to prevent the

i ntroduced fluid from undergoi ng abrupt pressure
variation. Therefore, in accordance with the present

invention, the pul sation.of fluid ich | ) ntroduc d
becomds RSPl 39 ineispits e apumaRT XS oA B TRgRBlebPresAweg s, even
resylt, vjbrations and noi se associated with the
in the operalign FsKlitam thei goavertonally gatses exsessivegxgansio: ent |
thereby making it possible to inprove the rellablllty
[0034] of  t eaddisioay in tea pramtexpgfiy (60) 008E]présanttieersieadtigh-pressure
invention, the injection passageway (37) is fluidly
fluid suppliibie fiest ifteodubed ine@IRMMILBlekdige HRSHRL fm’?kﬂf {4dtadf mbfinism
internedi ate plate (63). As a result o

part (7(? hﬁﬂﬂg ﬁf@éﬁﬁaﬂeﬁﬁﬂ%ﬂéﬂe it ‘95 uhBe ﬂ;l& ' th%] ﬁQWQ/felotch:? oP Hﬁ%dofﬁ]owmg

of the I|n er 71 81 njec

e TR on%%ﬁlnﬁig@s% ms%ses Re st Spsdspending ophe
' COes bletofeedf [ to _t he expan;
volume} SRERt o f) the high-prssire ﬁljwéflait 1{31 )paSeBBEURILY( Wﬁe rotary
erlod fromthe tine when fluid starts
expand%x(ﬁ%%.tﬁ@pr@sﬁm fnveReon, dhochapgein 0¥ velpeiio e Buid flowing
expandi ng .e., over the whole period of the process
towar dsdhe bbgba:msm chamberd@P) bevonrss gradaals thewiby makive it pussitile to
invention, the flowrate control nechanismis forned
prevent ifhye intreduoeg fluat frong vnabngeingdBut pecsvat variapani Myeefore, in
which is regulatable. This therefore nakes it
accordapaswithti® préseatinventdnatheqhudtative byl ehidFik MgfodubE®into the
anmount of fluid supply to the expansion chanber (66)
rotary ef:ﬁsﬁiﬂbﬂ @9) ¢ lﬁ%ﬂ&!&dp aag %9@%@6‘ Vfbﬁ%ﬁms hid AL fsfsg&gte? with the

becones pOSSI ble to deliver an equat e anount

| .-pu.lsatlofl lof' ﬂgld 4 Ped%@&i o egﬂen g%\(gw lﬁélr@g% ltfp:],g.ﬁ)lﬁ h§; improve the

tion passage
. taq sur.el nprove t he power recovery
IehQth?ﬁﬁ %ﬁ%yeﬂgpdﬁh 0kotary expander (60). [0037] In the
0035 si xth_invention, the valve opening of the differentia
[0035] ) o 41 theserquginugnting, the injgetiongassageivan(3dbisiuidiycennggted to the
flow rate control mechani smvaries depending on the
commuri¢ating Pasreeewan(6d}) eSha irtcmeadinie nlaten®3).| uhga fasult néthis
expansi on chanber (66) and the fluid which has flowed
al’rangermn‘t rggartless ofthe postions vhifie pisotra(7s, 8Baifain siinder(71( BO) the
Here, if excessive expansion occurs in the expansion

1ngect10rr:ﬂmsdgevvay €B) cati be cquisesslyrig flafd ¢ddembhicdtibni with the expansion
expansi on chanmber (66) falls below the pressure of

chambert(66), bhdiitdevbthébdigsle tb %@dﬂlﬁa tint8thd dPpah X ERSibes t@ from the

rotary nechanism part (80). For thiS reason, -

inj ectloncbafs§a%éﬁlﬂj% Eﬁ) dﬁﬁﬁ§ S PEBod ROt AL LR WiRh\Ruid Sdks | bxXpanding until the
constitu

time when the fluid stops expanding, i.e., over the whole period of the process of expansion.

[0036] In accordance with the fourth invention, the flow rate controi mechanism is

formed by the regulating valve (90) the valve opening of which is regulatable. This

therefore makes it possible to set, in a relatively free manner, the amount of fluid supply to the

expansion chamber (66) from the injection passageway (37). It therefore becomes possible

to deliver an adequate amount of fluid into the expansion chamber (66) from the injection




‘that the val ve opening increases as the pressure of
the fluid in the expansi onléhanber (66) becones | ower
relative to the pressure of the fluid which has fl owed
out of the rearnost-stage rotary nechani smpart (80),
this Hagfs It possible to automatically regulate the
passageyiay (3, Grerehy malgng ifpessibledo ﬁW@Yé@Wi%ﬁp%ﬁgwe{%@Clemy
fromthe injection passageway (37) by the
of the rgiagy epanddr460)pr essure regul ating val ve (92).
Therefore, in accordance with this invention, it is
[0037] pos sinthesitkth inpéntiong thetviabreaponing odthe fdifiérenifdl pRsyurt eoglilaging
expansi on chanber (66) fromthe injection passageway

valve (45 @hichedns@tbtesta BoW 886 cdiftfol AREGHAM AU RbeRfind HPthe difference
val ve opening of the differential pressufe regul ating

p
in pressYl?é Hetwk e fAR ﬁ':thpgﬁgﬁlngﬁ Ir%ﬁ%lﬁ% I(%ﬁ%g&%@:x%%hiéhol%% EHowed

Fi gure 'S a plplngsyste
onditioner in a first. enbodinent  of .the resent )
out of i b S P RIS RAGHB Mt FictBr b S oSt pgRnATLgpeurs in
of ,a conpressjion/expansion unit of the first
the eXP@W%#%F% (66),dh¢ mressure obthe i inthewnnensipn chambes (&5 falls
enl arged manner a main section of an expansion
below thepigssires o thafiuidowhichdas flowed evfiod diemeatmoskisigae wtaty ingechanism
di agram which individually illustrates in cross
part (803.e cForahisredsan,yif theatiffedential bessyra régul stfngtvhbreq@Ppig sbmsfituted such
mechani sm part of the first enbodinment; Figure 5is a
that the dalag opeRig irtiedséd Ahé plcSird Of BE ASR] HAEL é)gignﬁibﬁ cBdnMe2 $66)

of each rotary nechanism part for each rotation

become@Rted rOlhtivd @ BOBfcksRe of ME FRXPARRH Bs Q@Bﬁtsdf‘tlﬁ’%feﬁnﬁgst-stage

the first enbodinent; Figure 6 is a relational diagram
' n t:] ' ' ngl

oy 5 B0 5k AASEIS LR B o

. ' di t wWihth to th I h
fuid suggt 34 0 RS gt a7 BB SPesioC marBer a7 bt fpe
differenf{SfEEpe rRp YRS VAT S OB S Tateof FogiBcer VR U ipvention, itis

., Figure 7(B), wherein Figure 7(A) is a relational

possibledp agtiminathe amopainidhidsuwply todhaennsnsinh pharabardes) frave the

. . shaft rotation angle of the
injection passageway (37), without the need for special control of the valve opening of the

differential pressure regulating valve (92).
BRIEF DESCRIPTION OF THE DRAWINGS
[0038]
| Figure 1 is a piping system diagram of an air conditioner in a first embodiment of the

present invention;

Figure 2 is a schematic cross section view of a compression/expansion unit of the
first embodiment;

Figure 3 is a diagram which illustrates in enlarged manner a main section of an
expansion mechanism part of the first embodiment;

Figure 4 is a diagram which individually illustrates in cross section rotary mechanism




expansi on mechani sm part oﬁ the first enbodi nent and
the inlet flow velocity of A uid, and Figure 7(B) is
a relational diagramwhich represents a relationship
bet ween the shaft rotation angel of a conventiona

xpander and the jnket flow velocity of fluid,
Imﬁs0&&%3%ém§“$§ng%ﬁ%ﬂﬁP%ﬁﬁaﬁF#%%?@b@ﬁ%@né rel ati onship
bilmee ,thg,expansion chanber volune and the
ex pFAFe Pdhe eRgFe Mhish dldustrates imcrgps ssstomtticstrtesd grehi rgfary
at the design pressure; Figure 9 is a graph which
mechaiigrg pagdar @ﬁcg He Irefatiomarglpobibie weathof the expapsios immehanism part of
chanber volume and the expansi on chanber pressure in
the firsterhbadierepgnsi on rati o condition in a conventiona
expander; Figure 10 is a graph which represents a
r Bloaikd @RS datRAMEERhRAhiEX RARSERS rﬂ!{ﬁ’dﬁ@ﬁ s o Bk YA shole
t he expansi on chanber pressure in the expansion
of the SRS BAMSTLRAMidn Iﬂgclfaﬁﬁm];ﬂaﬁ'l%f_ th%fﬂ%? gﬁlﬂ%{i}neﬂp\%ﬂl& kLY %%) fhe
| ow expansion rati o neasure; Flgure 'S a |a8ra
i Lpdi viedual Iy dllustrates Ln cross section rotar
volund e bECHatlrdtOnglaine ol SKEREES, chfhoBamR o iiepectfo e Tnferna
sec nd enbodiaﬁﬂ@ of the present invention; Figure 12
Pressure of Qe < BHSHn fi ndi vidual |y illustrates in cross
section rotary nechanismparts of an expansion
nBIEHENT drRoprrisedef Bigutei 7(4) andBiguresHB).ovhartio Figues 86A) is 4
_invention; Figure 13 is conprised of Figure 13(A) and
- relationg} Gagren Bhigh repwbsentsiarckiigushép B3(wAdn ths shaft sditnmple of the
cross sectional diagramwhich illustrates a
expansidi hfeehanism phrtpf @ssfiiskeniegithaitiang tyeiniee flowi velocity 9 Valdy end
body in the closed position and Figure 13(B) is a
Figure HB) @d@‘r’dlﬁicﬁlépéi&%rﬁmrhi@ﬂ adpresghid erélﬁﬁMBhg%ét%éf%é 3hfBrotation
the differential pressure regulating valve with the
angel " ) ] ihs a
R M R S e T St
t S| nber_ vol une..and.t expansi on .
Rk w BT R P Bihin BT e ihicgychamber
di.ment when taking. a | ow.expansi on

h hird.
volume i s CUpB ey R IR ProgUir e FrerhioncaB AR AHpg Herien pressure

~individual ly il]ustrates in cross_section rotary. '
g9 18 i g5t Whish represenis arrslatianshin befipemthp sxpangion chamber

anot her enbodi nent of the present
volume and the expansion chamber pressure in a low expansion ratio condition in a

conventional expander;

Figure 10 is a graph which represents a relationship between the expansion chamber
- volume and the expansion chamber pressure in the expansion mechanism part of the first.
embodiment when taking a low expansion ratio measure;

Figure 11 is a diagram which individually illustrates in cross section rotary
mechanism parts of an expansion mechanism part of a second embodiment of the present
invention,;

Figure 12 is a diagram which individually illustrates in cross section rotary

mechanism parts of an expansion mechanism part of a third embodiment of the present




t

i nvention. REFERENCE NUVERALS | N THE DRAW NGS [ 0039]

37: injection passageway 48: shaft (rotating shaft)

63: internedi ate plate 64:.conmuni cati ng passageway

66: expansion chanber 70: first rotary nechani sm part
1nvmnﬂl first cylinder 72: first fluid chanber 73: first

H?gh pressure chanber 74: first |ow pressure chanber

E% first piston 76: first blade 15 80: second rotary

svan13 i gomprisgd of Biguwrkd(4y mdBignregt3(B); shoredn Flgnrdl3(A) is a

chanber 83: second hi gh-pressure chanber 84: second
schematigwrqss eetional dismamerhiclBBlussateon differsitianpr8&suresRgelRating valve

bl ade 90: notor-operated valve (distribution contro

with itsedVeebdgin tHeadobed HositioN ahy Blogurdis (Bg al aeéaﬁétﬁat‘i’eaer}@s sectional
(distribution control nmechani sm di fferent

dlagrax@neﬁv?ﬁd;lﬁlﬂgs&)fa@&%@Hﬂﬂ%ﬁen‘ﬁﬁi':@s%% @%@erﬁgﬂtt%% bagdy in the

0] I'n the follow ng, enbodinents of the present
Opélm#%gé%tlon wi || be described in

Figure 14 is a second graph which represents a relationship between the expansion

_ chamber volume and the expansion chamber pressure in the expansion mechanism part of the

third embodiment when taking a low expansion ratio measure; and
Figure 15 is a diagram which individually illustrates in cross section rotary
mechanism parts of an expansion mechanism part of another embodiment of the present

invention.

- REFERENCE NUMERALS IN THE DRAWINGS

- [0039]

37: injection passageway

40: shaft (retaﬁng shaft)

63: intermediate plate

64: communicating passageway
66: expansion chamber

70: first rotary mechanism part
71: first cylinder

72: first fluid chamber

73: first high-pressure chamber
74: first low-pressure chamber
75: first piston

76: first blade




detail with reference to tq% draw ng figures.

EMBODI MENTI [ 0041] A first“enbodi nent of the present

invention is described. An air conditioner (10) of

the present enbodinment is equipped with a rotary

exjgpa med Ln .accordance with the present

i )r?@éﬁ‘?%?fé#&@@ﬁﬁlﬁmﬁ%URE OF THE Al R CONDI TI ONER
[ 4%% 'tgfreference to Figure 1, the air conditioner
( 705 5G°endcdidey| | ed "separate type" air conditioner,
and is made up of an outdoor unit (11) and an indoor
ursit secon] fluifedamberioor unit (11) houses therein an
out door fan (12), an outdoor heat exchanger (23), a
f i88 stechbmdihighayessansichetbeig val ve (21), a second four
way sw tching valve (22), and a conpressi on/ expansion
UIBHt seb38) lowPrebdife Shdier hand, the indoor unit (13)
houses therein an indoor fan (14) and an . indoor
hgat .8 gRgr (24). The outdoor unit (11) is _
‘installed outside a building. The indoor unit (13) is
i gstalled.inside the building. In addition, the
ogﬁﬁ%géuﬂ%9@3(ll) and the indoor unit (13) are
cgnnect ed toget her hy yai r of interconnecting |ines
( ?@ mﬁ‘é’f‘.opﬁé?egi‘ﬁa Veiglstrﬁ)blg% comipo] mpphanign, regvlatingayrdyeon
unitOESO) W Il be described later. [0043] The air
c hdetengieyal (eL@)stiikution sopipeldneoheism) r ef r i ger ant
circuit (20). The refrigerant circuit (20) is a
c Py gtilerential piressute argylathigohlvel(disoréngtios sentesl/mochamistpn
unit (30), the indoor heat exchanger (24), and other

BEST MOBDEROR € ARRYING QU THAIN VENTaDNY, t he
refrigerant circuit (20) is filled up with carbon

[0040] di oXlindBe fHORin@ SnibolRAdntIS H@bres&r@%ﬂ&?%}lgggescribed in

t
out door heat exchanger (23) and the .indoor

‘ detail%@Bﬁ?&ﬁét&ﬁl@)&%ﬁgfﬂﬁﬂmsand t ube heat exchangers of
the cross fin type” I'n the outdoor heat exchanger

EMBOY \ rnefrigerant circul ati ng in the refrigerant
cbl%lr%%%lF?l(ZO) exchanges heat with a stream of outdoor

air.,Ln the indoor_heat exchanger (24), refrigerant_ .
[0041] & 7 o iy FW&OW%“ﬁsfﬁsﬂﬂmsameﬁn 1en icdrseribety) Anaieeradijianer
heat with a stream of indoor air. [0045] The first
(10) of thg presghyerabndimentgeqpred Yithiy rates ekpandepfirmed in accptdance with
first four way swtching valve (21), the first port
theP“*ﬁ@JBY%ﬁ@ny connected to a discharge pipe (36) of the

- OVERALL STRUCTURE OF THE AIR CONDITIONER

[0042] With reference to Figure 1, the air conditioner (10) 1s a so-called "separate type"
air conditioner, and is made up of an outdoor unit (11) and an indoor unit (13). The outdoor
unit (11) holuses therein an outdoor fan (12), an outdoor heat exchanger (23), a first four way
switching valve (21), a second four way switching valve (22), and a compression/expansion
unit (30).  On the other hand, the indoor unit (13) houses therein an indoor fan (14) and an
indoor heat exchanger (24). The outdoor unit (11) is installed outside a building. The
indoor unit (13) is installed inside the building. In addition, the outdoor unit (11) and the

indoor unit (13) are connected together by a pair of interconnecting lines (15, 16). Details




conpr essi on/ expansion unit (30); the second port is
fluidly connected to one er of the indoor heat
exchanger (24) via the interconnecting line (15); the
third port is fluidly connected to one end of the
ut door heat exchanger.  (23); and the fourth port is
about the compressiFrRansian k"%t @Oé U@% b descebed lageg2) of t he
conpressjon/ expansion unit (30). And, the first four
[0043]way  dp eie kpnditioner (10) ig &nijpried veithi 4 wifiagrrant oatwie@0).a The
. first state that allows fluid comunication between
refrigetabiecifauit(20)ds ntclosedcirduitesl sxgewhidh pigy dongsrebsfdntbix@ansion unit (30),
comuni cation between the third port and the fourth
the indguHeat @@ harigefl{249\t8d oler th8p&RIntark gﬂﬁzideﬁ. FiaQufifndily, ad
a second state that allows fluid conmunication
 refrigerABtARSR (20)Gs FIES by A 5.9 091 Le:and, 1 i d
8 fie 6) on Ee?e\eagt?}l Ctaﬁogg didad %wtaggﬁ%ng?rﬁ%t’ fourth

conmuni cat’i on second
ort | ndi,cat.ed by, the hroken . line in Figure 1
t0044) P06 Tk SUEG R sy oS raos e Felmperiizs are in
dt bfgur g rts. Ig the second four, way sw tching val ve
and tubg et c Ehaneprsyo thefgpss fingtype-uj fnithe eWHerdieatr changsr (23),

. outflow port (35) of the conpression/expansion unit
refrigerpnfsjroulating guibe meftigerant dixuit (20)dxyhanganbent sithtacstietre of outdoor
i other end of the outdoor heat exchanger (23); the
air.  Intthe indopohaat pxchhger @24), eingeeantt ettctlatitdin thé fefrigant cirbuit (20)
t he ‘i ndoor heat exchanger (24) via the
exchangen heatomiting stréangof indeor(alf) ; and the fourth port is
fluidly connected 17 to an inflow port (34) of the

[0045] cO rfpl’@éﬁis@i%ﬁ%g? @ﬁi’/}-\ﬁgngmélbe (239 hafoddr b&t2N Th Mkt B way

passageway (3 , the sectond four way sw tching
ik G101 B S SORUND HBLYBEN b S G
compre SR BA5 0RIS: L YL AP FEERR P oo
et ex RS VG S BBl i e

the third port and fluid comrunication between the
end of theuidopr spk exghangeh@3):sud the fourth perds flndicemaectedip & sustion
broken line in Figure 1). STRUCTURE OF THE
port (32 ebRESS PN IBXPXNSEION upiti(30)] 0@did] thadirstfowrwanswtdhingevalve
_ 2, the conpression/expansion unit (30) includes a
(21) is syitchatde bet®edn akirst btatesthat allews ifiuéd tommanigation between the first port
cyl i nder-shaped, hermtically-closed container.

and the sdwoahpatand fluidseguantaitib bavikeh tRhir8 pbARNE B iiRBort (as
within the casing (31) are a conpression nechani sm

indicatedBy the(o0M i i ( |\ Rfkati
e84 8Lt S 1) 0k ng 43, AL IBER n

betweendhd AP bR G FAFLPEnd Rdil colliuil Ao Be8G R st SS port and
the fourth port (as indicated by the broken line in Figure 1).

[0046] The second four way switcﬂing valve (22) has four ports. In the second four
way switching valve (22), the first port is fluidly connected to an outflow port (35) of the
compression/expansion unit (30); the second port is fluidly connected to the other end of the
 outdoor heat exchanger (23); the third port is fluidly connected to the other end of the indoor

heat exchanger (24) via the interconnecting line (16); and the fourth port is fluidly connected




is arranged between the electric notor (45) and the
expansi on nechani sm (60) afd is br ought into fluid
communi cation with the internal space of the casing
(31) [0049] The electric notor (45) is di sposed in a

central portion of t caS| ng (31)
toan "ﬁfﬁo&g %@%43 t%&PB‘Pr?S&@)"%FE teﬁaﬂlaﬁct@wssageway
and a rotor, (47). The stator 46) is firmy secured
- BN And, the seepsd furBay switthing vl (2%113)3“&‘@11@111%]9@13&@@1 p fisit diate that
the stator (46). In addition, a main shaft part (44)
allows &mfhcmmmcz(tm)bet\&seqnahs Brbt pbmt and) thetshend goetranf 41t)d
coaxially wth the rotor (47). [0050] The shaft (40)
commutiatibh betiresn eherthirdbb dné HRftburtd Pt &i&@ﬁdwe&é@%y th solid line in
provided, at its lower end side, wth | 'ower side

Figure QF&RFE é’e'c@ncpﬁﬁt%?he& %ﬁow? 91)11(1 Cﬁoﬂaﬁ&ﬂb&doﬁ%ﬁr&g tﬁ@ﬁt{srt P&% Qd the

has, at its upper end reater

GEN 0051 The
third pd;rg cent 1?1? %0%24 §caflg% ?etg@% & P S ROE aélgmgg%qu\g&@é’ﬁ (3 indicated
ter than the main shaft part (44),
bythel%ﬂg llel??]flﬁ:ég ig‘re one constitutes a first |ower side
r|c ar t and the upper one constitutes a
STRUCEERA ol eSO IpRRSIQBIN The. f11rst
| ower si de eccentric part (58) and the second | ower
[0047] SI deAeshosyn iniFigyse 2t thesompegssionfsppanision und (3@)ineludés a casing
ther in eccentric direction relative to the center of
(31 Whéﬁh 18 agerticaly Hmgncinder-shaped, heamitically-cloga containdrwoArranged, in
greater dianmeter eccentric parts é41 42) are forned
Sequen@dn adoftempje-tgp disecsion, withisy thereaseng B harearvempaéssionmadchanism
44), wherein the |ower one constitutes a first
part (Sﬂgvraélétl@lmc APy anchaesnpangommeshanisn) parht6®he upper
one constitutes a _second greater dianeter eccentric
[0048] par (Theghschargg pine; (36) isstacheddo the casiveBL)i c Tharlissharad pipe (36)
' %ﬁjlz are de eccentric in the same direction. The
is arran bé‘q‘w‘éﬁ elepirismethe(45d serhthe grpansion Td¢chepismr(60) and is brought
ccentric part (42) is nade reater than ti at of toe
into ﬂmﬁ CPW@P%P% VI thﬁﬁ%t@ﬁale%mt?th@ cgpina (3u1). In
addi t he amount of eccentricity relative to the
[0049] cent echt%(met%ﬂﬁ)ﬁ%dﬁmﬁqdslhafqngm@mal(mﬁptr@i partien of the
g eater dianeter eccentric part (42) is nmade

casing (%f)e at @ﬁgw meiat (bY 1t mady up et a gpienf49) and anetoe(7). The stator
entric part (4 [ 0053] The conpression nechani sm
(46) is f‘S’Eﬁ Y Sqehtsyl te Ehf—‘sftaﬁlﬁlat(@ a dgitelgr () i diseesed insislertiog statpr (46).
res The co ressor mechani smpart (50) has two

In additig 1 Fa) Da et (4D)olrbat (@) ippewehirauhyhe faton (g) coaxially

sion mechani smpart (50), a rear head (55), a

with theffP‘i%E{"eﬁw i nder (51),
[0050] The shaft (40) constitutes a rotating shaft. The shaft (40) is provided, at its lower

end side, with two lower side eccentric parts (58, 59). In addition, the shaft (40) has, at its
upper end side, two greater diameter eccentric parts (41, 42).

[0051] The two lower side eccentric parts (58, 59) are formed so as to be greater in
diameter than the main shaft part (44), wherein the lower one constitutes a first lower side
eccentric part (58) and the upper one constitutes a second lower side eccentric part (59). The

first lower side eccentric part (58) and the second lower side eccentric part (59) are opposite




an internediate plate (56), a second cylinder (52),
and a front head (54) are &franged one upon the other
in layered manner in a bottomto-top direction. [0054]
The first and second cylinders (51, 52) each contain
therein a respective, cylindrical piston, i.e. the
to cach1i6r3h Spcafe Bieetio o T csonetio Eenin phibe missd Fit nart (40).
flat. plate- |jike blade is projectjngl rovi ded on the
[0052]; do The Yo grsatst S%tﬁs iegffeaHFC(I@Jﬂﬂ)‘s (41542) brediangdsso as 10 be greater
. 4 .S orted, through a sw nging bush, on the cylinder
n dl"*“tegf‘% %@zﬁe %S%M" ) Vhergn the fowereongicongtitutes/a firg sreater
a0 51 engaﬁgagﬁﬁth the first |ower side eccentric part _
ameteregebeniic p apqd theawper qys copgiituigs pepcond gerater deampitertegeentric
éS?é, wi_ithin the second cylinder (52) engages with the
part (49ec She Tirsh Red segond ecesptrisrmiarts M 47) are3mgdesreaniric intthé same
. ..(40 The piston (57, 57) is, at its inner periphera
directiogy, r fTg guter diamgtter i g seepndzgreator dinmeter eepanisic perr#PHematle
. §Lurft?cepo]f the | ower side eccentric part (58, 59). In
greater i thatoh the st piegteniapster esppiricart{#1). t Inedditien, the amount of
: eri pheral surface, in sliding contact with the inner
eccemrfsgy F%H%Yeatlo the pqnderof @xletof gheappinhieft pis (44) 52 )he sepahdagreater
. conpressi on chanber (53) is forned between the outer
diameteg QE&BH&W @) isqaedegreaterdhayt deef the first gRates dimeter eccentric
inner peripheral surface of the cylinder (51, 52).
part(41b0055] The first and second cylinders (51, 52) each

have _a respective suction port (33). 19 The suction
[0053] por t Thespmnression msehanismaart(B0)eghtitutes asylinginepistop1ype rotary
dits termnal end ogens at the inner

compre%é%.i compreRspmachsni 0} hapdvo(aylindge (51, FB) and two
. itjon, each suction port (33) is extended to

pistons @%Ssi tyetﬂg RRMPLESFIAR Ir{es;lf{%)nlSféjlglpﬁ\Ts pibp repobsE] (5A), difisyieslierer (51),

. ort ig fa d in each of the front head (54) and the
an mter&gg]latehta%ta (%é%t secopf gvipdse - gadedrantdead (§d) preqmangesbene upon
the othel iy Sfeq FREErOR A(BRPIL 6 PP AR PR oMU Cat e i {h the
10054] 12 5% Tenal st alniass o aPeh esiodhpe psicametive
e¥lindriGe] BRIy -Eolh ISR vi & W OTHB PP OPRC S pRIBSLipt it plate-
s g e B oo S e
sppor] BRI LS 1 8Ly il S G e
cylinder 49 CamRERS WM (oo e Sl SEREE BRSO )SH Shar PR (#)gui Qe the
o, R S i o 5 e e i
eccentric part (59) of the shaft (40). The piston (57, 57) is, at its inner peripheral surface, in
sliding contact with the outer peripheral surface of the lower side eccentric part (58, 59). In
addition, the piston (57, 57) is, at its outer peripheral surface, in sliding contact with the inner
peripheral surface of the cylinder (51,52). And a compression chamber (53) is formed
between the outer peripheral surface of the piston (57, 57) and the inner peripheral surface of
the cylinder (51, 52).

[0055] The first and second cylinders (51, 52) each have a respective suction port (33). -




' cylindeﬁ 13k do

_ insid
[0058] & ke EFRETSIOR H1egbars Rist (40)

mechani sm part (50) is fed out of the
conpr essi on/ expansi on unit ¥30) by way of the
di scharge pipe (36). [0057] The expansi on nmechani sm
part (60) is a so-called swinging piston type fluid
chine, and.constitutes a rotary expander of the
The S“%B%%BW% &L mﬁﬂfyol?ﬁsseﬁﬁ%mé&lbﬁﬁwbﬁgemég@h rachitgigrrainglggyl opens
IS proyvj dgﬂ .th jéwo pai r combi nations of cylinders ]
at the {pqf pegipherghayrigee phie cvlinvsr (35 $2).| rin agdirion.cueh suiion port (33) is
expansi.gn nmechani sm part, (60) further includes a front
exmndﬁé "(‘%‘%ﬂhe cgping kild bydiniag-e plate (63), and a rear
head (62). [0058] In the expansi on nechani sm part
[0056]( g0) A dischargeqiort in &armed én achiaf she frewithead (54) dud the 7aar head (55).
.the internediate plate (63), the second cylinder (81),
The discharee mertiaf she fentdierd ) allevaihe sametessine chamien (33 evithin the
other sequentially in |ayered manner in a
Secondﬁf@’llfl%%(ﬁgltpébu@y cempiusisate with thiegnietrat space hithe easieg (3dhd The
- surface of the first cylinder (71) is blocked by the
dischange paft of Eegreraepd &0 atlpes thepempaerdionshahberd(S3Y withie the first
first cylinder (71) is blocked by the internediate
@ég}ly CERMuUREaigity tha anfegnal space bibthe casimgi(33r fla@ddition,
‘ .of the second cylinder (81) is blocked by the
each disheggeriet inpeovidesk at itseemiaplendt wah appspectivedlishaa velve formed
tcge second cylinder (81) is blocked by the rear head
by a reqgvalve and is plsgrd inghe openeor ghesed stat bindie dlischirge ave e Adotd that
.. cylinder (81) is greater than the inside dianeter of
neither thedipghazge Rojisingrite diseharge yalvey @ dsierammaticrdly shewidjn Figure 2.
passed through the front head (61), the first cylinder
And gag refyigerapiedishargse it thetintepad seace ©8 fhe qabiag €30 dmin the compression
cylinder (81), and the rear head (62) which are
mﬁChﬁéﬁzﬁl AR &20) ipfrd qubehthe sempreseipn/erpansiparied (A@)ineway of the
. Additionally, the first greater dianeter eccentric
discharge:pipe 301) of the shaft (40) lies within the first
cylipnder (71) while on the other hand the second

[0057) g eatls e)magﬂ%q Brechapisahpart O0) i a sq-eatled svingheg pikah typedblid

. lieg within the second cylinder (81). [0060] As shown
maching, Angicgitiutss a ptanyexpandeppfithrprseet iBventing. f Theexpehsionn
75) is mounted within the first n (71" isto 85 _
m“ha“#ﬁh;&“ ?60%3 RpVidadiavithdye pareombimatignpof ¢ylipders (7l 81 )mndpistons
75 85)5¢ ongdjc Lnder, (81). The first. and second pistons
(75, 85) 741 2§idm, the eiehisio isekpnisok Barh (61) e nalwdse adront heeel (61),
., a .cylinder. The first piston (75) and the second
an intergediafs plaigd§3)aand 3 1ar Begdd62h out si de di aneter. The

dianeter of the first piston (75) approxi matel
e frot Beach(bL). Deasiayinder (71),

the inteligrihezlgagé S%’Fﬁ?&éi %%%%?%géﬁin%grlesl),zgg tlilenr?aiardl'?eag i(g2rgea.tree&;rra%fged one
upon the other seqﬁentially in layered manner in a bottom-to-top direction. In this state, the
lower end surface of the first cylinder (71) is blocked by the front head (61) and the upper end
surface of the first cylinder (71) is blocked by the intermediate plate (63). On the other hand,
the lower end surface of the second cylinder (81) is blocked by the intermediate plate (63) and
the upper end surface of the second cylinder (81) is blocked by the rear head (62). In

addition, the inside diameter of the second cylinder (81) is greater than the inside diameter of

the first cylinder (71).




approxi mately equal s the oypside dianmeter of the _
second greater dianeter eccentric part (42). And, the
first greater dianeter eccentric part (41) is passed
through the first piston (75) and the second greater

[0059]di amgt ek 0)31% ags%d @1%561{ fh%)f%]lﬁ h?flif@fjj tﬁe%gﬁe%{hygﬁg), the

second p 611 t7 pi st
1nterme%l‘iaté I::I%teOMBF "thdos%Ed)er‘@}flﬁldels 13,268 the Igmﬁle%ﬂ gﬁg va?léf{l{ & Yrranged

hthe 1 nner peripheral Surface of

one up&d’ﬂhb '&)@%ﬁ' if la}éred hgn&nd rﬁ%ggt;o?ﬁﬁ}( ﬁ%%l{e%tﬁlfaiﬁ@lég& ?gcf?tnc part

in"sliding co

(41) of Tﬂéeshgﬁq g 128 i {h@gtﬁ%tﬂ:fghhaffq é&%}é‘gﬁﬂeféns&? § Hef ?%rg e sfond

sliding contact wt

greater‘&‘{a&ﬁEt& etctf:k%tﬁd %&E(ezs? !of{h@% J{h(lelr,eE‘B?‘etpl The mg cylgré@g&sﬁ

h
10060] gu? £38 eé&? ﬁly%g&% i sggz%% g‘?‘gﬂ Pt(lg%f > %%%{rﬂg’?%{l?lﬁ@s F?anla?oumed
within %Q?‘rﬁggp'm& ?’“Staf’@ Bkl a% istof} %.&ﬁt %’ ﬁlg,gl,} ‘%&8&) A Rﬁlg%%%%gﬂcﬂ inder.
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The mside el GHife ks fétogﬁ??%y anftd fqutf;)f‘qu% RS %Ig{]ag@eréq of the
firs gfeﬁ“?diagﬁﬁéffﬁe bRIERAL  TRERgRL ﬂpfrﬁa%é?o Fﬁéé/’ %%8%35)
ore P e 4 e 5
And, thagﬁgsté gﬁgfgeg )éﬁmﬂ%eé %Efb‘(%@&ﬁafgthg &%ﬁs&e%i%%hg% It 2 et%; f I?qgtgn (75) and
el PRt B e SR80
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[0061] Per ipReh&! pistbr gﬁ? &, of itd HigeRl ﬁ)ﬂ&aﬁgléfacg 3 Sll%lgg %gllta(."f:f%ﬁl the

cylinder (71, rOVI
sh
s O G T4 S 7 A on 09
in sliding lébﬁt@@tem*ﬂt‘th"é tTrdn? hefd ﬂ%hf"t Y JRG%nd Q&l‘f&% 0?%5] Sk gﬁnstonf('i’S) is in

surface which 1s a rcul ar are sur

sliding doMfeERith te 1nte§tﬁéd1§t‘é\%e£b ?@ﬁ eqyitdih gletfl}gt c??ac d é?’f) a f%%)ﬂuld

sandwi ched t her ebet e 1 nside sur

chambelb(lﬁﬁls(fzﬁnecﬁ?&wéérﬂ #le ?]méggérg[ﬁ%ratl G f zge%?ﬁle(% rgﬁ?x)d nggnd the

on the other hand t e surtace

outer peﬂﬁl@érﬁ‘lsshrita&eoﬁlié Rg [stcfn ﬁﬁ) 8 1@)n ﬂ@g&e@g@% %éage%ogg gistogﬁ%) is,

integral wth the |sto ort

| at its out‘éi/ béﬁﬂﬁfal @Jr%gce%%l)sgﬁa \%Elgf {%gh?ﬁﬂﬁy X O?I’é%rgﬂ%lrfgg? &t the
second c‘y’ﬁn@é}(tSPpm@ﬂe%étsbffﬁcetd}‘ th8§ecbyd hiRGT(8%)4d in §ing contact with the
rear head (62). The other end surface of the second pir;ton (85) is in sliding contact with the
intermediate plate (63). Within the second cylinder (81), a second fluid chamber (82) is

~ formed between the inner peripheral surface of the second cylinder (81) and the outer
peripheral surface of the second piston (85).

[0062] The first piston (75) is provided with an integrally formed blade (76). The

second piston (85) is provided with an integrally formed blade (86). The blade (76, 86) is




[0064] The first fluid chanber (72) within the first
cylinder (71) is divided by“the first blade (76)
integral with the first piston (75), wherein one space
defined on the left-hand side of the first blade (76)

shapedi lfke %{{QHE %xﬁ,n@ﬁ% grgglérrgdifg# ({igetcgl?]ﬁ% fg{' ﬁl}g gg %ﬂc%%dgpjﬁ(:? 2)
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ures
(87) of the second cylinder (81) agree with each other in circumferential direction. In other

words, the disposition angl¢ of the second cylinder (81) with respect to the first cylinder (71)
is0°.  As described above, the first greater diameter eccentric part (41) and the second

- greater diameter eccentric part (42) are off-centered in the same direction relative to the center
| of axle of the main shaft part (44). Aécordingly, at the same time that the first blade (76)

reaches its most withdrawn position relative to the direction of the outer periphery of the first




4. The outflow port (35) is allowed to be in fluid
conmmuni cation with the sec@dd | ow pressure chanber
(84) (i.e., the |l ow pressure side of the second fluid
chanber (82)). [0067] The internediate plate (63) is

. rowmi ded with.a, c ni.catin as eway (64). .The
eylindgt (), ﬁ%ﬁ?‘?"ﬁ‘&’%@é@@%@\ﬁgﬁ B 0S| WHhGAIE Positien Yelgtige tp the
. ..extends through the inter late late (63) in the
dlrecu?%‘?tﬁtgﬁggtfr B?fﬂﬂ?&{}f ?FF&P%%E%W T Gﬂg surf;ce) of the
i nt i at I .(63).0n the side of the first
100667 Thighs Eyyder ThE it pavisedovits sromiaminoe @Ry s sallemagrt G4)
(tGﬂé open at, a lacation on the right side of the :
opens gt;a lacatign gﬁ@e(z%r_pepghqrﬂéuéfp%@f he iﬁfsggglmﬂer {Ha somewhat nearer to
i nf eredj ate_pl ate 63) on the side of the second
the leﬂc“iﬂtei Qfgﬁ? L‘(%ﬁ'?) ip ﬁéglﬁ%(’sr%)ﬁnde‘hd e inflewaorfa is atlpwed to be in
. Apass%geway X é64) opens at a location on the left side
fluid cqppmppitaisrpgith the firaichiglppyessusp gharalzer {F¥ihe. i the bighressare side of

enlhe c ni cating passageway (64) extends obliquely )
the first QY dchmbu oo R iakABShaRr e hsmdoy linden 1) is provided with an
allowing the first

i ntermedi ate plate (63), thereb
outflow i (1E3a s LheoB ATt (55ipens rica Toctiina, ot fosiaps aestipheal surface
sid op he _first fluid chanber (72)) and the second
of the sFgagd.ylider (BD) somsber nopEyo theiright side hEthiibybh (¥ irsBigres 3 and
side of the second flujid chanber (82)) to fluidly
4. Thg B?Fﬁﬂm Rott éSNStaQOWéQ&]b%and cpmpBgicatiore with jtesecomd low-
SS eﬁ%(37 is formed in the internediate plate
Pfessur% %@5“‘81?% (ip-gthe dowpressure sidgjol ¢hg ssposhbuid gbamber(82)- i s
forped. such that it extends substantially in
[0067) o Th%intetmediafearlpte §63) anErovided varivg ermmupigatingeansssagewe (54).
Th communj.cat i ng ggss eway (64). The start end of the
€ COMuUIUCAIRRPISSAEeHEGR IR 13 tormed suckrihal it extendsdhugugh the intermediate
asi .31) vi.a g line. A _part of high-pressure
plate (6F G e ickTsa 4 o tinby cls v o armediae nlst (63) on
.. introduced,.intg the 23 |njection passagewa 37). In
the side g} g‘?et g’iﬁh‘fﬁ’ﬂ#@ &ﬁ}aé’@? Fad ogta% §a@§wa}c%(13gygssgge§ragf\iﬁ%ens ata
. Wth an tor-operated val ve (90). The notor-operat ed
location, oy RE‘% “@Bbﬁqg‘? of the %éﬁ ﬁaé‘ts (Y- vin ((b@ q)mm@“faﬁ@lef ghe i@tps:érnbdigte plate
LS variagple, and consiitutes a distribution contro
ORI R R R S B AT R R AR S—
of th .esen odi t constructed in the way as
(64 opes ab  FasBhGE bl o e P e soea s (B0 1 Yanch Reshowsels Figure 3,
the comiyhfleofify Passhecairy Gfertorne obbAusherelatisy e gabRgress direction of
.. constitute first rotar chanism part (70). in
the ‘merg’c?g}aﬁff Bﬁ?e 6. %‘éecséwoaﬂé’wlil%@s lrﬁtngzpr%aﬁ'grewhgééex%@ﬂ (ie., the
mount.ed | h ecqnd . cyl.i.nder (81), .the second
low-prefSRETNic oo T R, FBmbet 720 4Nt oechi higbguesmate chamber (33)

(ie., the%?&s-%)}e%suutrg side of the régcond fluid chamber (82)) to fluidly communicate with

~ each other.

[0068] The injection passageway (37) is formed in the intermediate plate (63) (see
Figure 2). The injection passageway (37) is formed such that it extends substantially in
horizontal direction and its terminal end opens to the communicating passageway (64). The
start end of the injection passageway (37) extends to outside the casing (31) via aline. A

- part of high-pressure refrigerant flowing towards the inflow port (34) is introduced into the




rotary nmechani smpart (80),,[0070] As described above,
in the expansi on nmechani srr??bart (60), the timng at
which the first blade (76) reaches its nost w thdrawn
position relative to the direction of the outer
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ot B S O O S5 S S v
oGRS B P LT 0, 112,
009 Sl TSR 0 0 e S R D
the way 3§ 0GRy P BRI BRI, el FRuied th e Bt cytinder
o, o BRSO SER AR bl B £ g
o L A R TERRL B h S0LB et,
ot AR e T B35 Sl o
s oSS oo e Chamber (7). e

TESATIT £4TRY: passage (64),
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et ST A OR339 bl o o
perie G55 0, OB, 65 405 R g 60 B bl
most witfitaBRiqleBle | R Gl Bl ¥ abed it Sgondestinder
1) are TGt RitTiglier 7)ot bSO BRPToFE I BhIeh Bt veme of
th st b B B ier By BB G e Sl e i P /09, and the
proccss Bifftth Blegfo e 888 shethapbirter R hnihe? [ B fnthe socond
rotary MBI el Oy B B trRAR G FT. g Bescrioed
sbove, (TR by L QL LPARE % ol el B ) el e

+ second ik ARt (B0 bl Blhay b Bisory D i g
communf ol ¥l bk 8 O Enish s e 8. AP kv
pressure {ltfor ) 8 contHu O B g o o R0 iR prt e
chamber (83) together form a single closed space. The closed space constitutes the

expansion chamber (66). This is described with reference to Figure 6.

[0071] In Figure 6, the rotation angle of the shaft (40) when the first blade (76) reaches its
most withdrawn position relative to the direction of the outer periphery of the first cylinder
(71) is 0°.  In addition, the description is made here, assuming that the rﬁaximum volume of
the first fluid chamber (72) is 3 ml (milliliter) and the maximum volume of _the second ﬂuid

chamber (82) is 10 ml.




i ndi cated by the chain doubl e-dashed line in Figure 5,
gradual |y increases as the2shaft (40) rotates and, at
the point of tinme when the rotation angle of the shaft
(40) reaches 360, assunes its nmaxi numvalue of 10 m .
And,_.the vol une_of the expansiqn chanber (66) at a
[0072] ¢ o Nfhyrefegenceite RigygP.cit fhs o of timeovhenbe taiatinpengte offifee shaft
. first |ow pressure chanber (74) and the volune of the
(40) is e@%ﬁw‘@llﬁ%ﬂf ‘EP Saglow-neesspas chambe)(74) asswraes emasmym value of 3
rotation angle, when |eaving the volune of the
ml and thewplume gt 1R geqead digherieswye Samber (839 assumes fis atripigrum value of 0
rds, the volume of the expansion chanber E66), as
ml Tﬁ%&?’@ﬁﬁ@é theydinshlevspressire ¢hamben (), gy iedisatediby erpate long
m ni mum value of 3 nl at the point of tine when the
and shoytsfagh lipp inafigree S feradvally diatinishesGls thesshaft (48) tottessingds 4t the point
. (40) rotates, the volunme of the expansi on chamber (66)
of time gyheg g Tojation @palaod Sheshaft 4G ueashesa poiakpHRAH" vasbweesdfs midimum
m at the point of tine when the rotation angle of the
value okarly  Padhe etbarchead, theeolunfeoe 73 setbed high-rrensdictchamber (83), as
. .. (10) of the present enbodinent is provided with, in
indicateg i the epin denbic-Hpgied pine i Figaresh geasiualiy Diyeaaeschsahe shaft (40)
| ow- pressure sensor (102) which are generally provided
rotates gnq, glke paing pltdma wehea ithecngtatiop a0gle ofithe shaft (40) reaches 360°,
excessj ve- expansi on pressure sensor (103) for
assumegjiy WaXimREn vaae opt@adur Andithe nelumeod iy axpantiembembes66) at
. In addition, a controller (100), provided in the air
certain xopRignEnglsds the spim ofj the velnmie 9 thefirsidowspressubechairiber (74) and the
control the valve opening of the notor- operated val ve
volume obthe sgepnddighrpresaurp chamber £83) dib that casthimyotatimmsmetee nhon keaving
(101, 102, 103). RUNNI NG OPERATI ON [ 0074] The
the voluipeafihs epmppnichangpassagsi ) qus Abeount.0) In ahetewards, esivolume of
Hereinafter, the operation of the air conditioner
the expangign charpperd 66 as insénatadbydpe pelid ling indtigure Adasshuses a minimum
operatjon of the air conditioner %10) during the
value ofi bl at{he pojat af fimg Whea theaptatign gegle bé theshalft(40) 1pPer s the shaft
‘ of 25 the expansion mechanismpart (60) is described.
(40) m@fﬁ@ﬁm@h@%ﬁ« IREPASIE Ghambe (66 heradeallyobpientss 6pépssuinaga
. npgg, t$e first four way switching valve (21) and the
maximugp ko [ ml sldhe point etitme whan the rotatipn eaglh of Hiersgaft ¢4Qireaches
. tothe state indicated by the broken line in Figure
360", In this state, upon energization of the electric

1.

10075] ot g anndiioh ek Gahs PreceRbcmbbamse Brrovdrd:uit inaggicon
toa }ﬁghv-\{)]r%gs%?g sensor (101) and a low-pressure sensor (102) which are generally provided
in the refrigerant circuit (20), an excessive-expansion pressure sensor (103) for detecting the
pressure of the expansiop chamber (66). In addition, a controller (100), provided in the air

~conditioner (10), is configured so as to be able to control the valve opening of the motor-
operated valve (90) based on the pressures detected by these sensors (101, 102, 103).
RUNNING OPERATION
[0074] The operation of the air conditioner (10) is described. Hereinafter, the
operation of the air conditioner (10) during the cooling operating mode and the operation of

the air conditioner (10) during the heating operating mode are described and the operation of




a vapor conpression refrigeration cycle is effected.
[0076] Refrigerant conpres8ed in the conpression
mechani sm part (50) passes through the discharge pipe
(36) and is then discharged out of the
conpressjon/expansion unit (30). In this state, the
the expapsipn gerbanism pats (60) ipdesedhpde above critical pressure.
This discharged refrigerant is delivered by way of
COOLING OPERATING M@PEswi t chi ng val ve (21) to the outdoor
heat exchanger (23). In the outdoor heat exchanger
[0075]( 23¥n theiseoling ppswptingfmodsethedirstfouswapswitchingivalve(21) and the
outside air. [OO@ The refrigerant after heat
second dowsvayatwignhingval vee(28)icash sharpeatateiocthe sigterindizd@pd b dedsoken
t hrough the second four way sw tching valve (22) and

 line in Figare 1. hrlodbis stabe uper enswgipasion of 348 cleatrlc motawds) aftis t he

expansi on mechani sm part (60) of the
compressiopeeransion/ vk 30)s radngaraitcirc@jes in the refhigemuxparsitq20) whereby
- mechani sm part (60), the high-pressure refrigerant

a vaporeopwaehsioandirigesstiontereladd effeetedr gy i s converted into

ower which is used to rotate the shaft (40). The

: p \ ) . ..
[0076] | owRpirigeramt eompreseid e therbmpfdssion engehars sm part ( S¥)passes thodugh

_ the conpression/expansion unit (30) through the
the dischenge Ipive 36} and 33hen dischsmsd vhir afifbhcdrhpressimderpansion umiaido).
_ switching valve (22), and is delivered to the indoor
In this sigetthe refhaergatis aPapresqueat®ive kritic rasmateor Thisaischarged
. exchanger (24), the inflow refrigerant absorbs heat
refrigerpptasrdelowned by wannbithe flag dowrtveay switthiresvadver @$)fotthe ottdoor heat
roomair is cooled. Low pressure gas refrigerant
exchangexi(23)ng In the quirdivs hedteachanger (2R the inflay rptigemst diksipughheat to
_the first four way switching valve (21) and then
outside @iy ough the suction port (32) and is drawn into the
conpr essi on nmechani smpart (50) of the
[0077] co%ﬁs@iﬂlgﬂwéﬁﬁahlsﬂabdisaimﬁon(iﬂme ourtieor heatprebaigen(23) passes
mechani sm part (5_&;_ con]Jr esses the drawn refrigerant
throughdheisechad feliryeyawjeshingtvalvieg22) aud torERTighchaplEwABTt (34) and
.[0079] In the heating operating node, the first four
flows inj@athespersiomagechanism garaOhotihe hempresondxpasionwait (30). In
swi tching valve (22) each change state to the state
the expansignaagadgnisy nane(68) thechigh-pressurg refrigenant expands andiits internal
State, upon energi zation of the electric notor (45) of
energy is ganvesigaprtePonsh rdighdnssediio tothte thashaft (48). r iledawtpressure
circulates in the refrigerant circuit (20) whereby a

- refrigerqps gBer expapsien Sown opedhithgemmapression/grriansips ueit {3 thodugh the

outflow port (35), passes through the second four way switching valve (22), and is delivered
to the indoor heat exchanger (24). |

[0078] In the indoor heat exchanger (24), the inflow refrigerant absorbs heat from room
air and evaporates and, as a result, the room air is cooled. Low-pressure gas refrigerant
exiting the indoor heat exchanger (24) passes through the first four way switching Vélve (21)
and then through the suction port (32) and is drawn into the compression mechanism part (50)
of the compréssion/expansion unit (30). The compression meché.nism part (50) compresses
the drawn refrigerant and then discharges it.

HEATING OPERATING MODE




[ 0080] Refrigerant conpr esgie]d in the conpression
mechani sm part (50) passes“through the discharge pipe
(36) and is then discharged out of the

conpressi on/ expansion unit (30). In this state, the

o0 583 R R o
iy e g o
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cond four SW _t th val.ve (22) and then thr ough
a vapor %@HWWP&XF%@%‘“%% eFJFegws into the expansion
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outside air and evaporates. The low-pressure gas refrigerant exiting the outdoor heat
exchanger (23) passes through the first four way switching valve (21) and then through the
suction port (32) and is drawn into the compression mechanism part (50) of the
compression/expansion unit (30). The compression mechanism part (50) compresses the
drawn refrigerant and then discharges it
OPERATION OF THE EXPANSION MECHANISM PART
 [0083]  The operation of the expansion mechanism part (60) is described below.

[0084] In the first place, by making reference to Figure 5 and Figure 7, the process in




(34), thereby allow ng high-pressure refrigerant to
start flowing into the fir8f high-pressure chanber
(73) fromthe inflow port (34). Thereafter, as the
rot ati on angle of the shaft (40) gradually i ncreases
thenﬁto 180, and then to 270, high-pressure
which figh7 PF%?%‘FS igEraBLin the BRETRgHtionsGite Aws Tt the first high-pressure

res ure chanber (73). The infl ow ngWh
Chamb%(giﬂ cg heciwst @t%mca@"ﬂantpart.(m)ds dessribec. st When the shaft (40)
?%tpressure chanber continues until the
makes 3 giafy Fosal %tbtfwﬂ@ns?ﬁa 0° stats) therpesisionsf spntaetdietwest the
360, _[0085] At that time, the flow velocity of the
first PISFHWSL?I@S@E fiesticyhindeg €7 Brpasses dupyal the bperibgpart pf the inflow port
ressure chanber (73) gradually increases until
(34), thFIﬁ’ y ﬁ WIR digtaprgheirofeligarant e start (oo)ing intatiedstiBgh-pressure
he rotation angle of 0 while on the other hand it
chambea D dese theynfiow pord34x ot eicoficrangihe ratftiothangdhaf the CHa) (40)
reaches 360 fromthe rotation angle of 180, as shown
gradualshincrepsga te 9% Rien tAh80", and thive o103 high-prdsse wcgerthickeeps
rotation angle of the shaft (40) reaches 360 and the
flowingfiptothe Brsh dighyprossteghiamber 8).0 Bie inflewhigyif higte pessuee refrigerant
] refrigerant becones zero, the inflow ng of the
into therﬁrgtﬂu%rn@éWQ chasther §73) montinues antihibe fotaan drigithefthe sk (d0)
chanmber comes to an end. [0086] Next, by making

reaChesla@ﬁég]é@ééﬁ@o Figure 5 and Figure 6, the process in
refrigerant expands in the expansion mechani sm

[0085] parz{&t T(ﬂefd}m@, @ﬂgwmeb@dy ofiherhighpresiiag tefiigoynt firakieg ingo the
rotation fromthe rotation angle 0 state, the
first hlghmf@&smle&\hmﬁb@rs@ s graéwé}mmre@sm)mtﬂeth@qutat@lmm the shaft (40)

q%rﬁljpressure chanmber (83) becone fluidly
reaches éé om dba jofation anglecf Oh vl on the/pthertaad mimmsesamhgne

ass%%evva%@é %)éand as a result, refrigerant starts
mtatmﬂﬁpélﬁn cachee 30Q] fring khepptation prgle loé 1Bk ag g@vn in

om t he first | ow pressure chanber EJ&) Thereafter,
Figure 7&é) t frad. b thetnoint of igeavemn thpeotatinu angledef)the shadiu@0) seaches 360°

increases to 90, then to 180, and then to 270, the
and the Jgwyielocsy veriaion e of Bwhigheprsssuee refagasent begames zero, the

graduall decreases whi|e sinultaneously the vol une
inflowingot thehighparsguisirgfilepreat ity te dissthigh-presaie gheachealT3) comes to
i ncreases. Consequently, the volume of the expansion
an end. chanber (66) gradual |y increases. The vol une of the
si.on 28 chanber 66) continues to increase just
[0086] pef hYHéﬂ?IBS sierspcedndiigire d anf Figmeaf the pmcessanorhieh
. 360. d, in the process during which the volunme of
refiigeraPh grapAnmLe ﬁxwa%éaecpasym.mmg@gw@scﬂhed When el (40)
t he expansi gn chanber Eands By virtue of
makes a§B gy rpiafipn &'@Fh r@tﬁh%gql%ﬁo state the first low-pressure chamber (74)

and the second high-pressure chamber (83) become fluidly communicative with each other
via the communicating passageway (64) and, as a result, refrigerant starts flowing into the
second high-pressure chamber (83) from the first low-pressure chamber (74). Thereafter, as
the rotation angle of the shaft (40) gradually increases to 90°, then to 180°, and then to 270",
the volume of the first low-pressure chamber (74) gradually decreases while simultaneously
the volume of the second high-pressure chamber (83) gradually increases. Consequently, the

volume of the expansion chamber (66) gradually increases. The volume of the expansion




- indicateg by

the shaft (40) is rotationally driven. In this way,
the refrigerant within the2Birst | ow pressure chanber
(74) flows by way of the conmunication passage (64)
into the second high-pressure chanber (83) while
h bex&ggdi n,%%lﬁéOQS?] In the refiigera t expansion .
chambgr (b eaniinpgstoipgreasgdpst befoss s sofation agleof the skadhf) regehes 360°.
.cﬂgrrber (36) gradually falls as the rotation angle of
And, i the Pepreps dyring) Wiigh theetolyme pithe supangion chimber{66)ingrpasepdhe
. broken line in Figure 6.- More specifically, ) i
refrigeyanf 1y the pxpansion chiabey (e epprdse a By Wxtag of such refiigerett expansion,
first |ow pressure chanber (74) is filled up undergoes
the shaft{4Qis spyationadly slgven. dinghistyayt the refrigeranhwithiptthe fitshlow-pressure
angl e of the shaft (40) reaches about 55 and enters
Chamb?ff{g‘ﬂsﬂ@‘ﬁ? b &@y of thgurothnauraeasion Phesegsa(érP mto theesecond high-pressure
refrigerant within the expansion chanber (66)
chambey (§3whilg/expgadingases in pressure while partially
raneq; EVA orating. [0088] Subsequently, by making reference
[0087]t o 1 Bhgrelrgeraphexnsngion piocess, thhiretigersht prgsuaantithinftheompansion
out of the second | ow pressure chamber (84) of the
chambeydbé)gradusdlyfylinascharitaian@gle ofdhe shafdd0egomThimcreasednas
Iom&géessure_chanber éS%&EStarps fluidly conmmuni cating
theokepdinelio Higuos 6. (18BYe fpedificalle reftgerantin the supercritical
when the rotation angle of the shaft (40) is O.
state with Hhich the) Gt dyw-messsure eharhbgs(Zhtis Silled tp uhdoghesgnabiupt pressure
the outflow port Ségg fromthe second | ow pressure
drop bycthg Hierthe sattio the ghatt (48) reathes abontii| and ehtetsthe saturated
. ., shaft_(40) gradually increases to 90, then to 180,
liquid statey ¢ Hhereafist, shrorefumesant avithin the ¢xpansidormbamber (66) pradually
rotation an?le of the shaft (40) reaches 360,
decreaspy,ig ppwutsivale prtialjervanerating.er expansi on conti nuously
flows out of the second | ow pressure chanber (84).
[0088] cSnrseapently. bymakiveorfeomeriTERuN A, UE prooBs]n wrch refrigerant

ration for the refrigeration cycle is

' an | deal gge > _
flows optefitheseegnd loyvriresgire sharalkar (8D of ther sseomhroguy meshinism (89) is

.. expansi on chanber (66), the notor-operated valve (90)
describgd, heseeent Iawessereshambet dbstarts Juidbneonvapnigatingryith the
ver sus gr essure-variation relationship in the .

outflownosi{33) Bamdhe reiat of BBy when theiretatippangls of Fevehaft (AQ)he0".
raph of Figure 8. In other words, high- pressure
Stated aflQibeT WapAFRIEERE sfarts pmreraut i obtllavepart G from e serend

) first high-pressure chanber (73) 29 between from
Ow-presaue; chaghen (ﬁei ni hereaftgrethe retptéors gnedy ofthe Rhafi 63 gradually
. chg%aer (73), cones into fluid commnjcation with the
1ncreaseéa

[ L, . . . .
nihelitp 180 aad thsaiRy 7Q 6 4 Pvarirerind efitie wetilitherotation
ff 'hr st | ow ) ) _ )
angle of the shaft (40) reaches 360°, low-pressure refrigerant after expansion continuously

flows out of the second low-pressure chamber (84).

- CONTROL OF THE MOTOR-OPERATED VALVE

[0089] Here, when an ideal operation for the refrigeration cycle is carried out and no
excessive operation occurs in the expansion chamber (66), the motor-operated valve (90) is

placed in the closed state. A volume-variation versus pressure-variation relationship in the

cexpansion chamber (66) at this time is shown in the graph of Figure 8. In other words, high-

pressure refrigerant in the supercritical state flows into the first high-pressure chamber (73)




pressure chanber (74). In the expansion chanber (66)
made up of the first |ow pfssure chanber (74) and

t he second hi gh-pressure chanber (83), the inside

hi gh-pressure refrigerant. abruptly drops in pressure

bet ween, f r om poi nt to _point, .c and enters the . .
betwe?;ﬁ‘% Poiny adp poigt -Thgh%#}q tl&étrlaﬂlfl'PFqﬁS%fﬁ ehagaleg (43 egmes into fluid
st.ate expands while partially being evaporated, and

commuygiealon wih thy comaunicang RasREeviay (B and switchgsdo fheelirst low-
secon mggh- ressure chanber (88% fluidly
Pfessu@ég*ﬁwg{% bs Tpithaexprsion ehaugpr fefmadesp ohithe fask lovhprgssure

to_the second | owpressure chanber (84). The fluid in
chambe(Z4 g Srcond eboererc ghamber (3onhe inside aighopeswis tehigerant
o%k&éQMIport &FS) until the tine to point e. At this
abruptly;dseps ippEessgrs DFGYeCR &op1 printity prischandgatarstheisgaraied state.
ensity ratio corresponds to the design expansion
The refrigeragt inthe syipratedtstasmexmnds whilp pewsielly being evaporated, and gradually
P efficiency is carried out. [0090] On the other hand,
4rops ip Rrespec tepeitg@r atved gieseennd Higlopressre changter K83) dluidly
pressure and the |owlevel pressure nmay deviate from
commungatss v thg guiflowipert o andswiiches wp thelseengddevweessunetebamber
cool i ng node of operation and the heating node of
(84). dpelmd wrihesecandlovgprepuirg shamldr ¢84)iis fedums iadbe omiffow port (35)
.. .temperature. In such a case, based on the pressures
until thg fmeto Py ¢ HbthivHmer the sugmon refiizerant/digshargawefrigerant density
. controller (100) controls the operation in the
ratio correspRIS iy thRlgsieh exmpnpion saties eadpperation ofigh pewen regasiery
. pressure_increases due to the variation in operation
efficiency psiearighouty hj s may causes the actual expansion ratio
to fall bel ow the design expansion ratio., Wth the
- [0090] 1 seOpihg offten hopd) in thesrekrigesanticiyauig €43 thy high-leed] pregeuraand the
drawn into the conpression nechanismpart (50)
low-leve| pregsyeemay dgyiate dipemtheir desienyaligh dunte the pwighong bgsween the
. of %?e shaft (4 él remai ns _constant, the mass flow )
coolingeds offongration awg eheptingy@pde of epgstiqney dpe énibeyariation in outside
i conpressi on_ nechani smpart (50) increases. On the
air temﬁﬁr%re' haRdueh & caspdapidym the pegsswedeferted b thgisarsoss (31102,
unchanged, the density of refrigerant flowmng into the
103), the conmalics (10 cRatEols e deyationdm thesfollowpmarayed as wel | .
Con uently, . if the rotation speed of the shaft (40
[0091] j g seeislﬁpf,és ifithe IpelevelmresAuTe dneroaes fug fo f@@w@niﬁtion(in o%eration
..capable of flqQqwing jnto the expansi on nechanism part .
conditiqng s pasgAwSS 3{9@6 geansigp st eloyiihe design-expansion ratio.
VVﬂ1hthe SS fIqM/rate ﬁf refrigerant capabl e of passing.
ith the Fe IRV IeeclPxssasi Be dprslatireiFesrnt dragn)intgdb pargpression

relatiyely snaller_ than the ss flow 30 rate of
mechanjsg} parg @éﬁicrﬁéﬁab @%?%%%iﬂ@%&mbﬁ yratnespserhpl ths shadh(40)

remainsrrc%(r:lgtggti, fhe Iga%rs tﬂ'o 5r%2e' of discharge refrigerant expelled from the compression
mechanism part (59) increases. On the other hand, if the high-level pressure remains almost
unchanged, the density of refrigerant ﬂoWing into the expansion mechanism (60) remains
unchanged as well.  Consequently, if the rotation speed of the shaft (40) is constant, the mass
flow rate of refrigerant capable of flowing into the expansion mechanism part (60) remains
unchanged. Accordingly, in this case, the mass flow rate of refrigerant capable of passing

through the expansion mechanism part (60) becomes relatively smaller than the mass flow




[0092] In the above operation state, the .
not or - oper at ed val ve (90) i¥ placed in the .open state
by the controller (100), and a part of high-pressure
refrigerant in the supercritical state is introduced
i ngo the expansi on,chanber (66) in the process of
rate of higetanf ¢Anabi3 o pReving (heRtih She R eHIRB ARSI PoBdSAlIs o
nment, even in the operation condition

f such arrange
10092 2 1 he Mo e o st Moo e Yo ailased pnse open

design expansion ratio, the mass flow rate of - )
state by g’ﬁ‘%&&f’ﬁ%ﬁé@d aug D Of hehwxpsavrsirefigeraetiarthe sngenritical state is
. 6 can be nade to correspond to the nmass flowrate
1ntrod1§5:168%rg? &WWOM?}?@?@F 69 inthe pesceshef expapsiaskomhe injection
nechggifgbpart (50). [0093] Referring to Figure 10,
passageygy BfRUSHOIGER afrprgement, cuepuinghe pperation vedndition causing
of .the_notor-operated valve (90) is

openi ng. !
the actpﬁ@;gqqsg:tnerat_ 0 {hfaflhelow isalesign expansion rate, theguassiftow rate of
. cogpletes a suction process frompoint a to point If,
reirigerant L0 af g cxrBwingsnechapisinmartds)) candeinsadgits corasspend tocthe
point e . In this operation state, the anount of
mass floyrateqisefriggrart disehasgadant pijthe spmarexyion mechasml part (50).
poin%ﬁé,_point b', point d, and point e is recovered
[0093] 55 P Rhiodtigirs 105t state ofraptoperstion of sdgatating 4¢) valve opening
0094] In addition, in the expansion nmechani sm part
of the f%%f@w wRied Valve (e ilpistatetr elirthisesse, aftet thieefrigeraaticompletes a
. _expansjon ratio becones smaller than the design
suction g %JffBW Ro&tiafo PRk e iy erpduallyexpands tppeist &) endtis discharged to
. . prevent the occurrence of excessjve expansion even in
pontey |, iﬂ gﬁ%?%&fﬁﬂm staigyrias fmewntes syransion vedrk yndicates big(ardacy)
xpansi on chanber (66) to beconme |ower in pressure
Sm"“"%ﬁ‘g ﬁy PRET BRI Ry RRIRLd"(and pointe His seposiered Bepowerywhish ésused to
_ there is created a condition that causes excessive
"“ﬂeﬂgwﬁﬁﬁéﬁ in the expansi on chanber (66), the
: not ar - gper at ed. val ve (90) is opened by a
[0094] e%ﬂgﬁmoﬁe’é‘ the BXRansion nesbaniy par (‘F(Bd%n@ dovirlgyeet prossure rises
andthe%%%$T$ressure refrigerant into the expansion chanber

KPP 8 es¥nEY srealish an dhe desigmcxpansian Tetie, whereby it
secom BB el oGS s e pressure of e
condiﬁc%n[cgyagéﬂt}%ﬁgﬁx Féggx(géﬁé Eﬁ%@%kﬁ&ﬁ%g&%{;@%her e NN in pressure
ﬂmnﬂm%ﬁgigkpggkﬁgnl&g%gﬁgg&%%%%%;%ﬂ%gggggggéggg;ig;w;ggg&ucmmes
s S B BRI 0 S B8 vt 1 a0 b (area
by SRR B st o o e
e'},:pansicg)z%1 ghsa%%)%\f\?%) gr? t@e’prg(t]e%s l) éx%%lrllsailclm E)I?lsﬂs‘.lg irn?ec%fontpggsagélway (37).
Consequently, the pressure of the expansion chamber (66) rises up to the low-level pressure of
the refrigeration cycle, thereby preventing the occurrence of excessive expansion.

[0095] Here, if the introducing of refrigerant from the injection passageway (37) is not
| made, this results in consumption of the power indicated by (area Y) of Figure 9 for
delivering refrigerant from the expansion mechanism part (60). On the other hand, if

refrigerarit is introduced from the injection passageway (37), the internal pressure of the




expansi on chanber (66) at the point of tinme when the
expansi on process i s conpl eted corresponds to the

| ow- | evel pressure of the refrigeration cycle or
becones hi gher than the Iom#level pressure of the

refr C nd r igerant .is delivered from
exPamﬂ?Pe‘*@E@ @686# ﬁ%@@ﬁ%ﬁ ume Pﬂ% BOPANTIOHBIIELS BRyMPp] etec?
cog n@tl onI ‘FPEFECTS TELEHF' RST EMBODI MENT [0096]
COTTesRoRgS ﬁlr & Low-IexehBresTiEn ot the pfrigeratien psle ortcsameniip hf(rslro)n the
ntro a part of high-pressure refrigerant
low- 131"?3 Pf%éﬂf%ﬁggiﬂ Filigertion syele i eie eorat sshirardh frogriangeension

.66) ocess of expansion, is provided in the
Q bWﬁ@&ﬁéﬁ@@bﬁ“ﬁﬁ@@leO). Amd in the operation

t causes the ex an3|on rati o of the
-EFFEéigﬁfﬁiFﬁiFERSEQQWBCHHS T bel ow the design val ue of
t he ansi on nechanlsn1part (60), the valve opening
[0096] ¢ ¢ Seuigpahediment, pa injectionppssagewasydThfermtreducing a part
control the flow rate of refrlgerant in the injection
of hlg"ﬁs%@eé‘\ﬁﬁgg—(%#}n thersyperenitjcabstateiniodhe epapeion rhasebey §66) in the
ween .t he amount of discharge refrigerant fromthe
Pmcessc PRSI S PROEIISA s the samopresgio)/ cxprasionamt 3nt Astl in the
outflom1refr| erant fromthe expansion nechanism part
OPeTatl%ﬁij‘te iCgUSeR %Pf‘eff%l%l;@é@ of thegeBigertiontcycle e fablchebaw the
ressure refrigerant that conventionally has to
design B@lﬁ%\gg ﬁépwmﬁmﬁmﬁg}ﬂfﬁa@vq @eping e ¢he etor-operated
pansi on ~chanber and it beconmes possible to
valve (?e(ﬁ d%’(FéPlaﬁﬁsm rcomf@lrﬂl? ﬂéWéﬁTtsuOf @ﬁig@mﬂtpnél@fsmﬁ@ﬂon passageway (37),
re % erant cjrculated in the refrigerant CIFCUIt (20) -
thereby £5i 11%%% aetilitdna detvren e amgpmh of dichangaoiefiigessnt frap the
%S&%. 0097] In addition, in accordance with the
compre haé*ﬁ% B?Ii‘r{éﬂ) and therrmaunt plowBiew aetigarant G thy eypansion
hat ¢ causes excessive expansion, the
me"ha“ﬁ%‘? Bt r at ’i\;’é s if possibleyiodytrodiice Ihéghopressuzs rgfrigerant
ha g ress re refrlgerant is introduced into
H&F EnDYRER G EXPA0SER Mqchanism@art{pBicpioghe expansion

way (37 s i ncreases the internal pressure

chambep {663 ghd 1&5%&%‘1}3&95% & b ECO(® Bp Werfiam the cafire highepressues
cessj v ansion i s, avoi ded. Consequentl in the
refrger i GHRRIISH A SR Sireuit G8) a5 Ackaregblol b geaansion

hanSansuy 6§ for the discharging of refrigerant fromthe
mechan et ﬂ chanber (66) due to excessive expansion.
Acc I, Q) the l.oss of recovery power due to the
occ PPQ?‘I‘%@XO]P 3@5&@&%‘3‘1&\7@ %QF@%@@&H%@K f‘ef&tl na@xmperaﬂon
diti r{E %/1 maki n& ossible to reduce the ano
conaitiog faghcopye Y £41spS ?@eﬁb‘ﬁﬁﬁ%ﬁ%%etrﬁ@t%vpé%rﬁﬁeﬂe/ah‘st(%‘}) is

h t (50
placed uﬁ;lhe) open sta% 50 ![hrz]ighlgﬁ%rgsg er ﬁlsélepalqt lrsn?lcl:tr(?drycgc{nmgg {he egipan)smn

mech

that COI{Vﬁ%‘[Ti

- [0097]

chamber (66) from the injection passageway (37).  This increases the internal pressure of the
expansion chamber (66), and the occurrence of excessive expansion is avoided.
Consequently, in the expansion mechanism part (60), power is no longer consumed for the
discharging of refrigerant from the expansion chamber (66) due to excessive expansion.
Accordingly, the loss of recovery power due to the occur;ehce of excessive expansion can be
cut down, thereby making it possible to reduce the amount of electric power that is consumed

by the electric motor (45) for driving the compression mechanism part (50).




32 [0098] In addition, in the expansi on nechani sm
part (60) of the present emdBodiment, the injection
passageway (37) is fluidly connected to the
comuni cati ng passageway (64) of the internediate
pl at 3). As a result of such arrangenent, it )
[0098] e o?ﬁeéd%h ithihe expanstmgneshenism nsyt (60) efifhe pepant embadiment, the
. . .passagemay6£;7) into fluid comunication with the
InjectiGapassAer Ay Ea mblwidly wepectedsigdbel remmupicatingpassrgewny (F40 fof the
. the piston (75, 85) of the cylinder.£71, 81), whereby
intermghigfe plagy ©3% urds # esplt g€ puphrarengernentdis beapares gossible kecoristantly
. expansion chanber {66@ fromthe injection passageway
bring thegipjectipp passageway 437) inte fiuid cemmunication mithgly espension chamber
expansion in the expansi on chanber (66), i.e. al
(66), regprsiess nbthepesitien of therriders 735 85) ofthe o] (TN n8Bdwhercby high-
in the present enbodi nent, the notor-operated val ve
pressurg gefyigaaniean bealeliverep tniba gxpamionehawher (66) fom the injection
continuously is provided in the injection passageway
passagqvaRy) (37) fromrtbpstarnik thegni of pafsgérbiteexpansial iatthe/eppnfioe ehamber
. set the anount of high-pressure refrigerant supply to
(66), 1.¢. gl oxgitha skpAmsiORaeress PBBYL. f r om t he i nj ection
passageway (37). Consequently, it becones possible to
[0099] del i Ipeaddiipnainethe aresentembatdinednt [themoporeystatal valve (90) whose
refrigerant to the expansion chanber (66) fromthe
valve opefjieg earobe qeasoHedornfinpan)y isttmeyided/indhe alisctionpessegavery (37),
t he power recovery efficiency of the expansion
therebyradiing it oassible to redmively foeehoget the amelint obhightpmesstre refrigerant
expansi on mechani sm part (60) of the present
supply @n‘g% gxprssion chamben (Erem ghe irastion passagdwaydd7)antCansequisetly, it
supercritical state is first introduced into the first
becomeg ipgsible da deliver amadngupte erepntef higle prassuse refrigerayt to the expansion
mechani sm part (70) of smaller displacement volune.
chamben(op)fFran thegpiegiapmpissagenny (37 therebpwitely mpwavids themower
first high-pressure chanber (73) gradually increases
recovery effifaency £3 die exparvien mechapisutpary@0kne variation ratio
of the fjrst high- pressure chanber (73).
[0100] condagdeitiopyin thpexnsasien preabindsm pait K6Hiof theaesent gohodiment,
) 4 e flow velocity of the high-pressure refrigerant
supplie FJ@\’W messEsiaRtesTank in the pepereritisnl Hateds firse inttodnerdriniohy frst
X varies npdest|ly, thereby preventing the fluid which is
high-pressyte shamber (73boh the fits rotgryvmepanigmi nert (FPbefsumaller displacement
Therefore, in accordance with the present enbodi nent,
volumey hAnd thesllew ylosity pf Hwd flomdng towardsthe ifige high preprare ¢ghamber (73)
i ntroduced into the expansjon nechanismpart (60) is
graduallydpereasss ghdecrepsevrscatdéng ipithe velimesasipdonstis of dedirst high-

pressurd. AT 619 EARISFAISERIG GOYAsiGn Figshas g part (0)_the flow
velocity of the high-pressure refrigerant flowing towards the first high-pressure chamber (73)
varies modestly, thereby preventing the fluid which is introduced from abruptly varying in
pressure. Therefore, in accordance with the present embodimeht, the pulsation of high-
pressure refrigerant that is introduced into the expansion mechanism part (60) is reduced and
associated vibrations and noise are reduced to a large éxtent, and the reliability of the
expansion mechanism part (60) is improved.

[0101] In addition, in the present embodiment, the expansion mechanism part (60)




[0101] In addition, in the present enbodi nent, the
expansi on nechani smpart (68) 33 provided with the
i njection passageway (37) and the notor-operated val ve
(90) is applied to the air conditioner (10) mhich i's
adapted to conpress carbon di oxi de (C02) as
PfOVId‘?deWF dergisetiqropastageway fEDend theomptospparated @ath €9ty applied to
fect a vapor conpreSS|on refrigeration cycle. In the
the air ﬁ‘i’ﬂdltlfmﬁ Gh0) véhidy is pdapted i@commsess satbrp divsids{CQahasa tefrigerant to
occur in the operation condition during the cooling
the supgisgéicalistagpiorthercnelienta vaner compessiosirefigeneemsyde Umithe air
..(380) is designed based on the operation condition
conditigngri(HY, exresshesapatsionigedolo eperiatthorperavaaodditigh ynring the
the air conditioner (10) of this type enploys the
coolingappdmel ansration Ve s qramgre¢sb0)sx primdoroetitf30pisatesighed based on
excessi ve expansi on can be avoi ded regardl ess of the
the opeggionsondition dning the heatingemedsyofapesdtipn. | Apeandingty, ifitke air
operatlon efficiency of the air conditioner (10).
conditiQROOND ENBOPVENPLISS (THEpahNENTleCnf01 f2} (68) Stke onthrrence of
enbodi ment of the present invention is described. In
excessiyeggansion cathke ayvidedangardietoofi the operatidnecodilftions tamby suein
the first enbodinent is described. [0103] As shown in
improvingghe eperatjon dfficiengyerftthoair paistitigengld)( 37) of the
expansi on nechani sm part (60) of the present
SECOWWQT%OEWHEJNMENTHQNSOI enoi d valve (91) as
substitute for the notor-operated valve (90) of the
[0102] f | r sff& seqeind ¢mibediment of the phesentinyeahsion fshdescritmide ndn ckguad toghe
constitutes a distribution control mechanism The
present Gﬁ’@ﬁdlﬁgﬁﬂéltb%dlﬁgrmﬁe frhm the firss eoibddmadny s deSdbedauses
conti nuation/di scontinuation of the distribution of
'[0103] hj ghApshesauindigure fLitheimention passhgevayj (8Tt dftthe pasmageway
(37). In addition, the controller (100) of the present
mechangsmhpast (69 of the preseas uirasimentdiprotvisted iwtithpinamésoidrealve (91) as a
sol enoid valve (91) in the open or closed state based
- substituggfor the mefiorreperated szlve OByt theefilst ghbqstimssur én stheswords, the
élOl the | ow pressure sensor (102), and the
solenoidyalu (1) sonsiipess distriputien oonsrod ereshanisnl 03 he fiBhinclosing of the
' the present enbodinent, in the operation condition in
solenoidyyalye (Y1) éa@sﬁnmm@ﬂod@mcmuwatm@f thef distjbutagn ofhigh-prasure
rees with the design expansion ratio of the
refrlgerzgg Haﬂ@ﬂ@]ﬁcthm@ﬁmp@ﬁy fat  [eeditianh thesohwoldird10@)| of¢he present
: s placed in the closed state.. On the other hand,
emb‘-’dllfl%fﬂt ig 5&@#&“@6 d sugh theé itgprees thesnlenoiddialved Al Xiadké npert dreslosed
tual] expansion ratio to fall below the design

state baS@sé ﬁ’&ﬁ%‘? vHuescdetastaddiathe bighmaessune-sersoe (14D dbe love prfssurh eensor

defrl geration cycle drops to a
(102), and the excessive-expasion pressure sensor {103).

- [0104] In the present embodiment, in the operation condition in which the expansion
ratio of the refrigeration cycle agrees with the design expansion ratio of the expansion
mechanism part (60), the solenoid valve (91) is placed in the closed state. On the other hand,
for example, in the operation condition causing the actual expansion ratio to fall below the
design expansion ratio because the low-level pressure of the refrigeration cycle drops to a

| lower value, the solenoid valve (91) is placed in the open state to thereby introduce high-

pressure refiigerant into the expansion chamber (66) from the injection passageway (37).




| oner val ue, the solenoid valve (91) is placed in the
open state to thereby i ntrdduce hi gh- pressure
refrigerant into the expansi on chanber (66) fromthe

i njection passageway (37). 34 This therefore makes it

. 0ssi bl e tq make the s flowrate efrigerant
This tEEG eed F o Binco Telp Ak aiasn HobE il arigaiont gabipred from the
equal ,to. the flowrate of refrigerant discharg
expansfelt e Ris G (0L eqush e s Ao e oF (e50perag i baed fem the
operation.conditlLaon causing the actual, expansion
comprs3in gechatisp Pag P Y%nﬁéesqpﬁfﬁt’@iaﬁaﬁ‘gﬂ% caugingdhe peiual
addi tion, the internal pressure, of = the expansion
expansiniatia fo flaeloy thedenin sxngRD pHtisus Jp addigon e msrpalingessure of
i nt.roduced fromthe injection passageway (37),
the expapsien, %Vf%etr?é (ﬁfgéiﬂe? whenhigh-pessews selvige@npinatashiced framdhe
.. ..avoided. T IEQXE) EI\/BODI MENT OF THE | NVENTI ON [ 0105] A
InjectqnRasiSEwRY (i ewiershy the ocorieaan el §xowsine expansion is also avoided.
+mq;g%§\&émﬁq ln re q}nq to the present enbodi nent, the
THIRQ BN et ANVENEGN di nent is descri bed.
[ 0106] sho in Figure 12, the injection passageway
[0105]( 37) gé@ﬁﬁég%&nﬁﬁﬁk?ghe PreSeH ARieatebisrdesqramyl. o regard to the
present enpodinent is provided with a differenti al
Pfesemp‘a"@gogﬂwﬂ}bi@ giffexencs dropa thg dirgtempbodiment ds deseiibed e f or
t he notor-operated val ve (90) of the first enbodi nent.
[0106] T 41 AF shevgn wkiguied2; e injeetinamaswegpway A7) of thetgapansion
differ ial. pressure regulating_ valve (92 )
mecharugﬁgwfﬂi)@? the Rresant pphedigenics pravidedrgiéna difenentiphpressure
val v ning of the differential pressure reqgulating.
regulatipg vglge ($5)s fepPrisvigdparioaper taiTs (0 atdeitist embodiment
That i ress.urtﬁ bet ween tH_e refrigerant, in the expansion
at1s iq,sayya,the prssent smbofincnpihs Giierential pepssyea regulpigng yadve (92)
- outfl.ow port (35) of the second rotary nmechani sm part
Gonsﬂt'ft%gcf) él#l@%% ‘%Ké HsERAs0-Fi Hie walviesopepiig ofithg diflsrpniia) pressure
I iglres ure regul ting, valve (92) is, made up of a_ valyve .
regulating ¥ Vfé‘%)‘f. ©§ ficRending omins dilfeieare i RrRssurfbatWeeaths sfigerant in
assage , val ve body. (95) which is novably
the exp i ot (568 b P Siimnt iiyereaah the cxepvw BpniOHg AEdhe
d%i ch %ases the__val ve body (95) in one direction.
second yfary JagehanifRAY(E8) i s di spl aceabl e between a cl osed

010 P25 4 R B 5 LG P PSSR e b
ora v ok P50 BRSSP
05 LS5 5 S i SR S 5 o PSS e
valve body (95) in one direction. The valve body (95) is displaceable between a closed

- position which places the injection passageway (37) in the closed state and an open position
which places the injection passageway (37) in the open state.  The valve body (95) is biased
downwardly in Figure 13 by the coil spring (97).

[0108] The injection passageway (37) is fluidly connected to the valve case (93) in an
intersectional orientation with the moving direction of the valve body (95) in the valve case
(93). The valve body (95) fits into a housing recess part (94) of the valve case (93). The

valve body (95) slides within the valve case (93) and moves between the closed position and




intersectional orientation_with the noving direction
of the valve body (95) in Bhe val ve case (93). The
val ve body (95) fits into a housing recess part (94)
of the valve case (93). The valve body (95) slides

e opli B O SR, RS B O TS B S b icating bl
00 ok o iDL D3Rt e 5 P o o o
. 37) i t t 1. it

placing G RO SRR A0 TriPeciror A SRS POROT n ¢ he
10109] ¢ ool SLAC I T2 052, OB o €0 BB i e d+hpsion

h th expansi on hanber (66) in the process of . .
chambex ﬁ@n@. DIOCETE 0L NRBYAR W rigrRndRorHEuErmEearp) (9P hin fluid

ation with the outflow port (35) ar

flui.d ¢ ni e
commupicaHioR Vl‘ggg%%ﬁ% POy (EHkarg Auidly sepecied 19 thevglve cpser@8).  The
communi.catjn i.pe (98) is fluidly connected to the .
first cogRTOpatG BIPE 4% IR tRetRacish 1o e VTvadasePSL pahaid on the side
sprin )., i.e. at the end on the open position side
of the cg sprge &9%\}@- Btd‘gs?/ 61139@) f?le&ﬁan Positiemtide eEthg valve bpdedfhand
introd sgessyre Pl in th% expansi on_  chanber égp) into the
Introducesa retrigerant prpssure P4 ppthesxpansignehemberb) po te valtesagm(93).
t.he upper qu surfaﬁg of the valve body (95)_ in_Fiqure
The refijgerantyresspg fof; a6kt ohike gprenfad sudensp dbmiialie bedy (99) ¥ igure 13.
9).is fluidly connected to the val ve case 93) at
On the é'ﬁ@) W&Eo@ﬁsecog GomeyDiREting piped8 9 in élu(déw?nnepf@gl toythevglye case
nd on.the cl gsed, positi .Side of the_ valve body .
(93) at ‘?‘5 spposits gnd f 8 goil Sering ¢9§51rlieg%trthﬁ end o the glosedposiion fide of the
al bo(g{t&l w gort 35) igto the valve ca}se 3). The_ .
valve bidy; (95} G pirghEssi el gs3ed Bressush £2 176 thecwkiows et 43 e dhe
of e | ve..bod 95) in Figure 13. [0110] In_the
valve cagp f(%r i 5&%@@%‘&5&@@&]@% ?lhaiexlﬁween@wfﬁcet ¢fethe valve body

95§ ﬁesuI%@nt force of the pressing force by the
(95) in Figptei Ber ant pressure P1 and the bias force of the coil

T0110) P Pl ST b S5 e i b S
pesig R 2 58 B B o B S Spimeyon e
pesing B e 3L DR e LB Db e o
e o R B e REB L O B SR04 ST i
07 e R R e DS P S R

 moves thR I B AeaBOSRBHT SR e S 1B ShORY ddthnt TSt the

inressing force by the refrigerant pressure P] and the bias force of the coil spring (97) is

- smaller than the pressing force by the refrigerant pressure P2, the valve body (95) moves

towards the open position.

[0111] In the present emBodiment, in the operation condition in which the expansion

ratio of the refrigeration cycle agrees witﬁ the design expansion ratio of the expansion

mechanism part (60), the resultant force of the pressing force by the refrigerant pressure P/ of

- the expansion chamber (66) and the bias force of the coil spring (97) becomes greater than the




[0111] In the present enbodi nent, in the operation
condition in which the exp§ﬁsi on ratio of the
refrigeration cycle agrees with the design expansion
rati o of the expansion mnechanismpart (60), the

.resultant farce of the essj ng force by the
pressing35ie 13 e se il presie 01 - ORGSR dRhrhaer teoo)
. ng the bias force of the coil spring (97) becones
differe ] piediord R RIE VGl (SDBeTaNGo 1S RiasoRpon in. nes Ap Gigtepressure
. pressure P2 Consequently, the valyve body of the
refiigeff F ApiEoraea) infh e supasiousihembrigo) Eomdhg Bictiop pessagavay (37).
Thi ﬁfh? cl osed position, and no high-pressure refrigerant
1s thetelqrg PrQyRFs 88 19531 eparptonsisa fse Sigweh 8hiperhicls e veriatin ine
intﬁfti n passageway (32@. This therefore provides an
Pressure ghHje rS%ng&tﬂF gisodetsf avithee vamigiiondn gplume offthe¢xpansion chamber
variation in pressure of the refrigerant associated
(66) cofesnonds o the petgalirefigerany Bressvee B the rdtigsrpliorseyske, endiirtibe
(66) %onresponds to the actual refrigeranp pressure in
expansiofanqcappisgdrEt Oroanyee iecigicatly recevrsed fapdngh-pressure refrigerant. -
mechani sm par t 60% power is efficientky.reqovered_
[0112] £ Hi%tbelﬁtg‘?f rib thedewilgeal arassure pHthe 2¢irigeratine cyale ncreases
and, if the |owlevel pressure of the refrigeration
above thg dgsign Ydweodtsds theghpes repeepdion ganditipn dhig maaytcauserxcessive
change in operation condition, this may cause
expansig un the;expansion hambein(66) tInsuek puersrgioncendition, the gyessing force
SﬁCh an opera%ion condition, the pressing force by
by the reiigerant pregRrafe of frecuiiiiaw port §35)theeoraen sreaior tham the(rgBijtant force
bernEs gge ter than the resultant force of the
of the PpRSYRE forge Py Fredefiigeranb Pressure §é pa thedriassometithe eaibispring (97),
b%@s fgrc ofﬁéhe coil spring (97),. and the valve
- and the yalyg bofly phibe difforantih prearurp Feeaiating velvg (Y23tmongs ewards the open
.. (92 ves_towards the open position. And the
positiony; Mﬁ S}ffflrerﬁhﬂLE@&%e ¥eeyiahing valye (22) watersoiby open gnts. t Fhen,
hich .ogen state. Then, high-pressure refrigerant is
1Z0-pressis relmshieat SISyPR pRe g Ay datrogicsd inte theesarrsianchanbendt) from
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high-pressure refrigerant is introduced into the expansion chamber (66) from the injection

passageway, this makes it possible to establish equilibrium between the amount of refrigerant
passing through the expansion mechanism part (60) and the amount of refrigerant passing
through the compfession mechanism part (50). And it becomes also possible to recover
power from high-pressure refrigerant which conventionally has to bypass the expansion

mechanism part (60), thereby making it possible to increase the amount of power recoverable




passageway, this makes itnggssi ble to establish

equi |l i brium between the antdnt of refrigerant passing
t hrough t he expansi on nechani sm part (60) and the
anmount of refrigerant passing through the conpression
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expansislp r%tecﬁarﬁ?sn? }ng% t(é:d),c an%g gmsgfnﬁ)of electric power that the electric motor (45)

~ consumes to drive the compression mechanism part (50) can be reduced.

[0116] It is conceivable that satisfactory effects cannot be obtained when the expansion

mechanism part (60) rotates at high speed to cause a delay in the opening/closing timing of

~ the differential pressure regulating valve (92). To cope with this, it may be arranged such
 that spring force is set such that the differential pressure regulating valve (92) enters the open

state when the refrigerant pressure of the expansion chamber (66) approaches the refrigerant




consunes to drive the conpressi on nechani smpart (50)
can be reduced. [0116] It P& concei vabl e t hat
satisfactory effects cannot be obtained when the
expansi on mechanismpart (60) rotates at high speed
to, cause. a del in the opening/closing timng of the
p“mmﬂaﬁfﬁﬁﬁg"V%Pmﬁﬁégsure regul ati ng val ve (92). To cope
i ' ' e r d such that spring force
EFFEW@%“%@%FWN@@S{M ntial pressure regul ating
val v 92) enters the open_ state when the refrigerant
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differenge di piesaire beyigemthiengitigarapbin o pxnamsion chapbss (60)and fhe
. rate control mechani smvaries depending on the )
refrigergnt whick haellowedpuw 4 theoublawiper (35&%% sgediplaryymeehanism
d(ﬂgxp%psiqp chapber (66) and the refrigerant which has.
part (8% olistr, HuArcessive KEPFRIIOR| csHE i theEe3Bgnsinghamber G6)h Shrrefrigerant
rotary nechanism pair in Here, if excessive expansion
pressurg, g-the §xpansionchamber{éfhccemaniserer (low)the riBeqrant prepsyrg et the
pressure in_the expansion chanber (66) becones | ower
outflowipoat(3dhe Aetheirefsicaiant preesyseinghe expansion shambes (b degomes lower
) &35). As the refrigerant pressure in the expansion
relative dp theyefrigeray Prresisaaisthe @w&%w P&t 665).\tke yalve prening of the
) refrigerant pressure at the outflaow port (35), the
differenig} W@S%ﬁ%wgwgﬂ%& valpe 92y increnses theasbymvamaatically esgulating the
valve (92) increases, thereby automatically regulatjing.
amountt@% Bigh-preshyee Teirigeraam symby o ihe expasiogehamberd@phirgmithe kjgetion
expansi on. chanber (GGé%;ron1the i njection, passagewa
Passagewgiﬂ)ﬂrh dbgredire, injagcordanse faRciee prosentierbogireanb i is possible to
, . .enbodinent, it is possible to optimze the anount of
-optimizg, E&m@é of pighmegssitg asizigerastispply toghe sepapsipm plaraber (66) from
. . Chanmber (66) from the injection _passageway (37)
the mJe%an@a%agéW% 373 mpthoptmteraslly srptiofiinathe yalve prenmgoldhe
N t.he differential pressure regulating valve (92).
dlﬁerenﬁ%ﬁsmlmm@zm Each of the foregoing

oree g ENROTRENIR , haceageway (37) opens to the second
o118 R S SRR E ol et B e ek Bl mivl e
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second r%ta{r? clzr?etc. gn?sncl)fpaltt ?gﬂ), as shown in Figure 15. More specifically, the terminal -
end of the injection passageway (37) of this modification example opens at a location of the
inner peripheral surface of the second cylinder (81) in the vicinity of the left-hand side of the
blade (86) of Figure iS. And high-pressure refrigerant flowing through the injection
passageway (37) is delivered to the second high-pressure chamber (82) which constitutes the
expansion chamber (66).

[0119] In addition, each of the foregoing embodiments may be modified such that the

expansion mechanism part (60) is formed by a rolling piston-type rotary expander. In the

expansion mechanism part (60) of this modification example, the blade (76, 86) is formed as a




i nner peripheral surface of the second cylinder (81)
in the vicinity of the | ef2hand side of the blade
(86) of Figure 15. And high-pressure refrigerant
flow ng through the injection passageway (37) is
ed.to.the nd hi gh-pressure chanber

del i.,ver e [ (82) ]
separaigyhofly: Fog e PisiRndd e ¥ 1o SiIRHSY BlecmisBs (19690). | dursighe tip of
b bllnﬁﬁfgéfjon’ %Fch_of t he forggfing enbodi ments may be
the blagie, oy $Qds Biresedragainst the oulex perFiietH swrack af thoigen (75 88) and the
Ls Jormed by a rolling piston-type rotary expander. In
blade (76, 86) BIPSHRACK AR SHhep HIoDi o0 (S0P mpess.
modi fi cation exanple, the blade (76, 86) is forned as
(012015 39It Sﬁ@ﬂégspeteégﬁqt the @hovedessied embodinsntsesy essantidlly preferable
rotg%% mechani sm ar1.§70, 80). And the tip of the
examplgs wich@apgnotgpiendesd ta it the raesaiiisvention, itiapplicatiom; phigs al
. surface of the piston (75, 85) and the blade (76, 86)
applicaighy g18Backwar d or forward as the piston (75, 85)
i BYEes. LplZO It should be noted that the
INDUSHRIAS A8BEICABIEABYdi nent s are essentially preferable
exanpl es which are not intended to Iimt the present
[0121]§ hy efié hasrbeen descaibpd Rbaite; the presentinventiappd usefitl iforan apgader
., 1115 TAyJJZ3. AD T 1IAJICAMi TV ~L V [0121] As has
which gepgrated peer bethe sipyusion ofdighr-presswre flwident i on i s usef ul
for an expander' which generates power by the
expansi on of high-pressure fluid. 40 CLAIMS WHAT IS
CLAIMED I'S: 1. A rotary expander which produces power
by the expansion of supplied high-pressure fluid, the
rotary expander conprising: a plurality of rotary
mechani sm parts (70, 80), each of which includes: a
cylinder (71, 81) whose both ends are bl ocked; a
pi ston (75, 85) for formng a fluid chanber (72, 82)
in the cylinder (71, 81); and a blade (76, 86) for
dividing the fluid chanmber (72, 82) into a high-
pressure chamber (73, 83) on the high-pressure side
and a | ow pressure chanber (74, 84) on




the 1 ow pressure side; and a rotating shaft (40) which
engages with the piston (740 85) of each of the plura
rotary nechanismparts (70, 80); wherein: the plura
rotary mechanismparts (70, 80) have different
CLAII@SSpl acenent volunes from each other, and are
nnected in series in ascendi ng order of the
di fferent displacenent volunes; in regard to two
nmutual |y connected rotary mechani sm parts anong the
| ural rotar mechani sm parts (70, 80) one of which
WHAT IS GLAINEDJ age side rotary nechanismpart (70) and
the other of which is a rear-stage side rotary
L nAdRissy emapden whighprodupes nogisr py desaxpansioreefisappliqdidgh-pressure
.. the front-stage side rotary nechanism (70) and the
fluid, the igtarpexpsaderccostuisg (83) of the rear-stage side
rotary mechanismpart (80) come into fluid
c & ity of roprywnedharismipags KU, 80), eechudttwhigh ineludes a cylinder (71,
formation of a single expansi on chanber (66); and the
81} whosstbathyenss sembleekedn e pisthest75 285) ifer) ferningre fhad shayelway72, 82) in the
., through which apart of the high-pressure fluid is
cylinder Gl 6&& aedia blade (Tth S6rfgyditddiog thehfuid ehanes)(72,182) kngo a high-
_ process of expansion; and a distribution control
pressureyghanzher €73, $8bon thechighprennie sife and atowratsssuge vkamliea 174, 84) on
2. The rotary expander of claim1l1l, wherein: ‘the
the lowgyesswigeside; erd, 81) of the plural rotary mechani sm
parts_ (70, 8& are stacked one 41 wupon the other in a
| alpd3tEng shaRddd) which crgagenwith thecistoe (75, 86)of @8l of the plural
i nt erposed t herebetween; each said internediate pl ate
rotary meshaniprg parte (THSB:wi t h a communi cating passageway (64)
wherejn, in regard to two adjacent rotary nechani sm
piheréinappng the plural rotary mechanism parts (70,
80) one of which is a front-stage side rotary
niee Rl iz mechanim pares (7ASQ theee differenhidisplacémend volumes from
rear-stage side rotary nechani sm part 5_80), t he
each othes, and g connecief imtsaies oyaspensting erder ofithe differeng displagement
rotary nechani sm (70) and the high-pressure chanber
volumeg;g3) of the rear-stage side rotary mechanise: part
(,80) are brought into fluid conm conmunication *d:
B e v aRpuiREY cornerigdiretan RechsaisEuppstnaynopg dhe plyrrotary
' the injection passageway (37) is forned in_ the
mechanispy Rarivd 9,303 ope i whichas 2 Sgntiagesidpetary mechanism part (70) and

the other of which is a rear-stage side rotary mechanism part (80), the low-pressure chamber
(74) of the front-stage side rotary mechanism (70) and the high-pressure chamber (83) of the
' rear-stage sidé rotary mechanism part (80) come into fluid communication with each other,
resulting in the formation of a single expansion chamber (66); and

the rotary expander includes: an injection passageway (37) through which a part of
the high-pressure fluid is introduced into the expansion chamber (66) in the process of

expansion; and a distribution control mechanism provided in the injection passageway (37).

2. " The rotary expander of claim 1, wherein:

the cylinders (71, 81) of the plural rotary mechanism parts (70, 80) are stacked one




at a termnal end thereof,4 0 the comuni cati ng
passageway (64). 3. The rot'ary expander of claim1,
wherein the injection passageway (37) opens, at a
term nal end thereof, to the high-pressure chanber
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1. differential sure regul ating valve (92) the valve
side rolgty, mECHRNISI DAk {80F &% reued d"é%%énd%g SPUBRRIEHIOn YT each pEher by the
ressure between fluid in the expansi on chanber

i n
Commuflécéifin%%ss?gelﬁ%( P& has flowed out of a rotary
chani sm part (80 avin he greatest djspl acenent
v BiedfEt I?aS%%ge%'ﬁ%)@ﬁﬂ%ﬁr%sé H’aﬁlﬁg é?tewedmp@wg(ﬁé} 50 as to open,
clajms, 1-3, .wherein fluid which is iptroduced into
atatm?’r?@i ?ﬁdgt%‘-elﬁfﬁé& SORTSAINE Pagsaggway dgfﬁary nmechani sm
part (70) having the smallest displacenent volune is
carbon di oxi de above critical pressure. ’

3. The rotary expander of claim 1, wherein the injection passageway (37) opens, at a
terminal end thereof, to the high-pressure chamber (83) of at least one rotary mechanism part.
among the plural rotary mechanism parts (70, 80) that has a displacement volume greater than

the smallest displacement volume.

4, The rotary expander of any one of claims 1-3, wherein the distribution control

mechanism is formed by a regulating valve (90) the valve opening of which is regulatable.

5. The rotary expander of any one of claims 1-3, wherein the distribution control

mechanism is formed by an openable/closable solencid valve (91).

6. The rotary expander of any one of claims 1-3, wherein the distribution control
mech;cmism is formed by a differential pressure regulating valve (92) the valve opening of
which varies depending on the difference in pressure between fluid in the expansion chamber
(66) and fluid which has flowed out of a rotary mechanism part (80) having the greatest

displacement volume.
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7. The rotary expander of any one of claims 1-3, wherein fluid which is introduced into
the high-pressure chamber (73) of a rotary mechanism part (70) having the smallest

displacement volume is carbon dioxide above critical pressure.
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